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An RCA Tube starts working for
you from the instant the customer first
sees the familiar red, black, and white
carton. You have her confidence from
the start, because she knows and re-

spects the RCA trademark.

But the big payoff to you begins
when the tube goes to work. For,
experience has proven that the
superior quality of RCA Receiv-
ing Tubes and Kinescopes is your
best measure of protection against
premature tube failures. WithRCA
Tubes, you can be sure the job is
well done.

Helping you to safeguard your
reputation is a vital, everyday
service of RCA Tubes. And that
protectionisyoursat 00 extra cost.

O © UNLOCK

j T THE DOOR TO
W BIGGER
W =f PROFITS

Here’s your key to

better business...RCA’sdynamic
Dealer Identification Program. Ask
your RCA Tube Distributor for your
copy of the colorful, 16-page book-
let “A Magic Pass-Key to Customer
Confidence.” It tells you how you
can become a Registered Dealer . ..
and get extra sales benefits.

RADIO COR

ELECTRON TUBES

T ——
P

ORATION of AMERICA

HARRISON,  N.J.
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1. E. Smitn

for Radio-TY
than any other man

has trained more men -

Today’s Good Job Maker 8

TV now reaches from coast-to-coast. Over 25 million TV sets are now
in use; about 200 TV stations are on the air;

You Practice Broadcasting
wuth Parts | Send

As part of my Communications
Course I send you kits of parts to
build the low-power Broadcasting
Transmitter shown at left. You
use it to get practxcal experience
putting this station “‘on the air,

performing procedures demanded
of broadeasting station operators.
Training plus opportunity is the

job security, good pay, advance-
ment. An FCC Commercial
Operator’s License can be your
ticket to a better job and a bright
future and my Communications
Course gives you the training you

coupon below and see in my book
other valuable equipment you

yours to keep.

Train You at Hor

hundreds more being built.

This means more jobs, good pay jobs with bright futures. Now is the
time to get ready for success in TV. Find out what Radio-Television

offers you. Mail coupon now for my 2 Books FREE!

i

| TRAINED
THESE MEN

i

Has Growing Business

"I am becoming an expert
Teletrician as well as
= Radiotrician. Without your
\ practical course I feel this
m-‘ would have been impossi-
ble. My business continues to grow.”
—Philip G. Brogan, Louisville, K

Good Job with Station

“I am Brouadeast Engineer
at WLPM. Another tech-
nician and I have opened
a Radio-TV service shop
in our spure time. Big TV &
sales here. As a resuit we have more
work than we can handle.” —J. H.
Bangley, Jr., Suffolk, Va.

Praises NRI as Best Course

® “I was a high school stu-
dent when T enrolied. My
friends began to bring
their Radios to me. 1 real-
™ ized a profit of $300 by the
time | completed the course.”—John
Hopper, Nitro, West Va.

AVAILABLE
to all qualified

VETERANS

UNDER G:l. BILLS

NRI Training Leads to
Good Jobs Like These

ﬂ‘ :Broadcgs@ing:Ch_ief
g, 4 - Technician, Chief

Operator, Power
Monitor, Recording
Operator, Remote
" Control Operator.
~* Servicing: Home
e and Auto Radios,
P.A. Systems, Tele-
Electronic Controls,
In Radio Plants: Design

vision Receivers,
FM Radios.
Assistant, Transmitter Design Techni-
cian, Tester, Serviceman, Service Man-

ager. Ship and Harbor Radio: Chief
Operator, Assistant Operator, Radio-
telephone Operator. Government Radio:
Operator in Army, Navy, Marine Corps,
Coast Guard; Forestry Service Dis-
patcher, Airways Radio Operator. Avia-
tion Radio: Transmitter Technician, Re-
ceiver Technician, Alrport Transmitter
Opelator Televx-
sion: Pick-up Oper-
ator, Voice Trans-
mitter Operator,
Television Tech-
nician, Remote Con-
trol Operator, Ser-
vice and Mainte-
nance Technician.

Tested Way to Better Pay

PERFECT COMBINATION for \

need to get your license. Mail ::

“' build. All equipment I send is

You Practice Servicing
wnrh Parts | Send

Nothing takes the place of PRAC-
TICAL EXPERIENCE. That's
why NRI training is based on
LEARNING BY DOING. You
use parts I furnish to build many
circuits common to both Radio
and Television. With my Servicing
Course you build the modern
Radio shown at left. You build an
electronic Multitester which you
use to help fix sets while training
at home. Many students make
$10, $15 a week extra fixing
neighbors’ sets in spare time,
starting soon after enrolling. I
send you special booklets that
show you how. Mail coupon for
my big 64-page book and actual
Servieing Lesson, both FREE.
See other equipment you build
and keep.

fo be
ISION lechnician

America’s Fast Growing Industry
Offers You Good Pay, Success

Do you want a good pay job, a2 bright future, security? Then get
into the fast growing RADIO-TELEVISION industry. Hundreds I've
trained are successful RADIO-TELEVISION TECHNICIANS. Most
had no previous experience, many no more than grammar school
education. Keep your job while training at home. Learn RADIO-
TELEVISION principles from easy-to-understand lessons. Get prac-
tical experience on actual equipment you build with parts I send you.

Make Extra Money in Spare Time While Training

The day you enroll I start sending you SPECIAL BOOKLETS that
show you how to service neighbors’ Radios in spare time while train-
ing. Use MULTITESTER you build to help service sets, get practical
experience working on circuits common to both Radio and Television.
Find out how you can realize your ambition to be successful in the
prosperous RADIO-TELEVISION industry. Even without Tele-
vision, the industry is bigger than ever before. 115 million home and
auto Radios, over 3000 Radio Stations, expanding Aviation and Police
Radio. Micro-wave Relay, FM and Television are making oppor-
tunities for Servicing and Communications Technicians.

Mail Coupon — Fid Out What Radio-TV Offers You

Send for my FREE DOUBLE OFFER. Cut out and mail coupon below.
Send in envelope or paste on postal. You will get actual Servicing
Lesson to prove it’s practical to learn at home. You’ll also receive my
64-page Book, “How to Be a Success in Radio-Television.” Read what
my graduates are doing, earning, see photos of equlpment you practice
with at home. J. E. Smith, President, Dept. 3NE i
National Radio Institute, Washington 9, D. C.

e

.

The ABCs of
SERVICING

l. E. SMT, Prgsidni, epi. NE
1 National Radio Institute, Washington 9, D. C.

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

B Name . s caeae

i Address............

City...
write in date

i VETS of dlschur

RADIO & TELEVISION NEWS is published monthly by the Ziff-Davis Publishing Company at 64 E,
at the Post Office, Chicago, I11.,

July 21, 1948,
SUBSCRIPTION RATE

December, 1953

S: Radio & Television I\e\\s—one year uU. s
Radio-Electronic Engineering Ednt:o'\;Aonc vea

under the act of March 3, 1879.

Authorized by Post Office Department,

. S. and Possessions,
U. d Possessions. Pan-American countries. and Canada $6.00; all other foreign countries $7.0!

stmaster—Please retum undelivered copies under form 3589 to 64 E. La 11t

Lake St., Chicago 1, Til. Entered as second-class matter,
Qttawa, Canada, as _second-class matter,
Pan-American countrics, and Canada $4.00: all other fovel;m countries $3.00:

ke St., Chicago 1,
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OLIVER READ, D.5c.. WIETI
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NOW. .. GET EVERYTHING YOU
NEED TO LEARN AND M _STER

RADIO-ELECTRONICS

AT HOME!

Use REAL commercial-type equip-
ment to get practical experience

Your future deserves and needs every advantage you can give
it! That's why you.owe it to yourself to find out about one of the
most COMPLETE, practical and effective ways now available to
prepare AT HOME for America's billion doflar opportunity field
of TELEVISION-RADIO-ELECTRONICS. See how you may get
and keep the same type of basic training equipment used in
one. of the natjon's finest training laboratories . . . how you may
get real STARTING HELP toward a good job or your own busi-
ness in Television-Radio-Electronics. Mail the coupon today for

complete facts—including 89 ways to earn money in this Here's the REA‘- "H|NG:!

Build and Keep this BIG DTI! Engi-
neered TV set — easily converted to
U.H.F. (DTI offers another Home
Training, but without the TV set.)

thrilling newer field.
D. T. 1., ALONE, INCLUDES BOTH MOVIES and HOME LABORATORY SET UP YOUR OWN
In addition to easy-to-read lessons, you get the use of HOME MOVIES—an out- HOME LABORATORY ’

standing training advantage—plus 16 big shipments of Electronic parts. Per-
form over 300 fascinating experiments for practical experience. Build and

3 s = keep real commercial-type test
Get 'nf?rm.ahon PGCked equipment shown at right.
publication FREE!

nAnnzOMO

MODERN LABORATORIES
1f you prefer, get all your preparation in our
new Chicago Training Laboratories—one of
the finest of its kind. Ample instructors, mod-
ern equipment. Write for details!

7 AaMDO%IG
LY 23 T

MILITARY SERVICE
If you're subject to military service, the
information we have for you should
prove very helpful. Mail coupon today.

I ACT NOW! maic covpon Topay!

DEFOREST’S TRAINING, INC. RN-12-J
2533 N. Ashland Avenue, Chicago 14, I,

| would like your valuable information-packed publication showing
how ! can get started toward a good job or my own business in
Television-Radio-Electronics.

h P U
mrr". 'muu;},}

Gty e Zone _______ State._____________ PEFOREST’S TRA'"'"G, l"c.

st
"""‘"'“u:n" 3;1'-3' ¥

’——————

z
a
3
Hid
>
1]
®
|

AFFILIATED WITH
e s o o o DeVRY Teclnical INSTITUTE
Ay e e o CHICAGO 14, ILLINOIS
December;—1953 5
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*Not Claims! Not Predictions! But P’lain Facts!

Unbiased, authoritative, independent surveys (made
regularly since 1930) show IRC BT RESISTORS to —_— e

be the Service Technicians’ choice by a continually
increasing margin. Today, BT RESISTORS are ==

preferred over the total of all other brands combined!

Ask for IRC BT’s... -
Most Service Technicians Do!

INTERNATIONAL RESISTANCE COMPANY

415 N. Broad Street, Philadelphia 8, Pa.

WHeenewn, the, Cinoud, SmAA -~ In Canada: Internatioal Resistance Co., Lid., Toronto, Licensee
6

RADIO & TELEVISION NEWS
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Check the specs. ..
Check performance. ..

Model S§-76

Double conversion receiver. Broadcast Band
538-1580 kc plus three short-wave bands cov-
ering 1720 kec-34 Mc.

Calibrated electrical bandspread for easy
tuning. Double superhet with 50 kc second
i-f and giant 4-inch “S” meter. Five position
selectivity, one r-f, two conversion, two i-f
stages, temperature compensated. 3.2 or 500
ohm outputs.

Satin black steel cabinet. 1815” x 878” x
915" deep. Nine tubes, voltage regulator, and
rectifier. For 105/125 V. 50/60
cycle AC. Use R-46 speaker. . . $19995

Do you know any better way, any other way, to judge _
SW equipment than to check the specifications and :
the performance? Frankly that’s the only valid way -
we can think of to make sure you get your money’s

worth. Check these specs. Take a look at the selectiv-

ity curve for the 8-76. It is typical of the outstanding

value Hallicrafters offers in every price class.

Model HT-20. T.V.I. suppressed
100 watt AM-CW transmitter with
all spurious outputs above 40 Mc
at least 90 db. below full rated
output.

All stages metered; single meter
with eight position meter switch;
output tuning indication. Fre-

quency range of 1.7 Mc to 31 Mc
continuous on front panel control.
Seven tubes plus five rectifiers.

For 105/125 V. 50/60 544950

) t
// ";:l\\i . cycle . . . .
I
]
!
!

SELECTIVITY CURVES, §-76

KC KC
[¢] 4_ 6 8 10+

1 -10

¢ Model SX-71. Covers Broadcast Band
; - 535-1650 kc plus four short-wave bands
\\\1 covering 1650 kc-34 Mc. and 46-56 Mc.
Narrow Band FM one r-f, two conver-
sion, and three i-f stages. Temperature
compensated, voltageregulated. Three watt
output (terminals for 500 and 3.2 ohms).
Satin black steel cabinet. 1815” x 875”
i\ x 12” deep. 11 tubes plus regulator, recti-
T fier. For 105/125 V. 50/60
A cycle AC. Use R-46 speaker. $24995

3

VOLT. RATIO

-

C

T~

iy b0 Model R-46. Matching 10” PM speaker
for use with Hallicrafters communications
receivers SX-71, SX-76, SX-73 or SX-62.
80 to 5000 cycle range. Matching trans-
former with 500-ohm input. Speaker voice
coil impedance, 3.2 ohms.

Satin black steel cabinet matches all
Hallicrafters receivers. Cloth covered
metal grille. 15” x 1078” x ;
107%” deep. Ship. wt. 17 Ibs. $2495

hallicairs .

World’s Leading Exclusive Manufacturer of Communications and High Fidelity Equipment, Radio and Television

4401 West Fifth Avenue, Chicago 24, lllinois

Hallicrafters Ltd., 51 Camden Street, Toronto, Canada
December, 1953 7
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Model SP8-B Radax
Super-Eight. Unusual
bass balance in 8-inch
coaxial speaker.
Response 35-13,000 cps
6 db. 15-20 watts.
Imp: 8 ohms. 1 ib,
Alnico V magnet. 54"
depth behind mtg. panel.
List Prize_ . $47.50
AudiophileNet..$28.50

Model SP12-8 Radax
Twelve. Full range
12-inch coaxial
speaker. Response
35-13,000 cps 6 db.
15-20 watts. Imp:

8 ohms. 1 Ib. Alnico

V magnet. 634" depth
behind mtg. panel.

List Price. .. $49.50
Audiophile Net..$29.70

Model SP12 Radax
Super-Twelve. Amazing
lows and highs in 12-
inch coaxial speaker.
Response 30-13,000 cps
5 db. 25 watts. Imp:
16 ohms. 3 Ib. Alnico

V magnet. 7V4” depth
behind mtg. ponall

List Price...$95.00
Audiophile Net..$57.00

Model SP15 Radax
Super-Fifleen. Fullest
range and balance in

1 5-inch coaxial speaker.
Response 30-13,000
cps. =5 db. 30 watts,
fmp: 16 ohms. 5% Ib.
Alnico V magnet,
8%" depth behind
mtg. panel.

List Price...$130.00
Audiophile Net..$7 8.00

Enjoy the Range and the Realism

New concepts by E-V create new values
for you in the enjoyment of sound
reproduction. Unique Radax principle
and built-in mechanical crossover per-
mit design of the low-frequency cone
and high-frequency axial radiator for
extended optimum bass and treble re-
sponse. Heavier “pound-rated” mag-

nets provide more driving power and
generous distortion damping factors.
These and other E-V quality features
assure more listening pleasure.

Hear them at your E-V Distributor
or Write for FREE Hi-Fi Bulletins

THE

EDITOR

NEW HORIZONS FOR INDEPENDENT SERVICE

Y THE TIME this issue is distrib-
B uted, it is probable that the FCC

will have approved a compatible
color TV system. The study of color
TV is a responsibility for all service
tecanicians who expect to derive any
measure of income from this new ad-
varice. Service technicians cannot af-
forl to leave their shops in the eve-
ning and forget about their profession.
Television in company with electronics
moves too rapidly. Many changes in
circuitry, manufacture, and transmis-
sion have occurred since 1947. Service
has had to keep abreast of these de-
velopments to be successful.

Ia color TV, the service technician
carnot assume that he will learn all
he rieeds to know after he has prac-
ticed on a few sets. He may never
get the chance to practice on those
set;;. The man who learns the circuitry

| involved, and the techniques needed

for successful servicing of color, will
establish a reputation early and will
beat out his competitors. The facts on
color TV have been appearing in this
ma zazine, and we will continue to pre-
sent them in the many articles we
have planned for our service readers.
Read them, they are for your own
gocd.

Mot long ago, Chicago was host to
the 4th annual convention of independ-
ent service associations, sponsored by
the National Alliance of Television
an¢ Electronic Service Associations.
This 3-day meeting was significant in
that it brought together the represen-
tatives of many of the manufacturers
of television sets and of the parts used
in TV repair, and a large number of
ind:pendent service dealers from dif-
ferent parts .of the country.

The number of independent service
dealers attending.the show was ap-
proximately 500—five hundred out of
an estimated total of 20,000 service
businesses employing upwards of 75,000
service technicians. If the convention
was not the total success numerically
that it deserved, many things were ac-
complished for independent service,
anc those who attended benefited from
a variegated group of talks and semi-
nars. In particular, there were semi-
nars on business and sales promotion,
stressing how to use many of the pro-
motional items available to service
dealers from manufacturers and sup-
pliers. Representatives of the RCA
Service Company delivered two stimu-
lating and enlightening talks on color
TV and transistors, and there were
othar interesting lectures on u.hf.,
consumer relations, and labor prob-
lems in the service shop, by represen-

www americanradiohistorvy com

tatives of Amphenol, General Electric,
and Chicago Better Business Bureau.

Without a doubt, whether independ-
ent service endorses NATESA or not,
a national service organization repre-
senting independent service is impor-
tant in what it can accomplish for
service. Such a group can represent
the service dealer in his desire for
closer cooperation with the set manu-
facturer in making his sets more
serviceable; in eliminating such time-
consuming service headaches as tubes
which slope forward on the chassis
and fit so closely under the picture
tube that they cannot be removed for
checking unless the picture tube and
chassis are removed first. A national
organization can strive for better test
equipment when necessary—not to
mention the legislation that such a
group can fight for or against in the
interests of independent service.

However, such a group must be truly
representative to help all segments of
service. To be representative, it must
have as many active members or mem-
ber groups as possible. Many local
service associations have preferred to
combine into regional alliances, rather
than combine on a national basis. Such
groups have been formed in Texas,
Pennsylvania, New York, . Michigan,
and a few other states. It is to be
hoped that these regional groups will
find some basis for cooperation on a
national level, for it is becoming more
and more apparent that independent
service must organize itself for its own
betterment, and to oppose the curbs
that some pressure groups would force
upon it.

R & TY News Acquires TV & Radio
Engineering

In line with our policy of keeping
our readers up-to-date on the many
facets of radio, television, and elec-
tronics, we are happy to announce that
we have recently acquired TV & Radio
Engineering, a magazine which has
been authoritatively serving the inter-
ests of this rapidly expanding field for
many years.

Effective as soon as possible, the
Radio-Electronic Engineering Edition
of Rapro & TELEvVISION NEws will incor-
porate many of the regular features of
our new acquisition. You will also find
our REE Edition greatly expanded to
include articles of interest to develop-
ment and design engineers in TV, AM,
and FM broadcasting.

We welcome the regular readers of
TV & Radio Engineering, and are
happy for this opportunity to broaden
the scope of our REFE Edition O.R.

RADIO & TELEVISION NEWS
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NEW HOME OF ALLIED RADIO
vltra-modern facilities TO SERVE YOU BEST

"get your COMPLETE
value=-packed catalog for

everything in\“.:
I 9 5 4 TV, quio_a;i‘ji&

Industrial '
268-PAGE CATALOG atalag

o, ,35

19
The World's Largest Stocks = N | .ma;x.,uﬁfg

e TV and Radio Parts
¢ Test Instruments
e High-Fidelity Equipment
e Custom TV Chassis i i You’ll want the one complete Buying Guide to
e AM, FM Tuners and Radios "B 3 Everything in Electronics—268 pages packed
e Recorders and Supplies with the world’s largest selection of quality
. : equipment at lowest, money-saving prices. See all
o P. A. Systems, Actfesscl‘les the latest releases in custom TV chassis,
e Amateur Station Gear ¥ TV antennas and accessories; AM and FM tuners
o Builders’ Kits, Supplies and radios; everything in High-Fidelity custom
o Equi t for Indust components; latest P.A. Systems and accessories;
¢ Equipment tor Indusiry recorders and supplies; Amateur receivers,
A . o transmitters and station gear; specialized industrial
Fastest ‘servue in 2 electronic equipment; test instruments; builders”
) . A kits; huge listings of parts, tubes, tools, books
Electl‘onu supply ) —your choice of the world’s most complete stocks of
RGN quality equipment. ALLIED gives you every
5 buying advantage: speedy shipment,
expert personal help, lowest prices, liberal terms,
assured satisfaction. Get the 1954 ALLIED
Catalog. Keep it handy-—and save time and

Electronics

SAVE ON EVERYTHING
IN ELECTRONICS

SEND FOR THE LEADING
* ELECTRONIC BUYING GUIDE

ALLIED RADIO

World’s Largest Electronic Supply House

2 [
| ALLIED RADIO CORP., Dept. 1-M-3 {
EASY-PAY TERMS TV and HI-FI SPECIALISTS | 100 N. Western Ave., Chicago 80, Iflinois '
Use ALLIED'S liberal Easy. To keep up with developments ! '
Payment Plan—only 10% in High-Fidelity and TV, look  } 1 Send FREE 268-Page 1954 ALLED Catalog )
down, 12 months to pay—no to ALLIED. Count on us for all : :
carrying charge if you pay in the latest releases and largest 1 Name §
60 days. Available on Hi-Fi stocks of equipment in these 1 ]
and P. A. units, recorders, TV important fields. If it's any- ll Address :
chassis, test instruments, thing in High-Fidelity or Tele- 1 ]
Amateur gear, etc. vision—we have it in sfock! : ) :
: y City Zone State H
Y - Syl o Sl e e ..
December, 1953 14
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the "VARI-CON'

(The conical that’s variable)

Provides all Channel Performance...

Yet can be Peaked for Increased Gain on any Channel Range

The FALCON “VARI-CON” was designed for to-
day, tomorrow and years to come. Its unusual
construction permits setting the “VARI-CON” for
all-channel performance peaked to provide the addi-
tional gain needed on special channels. In addition,
the variable patterns obtainable are of great value
in ghost elimination. '

There is no guess work; no tedious assembly; no
field strength equipment needed to peak the “VARI-
CON” for high-gain, sharp pattern performance in
your area. It’s as simple and easy as opening an
umbrella. Here’s all you do: Unpack the “VARI-
CON”— Slide the adjusting sleeve to the calibrated
marking on the boom for the best reception of chan-
nels in your area — Fan out the reflector elements —

Tighten the locking wing nuts. The “VARI-CON” is

FALCON
The new “VARI-CON” is one of the

most significant additions to antenna de-
sign. Watch for the other new FALCON
antennas which will be announced in the
near future! Each will represent the most
advanced, most efficient antenna design of
its type.

WRITE FOR ILLUSTRATED FOLDER AND PRICES

FALCON ELECTRONICS COMPANY &«

automatically peaked WHERE YOU WANT IT and
ready to install. It is the only conical that enables
you to provide a custom-made installation resulting
in higher gain and increased customer satisfaction.

The NEW FALCON “VARI-CON” is ruggedly
constructed. Heavy-duty heads will not crack or
break. The steel spring snap-action butterfly assem-
blies are unbreakable. Full length, 48 inch, elements
are used. One of the most capable engineering staffs
in the industry has worked out every last detail of
this truly remarkable TV antenna, To the high gain
all-channel performance and excellent line match of
the conical, FALCON engineers have added the
“plus” feature -— adjustable, calibrated channel
range peaking!

2003 CEDAR ST. o QUINCY, ILLINOIS

December, 1953
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MONEY BACK GUARANTEED
TO RECEIVE ,4¢ UHF and
AUVHF STATIONS IN 4¢
DIRECTIONS FOR 60 MILES

WITHOUT A ROTORMOTOR OF ANY KIND"

so D'FF #2,585,670

W- # !
g0 NE ﬁlﬂf” #raonsos WORLD'S MOST POWERFUL UHF —VHE
s PA #2.644.091 TELEVISION ANTENNA
OTHERS PENDING While antenna reception is guaranteed
f—— fsrr 60I miles,.pe‘;fed ;;‘idures :uz(\;e b.cleen fcon-
istently received as far as miles from
POLYMICALENE|  senty e | i

4 CONDUCTOR
TRANSMISSION IINE

Low Loss External - Air Dielectric
Matched Impedance
Eliminates End Sealing
Eliminates Condensation
Up to 50% less Loss
Than Tubular When Wet
® Easily Spiraled

® No Breaking or Shorting G
® Patents Pending - T. M. Reg.

M NEW DESIGN FOR ’54

® LOW-LOSS SWITCH

¢ LOW-1OSS PHENOLIC INSULATORS

® USES NEW 4-CONDUCTOR
MATCHED IMPEDANCE LINE

@ ONLY 10 INCH SPACING
BETWEEN ANTENNA BAYS

The 9 position
selector switch
electronicolily

LIST PRICE ° A

tenna in a sta- < .
$ 75 tionary position,
. PRICE INCLUDES
, Complete stacked array ® 4 stack-

SEE YOUR LOCAL ing bars ® 9 positian switch ®
. Switch-ta-set caupler ® 2 . 7"
JOBEBER stand affs e Individually baxed in

mailable cartan

ALL CHANNEL ANTENNA CORP.

0-07 Queens Blyd., Woodside 77, N. Y. Hickory 6-2304
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CHECK THESE SEVEN
FAMOUS I. C. S. COURSES
—ONE FOR YOU!

[] PRACTI CAL RADIO-TELEVISION

ENGINEERING —Foundation course
lor radio-television career. Basic prin-
ciples plus advanced training. Radio.
Sound. Tv.

TELEVISION TECHNICIAN--To
qualify you for high-level technical posi-
tions in television. Camera, studio, trans-
mitter techniques. Manufacture, sale
and installation of TV equipment.

TELEVISION RECEIVER SERVIC-
ING—Installation, servicing, con-
version. Dealership. For the man who
knows about radio and wants TV
training.

RADIO & TELEVISION SERVICING
—Designed to start you repairing, in-
stalling and servicing radio and tele-
vision receivers soon after starting the
course.

RADIO & TELEVISION SERVICING
WITH TRAINING EQUIPMENT—
Same as above but with addition of
high-grade radio servicing equipment
and tools.

RADID OPERATING COURSE—
Special course to help you pass the
Government examination for operator’s
licenses. Code. TV. FM. Radio regulations.

[] INDUSTRIAL ELECTRONICS—

Broad, solid background course devoted
to the electron tube and to its many
applications.

1. C. S.—the lifetime Christmas gift

~ INTERNATIONAL CORRESPONDENCE SCHOOLS

Without cost of obligation, send me “HOW to SUCCEED"" and the booklet about the course BEFORE which I have marked X:

ART
O Commercial Art
3 Magazine lllustrating
O Fashion lllustrating
[ Cartooning
O Sketching and Painting

O Show Card and Sign Lettering O Ce
AUTOMOTIVE O B:

O Automobile, Mechanic

O Auto Elec. Technician

[J Auto Body Rebuilding
and Refinishing

[ Diesel—Gas Engines
AVIATION

O Aeronautical Engineering Jr.

O Aircraft Engine Mechanic

O Airplane Drafting
BUILDING

O Architecture

O Arch. Drafting

O Building Contractor

3 Estimating

O Carpenter and Mill Work

O Heating

O Painting Contractor

O Air Conditioning 0O Plastics O Lineman O biesel—Electric
O Electrician CIVIL, STRUCTURAL HIGH SCHOOL O Electric Light and Power
BUSINESS ENGINEERING O High School Subjects [ Stationary Steam Engineering

O Business Administration
rtified Public Accountant
ookkeeping and Accounting
O Office Management

O Stenography and Typing

O Secretarial
[ Federal Tax

[ Business Correspondence
[0 Letter-writing Improvement
0 Personnel and Labor Relations

0 Advertising

® Prepare now for the new Radio-TV-Electronics boom.
Get in on VHF and UHF . . . aviation and
mobile radio . . . color TV . .. binaural sound! The
International Correspondence Schools can help you!

If you’ve ever thought about Radio or Television as a career . . .
if you have the interest, but not the training . . . if you’re waiting
for a good time to start .. . NOW’S THE TIME!

No matter what your previous background, I.C.S. can help
you. If Radio-TV servicing is your hobby, I.C. 5. can make it your
own profitable business. If you’re interested in the new develop-
ments in Electronics, I.C.S. can give you the basic courses of
training you need. If you have the job but want faster progress,
I.C.S. can qualify you for promotions and pay raises.

I.C.S. training is success-proved training. Hundreds of 1.C.S.
graduates hold top jobs with top firms like R.C.A.,G.E., DUMONT,
I.T.&T. Hundreds of others have high ratings in military and
civil service. Still others have successful businesses of their own.

With I.C.S., you get the rock-bottom basics and theory as well
as the all-important bench practice and experimentation. You
learn in your spare time—no interference with business or social
life. You set your own pace—progress as rapidly as you wish.

Free career guidance: Send today for the two free success books, the
36-page “How to Succeed” and the informative catalog on the course you

‘check below. No obligation. Just mark and mail the coupon. With so much

at stake, you owe it to yourself to act—and act fast!

I.C.S., Seranton 9, Penna.

BOX 2249-D, SCRANTON 9, PENNA.

POWER
O Combustion Er]gineering

O Petroleum—Nat'] Gas
O Pulp and Paper Making

3 Electrical Drafting
3 Electric Power and Light

O Mathematics O Stationary Fireman

O Civil Engineering

Structural Engineeril 0 Commercial RADIO, TELEVISION
Dt Dbl o commicaTions
i ECHAN } Practicat Radio— ng'r'ing

L) Structural Drafting AND SHOP G Radio Operating

[ Highway Engineering

O Reading Blueprints

I Construction Engineering

O Sanitary Engineering
DRAFTING

O Aircraft Drafting

+ O Architectural Drafting

£ Radio and TV Servicing

O Televisian—Technician

O Electronics

O Tetephone Work
RAILROAD

O Locamotive Engineer

O Mechanical Engineering
O3 industrial Engineering
O Industrial Supervision
O Foremanship

O Mechanical Drafting

O Machine Design-Drafting

[ Retail

[0 Managing Small Business
O Ocean Navigation

O Sales Management

O Short Story Writing

O Creative Salesmanship
[ Traffic Management

O Machine Shop Practice O Diesel Locomotive

O Electrical Drafting O Tool Design O Air Brakes [ Car Inspector
0 Mechanical D’tﬂtﬁ‘"g O Industrial instrumentation I Railroad Administration
0O Structural Drafting ) Machine Shop Inspection TEXTILE

O Sheet Metal Drafting
O Ship Drafting
O Mine Surveying and Drafting

[ Reading Blueprints
O Toolmaking
[ Gas—Electric Welding

O Textile Engineering
O Cotton, Rayon, Woolen Mfg.
O Carding and Spinning

O Carpenter Foreman CHEMISTRY ELECTRICAL O Heat Treatment—Metallurgy O Warping and.Weaving

O Reading Blueprints O Chemical Engineering O Electrical Engineering O Sheet Metal Work O Loom Fixing [ Throwing
(@] House Planning O Chemistry O Electrician O Sheet Metal Pattern Drafting O Finishing and Dyeing

O Plumbing [ Analytical Chemistry 0O Electrical Maintenance O Refrigeration 0O Textile Designing

Name. Age. Home Address

City. Zone State. Working Hours A.M. to P.M.

0 ti Canadian residents send coupon to International Correspondence Schools Canadian, Ltd.,

Montreal, Canada. . . . Special tuition rates to members of the U. S. Armed Forces.

Deccember, 1953
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means

Aluminizing means the efficient use of light ~
light. is energy—energy is the pay-ofl.

Aluminizing means a brighter TV picture,
greater contrast, lower beam current, smaller
spot size, sharper focus, reduced screen
scorch—all from the efficient use of light.

On the inside of any TV tube face is a coating
of phosphor crystals—the picture screen. As
the electron beam—tracing the picture—strikes
these crystals, they glow, giving off light in
all directions. And there’s the problem!

Half the light thus generated is inside the tube,
either lost to usefulness or lighting areas that
should be dark: Both brightness and
contrast suffer. :

- But—put a mirror behind the phosphor and

“wandering” light is reflected back through the
tube face. Aluminizing creates this
desired mirror!

‘To aluminize a picture tube; deposit a
nitrocellulose film evenly over the phosphor.
Over that, deposit a film of aluminum only
millionths of an inch thick—just thick enough
to reflect the light and just thin enough to
let the electrons pass through. Under heat,
evaporate the nitrocellulose film to leave a thin
smooth coating of aluminum. Result—an
efficient light reflecting mirror to
specifications.

Simple as it sounds, Rauland research
engineers worked for three years to solve the.
problem and were among the first to do so.

wauland
Pe_riecbfon through Hesearch ‘

Ztﬂ'g Subsidinry
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> COLLINS

TUNERS

and

AUDIO PRODUCTS CO.

¢ Collins Audio Products Co. is in no way

offiliated with Collins Radio Co.

FM Tuner Kit

The FM-11 tuner is available in kit form with
tha IF Amplifier maunted in the chassis, wired
and tested by ws. Youw meount the completed
RF Tuning Unit ond power supply, then after

some simple wiring, it's oll set to operate.

11 tubgs: &16 RF omp, SAGE converter, &6C4
oscillator, 6BAS 151 IF, (2} 8AUS 2nd ond 3rd
IF, 21 &AUA limiters, GALS diseriminotor,
6AL7-GT dovble tuning eye, 5Y3.GT rectifier.
Sensifivity & to 10 microvelts, less than ' of
20 to

n. Chossis dimensions: 1213"

1% distartion,
with 206 va
wide, B deep, 7" high. llustrated manual
supplied. Shipping weight 14 lbs.

20,000 cycle response

e

$'|525

The best for FM. The most sensitive and most
selective type of ‘‘front end’’ on the market.
6 to 10 microvolts sensitivity. Imoge raotio 500
to 1. 6J6 tuned RF -stage, 6AGS5 converter,
6C4 oscillator. Permeability tuned, stable and
drift-free. Chassis plate measures 6'/2''x4Y2""
In combination with the IF-6 amplifier, the
highest order of sensitivity on FM can be at-
tained. Tubes included as well as schematic
and instructions. Draws 30 ma. Shipping
weight FMF-3: 22 Ibs. Dial available @ $3.85

FMF-3 Tuning Unit

The COLLINS RD-IC FM tuner chassis is unique in the field.
A whole, compact FM tuner and dial that fits in the palm
of your hand. Convert AM sets to FM/AM receivers for only
a few dollars! Unlimited applications where space is at o
premium. Use in conjunction with your phonograph amplifier.
Full frequency response to 20,000 cycles. Sensitivity 20 micro-
volts, permeability tuned. Tuning unit and IF amplifier on
the same chassis plate. Draws 40 ma @ 100 volts. Tubes:
6AGS5 converter, 6C4 oscillator, {2) 6AU6 |F amplifiers, 6ALS
Shipping weight tuner

in new ratio detector circuit
dial 5 Ibs

Two ALL NEW Complete Kits for

Every High-Fidelity Need

Each Collins Tuner Kit is complete
with punched chassis, tubes, power
transformer, power supply compo-
nents, hardware, dial assembly.
knobs,
well as the completed sub-assem-

tuning eye, wire, etc., as
blies: FM tuning wunits, AM tuning
units, IF amplifiers, etc., where ap-
plicable. Since all these sub-assem-
blies are wired, tested and aligned
at the factory, Collins Pre-Fab Kits
are easily assembled even without
technical knowledge. The end re-
sult is o fine, high quality, high
fidelity instrument at often less than
half the cost — because you helped
moke it and bought it direct from
the factory. Bring your present re-
producing system up to date with
a new Collins Tuner,

$1975

A remarkable veolue! 6 tubes are used in the
IF amplifier: 6BA6 1st IF, (2) 6AU6 2nd and
3rd IF's, (2) 6AU6 limiters and 6AL5 discrimi-
nator. High gain, wide-band response (200
KC) for highest fidelity. 20 to 20,000 cycles.
Distortion less than V2 of 1%. Draws 40 ma
@ 220 volts.
11-5/16"'x2V2"

{F-6 Amplifier

Chassis plote dimensions:
Shipping weight: 3 lbs.

2850

P.O. Box 368, Westfield, N. J.
Tel. WEstfield 2-4390

] FM Tuner Kit [J FM/AM Tuner Kit [] Slide Rule Dial Assembly
] FMF-3 Tuning Unit [ IF-6 Amplifier [] RD-IC Tuner and Dial
l 7 AM-4 Tuning Unit

" "$7'7sof‘

The otiginel 15 tube deluxe FM/AM

FM/AM Tuner Kit

pre-fob | kit recesigned o @ smaller
chossis, | The tuner now maosures 14Y
wide by 12" desp by 715" high. This
ittr

ve new front ond dial assemhbly

opens up new applications where spoce
is at o pramium. Kit inclodes every-
thing necessary to put it into opera-
. tubes, wired ond
r supply,
camprizes  FMF-3
IF-6 omplifier, AM-4 &AM

tuning unil, mogic eye assembly and

tion—punched chassis

" wligned components. p

hordwore, elc. Kit

tuning ur

complete instructions. All tubes includ-
ad. Shipping weight 19 lbs.

AM-4 Tuning Unit

Tops in AM superhet performonce! A 3-gang
tuning condenser gives 3 tuned stages with
high sensitivity and selectivity. Assembly is
completely wired, tested and aligned ready
for immediate use. Frequency coverage 540
KC to 1650 KC at o sensitivity of 5 micro-
volts. Tubes 6BA&6 RF amplifier; 6BE6 con-
verter; 6BA6 IF amplifier and 6AT6 detector.
Draws 30 ma @ 220 volts. Mounts on a chas-
sis plate measuring 4''x7%s"*. Ship-
ping weight 2V2 |bs. Dial avail-
able at $3.85.

RECEIVERS

Total amount enclosed $..c.ccoemce

l NAME
l ADDRESS..
l [ I N STATE
i l Amount for Kit $..ceeee. See weights, add shipping cost $.........
an

o Gl i

s € st ot e

NG COUPON

Check [J Money Order [

OF COLLINS AUDIO PRODUCTS

*WHEN YOU THINK OF TUNERS, THINK
December, 1953 15
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WRENCH

WITH THE
SCREWDRIVER ACTION/

120 STYLES and SIZES

or

@ ASSEMBLY WORK
@ REPAIR WORK

@ RADIO

@ TELEVISION

® INDUSTRIAL

® AIRCRAFT

STEVENS WALDEN, Inc.
WORCESTER 4, MASS.

* Presenting latest information on the Radio Industry.

By RADIO & TELEVISION NEWS'
WASHINGTON EDITOR

INC'USTRY'S BRASH and volatile in-
fan:, color TV, which made. its first
full-dress appearance before the seven
guardians of the airlanes, during the
ear.y weeks of the fall, proved to be
a polished performer. While many of
the Commission had attended preview
denionstrations of the reds, greens,
and blues, this was the first official
shox not only before the entire FCC
body and members of various depart-
ments, but representatives of foreign
countries and scores in industry, too.

The historic test was planned at a
meeting in Washington, during which
all of the nation’s leading color and
broidcasting  specialists appeared.
Among those in attendance were Cur-
tis B. Plummer, chief of the FCC's
broadcast bureau; David Smith, NTSC
vice-chairman; C. B. Jolliffe, RCA’s
vice-prexy; Robert M. Estes and R. M.
Johnson, G-E; Richard Salant, Wil-
liar1 Lodge, and Leon Brooks of CBS;
R. N. Harmon, Westinghouse, former
FCZ headman Paul Porter, now
representing  Paramount; Richard
Hodgson, Chromatic Television; James
R. McRae, IRE prexy, representing
Bell Labs; Henry Weaver, Philco; and
Grz:nt Woodside, Motorola.

The demonstrations involved subject
ma :ter containing a wide range of hue
anc. chroma, including strongly con-
trasting color patterns for indoor mo-
tion featuring normal and rapid move-
mets in closeups and medium length
shots, plus outdoor views, slides and
color test patterns with selected close-
ups, and distant shots. Also on the
program were transmissions over the
present 2.7-mc. coax cable and relays,
ancl simultaneous comparisons of sub-
jec: matter before studio and field
carieras and on the picture-tube
scr2ens.  Variations in lighting levels
at the studios and ambient lighting
levzls at the receiver were also on
the agenda for review.

Color sets from about a dozen set
makers were lined up, and these
we e supplemented by black and
white sets for compatibility study.
Th-ee nets in New York were selected
to Hut on the special show; NBC, CBS,
and Du Mont. The first part of the
prcgram featured a studio color pro-
grem, followed by a closed-circuit in-
tercity transmission from New York
to Washington and return, over a
coex cable and microwave link. (This
test was similar to that held for NTSC

www americanradiohistorv com

broadcast groups in the lounge of the
Center Theatre in New York City,
before the official petition was sub-
mitted to the Commission.) Remotes
from outdoors were next on the pro-
gram, followed by test patterns and
slides.

Although the Commissioners were
acquainted with the compatible tech-
nique, they pointed out that they
wanted to be completely familiar with
the system, and would be extremely
cautious before approval was granted.
Declared Commander Ed Webster,
during a recent meeting, on this point:
“While we have been apprised from
time to time of the progress being
made by the NTSC, certainly no fair-
minded, serious-thinking person would
insist that the Commission could, in a
few days, thumb through more than
a thousand pages of NTSC reports
contained in sixteen volumes, and ar-
rive at an approximate decision based
on such a cursory examination. I can-
not permit myself to be forced into a
premature conclusion by those whose
special interests would place them in
a position of benefiting by an early
decision.”

Supporting earlier comments of the
Commission’s headman, Rosel Hyde,
Commissioner Webster added: “I
cannot impress . . . too strongly the

- fact that once this decision is made

and color television becomes an ac-
tuality, in all likelihood there will be
no turning back. Once color television
receivers are in general use by the
public, it will -be impracticable to
change the standards, should we sub-
sequently find that an error has been
committed.” He then warned that he
would examine the proposal in an ex-
tremely critical manner, to be abso-
lutely sure that his trust to the public
is carried out. “This does not mean,”
he noted, “that I. am going to be dila-
tory . . . Our ultimate goal is a cor-
rect decision based on a thorough
analysis of the reports and tests,
rather than a quick decision, super-
ficially made.”

Feeling certain that the compatible
setup would be approved, industry be-
gan making and announcing plans for
production. During the recent elec-
tronics convention in Chicago, the
company in which the NTSC chair-
man serves as vice-prexy exhibited a
tri-color tube, different from the
models demonstrated by others. This

RADIO & TELEVISION NEWS
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& SPRAGUE KWIK-

MODEL  KT-1

TEST B T caracrd

ce } INGICATION LOMDITIOM
S ‘ FEMANS  COOEN SHORTES

i LeORE aCSEs NOL  SHSETED

: i i | AUTTERS INTER NIT TENT
i 37 REMANG  OPEN oo

i ceen | CLOSES NGT_OPEN

i FLUTTERS INTER MITTENT

CAPAGITORS MAY B CHECKED FOR
CPEM, | SHORTED OR  IMTERNGYIENT
CONDITON WHKE 24 THE CRCET,
WT CRCUIT  UNDER TEST MUST of
TURNED CFF

SRALUE PRBAUCTS CIMPRSY

Hacth Sdtamy Waes B &3

onf

CAPACITOR CHECKE

L

A NE

GHT ARM
for the service fechnician
TURNS TROUBLE-SHOOTING HOURS INTO SECONDS!

CHECKS CAPACITORS FOR OPENS, SHORTS, OR

INTERMITTENTS,

Here’s the most useful instrument to
hit the service bench since the vacuum
tube voltmeter—Sprague’s new “Kuwik-
Test” Capacitor Checker.

No longer do you have to sweat
through the time-consuming nuisance
of unsoldering capacitors from a cir-
cuit just to check them.

Now by the mere flick of two
switches, Kwik-Test tells you whether
any bypass, coupling, or filter capac-
itor within the range of 30 mmf to
2000 mf is open, shorted, or intermit-
tent. .. even when it is in parallel with
a resistance as low as 60 ohms. Capac-
itors between .1 and 2000 mf may be
tested for shorts and intermittent

DON'T BE VAGUE... ASK FOR

December, 1953

RIGHT

IN THE CIRCUIT.

shorts even if in parallel with a resistor
as low as 2 ohms.

Yes, Kwik-Test is a basic instrument
you can’t afford to be without. You'll
realize that more and more as capaci-
tors in old TV sets begin to go ... and
as the number of capacitors in each
set increase with the introduction of
new and more complicated receivers.

Get a 10 second demonstration of
the amazing Kwik-Test capacitor
checker at your Sprague distributor.
Don’t delay! Once you try it, you'll
be sure to buy it! Or write for de-
scriptive  data  circular  M-G00 to
Sprague Products Co., 51 Marshall
Street, North Adams, Mass.

onty $34°50 net

PAYS FOR ITSELF IN NO-TIME
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THE FISHER HI.LO FILTER SYSTEM » MODEL 50-f '

FISHER

Hi-Lo Filter System

B Here it is at last—America’s first electronic sharp cut-off Filter System.
Suppresses turn-table rumble, record scratch and distortion, etc., with the
absolute minimumn loss of frequency response. Separate low and high fre-
quency cut-offs. Can be used with any tuner, preamplifier, amplifier, etc.
No insertion loss. Uniform response 20-20,000 cycles, = 0.5 db. Self-
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New.

model, it was said, would sell for
about $175 to set makers and should

be available in early ’54.

In the east, a chassis maker intro-
duced, during a meeting in New York,
a color set that was ready for the
production line and would be priced
at $700. The receiver, a console
model, used a 16-inch tube, and pro-
vided a 14-inch picture. Its size was
36 inches wide, 28 inches deep, and
37% inches high. The prexy of this
company declared that, within eight-
een months after the FCC says go,
color receivers will carry a retail
price about 25 per-cent above that of
monochrome models. He felt that
color chassis will not replace black
and whites for many years, but that
there will be a steadily decreasing
market for higher priced black and
white sets as the production of color
models increases and their prices are
brought closer in line with black and
white models.

It was generally believed that as
soon as the Commission reports favor-
ably on the compatible petition, at
least a dozen manufacturers will an-
nounce their color plans and possibly
even bring pilot models to key centers
for special demonstrations. Several are
mapping holiday shows, if color is of-
ficial by the Yuletide.

WHILE COLOR was on stage, the
ultra-highs were in the wings ready
for an appearance, too; a private one
for the Commission. Seems as if the
FCC decided that it should have a

u.h.f. progress report from broad-
casters and manufacturers, and sent
out letters to the networks, industry
associations, and individual stations
asking for a detailed review of their
operations, past, present, and future.

Declaring that the Commission was
interested in the progress made by

powered. All-triode. Beautiful plastic cabinet. Only $29.95
the new post-freeze stations, broad-
casters were asked to submit figures

“showing total television

[ 1 [ 3
B rea m p I Ifl er 51 qu a I I zer i broadcast revenues, and total broad-
i cast revenues for each month since
. . . they went on the air.” Networks
H Now, professional record equalization facilities are within the reach were asked to reveal all of their af-
of every record collector. THE FISHER Model 50-PR, like its big brother

filiates, programs carried on a com-

(Model 50-C) is beautifully designed and built. Only $19.95 mercial and sustaining basis, and
financial arrangements in force be-
OUTSTANDING tween key and affiliated stations.

THE FISHER PREAMPLIFIER-EQUALIZER » MODEL 50-2R

— o FEATURES : In a letter to RETMA, the FCC
asked for information on transmitting
low-frequency turnover and and receiving gquipment mad.e by
high frequency roll-off. ® 16 =3 member companies. They were inter-
combinations. ® Handles any : ested, the Commission declared, in
low level magnetic pickup. ® learning how many sets were made
Hum level 60 db below 10 mv for low- and high-band coverage, types
%p% 00.0 g}gii‘;“&_ rlesé’gmsf being produced, and tuners and con-
Two triode stages. ® Fuli low verters being made. All information,
frequency equalization. ® it was said, would be kept confidential.
Qutput lead any length up to
50 feet. ® Beautiful plastic
cabinet, etched brass control
panel. ® Completely shielded
chassis. ® Built-in AC switch.
Jewel indicator light.

Write for full details
FISHER RADIO CORP. -

39 EAST 47th STREET * N.Y.
18 RADIO & TELEVISION NEWS

¢ Independent switches for

® | PAY-AS-YOU-SEE TV, which has be-
come quite a peppery subject in
Washington and among broadcasters,
found itself bathed in glowing tribute
during a meeting in Philadelphia re-
cently, when twenty-seven TV station
owners and permit holders convened
to discuss the virtues of home-pay TV.
(Continued on page 166)
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MINIATURE COMPONENTS
FROM STOCK...

FOR HEARING AIDS...VEST ’OCKET RADIOS...MIDGET DEVICES |

UTC Sub-Ouncer units fulfill an essential requirement for miniaturized components hav-
ing relatively high efficiency anc wide frequency response. Through the use of special
nickel iron core materials and winding methods, these miniature units have per-
formance and dependability characteristics far superior to any other comparable items.
They are ideal for hearing aids, miniature radios, and other types of miniature electronic equipment.

The coils employ automatic layer windings of double Formex wire...in a molded Nylon bobbin. All
insulation is of cellulose acetate. Four inch color cnded flexible leads are employed, securely anchored
mechanically. No mounting facilities are provided, since this would preclude maximum flexibility in
location. Units are vacuum impregnated and double (water proof) sealed. The curves below indicate
the excellent frequency response available. Alternaie curves are shown to indicate operating charac-
teristics in various typical applications.

b.c.
Type Application Level Pri. finp. in Pri, Sec. Imp. Pri. Res. Sec. Res. SUBOUNGER UNIT
*$0-1 Input -+ 4vly 200 0 250,000 16 2650 Dimensions....9/16” x 5/8” x 7/8”
50 62,500 Weight e, .03 1b.
$0-2 Interstage/3:1 + 4avu 10,000 0 50,000 225 1850

*$0-3 Plate to Line + 20V U. 10,000 3 mil 200 1300 30
25,000 1.5 mil. 500

s0-4  Output + 20VU. 30,000 1.0 mil. 50 1800 a3
S0-5 Reactor 50 HY at 1 mil D C. 3000 ohms D.C Res.

S0-6  Output + 20VU 100,000 5 mil, 60 3250 38
*Impedance ratio is fixed, 1250:1 for $O-1, 1:50 for SO-3 Any impedance between the values shown
may be employed.

FOR HEARING AIDS AND ULTRA-MINIATURE EQUIPMENT

UTC Sub-SubOuncer units have exceptionally high efficiency and frequency range in their ultra-miniature
size. This 1as been effected through the use of specially selected Hiperm-Alloy core material and specia
winding methods. The constructional details are identical to those of the Sub-Ouncer units described
above. The curves below show actual characteristics under typica! conditions of application.
D.C. List
Type Application Level Pri. Imp. in Pri. Sec. Imp. Pri. Res. Sec. Res. Price
*$80-1 Input + 4Vv.U. 200 0 250,000 135 3700 56.50
50 62,500
$50-2 Interstage/3 1 + 4vVu 10,000 0 50,000 750 3250 6.50

#*$50-3 Plate to Line + 20V.U. 10,000 3 mil. 200 2600 35 6.50
25,000 1.5 mii. 500

$50-4 Output + 20V U 30,000 1.0 mil. 50 2875 4.6

.50
$80-5 Reactor 50 HY at 1 mil. D.C. 4400 ohms D C. Res. 5.50
SUB-SUBOUNCER UNiT §50-6  Ouptut T 20V.U. 100,000 i 60 4700 33 .50

H H 2 4// X 5 8// L
wé?grr‘\‘sxons.,..wls x3/ ....... .02/|b. *Impedance ratio is fized, 1250:1 for $SO-1, 1:50 for $S0-3. Any impedance between the values shown
..................... may be employed.

150 VARICK STREET y 3 NEW YORK 13, N. Y.
EXFORT DIVISION: 13 EAST [40th STREET. NEW YORK 16. N. Y., CABLES: "'ARLAB™

£
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Leading network engineers proclaim the TK-11A the
nest television camera ever produced—the easiest cam-
a in the world to handle—and the simplest one to get

t has all the proved performance advantages of the
world-famous RCA TK-10 camera— PLUS THESE NEW

FEATURES
7' viewfinder pic-

NE

t tube produces larger,
brlgh:er,' sharper pictures to
help the cameraman.

NEW plug-in, high-stabil-

ity video amplifier—with fre-

quency response uniform to
: c '

coo_lmg the deﬂechon coil
and Image Orthicon!

fhe’ TK-11A, call your RCA
Broadcqst Sules Representa=-

NEW electronic-protection
system guards Orthicon
against deflection failure, or
loss of driving signals.

NEW “overscan” control
takes burden off Orthicon dur-
ing warm-ups and rehears-
als; new vertical reverse
switch for film pickups.

One latch opens both hinged sides
and top. Dual bar handles provide
better grip and easier-carrying.

RADIO CORPORATION of AMERICA

ENGINEFRING PRODUCTS DEPARTMENT

-

CAMDEN.N.J.
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IT ISNT LYCK THAT MAKES A WINNER...

I'T°"S SUPERIORITY

Though they all looked like potential Kentucky
Derby winners and all had an equal opportunity,
only Dark Star had the swiftness and the stam-
ina to break the ribbon first. He proved his

superiority.

L

CA PA(JITOR

Don’t wait to see whether you've bet on a winner. a wide margin of first-class performance.

Buy El-Menco Capacitors that have already proven

their superiority . . . because they've all been fac- Choose either the midget CM.-15 (2-525 mmf. cap)
tory-tested at more than double their working or the mighty CM-35 (5-10,000 mmif. cap). Both

voltage. Even under the most adverse conditions will always prove their superiority in any military

of application, with an El-Menco Capacitor there’s or civilian service.

Jobbers and distributors are requested to write for
information to Arco Electronics, Inc., 103 Lafayette

St., New York, N. Y. — Sole Agent for Jobbers WRITE FOR FREE SAMPLES
d Distrib in U. S, and Canada.
and Distributors in and Canada AND CATALOG ON YOUR
FIRM'S LETTERHEAD

e llEME

CAPACITORS

Foreign and Electronic Manufacturers Get Information Direct from our Export Dept. at Willimantic, Conn.

THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT

=, B RADIO-ELECTRONIC ENGINEERING DECEMBER, 1953
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Fig. 1. Commercial
version of an ultra-
sonic degreaser.

light of scientific interest 25 years

ago when Wood and Loomis' dem-
onstrated the spectacular physical and
biological feats which ultrasound is able
to perform. Since then a great number
of papers have been published describ-
ing new effects in physics, biology,
chemistry and therapy, and suggesting
their industrial application. This stim-
ulating interest 1is still alive. But
whereas ultrasonics has established it-
self as an important tool in physies,
e.g., for the determination of elastic
constants in materials, and for under-
water communication, its present ap-
plications in industry are still rather
limited.

ULTRASONICS came into the lime-

Ultrasonic Waves

Ultrasonic waves are a form of
vibratory mechanical energy. They com-
prise alternating compressional waves
in any medium—gas, liquid, or solid—
having a frequency above the audible
range, i.e., above 20 ke. Experimentally,
they have been produced to frequencies
of 1000 me. The basic laws of sound
waves hold for ultrasonic waves.

The wavelength of sound is inversely
proportional to the frequency; there-
fore, ultrasonic waves are very short.
This means that ultrascnic energy can
be easily focused, and thus extremely
high intensities can be cbtained. The
particle displacement in an ultrasonic
wave is usually very small, but its ac-
celeration—being proportional to the
square of the frequency—is extremely

*This article is based on a paper presented
at the 1953 National Electronics Conference, held
in Chicago, Ill., Sept. 28-30.

DECEMBER, 1953
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high and can reach a million times that

of gravity.
At high ultrasonic intensities, a phe-
nomenon called “cavitation” occurs.

The mechanism involved is rather com-
plicated and not yet clearly understood,
but as cavitation plays an important
role in many of the practical applica-
tions of ultrasonic energy, a somewhat
simplified explanation of it may be
pertinent. When an alternating sound
pressure is applied to a liquid, it is
under compression for one-half of each
cyvele and under rarefaction or negative
pressure for the other half-cycle. If the
pressure drops below the hydrostatic
pressure of the liquid during the rare-
faction half-cycle, tensile forces try to
pull the liquid apart; and if the tensile
strength is overcome, cavities are
formed during this half-cycle. These
cavities collapse with great violence
during the compression half-cycle. It
has been calculated that at the point
of collapse pressure peaks of 30,000
atmospheres occur, and accordingly,
local temperatures of several hundred
degrees centigrade may be reached.

Transducers

Three different types of transducers
are used to generate ultrasonic waves:
mechanical, magnetostrictive, and piezo-
electric. The latter two are most widely
used for producing ultrasonic waves in
liquids and solids. '

Mechanical

Sirens

In air, high frequency sirens have
been found most efficient. A stator with
a great number (e.g.. 100) of equally

RADIO-ELECTRONIC ENGINEERING

www americanradiohistorv com

By
OSKAR E. MATTIAT

Clevite-Brush Development Company

L

Survey of equipment and techniques used in

generation and utilization of ultrasonics.

spaced holes circularly arranged, with
a diameter of 6”, has immediately ad-
jacent a coaxial rotor disc of duralumin
with corresponding holes. When com-
pressed air is blown through these holes,
with a motor driving the rotor at ade-
quate speed, high power ultrasoniec
waves can be produced with frequencies
up to 34 ke. With compressed air at 3
atmospheres pressure, 2 kw. of acoustic
power can be obtained at an efficiency
of 20¢%. Such a siren, built by the
Ultrasonic Corporation in Cambridge,
Mass., for a frequency of 10 ke., delivers
34 kw. of acoustic power. An efficiency
of 607 has been reported’. With this
siren, sonic intensities of 10 w./cm.?
over an area of 100 ecm. have been
cbtained. Such sirens have been used
to agglomerate smoke particles.

Ultrasonic Whistle

For producing ultrasenic waves in
liquids, a recently developed mechanical
transducer’ uses the same principle as
a whistle, with liquid instead of air as
the fluid. A liquid jet coming out of a
narrow slit impinges on the sharp edge
of a rectangular metal blade which is
clamped at two nodal points. The blade
is excited to flexural vibrations. If the
resonant frequency of the blade coin-
cides with the frequency of formation
of vortices produced by the jet, very
strong waves result. Such whistles have
been built for frequencies between 4
and 32 ke. They have a treating capac-
ity of 5-7 gpm and are deemed useful
in emulsifying liquids.

Magnetostrictive

Magnetostriction, a change in dimen-

—D—
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Fig. 2. Laboratory setup for use in
ultrasonic depolymerization studies.

sion with a change in magnetizing
force, is exhibited by certain metals
and alloys like iron, nickel, cobalt and
permendur. If a bar of magnetostrictive
material is placed with its length
parallel to a magnetic field, the bar
changes its length proportionally to
the square of the magnetic field. If a
strong permanent field is applied and
an alternating field superimposed, the
vibrations are practically proportional
to the a.c. field. Magnetostrictive trans-
ducers are operated at their mechanical
resonant frequency. They have been
built in the frequency range from 2 ke.

PERMANENT MAGNET
POLARIZING PICKUP
PICKUP
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Fig. 3. Ultrasonic soldering iron.

(i.e., in the sonic range) up to 200 kc.,
and work best in the lower ultrasonic
frequency range between 20 and 50 ke.
Above 100 ke., the length of the trans-
ducer becomes rather small and there-
fore difficult to handle, and the eddy
current losses beconie increasingly high.
A high power magnetostrictive trans-
ducer of the Frank Massa Laboratories,
Hingham, Mass., for example, employs
a consolidated stack of thin nickel alloy
laminations which resonate at 24 ke.
For cooling purposes, the transducer
is assembled in an oil-filled compart-
ment and includes a finned tube through
which cooling water is circulated. The
power input is 1 kw. and the maximum
conversion efficiency is about 60%.

Piezoelectric

Piezoelectric transducers are based
on the inverse piezoelectric effect, i.e.,
the change of size of certain crystals
when an electric field is applied to
them. Quartz, tourmaline, Rochelle salt
and many other crystals show this
effect and have found a wide field of
application in electrical communication
engineering and research. Quartz is
most frequently used because of its
outstanding mechanical properties, such
as temperature stability, high tensile
strength, and hardness. Many different
ways of cutting slabs, bars and other
shapes out of the natural crystal are in
use. The most commonly applied is the
X-cut, in which the main faces of the
slabs or dises are perpendicular to the
electric or crystallographic X-axis. The
electric charges are applied to the faces
by means of metallic electrodes, and the
mechanical forces and displacements
are parallel to the electric field. Maxi-
mum radiation is obtained when the
erystal vibrates at its mechanical res-
onant frequency, which is inversely
proportional to the thickness of the
transducer element. A resonant fre-
quency of 100 ke. requires a crystal
thickness of about 1”; 10 me. only
1/100”. Still higher frequencies are
obtained by using higher harmonics of
thin crystal slabs. The acoustic power
of generally available equipment ranges
up to about 400 watts and intensities
up to about 40 w./em.? of crystal sur-
face, between 300 and 1000 ke.

Ceramic

A ceramic material, barium titanate,

has recently been developed which
shows strong piezoelectric properties
when polarized by a d.c. field of 50,000
v./inch. Bars and dises which are pre-
pared in this way can be used as trans-
ducers in the same manner as quartz
crystals, although they have different
mechanical and electrical properties. An
outstanding difference is the low
electrical impedance of the ceramic as
compared to quartz, which means that
the same ultrasonic radiation into a
liquid may be obtained with much lower
voltage. For example: to obtain an
ultrasonic intensity of 1 w..em.? at a
frequency of 100 ke. requires 10,000
volts with a quartz crystal. With a
ceramic transducer, only 100 volts are
needed.

The barium titanate ceramic is poly-
crystalline and has a great advantage
in that it can be fabricated by casting,
pressing, or extruding into various
sizes and shapes as shown in Fig. 4.
By shaping the ceramic into spherical
bowls, ultrasonic waves can be focused;
and thus very high acoustic intensities
can be obtained. Such focusing trans-
ducers are commercially available from
400 ke. up to 5 me. They are operated
at their thickness resonant frequency.
For 400 ke., the thickness of the bowl
is about 14 ”, and its electrical impedance
is about 10 ohms. With a spherically
shaped transducer, acoustic intensities
of more than 1000 w./cm. can be
obtained in the focus, with an input of
only a few w./cm.? at the surface of the
element.

Maximum power input to barium ti-
tanate transducers is limited only by
the internal heating due to the losses
inside the ceramic material, which
loses its polarization at 120°C. Ade-
quate cooling is therefore imperative.
Lower frequencies require thicker
transducers. For 100 kc., the thickness
is about 1”7, which makes it difficult to
cool the inside of the element effectively.
Focusing transducers for the frequency
range of 100 ke. have been built using
a mosaic of hexagonal ceramic tiles.
These elements are about 0.8” long
and %" across flats, and resonate along
their major axis. By proper spacing of
the elements, cooling is enhanced and
the power input can be raised to 15
w./em.? without depolarization.

Extremely high acoustic intensities
are not always required for ultrasonic

Fig. 4. Three typ s of ceramic transducers. Arrows indicate the mode of vibration.

RADIO-ELECTRONIC ENGINEERING
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applications. In some cases, the treat-
ment of a liquid in a continuous flow
process may be desirable. Here, the
tubular ceramic transducer has its
field. It can be excited in its circum-
ferential as well as in its thickness
mode of vibration. For a tube of 3”
O.D. and 4" thickness, the resonant
frequencies are about 22 ke. and 400 ke.,
respectively; thus, two widely different
frequencies can be covered by one
transducer. For a length of 6”7, this
transducer can be operated continuously
with 500 watts of electrical power. The
great variety which ceramic material
offers in the field of ultrasonics may
be illustrated by the fact that tubular
transducers have been built with diam-
eters ranging from 1/16” to 18”.

Applications

Ultrasonic applications may be di-
vided into two classes: (1) low power
applications where the wave energy
does not change the material through
which it passes and (2) high power
applications where the material is
changed physically or chemically by the
wave energy. In the first class, ultra-
sonics is used as an instrument for
inspection, testing or measuring, and
the energy level is usually below cavita-
tion threshold. In the second category,
the energy level is high and cavitation,
in general, is essential. Only those ap-
plications which seem +to be well
established will be covered here.

Low Power Applications
Non-Destructive Testing

Perhaps the best known application
of ultrasonics in industry is its use in
nondestructive testing of metals. Ultra-
sonic waves can penetrate solid bodies.
They will be reflected at any sudden
change of acoustic impedance such as
would be presented by a void or flaw.
Therefore, they can be used in a man-
ner similar to x-ray testing. Four
techniques of flaw detection in metals
or other sound transmitting materials
are in use:

1. Through testing

2. Pulse testing

3. Resonant testing

4. Screen view testing

Usually quartz crystals are used as
transducers. Ultrasonic search beams
are very sharp at high frequencies,
where the wavelength in the material
under test is small compared to the
beam width. For a erystal diameter
of 1”7 and a resonant frequency of 5
me., the wavelength in steel is 8/64”,
and the beam divergence is only 4”7
per foot of beam length.

In the through test technique (1),
one transducer is used as a projector
—sending a continuous wave train—
and a second one as a receiver. For
constant projector signal and flawless

DECEMBER, 1953

test piece, the receiver indicates a con-
stant output. Any flaw reduces the re-
ceived signal. This method has been
advantageously used for testing gun
powder uniformity. It is also being
used to inspect tires that are to be re-
capped for the presence of internal
defects, such as ply separation. An
apparatus capable of detecting defects
of only 1/16 sq. in. area has been
used by the Goodyear Tire and Rubber
Company, Akron, Ohio.

The pulse testing technique (2), is
used in the Sperry “Reflectoscope,” in-
vented in.1941 by Dr. Firestone. Ultra-
sonic pulses of short duration (1 to 10
usec.) are projected from a quartz
crystal transducer into the test piece,
reflected from the opposite surface, and
received by the same crystal. Electronic
switching networks similar to those in
radar techniques are used to present
the transmitted and reflected pulses on
an oscilloscope whose time sweep is
synchronized by the pulse frequency.
Any flaw within the wave path will
cause an additional reflection and will
appear as another pip on the scope.
Among the many applications of this
instrument is the inspection of rail-
road rails, engine axles and aircraft
parts. .
Resonant testing (3) is used for all
wall thickness measurement, detection
of flaws, and lack of bond in any metal
or plastic parts. A frequency-modulated
ultrasoniec signal is sent into the part,
and the sweep frequency of an oscillo-
scope is synchronized in such a way
that a certain part of the sweep cor-
responds to certain frequencies. When
the test piece is resonant at a certain
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Fig. 5. Diagram of a cleaning
process for electric shaver heads.

frequency, a pip appears on the scope
at that point because the piece under
test gives maximum reaction while
resonating. A different pip will appear
when a flaw is present because then
another resonant condition is set up.
This ultrasonic gauge has the advan-
tage that the wall thickness of objects
can be measured when only one side of
the wall is accessible, e.g., in pipes
and tanks.

The screen view method (4) takes
advantage of the phenomenon that
small flat particles in a sound field have
the tendency to adjust their planes
parallel to the front of the sound wave.
Pohlmann, in Germany, uses small alu-
minum particles (20 microns in diam-
eter and 1.5 microns thick) suspended
in xylol in a flat cell as an indicator. One
wall consists of a thin copper foil, the
other of a glass plate. If an ultrasonic
beam hits the cell through the sound-
transparent copper diaphragm, the alu-
minum particles in the sound beam will
align themselves parallel to each other.
If a light beam illuminates the cell
through the glass window, the aligned
particles will reflect light while par-
ticles not in the sound beam will give

Fig. 6. Feed-in portion of cleaning equipment sketched in Fig. 5.

RADIO-ELECTRONIC ENGINEERING

www americanradiohistorv com

i

= :1_"-:':'.:,;:'."...

A



www.americanradiohistory.com

BEFORE

n

,
ol S
L— AFTER ——l

Fig. 7. Electric shaver heads be-
fore and after ulirasonic cleaning.

little reflection. When a material which
is to be examined is put between the
sound source and cell, flaws and fissures
will cast a sound shadow on the cell,
causing nonorientated particles—which
in turn give a dark spot when projected
as an optical picture on a screen.
Distance measurement by the evalua-
tion of reflected ultrasonic pulses,
known as “Sonar” (i.e., sound naviga-
tion and ranging), for underwater de-
tection of submarines and the like has
also found industrial applications. An
example is the mapping of water-satur-
ated sediment by the U. S. Geological
Survey. In the lower ultrasonic range
(15 ke.), the beam is partially reflected
and partially penetrates water-satu-
rated sediment, but is completely re-
flected by bedrock. In an investigation
of the filling of Lake Mead above
Hoover Dam, the phenomenon was used
for taking bottom profiles; it revealed
that 2 billion tons of sediment have
already accumulated, which means that
the reservoir will be completely filled
in about 400 years. Another example
is the detection of schools of fish by
the underwater echo method; it is
claimed that by examining the shape
of the reflected signal on an oscillo-
scope, the type of fish below can be

Fig. 8. A ceramic trough trans-

ducer immersed in a cleaning fluid.

dztermined and fishermen “can decide
whether or not to cast the nets.

U'ltrasonic Viscosimeter

An ultrasonic instrument which
nieasures the viscosity of fluids has re-
c2ntly been offered to industry by Rich-
Foth Laboratories, East Hartford, Con-
necticut. A magnetostrictive probe of
about 2” length is pulsed with an ultra-
s>nic frequency of approximately 30
kc. while in contact with the liquid. The
vibration is damped by the surround-
i1g medium, and when the amplitude
drops to a predetermined value, the
grobe is pulsed again. Therefore, the
frobe is pulsed at a high rate in a
kighly viscous medium and at a low
rate in a medium of low viscosity like
vrater. An electronic unit incorporated
ia the instrument relates the pulse rate
to the viscosity of the medium. The
instrument measures viscosities of li-
cuids up to 50,000 centipoise and re-
quires only a few milliliters of liquid
for proper operation. It can be used to
raaintain uniform production of liquids
by the addition of control circuitry.

Ultrasonic Flow Meter

Another instrument is the ultrasonic
flow meter, which works on the prin-
ciple of the Doppler effect. Ultrasonic
pulses are projected through the liquid
in and against the direction of flow by
«lternate switching of projector and
receiver. In the direction of flow, the
rate of flow is added to the transmis-
sion velocity; in the opposite direction,
it is subtracted. Thus, the velocity of
flow is made to produce a phase dif-
ference which is measured electronical-
ly to indicate the rate of flow. This
flow meter does not obstruct the fluid
currents and can be applied in closed
systems, such as the flow of blood in
ihe aorta or the flow of a coolant in
it chain reactor.

High Power Applications

The engineering and evaluation of
high power ultrasonic energy is more
Jifficult because cavitation prevents the
application of conventional acoustic
‘neasurements, and practically no en-
Zineering data exist on exactly how
‘nuch acoustic power is required to
Hroduce the phenomena.

Themical

The great variety of chemical effects
oroduced by intense ultrasound has
jeen summarized in a new word: Sono-
chemistry®. Among these effects are
aydrolysis, addition, oxidation, molec-
alar rearrangement, polymerization,
lepolymerization, and acceleration of
chemical reactions. Although ultra-
sonics seems to have great possibilities
in the chemical industry, it has not yet
been established on any large scale.
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One reason is the relatively high cost
of equipment and power per gram of
material converted. Another is that
suitable ultrasonic transducers for large
volume applications have been devel-
oped only recently, and it usually takes
years for a new chemical process to
grow to industrial size. Figure 2 shows
a laboratory recycling setup for ultra-
sonically depolymerizing a high poly-
mer substance in a continuous flow
process. A barium titanate tubular
transducer of 3” diameter irradiates
the solution with an electric power in-
put of 500 watts at 22 ke. Such a unit
can be expanded te industrial size by
building pipelines consisting of a multi-
tude of tubular transducers. Fifty such
cylinders could absorb and process
many hundreds of gallons per hour in a
relatively small space.

Degassing

As previously mentioned, high ultra-
sonic intensity irradiation of a liquid
causes cavitation. Gas present in the
liquid evaporates into the cavities, the
bubbles coalesce, and then rise to the
surface. Thus, ultrasonics offers a
means of rapid degassing, especially if
a slight vacuum is applied. Dr. Thiede,
of the Atlas Werke, Bremen, Germany,
has built an ultrasonic degassing ma-
chine, having an operating frequency
of 175 ke. and an acoustic power out-
put of 500 watts, which degasses water
at a rate of 10 tons per hour (2640
gph). The remaining gas content is
only 1 mg./liter. Such machines have
also been used to degas transformer
oil.

Degassing molten metals and glass,
the separation of nonmetallic impuri-
ties, and the reduction of grain size by
the use of ultrasound have long been
intriguing possibilities, but thus far
they have not been achieved with
certainty.

Soldering

The cavitation effect caused by high
intensity ultrasonics in molten metals
has been used to destroy the oxide layer
on aluminum, thus making it possible
to solder aluminum parts using tin
solder without flux. Ultrasonic solder-
ing irons are manufactured in England
and Germany.

Figure 3 shows a diagram of the
Mullard ultrasonic soldering iron.
A magnetostrictive transducer trans-
forms 55 watts of electrical power into
ultrasonic power at a frequency of 22
ke. A coupling bar transmits the vibra-
tional energy to the soldering tip, which
is heated by a 100-watt heating ele-
ment. As soon as the ultrasound is
switched on, the molten solder on the
surface of the aluminum sheet cavi-
tates, and thereby breaks up the layer

(Continued on page 27)
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structed in the past have obtained

their intermediate frequency se-
lectivity through the use of several
double-tuned circuits separated by
amplifier tubes. Improvement in this
design is achieved through the use of
inductance-capacitance filters of con-
ventional form. These filters lump the
selectivity into one package, are usually
placed immediately after the last fre-
quency converter in the receiver, and
are followed by relatively wide i.1.
amplifiers. The use of such a filter al-
lows the separation of selectivity and
amplification. By placing the main
amplification after the selectivity, and
having only enough amplification prior
to the filter to maintain the desired
signal-to-noise ratio, receiver perform-
ance can be considerably improved with
respect to desensitizing, spurious re-
sponses, cross modulation and inter-
modulation’. These effects are generally
due to overloading and to harmonic
generation in the tubes preceding the
selectivity, and can be minimized by
keeping the gain of these tubes at as
small a level as possible consistent with
a good receiver noise figure.

Lumping the selective circuits to-
gether also means, generally, that few-
er components can be used to obtain
the same selectivity, and such lumping
also allows the unit to be factory-ad-
justed and permanently sealed. No

MOST superheterodyne receivers con-

*This article i3 based on a paper which was pre-
sented at the 1958 National Electronics Con-
ference in Chicago Sept. 28-30.
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Fig. 1. Laboratory welding equipment
for attaching wire leads to the filter plates.

maintenance or adjustment is required
in the field, and the selectivity will not
be affected by changes in the other
parts of the receiver, such as changes
in tube capacity, ete. Sealing or potting
also greatly increases the humidity re-
sistance of the unit as well as prevent-
ing possible misalignment at a later
time. The selectivity characteristics of
the receiver can be changed, if desired,
by merely replacing the filter with an-
other unit having a different bandwidth
characteristic.

Although good results have been ob-
tained with inductance-capacitance fil-
ters, even better performance can be ex-
pected with filters using mechanical
elements. The three most important at-
tenuation characteristics of any selec-
tivity network response are: the inser-

Fig. 2. (A) Three-element m-derived
bandpass section with equations. (B)

Filter with mid-series termination.
—R__
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By STANLEY P. LAPIN

Motorola Inc.

Theoretical and experimental data are presented on the

use of mechanical resonators for 100-1000 kc. if. filters.

tion loss at the center frequency; the
bandwidth of the passband; and the
steepness of the rejection slopes of the
curve. From an attenuation standpoint,
the ideal curve would be in the form of
a rectangle, with zero attenuation from
frequency f, to frequency f.—the cut-
off frequencies—and infinite attenua-
tion for frequencies below f, and above
f.. This would allow maximum utiliza-
tion of the available frequency spec-
trum, as adjacent bands of communi-
cation could be spaced side by side. As
the steepness of the rejection slopes de-
creases, channels must be spaced fur-
ther apart so that sufficient diserimina-
tion between them can be obtained. In
addition, a non-flat—or curved—pass-
band may result in increased channel
spacing, as the rejection slopes may
have to be spaced still further apart to
allow a relatively flat region over which
the desired frequencies will be passed.
Sharp corners are not desired in the at-
tenuation curve, however, in applica-
tions where phase shift and transient
response are important.

Generally speaking, the higher the @
of the elements used in the filter strue-
ture, the less will be the center fre-
quency insertion loss, the wider will be
the passband, and the steeper will be
the rejection or attenuation slopes of
the curve. At frequencies near 450 kc.,
it is difficult to obtain electrical induc-
tors with @’s above 200 while retaining
a practical size. However, if mechanical
elements could be used in the filter cir-
cuits to replace the electrical inductors

9_
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Fig. 2 (left). Assembled and disassembled views of an i.f. filter.

Fig. 4

and capacitors, much higher @’s would
be expected. Mechanical resonators, in
the form of stable vibrating metal
plates, have been made with @’s rang-
ing up to 2000 or 3000; quartz crystal
resonators may have @’s of about
30,000 in air, and perhaps 800,000 to
400,000 in a vacuum. Use of such me-
chanical elements should also result in
a substantial saving in size and weight,
as they are generally smaller than the
electrical components which would be
used in their stead. The features of
factory adjustment and sealing would
still be retained.

With the advent of subminiature re-
ceivers, the small size of a mechanical
filter becomes of increasing importance.
While the emphasis in the design of
the receiver is toward miniaturization,
an irreducible minimum is reached in
the size of an electrical inductance-
capacitance filter. Any further reduc-
tion in size would, for instance, lower
the @ of the inductors, thus necessi-
tating more sections—and a consequent
greater size—to achieve the same selec-
tivity. The reverse would also be true.
It is conceivable that as the receiver
size is made smaller and smaller, the
electrical filter might become as large
as, or even larger than, the rest of the
receiver. Use of a small electromechani-
cal filter should alleviate this problem.

Fig. 5.

(right). The metal plate filter used in the unit of Fig. 3.

A mechanical filter, to perform the
fanetions outlined above, can be con-
ssructed by utilizing a series of me-
caianical resonant circuits with mechan-
ical coupling between them, and using
e ectromechanical transducers at both
e1ds of the structure. The transducers
nay or may not contribute to the se-
lectivity.

In the frequency range under discus-
s on, mechanical systems must be con-
s:dered in terms of distributed circuits
rather than lumped circuits. This is due
to the much slower velocity of wave
propagation in these materials as com-
pared to electromagnetic wave velocity
in air. Therefore, the usual lumped cir-
cuit concepts of analogies between me-
chanical and electrical elements, which
consider a mass as an inductor and a
spring as a capacitor, are not appli-
ciable.

Most mechanical filter configurations
which utilize mechanical elastic cou-
p ing between mechanical resonators
can be represented, near the resonant
frequency, by the mechanical diagram
shown in Fig. 6. Here My and Ky rep-
resent the equivalent lumped circuit
nass and elastance of the resonators,
with By representing their mechanical
lcsses. The masses are represented as
inelastiec bodies moving vertically with
respect to the plane of reference, with

(A) Mechanical netwo:k diagram of filter. (B)

Electrical analog of the mechani:al network shown in (A).
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the “springs,” Kx, attached between the
masses and ground. Xy is the displace-
ment of each mass, and the driving
force is shown acting on M.. K’ repre-
sents the equivalent lumped -ecircuit
elastance of the coupling media, and is
shown connected between successive
masses.

From the mechanical diagram, a me-
chanical network schematic can be
drawn, as shown in Fig. 5A®% Here,
each mass-elastance-damping combina-
tion of TFig. 6 is shown with common
“terminals” connected together (one
side of each to ground, and the other
side having displacement Xy). The
coupling elastance connects each M-K-
B system, and the driving force is con-
nected to the first system.

Assuming an electromechanical ana-
log where electrical voltage is analo-
gous to mechanical force, the electrical
analogous circuit as shown in Fig. 5B
can then be drawn®. This circuit can be
made to conform to a standard-type
three-element m-derived bandpass sec-
tion, as shown in Fig. 2A. A complete
filter, fabricated from such sections and
having a mid-series termination, would
appear as shown in Fig. 2B; once the
values of cutoff frequencies and imped-
ance level are fixed, the component val-
ues can be determined, as given in any
standard text on filter theory®. Through
manipulation of these design equations,
the low cutoff frequency, fi, is deter-
mined by the resonant frequency of
L,Ci:

1

T R GAYE 1)
and the ratio of bandwidth, f. — fi, to
the lower cutoff frequency, f,, is deter-
mined approximately by the ratio of
twice the series capacity to the shunt
capacity:

fo—fi_2C;

7 C P 623
An almost unlimited number of actual
mechanical designs are possible which
are analogous to this type of cireuit.

An approximate equivalent expres-
sion can be derived® to determine the
bandwidth of a mechanical structure.
The distributed resonant element ecan
be equated to a lumped series induct-
ance-capacitance circuit, L. — Ci, res-
onant at the same frequency. Assuming
that, near its resonant frequency, the
reactance curve of a series resonant cir-
cuit is the same as a tangent curve near
6 = <, the impedance of the mechani-
cal resonator, Z: is determined as:

Z, :%(L1/01)1/2 . . . (3)

The impedance, Z., of the coupling
members between the resonators—if the
members are 1% wavelength long—ecan
be determined as the reactance of a
capacitor, C., assuming that the capac-
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itor’s reactance curve is the same as
a tangent curve near ¢ = 37 /4.

1

z. Zm N €9
From Eqts. (1), (2), (3), and (4):
fo—fi__ 427

A AT (5)

Assuming Z.* to be much less than
Z, the result in Eqt. (5) can also be
derived by consideration of the struc-
ture in mechanical terms only®.

A Practical Filter

Several distributed mechanical filters
have been proposed® " *® in the litera-
ture, and a unit of this type has been
the subject of considerable development
at Motorola. This filter, shown in Fig.
4, consists of a series of flat plates in-
terconnected with pairs of fine metal
wires. The plates are resonant on the
low side of the passband, and the wires
serve as nonresonant couplers between
these resonant ‘‘circuits.” Made of a
special stainless steel, the five center
plates have a high @ and a very low
temperature coefficient. The two end
plates—if made of nickel—form part of
the filter, and are also magnetostrictive
converters which convert electrical into
mechanical energy (and vice versa).
Other units have been made with
quartz end plates which drive the filter
piezoelectrically.

Fig. 6. Equivalent lumped circuit
diagram of a mechanical filter.
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The plates vibrate in an extensional
mode, but because of the large ratio of
width to length, the frequency constant
and the vibrating shape are not simple
functions—due to mechanical coupling
in various directions through Poisson’s
ratio. Assuming that the plates are iso-
tropie, very thin, and that they vibrate
in a free-free mode, the analytic pro-
cedure of McSkimin®™ can be followed
to determine expressions for the fre-
quency and shape. The displacement
equations are:

w = Vl{cos [(Ld) ZZ_] +

%cos [(L.»b)bz] }cos (kz) e«
(6)
b y
v_V,{— 7 g Sin [(llb)—b—] +
5 ;“ ll;sin [(LB)F] }sin (k) e'e!
(7)
where:
. Lb
v, —20b) (kb sm( >
V.

[(LB)® — (kb)?] sin (%)
LB

5 1—o
(Ld) = e (0D0) — (kB) . (9)

(Lb)* = (6 b)* — (kb)* (10)
2 p? 4

g2t Qo) (11)
m @

k =7 (12)

and:
p = density of the material
E = modulus of elasticity of the ma-

terial

o — Poisson’s ratio of the material

o =2%f = angular frequency of vi-
bration

m = an integer
L = length of plate (along the x direc-
tion)
b = height of plate (along the y direc-
tion)
% = displacement in the x direction
v = displacement in the y direction
V. =a constant
At the ends of the plate, x+ = 0 and
2 = L; and at the top and bottom of
the plate, y = = (b/2).
The resonant frequency of such a
plate can be determined from a trans-
cendental equation:

b
cot <11§*> B
— N =
cot <Zz§>

— 2 (Lb) (Lb) (kb)) (1 —9a)
[(Lb) — (Eb)*] [(Lb) + o (kb))
.o (13)
This equation cannot be solved explicit-
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Fig. 7. Curves for determining the
resonant frequency of a plate.

ly for the frequency, but by using other
techniques, two solutions are obtained;
Fig. 7 shows the relation of resonant
frequency times the height of the plate
to the ratio of height to length. The
frequencies of any given plate size can
thus be easily determined from the
curves. Experimental results verify
these curves, with the two frequencies
occurring approximately as predicted
—as shown in Table 1, where m = 1,
E = 30 x 10° psi and p = 0.295 1b./cu.
in. Since the lines on Fig. 7 are not
straight, overtone operation does not
result in a harmonic relation. As b is
made very small, Eqt. (13) reduces to
the common frequency-determining
equation for a long, thin bar. This re-
sult is also indicated by the straight
portion, for small width-to-length ra-
tios, of the lower curve of Fig. 7.
(Continued on page 35)

Fig. 8. Curve showing bandwidth
as a function of wire placement.
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(Top) Interior view of the PROJECT TINKERTOY plant. (Upper left) Two modules
and a blank waier: a tube has been inserted in one of the modules. (Lower left)
A group of wafers bearing various components, such as resistors and capacitors.

N AUTOMATIC production line for
the manufacture of electronic prod-
ucts and a novel system of elec-

ronics design which makes this possible
have been developed by the National
SBureau of Standards. The program,
code-named PROJECT TINKERTOY,
was sponsored by the Navy Bureau of
Aeronautics.

Starting from raw or semiprocessed
materials, machines automatically man-
nfacture ceramic materials and ad-
hesive carbon resistors, print conduct-
ing circuits, and mount resistors,
capacitors, and other miniaturized com-
ponent parts on standard uniform
steatite wafers. The wafers are stacked
very much like building bloeks to form
& module that performs all of the
functions of one or more electronic
stages. Automatic inspection machines
check physical and electrical character-

istics of the parts-mounted wafers at
numerous stations along the production
line. The completed module is a stand-
ardized, interchangeable subassembly
combining all of the requirements of an
electronic circuit with ruggedness, re-
liability, and extreme compactness.

MDE Design System

The key to the automatic, mechanized
production of electronic equipment in
PROJECT TINKERTOY is the de-
sign system developed by NBS. Called
MDE—for Modular Design of Elec-
troniecs—the system establishes a series
of mechanically standardized and uni-
form modules (or building blocks),
producible with a wide range of elec-
trical characteristics.

Each module, in general, consists of
some 4 to 6 thin ceramic wafers, bear-
ing various circuits associated with an

Schematic diagram of the PROJECT TINKERTOY mechanized assembly line.
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Printed circuit techniques,
machine assembly, and 100%
production testing are all

part of this development.

electronic stage. A number of individ-
ual modules are combined to form a
major subassembly. The composition
of modules into major subassemblies is
possible because there is great similar-
ity between circuits and parts of cir-
cuits in modern electronic equipment.

MPE Production System

Production of the modules and as-
semblies, designed in accordance with
the MDE system, is achieved mechan-
ically in PROJECT TINKERTOY. The
production system is called MPE—
Mechanized Production of Electronies.
MPE largely utilizes noncritical raw
materials. Ceramic wafers—7% inch
square by 14¢ inch thick—are produced
directly in quantity from the raw in-
gredients. Ceramic capacitors are pro-
duced in a similar fashion.

These and other basic parts are fed
into the production line. The ap-
propriate circuits are printed by auto-
matic machines. The ecircuit configura-
tion is achieved through photographic
processing. Quality econtrol is estab-
lished by automatic inspeection, directed
by information prepared in punched
card form. Special components, not
suitable for “printing” techniques, ean
be incorporated into the modules. Auto-
matic physical and electrical inspection
is provided for in the production line.

The MPE system is based on the use
of bulk or semiprocessed materials, and
the line produces all the large-quantity
parts except fer the tubes. The pilot
plant is designed for a produection goal
of 1000 modules per hour. Joining
modules together to form subassemblies
may also be accomplished by machines.

Circuitry

Dispensing with the conventional cir-
cuit diagram of the tested electronic
model, the MDE design system places
all necessary production programing
information on an MDE work sheet
(Fig. 2). Each work sheet contains the
front and back outlines of six wafers
with appropriate numbering to identify
each notech in the wafer, each riser
wire, and the electronic piece that is
to be placed on the wafer. The engineer
translates his conventional wiring dia-
gram (Fig. 1) to an MDE diagram.
He indicates the position of the piece
and its proper wvalue and tolerances.
Lines are drawn to indicate how the
circuits between wafers are connected.
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Fig, 1. Schematic diagram of a
typical module, showing points at
which wafer connections are made.

Fig. 2. Modular work sheet for
the circuit of Fig. 1. Individual
wafer arrangements are shown.

The engineer’s MDE work sheet be-
comes the basic document from which
a draftsman makes an ink drawing that
may be reproduced in large numbers.
The draftsman also prepares a larger
version of the work sheet that is
photographed and is subsequently used
to make stencils for the circuit print-
ing machines.

Use is made of the MDE work sheet
in establishing inspection procedure;
current paths on each wafer are
marked on specially prepared punch
cards which will accompany the wafers
through all of the manufacturing proc-
esses. The sheet is also used in the con-
struction of the standard modules or
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counterparts that are employed in the
final testing and inspection of the
module assembly.

Module Assembly

The standard wafer is pressed with
twelve peripheral notches (three on
a side) and a keying notch on one side.
The keying noteh is a medium by which
individual wafers are automatically
oriented for the mechanical application
of component parts. Uniform wafer-
mounted component parts, including
wafer-mounted coils, toroids, potentiom-
eters and crystals, are assembled as
a module in a single machine. Six

(Continued on page 30)

(Left) Conventional electronic equipment. (Right) Same equipment using modules.
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The eight-channel signal separator and
EPUT meter installed in a rack of stand-
ard telemetry receiving components.

HE RADIO-telemetry system known

as FM/FM (frequency-modulated

subecarriers modulating a frequeney-
modulated radio carrier) conveys in-
telligence on subcarrier frequencies.
This type of instrumentation is used for
gathering performance data from guid-
ed missiles in flight. To recover the in-
telligence, each carrier frequency has to
be separated from the others and de-
modulated.

Since the subcarrier intelligence is in
the form of a varying frequency, the
data is extracted by the use of discrim-
inators. Most discriminators in radio-
telemetry receiving stations contain all
the circuitry required for separating
one of the frequencies, limiting, and
discriminating the subecarrier frequency
intelligence, as well as suitable vacuum
tube stages to drive various types of re-
cording oscillographs, pen recorders or
electronic digital computers.

It is the purpose of this article to de-
scribe the “channel separator’—a small,
simple: unit which may supplant com-
plex and costly discriminators for many
purposes. This unit is satisfactory for
testing and calibration of airborne ra-
dio-telemetry missile systems and sub-
carrier oscillators, with or without asso-
ciated transducers, and replaces a com-
plete rack of standard telemetry receiv-
ing station equipment.

*Chief, Telemetry Section, and

**Chief, Internal Electronics Engineering Branch,
Technical Systems Laboratory, Air Force Missile
TestdCenter, Air Research and Development Com-
mand.
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TELEMETRY
SUBCARRIER
SEPARATOR

By

JAMES B. WYNN, JR.* and SAM L. ACKERMAN**

Patrick Air Force Base, Florida

A device for separating the individual channels from

the carrier frequency in an FM/FM telemetry system.

The channel separator was first de-
signed and fabricated for reasons of
sconomy and because of the shortage of
zlectronic equipment. The need for
hecking out a radio-telemetry guided
‘nissile installation arose, and a satis-
factory method of doing so had to be
jevised within one week. All telemetry
~eceiving stations available, containing
che required units, were committed to
nther missile projects or flights. Since
-he basic requirement called for a means
»f statically calibrating and adjusting
:he telemetry missile installation in the
aangar prior to the launching check-
»ut, it seemed feasible that a few of the
sasic components would suffice in place
of an elaborate ground station. It was
felt that the task could be adequately
performed by the use of: (1) the telem-
stry FM special-purpose receiver, (2)
2 unit for separating the desired chan-
ael from the complex signal output of
che receiver or of the subecarrier oscil-
lator mixing circuits in the missile, and
(3) standard electronic precision test
cquipment to read the separated signal
directly in terms of cycles per second,
such as a frequency counter.

Most FM/FM airborne telemetry in-
stallations made in guided missiles or
pilotless aircraft make use of either 6,
3, 10, or 12 subcarrier oscillator fre-
juencies. The ground receiver stations
generally contain eight subearrier dis-
:riminators, for separation and demodu-
lation, in each relay rack. In view of
these conventional airborne and ground
configurations, it was felt that the sep-
arator units should be designed for
either four or eight channels. The basic
design was thus limited in configuration,
so that the separator would be suitable
for mounting in a standard relay rack

RADIO-ELECTRONIC ENGINEERING
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or in a cabinet for portable use, and for
standardization would be approximately
the same size in both the 4- and 8-chan-
nel models.

The front panel adopted for both units
is 19” wide, 8” high and is constructed
of 14” steel with an Onslo Gray Baked
Hammeroid finish. All standard, com-
mercially available components were
used throughout. No stringent require-
ments were placed on size, weight, or
power consumption other than that the
separator should operate on 110-120
volts, 60 cycles. The chassis is 17" long,
13” deep, and 3” high in both models.

A number of improvements between
the first 4-channel model and a later
8-channel model were made possible
mainly through additional procurement
time. Most notable, probably, is the
use of the miniature vector turret tube
sockets. Components associated with each
tube are a part of the socket assembly,
so that the circuits are prefabricated;
only common filament and plate power
wiring and circuit coupling need be in-
stalled on the chassis.

The controls as well as input and out-
put receptacles are all mounted on the
front panel. This permits easy operation
of the unit whether it is installed in a
rack as part of the telemetry installa-
tion or in the laboratory as test equip-
ment. The a.c. power input is on the
rear of the chassis. Coaxial connectors
were selected for the input complex and
output telemetry signals because fre-
quencies up to about 90 ke. are employed.

For each channel, the input signal is
paralleled across a 500,000-ohm input
attenuator, with the center arm of the
potentiometer capacitively coupled to
the control grid of the cathode-follower
isolation and impedance matching stage
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required between the input and the
bandpass filter; the cathode follower is
capacitively coupled to the bandpass
filter, which in turn provides the proper
frequency separation. Bandpass filters
may be of the type utilized in any of
the telemetry subcarrier discriminators
manufactured by such companies as
Raymond Rosen, Bendix, Electro-Mech-
anical Research, and Clarke Instru-
ments Division of National Electric
Machine Shops. Filters of this nature
have been manufactured by Burnell,
Freed and Hycore. Each filter is
terminated into its characteristic im-
pedance of 2500 ohms, and direct-
coupled into the grid of one-half of a
dual triode. Capacity coupling is used
to the second half of the triode, and
high impedance capacity coupling is
utilized from the triode to a selector
switch. A switch is used in the output
to select any one of the signals for
presentation at the output coaxial con-
nector. The output of the channel sepa-
rator is connected through a coaxial
cable to a Berkeley EPUT (events per
unit time) meter Model 554, or a
similar frequency counting instrument,

Fig. 1. Complete schematic and parts

which is normally rack-mounted ad-
jacent to the separator. The signal level
output from the separator is 20 volts
maximum without distortion and is
more than adequate for visual observa-
tion on an oscilloscope or electronic
counter. If this circuit is duplicated, at
no time should the output be above the
20-volt level as distortion may cause
erroneous counting.

The power supply is of conventicnal
full-wave, choke-input design. An ad-
justable wire-wound resistor in series
with the load provides a means of
setting the high voltage to 250 volts
under normal operation. The load re-
quirements are constant so that a single
setting of the voltage level is sufficient.
Power input should be 115 volts, 60
cycles, with a consumption of 40 or 60
watts for the 4- and 8-channel models
respectively.

Because the bandpass filters em-
ployed are of the plug-in type of con-
struction, considerable flexibility is
provided in the wuse of the channel
separator; the basic circuitry is not
frequency-sensitive, and any filters may
be plugged in so that any combination

list

e

A

Illustration of the vector socket wir-
ing technique employed through-
out the subcarrier separator.

of four or eight frequencies can be
separated by a unit. On the other hand,
if different frequencies are occasionally

(Continued on page 34)

of the eight-channel separator except for power supply. which is conventional.
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Fig. 1. Hot die-stamped circuit.

An analysis of three possible
approaches to automatization of

electronic equipment production.

spent developing new techniques to reduce labor and

economize on materials in the manufacture of electronic
equipment. Few trends in electronic equirment and com-
ponent manufacturing have been more pronsunced than the
concentration of effort upon mechanized production methods,
improvement of reliability, and development of miniaturiza-
tion techniques.

Postwar development shows that greater quantities of
electronic equipment are needed. Between 1939 and 1952
electronic equipment sales have grown from approximately
340 million dollars to almost 6 billion dollars—a twenty-fold
increase. The number of factory workers in the electronics
industry has jumped from 93,000 to 360,000 during the
same interval. Communications, television, zomputers, elec-
tronic controls, and instrumentation are areas which have
a tremendous growth potential. The military with its
guided missiles, proximity fuses, electronic ire control, and
endless other applications would create a demand in an
all-out national emergency that industry could not satisfy

DURING the past few years considerable effort has been

Fig. 3. Components suitable for mechanized assembly.

By
L. K. LEE and F. M. HOM

Stanford Research Institute

Fig. 2. Functional elements formed by printed circuit techniques.

with its present facilities. Thus, with the coming of age
of the electronics industry, automatization of its production
methods is not only desirable but necessary.

The problems of industry, however, are not confined
merely to producing enough. Increased labor costs and a
need for more efficient utilization of present plant layouts
are also of much concern. Increasingly stringent require-
ments for reliability of performance under adverse conditions
and miniaturization create additional erucial problems with
respect to design and production. Electronic equipment
fabrication has outgrown the early stage when it was simply
a matter of designing a circuit, mounting the components
and soldering their leads together. Today, fabrication re-
quires closely integrated coordination of materials selection,
mechanical and thermal design, and correct component
application.

One answer to providing quantity and quality at minimum
cost is automatic fabrication. Automatization of the pro-
duction line would provide: (1) accelerated production,
(2) uniformity of products—since all components and leads

Fig. 4. Outline drawing of component-attaching machine.
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ELECTRICAL AND CUTTERS
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SUPPLY
CHECKERS
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LEAD FORMING
AND COMPONENT
REJECT CHUTES POSITIONING TOOLS
FEED CHUTES
BASE PLATE ON
WHICH COMPONENTS
ARE MOUNTED

CISPENSERS,
WORK HOLDER
COMPONENT COLLECTOR CARRIAGE
CONVEYOR

LEAD CLINCHING TOOL

INDEXING MECHANISM AND
CONTROL EQUIPMENT
INSIOE ENCLOSURE
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AND ELECTRONIC COMPONENTS

are in precise orientation and location, (38) simplified

quality control, (4) improved reliability, (5) reduction of

manpower requirements for production—particularly as
concerns the skilled worker, and (6) production around-
the-clock.

Three possible approaches to automatization of electronic
equipment fabrication relative to its effect on component
requirements are as follows:

1. The first approach is the application of prefabricated
components using conventional wiring methods and de-
signing machines to duplicate the assembly operations
now performed manually.

2. The second approach makes use of prefabricated com-
ponents (possibly with mechanical modifications), printed

circuit wiring methods, and machines to perform the

assembly and fabrication operations.

3. The third approach is the adoption of completely new
concepts wherein present components, as prefabricated
units, are no longer used. Instead, the separate elements
performing the electrical functions, the structural sup-
port, and protection against environmental effects are
fabricated in the production line as parts of a functional
electronic package.

The first approach is the most direct but certainly not the
simplest. Although the use of unmodified available com-
ponents is a great advantage, it is too difficult to design
machines that duplicate the dexterity of human hands in
performing the assembly operations. As a result, this ap-
proach has not been pursued extensively and accordingly
will not be discussed further.

The second approach, the one most generally followed at
this time, is used principally by the assembler of electronic
equipment. Circuit patterns are fabricated by one of the
so-called printed circuit techniques, such as etching copper
foil, stamping copper foil (Fig. 1), embossing silver powder
on a plastic base (Fig. 2, large panel), or plating copper
on a plastic base.

Components are used with minor modifications so that
machines may automatically position and insert their leads
into a base plate containing the circuit pattern. Figure 3
shows components with modified leads for mechanized in-
sertion and dip-soldering. Some of the requirements for mak-
ing these components suitable for automatic assembly are:
1. Standardized component body shapes and dimensions to

Fig. 7. Outline drawing of component-attaching head.

ATTACHING
HEAD FRAME

COMPONENT LEAD
CLAMP AND EJECTOR

COMPOMNENT LEAD

LEAD FORMING TOOL

FORMING
ANVIL.\. COMPONENT

POSITIONING TOOL

SHUTTLE

" ( CLINCHING TOOL
DETAIL O MPONENT ™

ATTACHED TO BASE PLATE

Fig. 5 (top). Folding windings to form multilayer coil
Fig. 6 (bottom). Printed windings of coil before folding.

specific production tolerances must be realized to make
them suitable for stacking in magazines, feeding by hop-
pers, ete., with a minimum of handling difficulties.
Components must be designed to provide means for
orienting polarized components, such as electrolytic ca-
pacitors and semiconductor diodes.

The components must be provided with suitable means
for attaching. This may be primarily a requirement on
materials. For example, tinned copper leads may be
changed to steel leads to facilitate electric welding as
a means for attaching the components to the circuit.
The components must be able to withstand the environ-
mental effects and conditions imposed by the processing
methods used during fabrication. For example, the com-
ponents must withstand exposure to heat during dip-
soldering or the curing of protective coatings, and must
return within tolerance requirements. This is primarily
a requirement on the stability of the electrical character-
istics of materials.

Component body dimensions should vary in fixed incre-
ments to facilitate circuit layout and hence base plate
indexing during the component inserting operation.
Positioning of leads with reference to the body of the
component must be standardized to facilitate mechanized
insertion of the component into the circuit.

Dimensions of the leads must be standardized so that

Fig. 8. Subassembly designed for mechanized production.
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NOTE:

PROTECTIVE COATING
APPLIED TO BOTH
SIDES OF BASE PLATE
PRIOR TO FOLDING ——

— ———=3BLANKED OUT
PORTIONS

= : g
FLEXIBLE |
MATERIAL — 'SILVER CONTACT RIVETS

~ONE-PIECE DIE-
CAST METAL FRAME

" LOCATING PIN

RIGID INSULATING BASE

Fig. 9. Components attached to partially asse mbled unit,

lead-handling mechanisms and standard hole sizes in
the base plate may be used for attachment of the leads.

Figure 4 shows one possible machine whic1 may assemble
axial lead components such as resistors ani capacitors on
circuit patterns (Figs. 1 and 2). Individual values of com-
ponents are loaded into the magazines as shown. Each
component is checked electrically before it is allowed to
descend to the feed chute. The dispensers. and the con-
veyor mechanism are programed to deliver the proper
sequence of components for the attachirg head which
straightens the leads, trims them to the correct length, and
forms the leads so that the component body and the leads
form a U-shape. Forming and positioning tocls are shown in
greater detail in Fig. 7. The component is inserted into a
base plate which has been punched to receive the component
leads. Leads are clinched to hold the compon:nt in place for
eventual dip-soldering.

Shown in Fig. 9 is a subassembly specially designed to be
suitable for mechanized production at an int:rmediate stage
of completion. Components have been attacied to the base
plate by the component-attaching machire. The -circuit
pattern is formed on the under surface of the flexible lami-
nate. Figure 8 shows the completed assembl;” after the base
plate has been folded and attached to the suhporting frame.

The third and most novel approach to autymatization has
in general been adopted by the componen: manufacturer
whose familiarity with materials such as carbon, resins, and
ceramics, and with processing techniques, has enabled the
formation of the circuit assembly concuriently with the
components. With no restraints on assembly methods im-
posed by past practices, the component mznufacturer has
started with raw materials and fabricated the circuit as-

Fig. 10. Methods of adjust:ng the various fun:tional units.
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semblies in any way suitable for mechanization or automa-
tization. The forming of the components and the fabrication
of the subassembly are integrated into one continuous proc-
ess and may even be done by one production line.
The package is considered as comprising the electronic
functional elements, the structural support, and protection
against environment. An electronic functional element is
defined as that portion of a circuit which performs primarily
an electrical function. Thus, in the printing of a circuit, the
resistive element is formed on a ceramic supporting body
and this resistive element is protected from the environment
by a coating. As another example, a conventional pre-
fabricated resistor may be thought of as an assembly con-
sisting of a resistive element on a supporting body, con-
nected to conducting elements (the leads), and the entire
assembly enveloped by a protective coating. This third ap-
proach not only allows much wider latitude in the use of new
materials but also encourages new fabrication methods,
new packaging techniques, and of course, new machines

- for performing the fabrication in an automatic production

line. The adjustment or tailoring of the electronic functional

element and the more economical use of materials by

combining functions of these materials are additional ad-
vantages gained.

Some of the general requirements for the automatic
fabrication of electronic subassemblies using the third
method of approach are:

1. The functional elements should be suitable for fabrica-
tion as an integral part of the assembly fabrication
processes.

2. Automatic fabrication processes used to form the as-
sembly or the functional element should not adversely
affect previously fabricated elements nor influence the
elements subsequently to be formed. There must be com-
patibility of materials and processes used in the produc-
tion line. For example, the application and curing of a
protective coating should not affect the characteristics
of the components beyond the allowable tolerance limits.

3. The automatic processes of fabrication must produce
functional elements within the required tolerances.

4. Functional elements must have a planar configuration.
An exception occurs when the functional elements are
stacked, as in the fabrication of multilayer capacitors
by alternate spraying of the dielectric and conductive
materials.

5. Processing time for each operation in fabricating the
elements of the subassembly must be approximately the
same in order to maintain a balanced line requiring a
minimum of storage capacity or parallel operation. For
example, the time required to form an electrolytic capac-
itor makes it unsuitable for an automatic production
line in which the time required by most operations for
fabricating the assembly may be measured in seconds.

Functional elements which are fabricated during the
assembly process are shown in Fig. 2. On the left is an
example of resistive, conductive, and capacitive elements
formed by the so-called silk screen printing process. The
base material is used as the dielectric for the capacitor.
At the right of Fig. 2 is an example of the pressed powder
process. Conductive elements are formed with powdered
silver embossed by a hot die on a base plate which may be
phenolic, teflon-glass laminate, or another material of this
type. Resistive elements are formed in the same manner,
using carbon granules. The center example in Fig. 2 is that
of a stamped circuit process in which the functional elements
are formed by hot die stamping or embossing copper foil
onto the plastic base material.

The materials used, and the sizes and shapes of these
elements, are in general very different from the conventional
prefabricated component. Another example of how mech-

(Continued on page 38)
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' NOW YOU CAN HAVE tio Tuglic gud Chomical.
 Componaids that hellp wake Sylvawia, Pictine Tubes 4o populan.

Seven out of the ten leading television set makers are today

using Sylvania Picture Tubes. Why this overwhelming pop-
ularity? Much of the credit will be found in the splendid
quality and scientific purity of Sylvania’s Tungsten and
Chemical Components. And NOW, these products, based
on 15 years research and special skills, are offered to you!
For example:

Picture Tube Phosphors by Sylvania are superior because
they are carefully controlled for particle size, brightness,
and uniformity of color. Sylvania offers a number of these
quality phosphors for black and white television. Of special
interest is the phosphor blended for maximum cross-burn
resistance. Also available are phosphors for color television
picture tubes and cathode ray tubes. All may be obtained
in 1000 Ib. lots to eliminate any color-matching problems.

Potassium Silicate is produced by Sylvania with exact
control of the ratio of the two elements involved, thus assur-
ing optimum wet-screen strength. Its high chemical purity
helps maintain screen brightness and good color. Each con-
tainer of this Sylvania quality chemical guaranteed to con-
tain 28% total solids.

Stranded Tungsten Coils for Vacuum Metalizing. With
Sylvania Tungsten Coils, you can depend on highest per-
formance at lowest cost. These stranded coils provide a
uniform deposit of metal where needed. They're sturdy too
... reduce mechanical breakage in the loading of filaments.
Sylvania Tungsten Coils also give you more shots from each
filament, and the best heat for evaporation.

LIGHTING - RADIO -

"SYLV

ELECTRONICS -

Tungsten Wire for Cathode Heaters. Sylvania controls
and quality checks its tungsten wire production, from ore
to finished product. With Sylvania Tungsten Wire, you can
be sure of good retention of shape and other desirable char-
acteristics after treating and coating.

Triple Carbonate Cathode Emission Coatings. These
Sylvania coatings comply with the highest standards of
purity. Made by Sylvania’s improved methods, these coat-
ings are offered in a range of exact chemical compositions
and particle sizes to meet the requirements of any manu-
facturer.

New illustrated booklet,
T C-5, gives detailed infor-
mation concerning the qual-
ity and money-saving
advantages of Sylvania’s
Tungsten and Chemical
Components for TV Picture
Tubes. For your file copy
write to: Sylvania Electric
Products Inc., Dept. 3T-
3512, 1740 Broadway,
N.Y. 19, N. Y.

TELEVISION

In Canada: Sylfvanio Electric (Conoda) Ltd., University Tower Bldg., $t. Catherine St., Montreal, P. Q.
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VIBRATION PICKUP CALIBRATOR

In recent years, the widespread use
of wvibration pickups for simultane-
ously monitoring a large number of
points has introduced a serious calibra-
tion problem. To overcome deficiencies
in many of the calibration techniques
now in use, the National Bureau of

Standards has devised an instrument
which calibrates vibration pickups and
accelerometers rapidly and reliably.
The vibration-sensing element of the
NBS unit is a stable noncontacting dis-
placement transducer of the mutual-

inductance type. At the left of the
chassis is the transducer probe, mounted
on a massive block to reduce ambient
vibrations. Switch settings on the panel
at the right provide measurement of
four displacement ranges with full-
scale readings of 0.01, 0.001, 0.0001
inches and 10 microinches, and an ac-
curacy of 59 over a frequency range
of 10 to 20,000 cps. Other switch set-
tings permit easy, rapid standardiza-
tion of the instrument.

NEW ELECTRONICS FIRM

Announcement has been made of the
formation of a new West Coast cor-
poration to be devoted to research, de-
velopment and manufacturing in the
general field of advanced electronics
and guided missiles. Known as The
Ramo-Wooldridge Corporation, and lo-
cated in Los Angeles, Calif,, it will
be headed by Dean E. Wooldridge as
president and Simon Ramo as vice-
president and executive director. Mr.
Wooldridge has been vice-president in
charge of research and development
for Hughes Aircraft Company during
the past two years, while Mr. Ramo re-
cently served as vice-president for
operations at the same company.

~20-

Thompson Products, Inc., manufac-
turer of electronic parts since 1950,
will have a stock interest in the new
corporation, and will be provided with

consulting services by Ramo-Wool-
dridge—possibly leading to new pro-
duction programs.

FLUXCOAT FOR PRINTED CIRCUITS

Through the joint efforts of Healli-
crafters Company and the London
Chemical Company, both of Chicago,
111, a solution has heen found to an
important problem affecting the wuse
of printed circuitry for radio and tele-
vision applications—the presence of
conductivity in the phenolic boards used
s a base.

To fill the needs of Heallicrafters
Company, the London Chemical Com-
pany has developed a fluxcoat which
epends on insulating materials in its
formulation for its extra activity
rather than on “activation” as it is
normally understood. The photograph
shows the research director of Halli-
crafters Company testing the product.
"When boards were coated with Lonco

“Fluxcote 21XR” and insulation meas-
nrements were taken after dip tinning,
1he boards showed readings of 50,000
megohms across their width at 350° F.

13-E APPOINTMENTS

Expansion of the General Electric
Company’s Electronics Laboratory at
3yracuse, N. Y., to triple its size has
resulted in a functional reorganiza-
1ion and many new managerial ap-
pointments by Lloyd T. DeVore, man-
ager of the laboratory.

Shown in the photograph, left to
right are: Marlin C. Evans, manager

RADIO-ELECTRONIC ENGINEERING
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of administration; Burton R. Lester,
manager of advanced products develop-
ment engineering; Walter Hausz, man-
ager of techniques and applications
development engineering; Robert N.
Gillmor, manager of materials and

processes; and J. Paul Jordan, manager
of components development engineer-
ing. Mr. DeVore is shown at the ex-
treme right.

TRANSISTOR CIRCUITRY

Advances in transistor circuitry that
widen the application range of transis-
tors were outlined in a technical paper
delivered by Robert M. Cohen, RCA
transistor engineer, before the Western
Electronic Convention in San Francis-
co’s Civie Auditorium on August 20.

Mr. Cohen pointed out that the re-
finement of the RCA #n-p-n junction
transistor will make available to cir-
cuit engineers a long-desired device
which produces output current flowing
in a direction opposite to that gen-
erated by a similar but electrically op-
posite counterpart—in this case, the
RCA p-n-p junction transistor. Because
of this wunusual characteristic, such
transistors give promise of a wide va-
riety of new circuits employing so-called
“complementary symmetry” operation.

SEMICONDUCTING COMPOUNDS

Investigations by the National Bu-
reau of Standards into the fundamental
properties of semiconductors have re-
vealed that certain intermetallic com-
pounds show promise of extended use in
solid state electronic devices. It has
been found that these combinations may
have equal or greater utility than the
germanium and silicon semiconductors
which are so difficult to manufacture.

Laboratory apparatus used by NBS
to investigate the Hall effect and the
conductivity of suchk compounds as
indium antimony and aluminum anti-
mony is shown on the cover. Data
on the Hall effect and conductivity
give indication of the number of charge
carriers in the semiconducting com-
pound and its charge carrier mobility.

Related phenomena, such as optical
absorption spectra, photoconductivity,
and rectification effects, are also under
observation.

@

DECEMBER, 1953


www.americanradiohistory.com

TIME PROVED

Eimac 4W20,000A gives 25 kw peak
sync - power output through channel
13 with only 500 watts driving power

- SO ——

L TYPICAL OPERATION
; Class-B Linear Amplifier—Television Visual Service
¢ (Per tube, 5 mc bandwidth, 216 mc.) :
: Load Impedance 650 ohms
D-C Plate Voltage 7000 volts
i D-C Screen Voltage 1200 volts
D-C Control-Grid Yoltage —150 volts
Peak
Sync Level Black Level
D-C Plate Current 6 4.5 amps
D-C Screen Current 230 100 ma
D-C Grid Current 90 45 ma
Peak RF Grid Voltage 280 220 volts
Driving Power 500 300  watts
Plate Power Input 42 32 kw
- Plate Dissipation 16 16.5 kw
Useful Plate Power Output 26 15.5 kw

FOR THREE YEARS THE EIMAC 4W20,000A
has been proving itself an outstanding
power tube in a variety of electronic appli-
cations. In VHF-TV operation it gives an
easy 25 kw peak sync power output with only
500 watts driving power. This high power out-
put with low driving power requirements is
typical of Eimac radial-beam power tetrodes.
Rugged 4W20,000A construction includes a ce-
ramic envelope that minimizes losses and increases
operational life. In pulse service, FM and TV opera-
tion the 4W20,000A is the only time proved tetrode
in its power class.

Information about the 4W20,000A or
any of Eimac’s complete line of electron
power tubes can be obtained by writing
our Application Engineering department.

B The Power for TV
EITEL-McCULLOUGH, INC.,saN BRUNO, CALIFORNIA

...... . " = BEES A
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X-BAND VSWR METER

Laboratory or production line test-
ing of wave guide components may be
performed rapidly with the Model 110A
CTI X-band VSWR indicator. Just an-

nounced by Color Television Incorpo-
rated, 983 E. San Carlos Avenue, San

Carlos, Calif., this unit includes an
oscillator, an accurate wavemeter, for-
ward-and-reverse directional coupler,
and a direct-reading ratiometer with
dual scales.

Model 110A offers a number of ad-
vantages over slotted line measuring
techniques. Permitting continuous cov-
erage of a frequency band from 8500
to 9600 mec., it overcomes the difficulty
of missing points inherent in point-by-
point measurements. No readjustments
are necessary for frequency changes,
and reading is not affected by changes
in r.f. power.

VACUUM GAGE

One Hastings vacuum gage can Nnow
monitor as many as five positions in a
vacuum system. The Hastings Instru-

ment Company, Inc., of Hampton, Va.,
has made available a gage employing
a one-knob switching unit which per-

929

mits a single operator to make selective
readings at any of five stations. Con-
tinvous readings may be made without
changing the pressure in the system.
Because calibration is not affected
by length of cable from indicator to
gag: tubes, this modified unit is prac-
tical for widely separated indications.
Having a range of 1-1000 microns Hg,
the Hastings gage contains noble metal
thermocouples and nickel-plated gage
tubes—affording freedom from system
coniamination and corrosion.

TRANSISTORIZED POWER SUPPLY
Development of a subminiature trans-

isto "ized high-voltage power supply for

high-voltage low-current applications

has been announced by Technical Op-
eraitons Incorporated, 6 Schouler Court,
Arl ngton, Mass. Typical applications
include use with nuclear radiation de-
tectors, photomultiplier photometers,
and infrared image converters.

Measuring only 234 "x13"x17%", and
weizhing only 7%¢ ounces, this power
supply is especially useful where small
size, light weight, high d.c. energy con-
ver:ion efficiency, and reliable operation
ove- a long period are required. Bat-
tery-operated, its d.c. energy conver-
sior efficiency ranges from 30 to 50%,
dep :nding upon the operating point and
input voltage.

MAGNETIC AMPLIFIERS

Rapid response time and high power-
handling capability have been attained
in miniaturized lightweight magnetic
amplifiers through the use of special
core materials, winding techniques and
mountings, coupled with high frequen-
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¢y a.c. power. Model MA-48, one of a
line of 4000-cycle and 2000-cycle units
now being manufactured by D & R,
Ltd., 402 E. Gutierrez Street, Santa
Barbara, Calif., is shown in the photo-

graph; it weighs only 3 ounces, yet
delivers a power output conservatively
rated at 25 watts.

SOLID DELAY LINES

LFE solid ultrasonic delay lines util-
ize fused quartz as a delay medium.
Frequency range specifications are 5-
100 mec., and 1-3000 usec. delay time can
be provided with a high degree of accu-
racy. Spurious response is up to 60 db
below desired signal.

Of minimum size and weight, these
delay lines offer many advantages in
obtaining precise delay intervals for
pulse or modulated signals. They are
intended for use in video integration,
computers and time markers. For fur-
ther information, write to Specialties
Division, Laboratory for KElectronics,
Inc., 75-4 Pitts Street, Boston 14, Mass.

DIGITAL PULSE SYSTEM

A Dbasic electronic tool for informa-
tion transmission, storage and com-
putation has been announced by Awudio
Products Corporation. Called the “Mod-

ular System” of digital pulse units, it
consists of 16 electrically and mechan-
ically compatible “modulars’ which per-
form all the basic functions of digital
pulse operations, such as gating, pulse
forming, counting, coincidence mark-
(Continued on page 37)
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Will your achievements be recog-
nized ? Will you be associated with
distinguished scientists and engi-
neers? Will your work provide a
challenge for your talent and ability ?
Will your position and income be
founded upon your real merit ?

At RCA, youll find plenty of
“future insurance’ . . . and right now
is the time to investigate RCA
opportunities. Because RCA is now
looking for experienced ELECTRONIC,
CoMPUTER, ELECTRICAL, M ECHANI-
caL, and COMMUNICATIONS ENGI-
NEERS . . . PHYSICISTS . . . METAL-
LURGISTS . . . PHYSIcAL CHEMISTS
...CERrRAMISTS . .. GLAss TECHNOL-
oGisTs. Whichever your specialty,
there’s a chance of a lifetime for a

Where will you be

career with RCA—world leader in
electronic development, first inradio,
first in recorded music, first in tele-
vision. RCA growth has remained
steady through war and depression
... you’ll find positions open today
in many commercial projects, as
well as military lines.

WHY RCA IS A GOOD PLACE
FOR YOU TO WORK .

Facilities for creative engineering are top-
notch. Working conditions and associates
stimulate you. Periodic merit reviews help
you advance in grade and income. Your
family can enjoy pleasant country or sub-
urban living. RCA encourages growth of
your professional status and recognition.
Company-paid benefits—including life, ac-
cident and hospitalization insurance—in-
crease your feeling of security. You look
forward to retirement through a progressive
program. RCA has a modern tuition refund
plan for advanced study at recognized
universities.

Personal interviews arranged in your city.

Please send a complete resume of your education and experience to:

MR. JOHN R. WELD, Employment Manager
Dept. 204L, Radio Corporation of America, 30 Rockefelier Plaza, New York 20, N.Y.

Tmks®
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:STION FOR ALL ENGINEERS:

Positions Open In

RESEARCH—DEVELOPMENT —
DESIGN— APPLICATION

in any of the following fields:

RADAR— Circuitry—Antenna Design—Servo Sys-
tems—Information Display Systems—Gear
Trains—Stable Elements—Intricate Mechanisms

COMPUTERS —Digital and Analog—Systems Plan-
ning — Storage Technique — Circuitry — Servo
Mechanisms—Assembly Design—High Speed
Intricate Mechanisms

COMMUNICATIONS — Microwave — Aviation —
Mobile—Specialized Military Systems

MISSILE GUIDANCE—Systems Planning and Design
—Radar and Fire Control—Servo Mechanisms
—Vibration and Shock Problems

NAVIGATIONAL AIDS — Loran — Shoran — Altim-
eters—Airborne Radar

TELEVISION DEVELOPMENT—Receivers—Trans-
mitters and Studio Equipment

COMPONENT PARTS—Transformer—Coil—Relay
—Capacitor—Switch-—Motor—Resistor

ELECTRONIC TUBE DEVELOPMENT—Receiving —
Transmitting— Cathode-Ray—Phototubes and
Magnetrons

ELECTRONIC EQUIPMENT FIELD ENGINEERS —
Specialists for domestic and overseas assign-
ment on military electronic communications
and detection gear.

RADIO CORPORATION of AMERICA

RADIO-ELECTRONIC ENGINEERING
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VARIABLE RESISTORS

Data Sheet 166, now available from
Chicago Telephone Supply Corporation,
Elkhart, Ind., illustrates and describes
a new line of variable resistors de-
signed primarily for mass production
radio or TV printed circuit applica-
tions. Diagrams show how ample spac-
ing between printed circuit terminal
openings provides adequate clearance
for circuit paths, and complete technical
data are given.

MICROWAVE HANDBOOK

Microwave apparatus, components
and accessories are described in an
“Introductory Catalog and Microwave
Handbook” issued by Sightmaster of
California Co., Gillespie Airport, San-
tee, Calif. Among the subjects covered
are microwave calorimeters, “Sight-
master-Mold” wave guides, and “Chem-
alloy” welding or soldering material.
A discussion of introductory micro-
wave concepts is included.

TESTING INSTRUMENTS

Bulletin GEA-5469B, a buyer’s guide
of electrical testing instruments, has

been announced as available from the
General Electric Company, Schenectady
5, N. Y. This 16-page bulletin provides
dasa on such instruments as: hook-on
voltammeters, wattmeters and power-

factor meters; portable recorders;
voltmeters and ammeters; phase-se-
qu3nce indicators; hand pyrometers;

su face roughness scales; insulation-re-
sistance meters; and others.

ECS PROCEEDINGS

The complete text of some 30 papers
prosented by recognized authorities in
the electronics industry is contained
in the proceedings of the 1953 Electron-
ic Components Symposium which has
been placed on public sale at the Los
Arngeles Division of Stanford Research
Institute, Suite 1011, 621 South Hope
St reet, Los Angeles 17, Calif., at $4.50
pec copy. Also included are the major
addresses presented during the lunch-
eo1 and dinner meetings.

PCINT-CONTACT TRANSISTORS

A four-page bulletin covering two
tyses of hermetically sealed point-
coitact transistors has just been re-

TV-AM-FM SET PRODUCTION

Information based on latest 1eports from RETMA.
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leased by Texas Instruments Incor-
porated. Mechanical specifications and
electrical data are given for Types 102
and 103, and there is a section on the
theory and application of point-contact
transistors complete with formulas,
equivalent circuits, and characteristic
curves.

Ask for Point-Contact Transistor
Bulletin No. DL-S 312, free on request
from Texas Instruments Incorporated,
6000 Lemmon Avenue, Dallas 9, Texas.

GLASS SEALS

Various types of Stupakoff Kovar
hermetic glass seals are detailed in a
new 36-page catalog; these metal-to-
glass seals are permanently bonded by
chemical interaction ef the oxide of
Kovar fused with hard borosilicate
glass. Featured in the catalog is a
section which gives engineering in-
formation helpful in designing seals
to meet specific applications.

Copies of Catalog No. 453 may be
obtained on request from Stupakoff
Ceramic & Manufacturing Company,
Latrobe, Pa.

ELECTRICAL CONTROL COMPONENTS

Here is a complete, comprehensive
catalog covering “telephone type’ elec-
trical control components for industrial
use. Illustrated with scores of photo-
graphs and diagrams, it contains speci-
fications and general data on key
switches, impulsing devices, switch-
board lamps, jacks and caps, and other
control devices.

Copies will be supplied on request to
the manufacturer: Automatic Electric
Company, 1033 W. Van Buren Street,
Chicago 7, I1l.

ENGINES

Six new sizes of compact Caterpillar
engines are described in a booklet avail-
able from the Caterpillar Tractor Co.,
Peoria, Ill. Entitled “More Power at
Less Cost,” the eight-page booklet con-
tains 14 photographs illustrating appli-
cations of industrial and marine en-
gines and diesel electric sets, and ex-
plains how Caterpillar designs these
units to fit specific needs.

OTS PUBLICATIONS

The following two reports on re-
search developments are available from
the Office of Technical Services, U. S.
Department of Commerce, Washington
25, D. C., for 50 cents a copy:

PB 111109, “A Technique for Meas-
uring the Effectiveness of Various
Shielding Materials,” Naval Research
Laboratory, January, 1953, 14 pages,
with charts and photographs. This is
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a report on how to determine success-
fully the shielding effectiveness of a

: eness. Rockbestos says:
given type of enclosure against high or
low impedance electromagnetic fields. "I-hanks

PB 111131, “Stability Specification for

for Voltage Regulators,” Naval Re-

"
search Laboratory, April, 1948, 13 @H@
pages. Difficulties encountered in the
operation of electrical systems due to

the instability of generator

voltage L
regulators have been studied.

RCA SUPPLIERS / .

“Teamwork in Industry” is the title /
of an attractive 32-page book which
has been published by the RCA Victor
Division of Radio Corporation of
America, Camden, N. J. It describes

August 18, 1953 .
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TEFLON PRODUCTS

High tensile molded rods, tubes and
sheets, extruded rod, extruded tubing,
electronisized rod, custom moldings, ma-
chined parts and shaved tape are some
of the Teflon products discussed in a
new eight-page catalog. Issued by Eth-
ylene Chemical Corporation, Summit,
N. J., it describes techniques for ma-

chining Teflon, and lists applications
and properties.
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Rockbestos Products Corporation is another important modern

manufacturer that appreciates the fine performance and durability of
KULGRID . . . Sylvania’s nickel-clad copper wire.
Kulgrid’s tough nickel coating resists corrosion and
ELECTRIC GENERATING PLANTS guards the copper core from deterioration, while assuring
D. W. Onan & Sons Inc., Minneapolis, excellent electrical conductivity. You’ll find Kulgrid
Minn., has issued a “Blue Book” of gen- ideal for high-temperature wiring in electric furnaces,
eral information concerning the selec-

stoves, industrial ovens, and many aircraft applications.
. . . . Available in single or stranded forms. New illustrated
tion of engine-driven electric generat- . . -
booklet gives full . :
ing plants. This pocket-sized booklet . i G R G T VR b 2

Sylvania Electric Products Inc., Dept. 3A-3512
traces the history of electric plant 1740 Broadway, New York 19, N.'Y. ’
development from early stages where

storage batteries were necessary to to-
day’s

modern single-unit engine-gen- \1
erator power plants.
Plant operation for each of the three
general types of electric plants is thor-
oughly discussed; the three types of @

prime movers which furnish the me-

X ucHTING - RADIO - ELECTRONICS - TELEVISION
chanical power for driving the gener-

ator are reviewed in detail.

*F‘@%' in Canada: Sylvania Electric (Canada) Lid., University Tower Bldg., St. Catherine St., Montreal, P. Q.
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CATHODE-RAY TUBES

One of three cathode-ray tubes an-
nounced by Vacuum Tube Products, the
VTP 5AJ is an electrostatic deflection
and focus type for general oscillo-
graphic and other applications requir-
ing relatively large screen size with a
minimum over-all length. It was pre-
viously manufactured by this company
under the designation 5ESP.

The VTP 7L and 16AF are electro-
magnetic deflection and electrostatic-
focus tubes which provide high defini-
tion and intensity. The VTP 7L is a
round tube, 7”7 in diameter, with an ap-
proximate deflection angle of 53°, while
the VTP 16AF is a rectangular tube
with a 16” diagonal and an approximate
deflection angle of 65°. Both are avail-
able in a variety of phosphors.

Data sheets on all of these tubes may
be secured from Vacuum Tube Products,
506 South Cleveland Street, Oceanside,
Calif.

RCA TUBES

Among the latest tubes to be an-
nounced by the Tube Department of
Radio Corporation of America, Har-
rison, N. J., are two “premium” me-
dium-g miniature twin triodes, a full-

£

T

wave rectifier, a beam power amplifier,
and a series of oscillograph tubes.

Twin Triodes

Of the heater-cathode type, the RCA-
5814 (left) is intended for use in
mixers, oscillators, multivibrators, syn-
chronizing amplifiers, and numerous
industrial control devices. Special at-
tention has been given to structural
details to provide increased mount
strength against shock and vibration.

Of the 7-pin miniature type, the
RCA-6101 (right) is for use as a class

_26_

A amplifier and control tube in mobile
and aircraft equipment. It is con-
structed and processed to meet military
requirements. Developed from the type
6J 6, the 6101 incorporates many unique
st ructural features.

Full-Wave Vacuum Rectifier

The RCA-12X4 is a T-pin miniature-
type tube for use in vibrator-type power
stpplies of automobile radio receivers
orerating from a 12-volt storage bat-
tery. Rated to withstand a maximum
peak inverse plate voltage of 1250
vclts, the 12X4 can supply a maximum
peak plate current per plate of 210 ma.
When operated in a full-wave circuit
w.th capacitor input to filter, and an
a.2. plate-to-plate supply voltage of
6£0 volts, it can deliver about 300 volts
d.:. to filter at a load current of 70 ma.

Boam Power Awmplifier

Small in size for its power-output
capability, the RCA-6293 is a sturdy
tube intended for pulse modulator serv-
icz in both fixed and mobile equip-
ment. Rated for service with duty
factors up to 1.0, together with a
maximum averaging time of 10,000
pgsec. in any interval, the 6293 offers
the equipment designer a wide choice
of operating conditions.

Oscillograph Tubes

The 5ABP1, 5ABP7, and 5ABP11
ccnstitute a new RCA series of 57, flat-
face, cathode-ray tubes utilizing elec-
trostatic focus, electrostatic deflection,
and postdeflection acceleration. They
differ one from the other only in the
spectral-energy emission and persist-
erce characteristics of their respective
pliosphors: P1, P7, and P11. Outstand-
ing among the features of the 5AB
types are the exceptionally high sensi-
tizity and low capacitance of the de-
flecting electrodes.

TEMPERATURE-CONTROLLED IGNITRONS

Three new types of temperature-
ccntrolled ignitron tubes for welding
ccntrol have been introduced by the
T ibe Department of the General Elec-
tric Company, Schenectady, N. Y. The
temperature-control feature is designed
tc effect cooling water savings up to
95 %, as well as to protect the tubes and
tr e welding transformer and electrodes
agrainst overloading and overheating.

RADIO-ELECTRONIC ENGINEERING
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Designated as GL-6346, GL-6347, and
GL-6348, they are basically standard
mercury-pool, stainless-steel-jacketed
ignitrons, and directly replace all cor-
responding ignitrons in welding con-
trol operations. Type GL-6346 (Size
B) is identical in ratings and character-
istics to the GL-5551/FG-271, and is
equivalent to a 300-ampere magnetic
contactor; Type GL-6347 (Size C)
is identical to the GL-5552/FG-235-A,
and is equivalent to a 600-ampere mag-
netic contactor; and the GL-6348 (Size
D) is identical to the GL-5553/FG-
238-A and is equivalent to a 1200-
ampere magnetic contactor.

COPLANAR TRIODE

A metal-and-ceramic receiving tube
having a noise figure of 8.5 db or better

and a power gain of 16 db at 1200 mec.
was displayed at the National Electron-
ics Conference in Chicago by the Gen-
eral Electric Company’s Tube Depart-
ment. The GL-6299 is a coplanar triode
for use as a low-level class A r.f.
amplifier operating at frequencies as
high as 3000 mec. One inch long and
weighing one-sixth of an ounce, it is
gold-plated to improve conductivity and
resist corrosion.

Developed for use in lower frequency
radar equipment, the GL-6299 features
inherently rigid electrode construction
to withstand shock and vibration, large
metallic areas relative to its size for
good electrical and thermal contact, and
adaptability to coaxial circuitry.

CRYSTAL DIODE CHART

The Commercial Engineering Divi-
sion of National Union Radio Corpora-
tion has prepared an interchangeability
chart for germanium type diode crystals
to aid service engineers and technicians
in determining what diode types may
be used as replacements or as substi-
tutions in various television and elec-
tronic equipment. It is available on
request from the National Union Radio
Corporation, Hatboro, Pa.

B
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Ultrasonics
(Continued from page 8)

of aluminum oxide. The solder can then
wet the bare aluminum surface. Once
the metal has been tinned, normal
soldering methods may be employed to
join two surfaces together. Elimination
of fluxes during the tinning process is
very advantageous.

Ultrasonic soldering irons are being
used in foundries that manufacture alu-
minum castings for the repair of sur-
face defects, such as scratches, cracks
and pores. These can readily be cov-
ered by use of the ultrasonic soldering
method, and thus casting recovery can
be enhanced.

Descaling

The hammering action of cavitation
can be used for the descaling of metal
strips. A pilot plant is being built by
the Atlas Werke to verify laboratory
experiments which showed that pickling
acid can be saved and the rate of de-
scaling increased by factor of 5. Secale
is broken away from the metal surface
in small chunks and collects as sludge
on the bottom of the vat, from which
it is easily removed.

Drilling

Ultrasonic energy has been used suc-
cessfully as a drilling tool. Soft steel,
shaped to the cross section of the hole
to be drilled, is brazed to the small end
of a truncated metallic cone which is
driven by an ultrasonic magnetostric-
tive transducer at 27 ke. The cone has
the effect of mechanically stepping up
the amplitude of vibration to about
0.001”. An abrasive, boron carbide, is
washed across the face of the vibrat-
ing tool and the work piece in a liquid
carrier. The ultrasonic tool delivers
the high frequency motion to the ab-
rasive, which transmits it to the work.
Since the abrasive does the cutting,
very hard or very abrasive materials—
such as glass, ceramics, alnico, ce-
mented tungsten carbide, and hardened
dies—may be readily cut. Furthermore,
since the motion of the tool is axial, odd
or complicated holes may be drilled—a
result which cannot be easily achieved
by any other means.

It takes about two minutes to drill
a hole of 32/1000” diameter through
1%” of aluminum oxide. Commercial
equipment of this kind is available from
Cavitron Equipment Corp., New York,
N. Y., and Raytheon Manufacturing
Company, Waltham, Massachusetts.

Dispersion

The terrific pressures released by the
collapse of ultrasonic cavitation bub-
bles are able to break up agglomerates
in a liquid vehicle and to produce very
fine, uniform dispersion. Finely pow-
dered metals like lead, iron and silver

DECEMBER, 1953

with WORKSHOP
Microwave Antennas

Recent installations of Work-
shop Microwave Antennas

have replaced hundreds of
telephone lines and several
coaxial cables. Railroads, oil
companies, and broadcast
stations report remarkable
savings in installation, operation,
and maintenance costs.

REFLECTORS—Precision-formed aluminum
and laminated fiberglas reflectors.
MOUNTINGS—Popular 3- or 4-point
mounts can be supplied with all antennas.
R. F. COMPONENTS-—Precision machined
and heavily silver plated, experily de-
signed by the Gabriel Laboratories.
ELECTRICAL DATA-—A series of elabo-
rate measurements of both pattern and
impedance are made on production units
to assure adherence to specifications.
VSWR measurements across the band are
furnished with each antenna.
POLARIZATION—Either vertical or hori-
zontal polarization can be obtained by a
simple adjustment at the rear of the reflector.
MODELS—Workshop can supply micro-
wave antennas covering the 940, 2000
and 7000 megacycle bands. A wide range
of antenna sizes and feed types are avail-
able. For further information write, or
phone Norwood 7-3300.

WORKSHOP ASSOCIATES DIVISION
THE GABRIEL COMPANY

ENDICOTT STREET NORWOOD, MASS.

RADIO-ELECTRONIC ENGINEERING
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Other
WORKSHOP
Products

UHF Transmitting An-

tennas—For UHF tele-
vision broadcasting—new
cosecant antenna.

Beacon Antennas—For
fire, police, taxicab, and
private fleet communica-
tions.

Parabolic  Reflectors—
Over 50 different re-
flector sizes and focal
lengths.
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have been dispersed in aqueous solu-
tions. Claus® applied ultrasonic irradia-
tion during electrolysis and obtained
extremely fine dispersion of mercury
and silver.

There are prospects for applying
ultrasonics in the rayon and cellulose
industry for dispersing dyes and other
substances to increase waterproofness
‘and washability of colored cloth. Re-
cently, efforts have been made to apply
ultrasonics in the paint industry. Lab-
oratory experiments have shown that
at least the same fineness and gloss
can be achieved by ultrasonic paint
mixing as in roll mill grinding. How-
ever, more development work is re-
quired to make these new processes
economically feasible.

Extraction

Ultrasonic extraction methods have

fouad industrial application at several
laryre breweries in Germany. The brew-
ing of beer is still an art and parts of
the process are kept a secret, but some
detnils have been revealed where ultra-
sonic processing has been established’.
Ultrasonic treatment enables a better
ext-action of certain bitter contents
froon the hops; the efficiency is in-
creased from 65 to 85 or 909%. This
meuns a saving of the expensive hops
of irom 20 to 30%.

Clexning

Another field of industrial applica-
tiorr is ultrasonic cleaning. The re-
mo'al of dust particles which stick to
smzll metal or glass parts by adhesion
or because of thin oil or grease films
can be quite a problem. Sometimes
carzful cleaning of each part by hand
is necessary. In this case, ultrasonic

cleaning can be more economical. The
parts are subjected to high intensity
ultrasonic irradiation in the cleaning
liquid, and the explosive forces of cav-
itation lift the adhering foreign par-
ticles from the surface. Several installa-
tions of ultrasonic cleaning of small
parts have been established in industry
and work very satisfactorily. Examples
are the cleaning of lapping compound
and metal chips from electric razor
heads, the removal of foreign particles
from quartz crystals and from optical
glass, and the cleaning of small ball
bearings.

In Germany, the accumulation of pre-
cipitates on the glass parts of produc-
tion equipment caused frequent stop-
pages for removal. By irradiating these
parts with ultrasound, such accumula-
tion has been eliminated and operation
is continuous.

MAGNITIZER FOR PERMANENT MAGNETS

HE MAGNETIZER for permanent

magnets that has recently been con-
structed at the National Bureau of Stand-
ards is unusually compact, portable, and
low in cost. Devised by George M. Orr,
of the NBS Electromechanical Ordnance
Laboratories, this magnetizer requires
only a few simple and relatively inex-
pensive parts and weighs only 21 pounds.
It normally operates from 110 volts, a.c.,
drawing only about 30 watls yet giving
peak magnetomotive forces as high as
20,000 ampere-turns.

Two methods are in general use at
present for ‘“‘charging” (magnelizing)
permanent magnets. In one of these, a
current pulse of the order of 50,000
amperes and having a duration of a few
microseconds is passed through a single
turn of heavy copper strap that circles
the magnet. Equipment for this pulse
method is relatively expensive, often
bulky, and not always satisfactory. In
another method, often used when 110-
volt d.c. power is available, a coil of
several thousand turns wound on a sofi-

iron yoke is connected aeross the line
for a few seconds; the permanent mag-
net to be charged is placed between the
pole pieces of the iron yoke. With the
latter method, disconnection of the high-
ly inductive load may present a prob-
len:, and flux density is limited by mag-
netic saturation of the iron yoke and by
hesting of the coil.

The Bureau’s device is a form of
“fl:ish> magnetizer in which a large ca-
pacitor is quickly discharged through
the magnetizing coil. Although flash-
magnetizing may not be fully effective
for large magnets (the short duration of
the magnetizing pulse does not always
permit the magnetizing flux to reach
ful value below the surface of the mag-
net), it is often quite satisfactory for
sm:ller ones.

In the newly constructed unit, a 6500-
ufd. capacitor bank is charged to about
12f volts by selenium rectification of
the a.c. line voltage. Energy stored in
the capacitor is transferred to the mag-
netizing coil by a heavy-duty 24-volt 70-

Inside the box are the isolation transformer, selenium rectifier, capac-
itor bank and relay. Magnetizing coils rre shown in front of the box.
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ampere motor-starting relay. The relay
coil is actuated by a push-button switch.
Since the relay gets its operating power
from the eapacitor bank, it opens shortly
before the capacitor voltage has fallen to
zero. Because the relay contacts open at
a time when the current through them is
low, high current-interrupting capability
is not required.

The unit was built at a total cost of
less than $50, using mostly war surplus
parts. Capacitors rated at 650 pfd., 80
volts, d.c., were obtained; after a form-
ing period, they operated satisfactorily
at 125 volts. Power consumption varies
between 70 watts (capacitor discharged)
and 10 watts (capacitor charged) ; at the
normal rate of magnet charging—one
pulse every 15 seconds—the average line
power drain is no more than 30 watts.
Because of this low power requirement,
the unit could easily be designed to op-
erate from batteries for portable use.

Several magnetizing coils have been
constructed for the magnetizer, of de-
signs that varied with the shape of the
object to be magnetized. Although iron
yokes are necessary for multipolar or
radial magnetizing, simple layer-wound
solenoids have been found quite satisfac-
tory for general use. Optimum coils
have from 150 to 200 turns, a d.c. re-
sistance in the range of 0.3 to 1.0 ohm,
and an inside diameter no larger than
necessary to accommodate the magnet
to be charged. In typical operation with
such a coil, the peak current has an am-
plitude of the order of 150 amperes and
a duration of roughly 2 milliseconds.

=@

Circuit diagram of the simple, port.
able and economical NBS magnetizer.

400 MA
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Ultrasonic cleaning machines have
also been developed in this country.
General Electric Company, for ex-
ample, has installed an ultrasonic quartz
unit for cleaning Schick electric razor
heads. And quite recently another ultra-
sonic cleaning instrument for in-
dustrial use was developed by the
Detrex Corporation, Detroit, Michigan.
-This latter fully conveyorized unit is
the largest piece of commercial ultra-
sonic cleaning equipment ever built. It
employs Brush ceramic trough trans-
ducers. Illustrations of the new equip-
ment, which has been installed at Rem-
ington Rand Electric Shaver Division,
Bridgeport, Conn., have been made
available through the courtesy of the
Detrea Corporation. Figure 5 shows the
cleaning process schematically. Baskets
carrying 50 shaver heads each pass
over the ceramie transducers. These
focus high intensity ultrasonic waves
onto the work and thoroughly clean it.
Figure 1 is a picture of the ultrasonic
cleaning unit, Fig. 6 shows the feed-in
portion, and Fig. 7 shows electric razor
heads before and after cleaning. Figure
8 is a side view of a transducer in
action. Millions of gas bubbles caused
by strong cavitation give a picture of
the high frequency sound field.

Summary

There are two fields of activity for
ultrasonics in industry: (1) low power
applications, and (2) high power appli-
cations. In the first field, ultrasonies is
used for measuring fluid flow, viscosity,
thickness, displacement, or soundness.
The material is not changed; cavitation
is detrimental. There is a great variety
of possible applications, and steady
progress is being made.

In high power applications, ultra-
sonic energy is used to bring about
material change of the work. Cavitation
occurring at high sound intensities ap-
pears essential. Real progress in this
field has been made only recently, with
the advent of a transducer capable of
radiating large amounts of energy and
of such shape that continuous process-
ing is practical.
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QUALITY PRODUCTS

-..for top performance!

Preformed Contact Finger Stock
is an ideal electrical weather
stripping around doors of equip-
ment cabinets as well as being
excellent for use with VHF and
UHF circuitry. Silver plated, it
comes in three widths— 11, 31
and 17 inches.

Variable vacuum capacitors come
in three models, are lightweight,
compact, eliminate the effects of
dust and atmospheric conditions
and have low inductance. Also
available are eight types of fixed
vacuum capacitors.

Rir-system sockets, designed for
Eimac tube types 4-400A,
4-10004, 4X 1504, and 4X150D,
simplify cooling and assure ade-
quate air-flow to various seals.
The 4-400A socket can also be
used with the 4-125A and 4-250A

o For further information write our Application Engineering department

L:-MecCULLO
ERUNGS . CAL

rf..&:'g'gnk.- Frazdr & Hanzen, 307
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radial-beam power tetrodes if
desired.

HR heat dissipating connectors
provide efficient heat transfer
from the tube element and glass
seal to the air while making elec-
trical connections to plate and
grid terminals. Precision ma-
chined from dural rod, HR con-
nectors come in ten sizes to fit
most of Eimac’s internal anode
tubes.

High Vacuum Rectifiers come in
eight models, are instant heating,
have radiation-cooled pyrovac*
plates and can be operated in a
variety of rectifying and voltage
multiplying circuits. Also avail-
able are four types of mercury-
vapor rectifiers.

*An Eimac trade name.
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MAURICE L. ALEXANDER has been appointed plant man-
ager of the Batavia, Ill., tube plant of Avco Manufacturing
Corporation’s Appliance and Electronics Division. With
the Crosley Division since 1951 as assistant production
manager and manager for television and radio, Mr.
Alexander has been serving as acting plant manager for
some time. For six years prior to joining Crosley, he was an
executive in engineering for Capehart-Farnsworth.

DR. GEORGE T. CROIT, who received his Ph. D. at
the University of Pennsylvania earlier this year, has now
joined the physics research group of the Edison Laboratory
of Thomas A. Edison, Inc., West Orange, N. J.; his principal
interest will be research in fundamental solid state physies
as concerned with semiconducting materials. Dr. Croft has
done some development ‘work at the Naval Research Lab-
oratory and at the Frankford Arsenal.

DR. WILLIAM L. EVERITT, renowned radio authority,
will receive the highest technical award of the radio
engineering profession—the Institute of Radio Engineers’
Medal of Honor for 1¢54. An author of textbooks and
scientific articles in the radio field, Dr. Everitt has had a
distinguished career as e¢ngineer, educator, and consultant.
He has been serving as Ilean of the College of Engineering,
University of Illinois, since 1949.

DR. GEORGE CHENEY NEWTON, JR., Associate Di-
rector of the Servomechanism Laboratory, M.I.T., has been
awarded the Louis E. Levy Medal by The Franklin In-
stitute of the State of Pennsylvania for his outstanding
paper “Compensation o Feedback-Control Systems.” Dr.
Newton, who received his Sc. D. degree in electrical engineer-
ing in 1950, has been w th M.LT. since 1946 as instructor,
assistant professor, and—as of 1952—associate professor.

EDWARD W. STONE comes to his new assignment as
sales engineering district manager for the Standard Elec-
tronics Corporation, Nevark, N. J., after serving for seven
years in the Atlanta office of the Graybar Electric Company
as district manager of electronics sales. Active in the
broadcasting and electronics fields since 1932, Mr. Stone
has also held positions ~vith Maguire Industries, Fairchild
Aireraft, and the Coluinbia Broadcasting System.

WALTER V. TYMINSK!, as commercial product design
engineer for Industria' Television, Inc., 369 Lexington
Avenue, Clifton, N. J., vill be in charge of ITI’s expanding
line of television produ:ts sold through the parts jobber.
Prior to his present apoointment, Mr. Tyminski was con-
nected with the Research Division of the Allen B. Du Mont
Laboratories, where he was engaged in the study of a.g.c.
systems, u.h.f. receivers, tuners and converters.
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Modular Design
(Continued from page 13)

vibratory feeders issue the wafers to a
loading device that holds the wafers
in an upright position between specially
designed jaws. A chain drive carries
the jig to a soldering position at which
six riser wires are guided into ap-
propriate notches, three on a side.

Automatic Inspection

During each stage in the mechanized
production, provision is made for 100%
automatic inspection. This is both a
physical gaging and an electrical com-
parison. Printed circuits, resistors, and
capacitors are compared with their elec-
tronic equivalents both before and after
assembly. This is accomplished by use
of electronic computers, bridge circuits,
and other comparison devices. The in-
spection “code” is contained on the
punched cards.

Final Assembly

The final assembly operation need not
recessarily be considered a part of
MPE. Normally, a set of modules (as
many as ten) is mounted on or between
copper-clad base plates. Circuits have
been etched into the copper surface and
connect the riser wires of the several
modules to form a complete electronic
circuit. Several such plate assemblies
form a complete unit. One base plate
with six modules, for instance, contains
all the necessary circuits to make a six-
tube radio receiver function properly.

Acknowledgments

Basic conception and development—
as well as early background research—
were contributed by the National Bu-
reau of Standards, including solution
of new process and materials handling
problems, design of the pilot plant
and much of its equipment, and tech-
nical direction of all phases of the
program. While some of the plant
machines were designed and contructed
by NBS, the major part of the design
and construction of the production
equipment was done by the Kaiser
Electronics Division of Willys Motor
Company. Some special machines were
designed and built by the Doughnut
Corp. of America (Ellicott City, Md.).
Specially designed automatic produc-
tion test equipment was obtained prin-
cipally from Communication Measure-
ments Laboratory, Inc. (of Plainfield,
N.J.), and major engineering applica-
tions to equipment were made by
Sanders Associates, Inc. (of Nashua,
N.H.)—including environmental studies
of MDE units. The Davies Laboratories
(Riverdale, Md.) and the Navy Post
Graduate School (Monterey, Calif.)
also rendered assistance in some phases
of the work.
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"Ho0KS"

“MICROWAVE THEORY AND TECH-
NIQUES”’ by Herbert J. Reich, Philip
F. Ordung, Herbert L. Krauss and John
G. Skalnik. Published by D. Van Nost-
rand Company, Inc., 250 Fourth Ave.,
New York 3, N. Y. 901 pages. $12.50.

While this book is intended primarily
as a textbook for a senior or graduate
course in microwaves, it may also be
useful to research workers and practic-
ing engineers as a reference book.
Chapters have been included on the
theory of static and dynamic elee-
tromagnetic fields, a knowledge of
which is essential to the analysis of
wave guides and traveling-wave tubes;
and emphasis has been placed upon
the physical principles underlying the
operation of microwave amplifiers and
oscillators, since these principles may
be helpful in suggesting new microwave
devices.

Other subjects covered are transmis-
sion lines, impedance matching and
baluns, wave guide and coaxial line
components, antennas, measurements,
microwave resonators, klystrons, mag-
netrons, and double-beam tubes. Most

of the chapters contain problems that

help to emphasize fundamental princi-
ples, and standard symbols have been
used whenever possible.

““ULTRA HIGH FREQUENCY PROPA-
GATION” by Henry R. Reed, Ph. D.,
and Carl M. Russell, M. S. Published
by John Wiley & Sons, Inc., 440 Fourth
Avenue, New York 16, N. Y. 562 pages.
$9.50.

An outgrowth of intensive experi-
mental research carried on at the U. S.
Naval Air Test Center, this book makes
available to the general field of elec-
trical engineering the most recent in-
formation on new developments in
uh.f. radio wave propagation—the
most important single parameter of a
u.h.f. communications system. It also
reviews all related system parameters,
emphasizing the system concept which
considers the effect produced on the
entire system by a variation of any
one of its parts.

Through presentation of theory and
illustrative examples, this book shows
how to determine operational ranges
when using u.h.f. communieations sys-
tems; much material is devoted to
dynamic system performance character-
istics. As very little information on
air-to-air and air-to-ground w.h.f, prop-
agation has heretofore been published
in usable form, the authors have at-
tempted to include all such information
as is presently available.
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A new approach to the Rack-and-Panel Connector
problem that provides 30-second replacement and
single, accessible point of check for all leads:

Chassis side is “blind” making
leads inaccessible, hard to trace.

Critical voltages can-
not be positively
isolated.

Cannot jump contacts to
test Connector

e

Wiring is congested rats’ nest
difficult to assemble and service.

Leads lack ready
identification.

For the first time you have
room to spread out leads, so
it's no trouble to get at them
for checks and servicing.
They’re perfectly identified by
number and color coding, plus
space to affix information
symbols.

Possible to jump con-
tacts because both sides
are instantly accessible.

All leads are instantly
accessible, identified by
number and color-
coding.

Critical Voltages §
isolated by wide
spacing.

< Alden Back Connectors
i~ drop right into place by

simplified assembly. De.

signed to avoid surface
lleakag? and other flashovers. Don’t need special
Insulation or expert soldering techniques. Built
rugged to compensate for wide sheet metal
tolerances.

Connectors are spread out in
an ordetly row, giving a cen-
tral point of check.

FOR ANY CHASSIS, it
Take these Standard
Alden Components —

Arrange them
like this —

Arrange Alden Side
Rails (1) and Alden
Lock Frame (2) to suit
our chassis. Alden

erve-A-Unit Locks
(3) ,mount in your
chassis to engage pre-
punched holes in Alden

0 Alden Back
Connectors

Lock Frame (2) to
Iden S " i i
Serve.A.Unit Locks Ty fock b s Io
any length :

range Alden Back
Connectors (4)
in orderly row
on Alden Lock
Frame. Mount
mating Alden
Back Connectors
on Your Chassis.

Alden Slide Rails ™.
Any length
1) Chassis that plugs in, locks and ejects with half turn of the wrist; 2) leads
AND You GET so beautifully organized, accessible and identified that non-technical personnel
can service.
o ——

!

151 N. Main St., Brockton 64, Mass. J-"r 52. SEND FOR FREE SAMPLES OF

e ALDEN BACK CONNECTORS

, {(f l\',ﬁ 3 Sonipy b— 1}\‘130 2rze uest freef "A}lldgn Handci
! ; ~ T~ ook”, pages of techniques

lef-.ﬂ“-” H LoEN Ph poucts Lo. s Ty components for Unitized Pllllg-ill I.?:it

o L Coanstruction.
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By WILFRID B. WHALLEY

Adjunct Professor of Elecirical Engineering
Brooklyn Polytechric Institute

A brief history of the development of phototubes.

HOTOTUBES have been under con-

P tinuous development during the past
30 years. Their first important uses

were in television and facsimile trans-
mission. Now, a vast number of indus-
trial processes—ranging from material-
sorting to registration control of multi-
color printing presses—depend upon
various types of phototubes. Control of
many precise mechanical operations
would not be possible without the use
of phototubes, and almost all experi-
mental work in color television depends
upon phototubes associated with flying-
spot cathode-ray tube scanners.

Transfer devices from light energy to
electron flow make use of the photo-
voltaic effect, photoconductivity, or
photoelectron emission. Photovoltaic
cells made with cuprous oxide on copper
or iron selenide on iron, for example,
each covered with a thin film of silver,
provide sensitive pickup devices for
photographic light measurement. Other
cells which use metallic selenides or
sulphides increase in conductivity with
light. However, both the photovoltaic
and photoconductive devices have the
basic disadvantage of slow operation.

By far the most important is the
emission of electrons from the surface
of certain metals under bombardment
by light. The time delay of emission has
been found to be less than 8 x 10~ usec.
Hence, there is no practical limit to the
speed of operation. Also, the emission
of electrons from a surface makes it
possible to use special methods of cur-
rent multiplication which are not feasi-
ble with the photovoltaic and photo-
conductive devices.

Early Types

After preliminary measurements of
electron emission from the common
metals such as copper and iron, with
the ultraviolet light from a spark dis-
charge, many experiments were under-
taken to obtain sensitivity to visible
light. It was found that amalgams of
potassium and sodium would produce
useful electron currents from blue light;
amalgams were used because of the
chemical activity of the alkali metals
when exposed to air. Then a process was
devised for obtaining films of potassium.

-32_

Potassium was first refined at suitable
temperatures in a vacuum, the container
ccoled in liquid air and then sealed into
the exhaust system employed in evacu-
ating phototubes.

The first phototubes were made of
spherical soft glass bulbs, with a metal
rcd—usually of nickel—placed at the
center. After evacuation and heat treat-
ment, potassium vapor was allowed to
ccndense on the inner surface. Hydrogen
gias was introduced and a glow dis-
charge was produced from a spark coil,
which formed potassium hydride on the
irner surface. After removing the
h:ydrogen, the bulb was filled with argon
a’ a low pressure. It was necessary that
the gas remaining in the cell be inert
te avoid possible interaction with the
potassium. By heating a portion of the
g.ass with a soft flame, part of the film
was removed, forming a window.

In operation, a d.c. voltage of about
9) volts was applied through an ex-
ternal resistor, between the nickel rod
aad the bulb coating. As light was
focused through the window, it released
e.ectrons from the potassium hydride.
The electrons were accelerated toward
the center rod, ionizing some of the gas
niolecules and causing an increased cur-
r:nt—due to ionization—of from seven
to ten times. Some of these early tubes
had currents as high as 2 pamp. While
ralatively simple in construction, these
tubes were limited in frequency response
by the rate of ionization and deionization
of the gas. The speed was satisfactory
for early facsimile transmission.

An improved vacuum tube having
greater sensitivity in the red region
used cesium. A metal ring, to which
small pieces of magnesium ribbon were
vrelded and which was then painted with
a thin coating of cesium trinitride, was
supported in the center of the spherical
bulb. After the usual processing, the
ring was heated by a high frequency
field, thereby evaporating the magne-
sium and decomposing the trinitride.
The magnesium formed a deposit on the
i1side of the bulb, and also combined
chemically with the nitrogen. Through
careful control of the temperature of
the ring, the cesium could be evaporated
to form a critically thin inner coating
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on the surface of the magnesium.

Further work led to phototubes of
cylindrical shape having a half cylinder
of metal coated with a sensitive film.
The anode was again a thin rod placed
at the center of the half cylinder.

Careful measurements made with
various phototubes revealed that the
number of electrons emitted per second
was directly proportional to the inten-
sity of the light. Also, the rate of emis-
sion varied with the frequency of the
light, and with the surface material.
Ordinary metals were insensitive to visi-
ble light, and therefore were only used
for ultraviolet measurements. It was
shown that the frequency of maximum
emission decreased with surface films
having lower work functions.

Rare earth metals have low work
functions, and cesium has the lowest.
The most sensitive surface condition is
obtained when the active material is
deposited as a film one atom thick, and
on top of suitable oxides of other metals.
The combination of atomic layers of
cesium, silver and cesium oxide on a
silver base is particularly good.

Photomultipliers

Single-unit phototubes using cesium-
activated surfaces still require high
light levels. It was early discovered that
electrons moving above a critical veloc-
ity could, upon striking a certain type of
surface, release one or more secondary
electrons. By suitable choice of surface
and velocity, several secondary electrons
could be released for each photoelectron.

The first multiplier type tubes con-
tained a series of wire mesh grids at
increasingly positive voltages; as the
electrons struck the treated wires, sec-
ondary electrons were emitted and ac-
celerated to the next screen. Another
design contained a series of slotted
metal plates having the appearance of
small venetian blinds. One disadvantage
of both types was that a proportion of
the electrons passed through the screens,
and therefore missed some of the stages
of multiplication. Such operation af-
fected the signal output waveform,
since the final collector current was
made up of electrons having different
passage times through the multiplier.

Most valuable of the multiplier tubes
is the focused electrostatic photomul-
tiplier. In this type, the successive
electrodes have the shape of a modified
cylinder, with each one overlapping the
next, and so positioned that all of the
secondary electrons emitted from the
convex side of one cylinder will be
collected by the next. The shape of each
section is carefully chosen to give the
same path time for each secondary elec-
tron, providing as closely as possible the
same time delay for all electron paths
through the multiplier. This focusing of
electrons affords the maximum efficiency
known, and also the highest frequency
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response. Very high frequency response
may not be as important for photo-
multipliers as for r.f. secondary electron
multiplier tubes. Yet it is necessary for
photomultiplier tubes used with flying
spot scanners to operate up to 8 me. A
typical present-day photomultiplier is
the 1P21; operating with 100 volts per
stage; the nine stages provide a sen-
sitivity of 40 pamp./lumen, with a gain
of two million.

In present photomultipliers, the active
materials are introdueed by small pel-
lets which contain cesium dichromate
and a reducing element—either silicon
or aluminum and tantalum. When the
completed tube has been evacuated and
heat-treated, each pellet is heated by
radio frequency to vaporize the cesium.
Fortunately, the same surface films
which furnish maximum sensitivity for
light in general provide high secondary
emission ratios. Cesium oxide silver
films give secondary emission ratios of
6 to 8 at 140 volts.

Color TV Phototubes

Phototubes, which first made televi-
sion possible, may soon be providing all
television film reproduction, both mono-
chrome and color. As discussed in
earlier articles, motion picture film
reproduction is not entirely satisfactory
with television pickup tubes. To increase
resolution and contrast, and reduce the
undesired signals such as in “shading,”
several scanning methods using high
voltage cathode-ray tubes and one or
more phototubes have been developed.

Three of the experimental methods
for flying-spot scanning of color film,
respectively, employ: (1) rapid pull-
down of the film in a time less than the
vertical blanking period of the televi-
sion system, and a stationary raster on
the face of the cathode-ray tube, (2)
continuous motion of the film, while the
light from the cathode-ray tube passes
through a group of rotating prisms to
the phototubes, and (3) movement of
the film at a steady speed, while the
raster on the face of the cathode-ray
tube moves progressively down and then
back. By the addition of other voltages
to the wvertical deflection, the latter
method compensates for the motion of
the film and also for the necessary
change in frame rate from the usual
motion picture rate of 24.

@

Editor’s Note: The above article
completes the series on “Looking
at Tubes” which has been running
regularly since August, 1952, and
has presented historical and prac-
tical information on vacuum tubes.
This department, or a similar one,
will be resumed when it is felt that
there is a further need for such
material.

Control panel for installation
at the studio end.

HAMMARLUND
REMOTE CONTROL
& METERING

Control equipment for instal-
lation at the studio end

Unattended
Broadcast
Transmitters!

Economical, dependable system...
Needs only a single telephone circuit!

Substantial reductions in operating costs can be made by tak-
ing advantage of the recent authorization by the FCC to permit
remote control of AM and FM broadcast transmitters. FCC
regulations for this mode of operation stipulate that complete
and continuous control of remotely situated transmitters must
be maintained at all times. It is desirable, also, to obtain highly
dependable equipment having a reasonable first cost and low
operating expense. Hammarlund equipment offers distinctive
advantages in all these respects.

Included in the Hammarlund remote control and metering
system are the following basic features that are vital to efficient
and economical remote transmitter operations:

1. Only a single telephone circuit is required. May be
operated over VHF or microwave. No DC circuit is used.

. Full control of up to nine separate circuits.

. Telemetering of nine separate electrical quantities.

. Up to four emergency alarm indications.

. Fail-safe operations assured at all times.

9, QR SR SV I

In most cases, this equipment will pay for itself through savings
effected in operating costs in less than a year.

Write to The Hammarlund Manufacturing Company for full
details about this equipment.

H HAMMARLUND

The Hammarlund Manufacturing Co., Inc.
460 W. 34ih Street, New York 1, N. Y.
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Professional Directory

Telemetry Separator

Professional Directory

(Continued from page 15)

GEORGE P. ADAIR
Consulting Engineers

Radio, Communications, Fleclronics

1610 Eye St., N.W. EXecutive 3-1230
Washington 6, D. C.

used, it is a simple process to remove
and plug in different filters instead of
obtaining additional units.

""he versatility of the basic design
permits wide application when the sep-
arator is integrated into present telem-
etry stations, and also when it is used
as an instrument to work with some of
the very recently marketed printers.
With the separation of frequencies im-

FRANK H. McINTOSH

Consulting Radio Engineer

1216 Wyatt Bldg., Washington 5, D. C.
MEtropolitan 8-4477

W SINCE
,.|¢,||yw<><>d 1931

Professional 16mm Sound-On-Film Motion
Picture Cameras for Television Newsreels,
Commercials and other Television Filming.

Write for free illustrated catalog.

BERNDT-BACH, Inc.

7349 Beverly Bivd., Los Angeles 36, Calif.

| mediately following the receiver, it is
fel: that better signal-to-noise ratios
and less roll-off of the higher frequen-
cies will be experienced. These improve-
ments will result from the transmission
of frequencies at higher levels over
low impedance lines which are properly
matched and terminated, and from the
fact that considerably less cable foot-
age is needed directly at the receiver
output stage. Direct-reading, printed

readouts for electronic counters are
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now becoming available; this auto-

matic means of permanently recording
sequential counted information in nu-
merical form will permit the prelimi-
nary setup and calibration of many of
the airborne missile channels simul-
taneously. The innovations discussed
above call for the simultaneous output
of each channel of the ‘“signal sepa-
rator.” Since all the circuitry is already
provided, it will only require the slight

MICROWAVE SERVICES, INC.

""Architects of ModernCommunications”

Independent Consultants,
Engineers, Constructors

Wire, Carrier, Radio — Transmission, Distribution
—~ Inside and Outside Plant Facilities —
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modification of adding additional out-

KEAR & KENNEDY
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Washington, D. C.

pus receptacles on the rear of the
che ssis.

Acknowledgment is made to M/Sgt.
D. C. Taylor and S/Sgt. J. R. Servais
for their assistance in the design, de-
velopment, and compilation of technical
material on the channel separator.
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Electromechanical Filters
(Continued from page 11)

The impedance of the coupling wires,
Z., can be determined as the product
of their cross-sectional area, density,
and velocity of propagation. Therefore,
assuming that both wires are the same:

T

a*
4 (E. p.) .

Z, =2 (14)
where d is the diameter of a wire, E. is
the elastic modulus of the wire, and p.
is the density of the wire. The imped-
ance, Z,, of the plates can be determined
in a similar manner, except that the
difference in velocity, du/8¢, at various
points along the height of the plate
must be taken into account. From (6):
7. = — bt (E{/FH)VZ
Y 2 Yy
cos [ (L b) T+ v, €08 [ (L b)y]
(15)

where ¢ is the thickness of the plate, E.
and p, refer to the plate, and =+ y/b
are the points where the wires are at-
tached. Computing the bandwidth from
Eqt. (5):

Fo — fu d’ u
%:ﬁ{cos | (L b)F] -+

V. Yy fE.‘ P
7, cos [l. b) 3] }IEI B }

Figure 8 shows a curve of bandwidth,
computed from Eqt. (16), for a value
of fi =455 ke. at various symmetrical
positions of the coupling wires along
the height of the plate, together with
some measured observations. The de-
parture of the experimental points from
the calculated curve near (y/b) = 0
and (y/b) = = 0.5 is due to inaccur-
acies in construction near these points.
Therefore, if it is desired to change the
bandwidth of a filter, three options are
available: (1) change the plate size or
material; (2) change the wire size or
material; and (8) change the positions
at which the wires attach to the plates.

In summary, the plate resonant fre-
quency and impedance are determined
by its three dimensions, the material
used, and the location of the wires to be
attached. The analogous circuit of the
wires is determined by their diameter
and length, and by the material used.
The half impedance sections at the ends
of the filter, as shown in Fig. 2B, are the

(16)

Table 1. Calculated and measured fre-
quencies of 0.005"-thick nickel plate.
llbl) llL)l F
Plate Plate requency  (ke.)
Height Length Calculated | Measured
(42:.) (in.)
0.388 0.222 462.0 462.0
0.347 0.222 466.1 465.0
0.265 0.222 478.0 477.5
0.222 0.222 497.9 497.0
- 382.0 381.7
0.250 0.200 5270 5955
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cROSBY

SINGLE-SIDEBAND RECEIVERS
e »

Now! Lower Cost for
Long Range Communication Units

We at Crosby Laboratories have
worked constantly to improve
long range communications.
One of these efforts has been di-
rected to the development of
single-sideband receivers, Today
the many advantages of single-
sideband receiving techniques
are of such paramount impor-
tance that no forward-looking
communication organization
can afford to be without them.
Now Crosby takes another
pioneering step forward in re-
ducing costs of single-sideband
receivers while simplifying the
construction of the units.

Chief contribution to the Jower cost and simplification is the use
of revolutionary filters developed by Burnell & Company ... filters
consisting of temperature compensated and stabilized molybdenum
permalloy toroidal coils. The use of expensive crystal elements is
eliminated. Reducing the cost while enabling the overall dimen-
sions of the unit to be smaller does not alter the performance.

The Burnell filter package

comprises:

—_

. The 25kc¢ carrier filter

. The lower sideband filter

. The upper sideband filter

. The bridging or “roofing” filter

. The discriminator filter—AFC circuit

[- T B N X RTY

. The demodulation filter

Do you have Crosby’s new brochures on Single-Side-
band Receivers, Exalted Carrier Receivers, Phase
Modulation Exciter? They are available on request.

Sy P s e
TN oo e e S e

CROSBY LABORATORIES, INC.

Box 233, Hicksville, New York
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electromechanical transducer plates,
the sizes of which are adjusted to have
the proper impedance levels. It should
be noted that the different material of
these end plates must be considered in
making this adjustment. The terminat-
ing resistors at the ends of the filter
consist of losses due to the @ of the end
plates, and of vreflected resistance
through the electromechanical trans-
ducers.

Fabrication and Assembly

In fabricating plates for use in these
filters, extreme precision must be main-
tained, especially in the
which determine the resonant frequen-
cy. The plates are made from standard
cold-rolled sheet stock, and strips the
width of the plates are first cut from
the sheets in a precision shear. The
strips are then cut into plates in a
micrometer shear; this second shear
cuts the plates to within one-ten-
thousandth of an inch—a desirable ac-
curacy since this cut determines the
length of the plate, which is the
main frequency-determining dimension.
Plates cut in these shears fall within
about = 50 cycles of the desired fre-
quency. The cut plates are then heat-
treated, in a reducing atmosphere, as
desired.

Wires are attached to the plates by a

dimensions

spot-welding technique. Shown on the
right of Fig. 1 is the laboratory equip-
ment which positions and holds each
place. The two wires are then positioned
at vhe proper places on the plate, with
a slight overlap, and are spotwelded to
the plate at the same time. They are
then cut to the proper length, and the
pla:e is removed. The jig to the left in
Fig. 1 is used to position the several
places and to weld the other ends of the
wirzs to the next plate. When quartz
driving plates are used, a cold soldering
techimique is used to join the coupling
wirzs to the quartz. The adhesive used
consists of a thermosetting ethoxylene
resin mixed with asbestos fiber powder.
The complete plate and wire unit is
assembled in a holder, as shown in Fig.
3. T'o minimize friction, the plates rest
on a smooth, fiberglass surface. The
coils and permanent magnets, shown at
botl: ends of the filter, drive the nickel
end plates, with the permanent mag-
net; furnishing the magnetic bias nec-
essary with magnetostrictive drive, and
the coils providing the alternating mag-
net:c field. If piezoelectric drive is used,
no bias is necessary, and an electric
field replaces the magnetic field. The
piezoelectric plates used consist of
—18%° X-cuts [(#x,v,t)—18%° in
standard IRE notation] with plating on
the X faces. No conductive connection
is made between

the plating and

~~WAXES

vision, eftc,

problems.

ZOPHAR MILLS

112-130 26th St
Brooklyn 32, N| Y.

OPHAR

“..COMPOUNDS

Zophar waxes, resins and coinpounds
to impregnate, dip, seal, embecl, or pot,
electronic and electrical equipment or
components of all types; radio, tele-

Cold flows from 100°F. to 285°F,
Special waxes non-cracking at —76°F.

Compounds meeting Government speci-
fications, plain or fungus resistant.

Let us help you with your encineering

the mechanical
coupling wires.
Provision is made
to seal the entire
filter hermetically
in an inert gas
which has been
carefully dried.

Operating Results

An attenuation
curve of the com-
pleted filter is
shown in Fig. 9.
As can be noted,
the 6-db band-
width is 10 ke.
and the 60-db
bandwidth is 16
ke., giving a re-
jection slope of 18
db per ke. A still
greater rejection
slope could be ob-
tained with more
midplates. All
spurious responses
are higher than

68 db, and the
closest responses
are 43 ke. from

center frequency,
where they usu-
ally will be of no
consequence.

RADIOD-ELECTRONIC ENGINEERING

www americanradiohistorv com

Other bandwidths are easily obtained in
filters of this type by changing the plate
or the wire sizes. Only minor changes
in characteristic are noted with change
in temperature. The theoretical analo-
gous section, previously shown in Fig.
2A, is a nonsymmetrical one and has a
steeper attenuation above the passband
than below it. This is slightly in evi-
dence between 70 and 80 db on the
experimental curve.

Insertion loss of the filter runs from
about 8 to 15 db, depending on the type
of transducer (17 db is the approxi-
mate insertion loss of an electrical in-
ductance-capacitance filter of com-
parable bandwidth). Characteristic im-
pedance of the filter with magneto-
strictive drive is about 15600 ohms; with
the piezoelectric converters, it is about
100,000 ohms. The insertion loss with
magnetostrictive drive might be re-
duced somewhat through the use of a
material having lower eddy current loss
and higher @ for the transducer ele-
ments. One possible material for this
use would be nickel ferrite™, but in-
vestigation of this material has not
been completed as yet. Other materials
will undoubtedly be investigated in the
near future.

Several experimental units, similar
to the one shown, have been in operation
in the field in Motorole communication
equipment for over two and a half
years. Units with a 10-ke. bandwidth
are particularly suitable for split-chan-
nel operation in the mobile two-way
FM communication bands, thereby
making possible more communication
channels and a consequent definite fre-
quency spectrum conservation.

The author wishes to acknowledge
the help received from members of the
Advanced Circunit Engineering Depart-
ment of the Communications and Elec-
tronies Division of Motorole, Inc., and

Fig. 9. Bandpass characteristics of
seven-plate electromechanical filter.
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in particular to Mr. B. Niederman, head
of this department.
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. about the advantages of PRECISION COIL
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sion workmanship. LEARN THESE FACTS TO IM-
PROVE YOUR COILS.

Send for your copy of this informative PRECISION
BOBBIN bulletin . . . write today!
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New Products
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ing, ete., as well as simpler electronic
tasks like amplification, signal inver-
sion, and impedance matching.

Since each unit performs a multiplic-
ity of independent functions selectively,
a complete system consisting of 16 mod-
dular units and a regulated power
supply has a capability of 72 separate —
functions, with as many as 31 functions
simultaneously available. Simple dig-
ital instruments, such as events-per-
unit-time meters, time-interval meters,
complex high-speed electronic switches,
and stylized pulse generators, can be
quickly patched up by using the “Modu-
lar System.”

For additional information, write to
Andio  Products Corporation, 2265
Westwood Boulevard, Los Angeles 64,
Calif.

Measurements
Corporation

MEGACYCLE
METER
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DUAL-HEAD WINDER
British Industries Corporation has

added 2 new AVO coil-winding machine P306.CCT — Plug,5.-306-AB —  Socket

to the more than 30 models already Cable Clamp in cap.with Angle Brackets.

available in the United States. The .

AVO “Douglas” and “Macadie” dual- Series 300 Small Plugs &

head coil winders are designed for the Sockets for 1001 Uses FREQUENCY CALIBRATION: £2%
winding of coils when the setup time is Made in 2 to 33 contacts for 45 volts, For determining the resonant
long compared to the actual winding 5 amps, for cap or panel mounting. frequency of tupe@ circuits, an-
time. While one coil is being wound, the Higher ratings where circuits permit. All tennas, transmission lines, by-

pass condensers, chokes, etc.
For measuring inductance and
capacitance. May also be used
as an auxiliary signal genera-
tor; for signal tracing and many
other applications.

other can be finished and replaced by a plugs and sockets polarized. Knife switch
[ socket contacts phosphor bronze, cad-

ne ?Obbin ready F’O start another C?il. mium plated. Engage both sides of flat

This durable, high-speed production plug — double contact area. Bar type
machine features a predetermined revo- plug contacts hard brass cadmium
Iution counter, magnetic clutch for posi- plated. Body molded hakelite.

tive control, lead screw traverse, easily Get full details in Catalog 18. Com-
plete Jones line of Electrical Connecting

. ro T - ele ; gl r i
changed gears for .qul(ﬂ‘ setup, ml Devices, Plugs, Sockets, Terminal Strips. 1 M EAS U R E M E N T S
crometer traverse adjustment, foot con- Write today. "

trol, and tension devices of an advanced ) ‘ CORPORATION

design. A complete catalog of AVO fr Howarp B. Jonts Division |
i5 %@cmcu MANUFACTURING CORPONATION
CHICAGO 24, ILLINOIS
5 Pl SUSSIDIARY OF UNITED-CARR FASTENER CORP.

Complete data on request.

“Douglas” and “Macadie” automatic
coil winders may be obtained by writing

BOONTON a NEW JERSEY
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to British Industries Corporation, Dept.
REE, 164 Duane Street, New York
13, N. Y.

INDUCTANCE BRIDGE

Completely self-contained, the Waters
Type 1002-A incremental inductance
bridge is a small, compact instrument
which obsoletes the complicated test

&

equipment assemblies formerly re-
quired to measure inductance of iron-
cored inductors when a d.c. component
of current is present. No accessories
are needed; the instrument is ready for
operation as soon as it is connected to
the power line.

Values obtainable with the Type
1002-A range from 1 to 200 henrys, at
* 3% accuracy. To operate the unit,
adjustment of only one balance control

THE FINEST PRECISION-MADE LENSES AVAILABLE FOR

JOMM & 16MM
CINE and TV CAMERAS

COATED - 6 ELEMENTS

Perfect for color as
well as black and
white.

Fully apochromatic,
fully corrected for
distortion, curvature
of field astigmatism.
Used by the top
Cameramen and Stu-
dios in the U. S.

£:1.3 50mm
f:2.0 25mm, 28mm,
35mm,
50mm,

100mm

32mm,
40mm,
75mm,
£:2.5 150mm

Special Lenses for Long
Focus:

£:3.5 300mm - 3
element
£:5.6 500mm - 2
element

Full range of 16mm
lenses also available.

Write for FREE CAT-
ALOG and PRICE
LIST.

Delta Foreign Sales Corp.

18 Easzt 17Fth Sirect « Hew York 3, M. T,
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is necessary; d.c. current values of 1
10 500 ma. can be selected by the oper-
ator. Write to Waters Manufacturing,
ine., 4 Gordon Street, Waltham 54,
Mass., for a catalog giving complete
information on this inductance bridge.

DIRECTIONAL COUPLERS

Wideband directional couplers for
power, impedance or match measure-
ments between 30 and 1500 mc. are be-
ing offered in four different models by
Sierra Electronic Corporation. Model
137, for use with 51.5-ohm coaxial line,
incorporates a coupling factor of 70 to
5 db and full-range directivity better
than 46 db. Model 138, of similar design,
provides a coupling factor of 59 to 24
db. Models 137A and 138A are designed
for use with 50-ohm cable. All are built
in solid, anodized duraluminum blocks
with Type N fittings.

The broad power and frequency range
¢f these couplers permit their use in
:, wide variety of laboratory measuring
problems. Because the units are small
in size, inexpensive, and ruggedly con-
structed, they are also practical as com-
ponents in v.h.f.-uh.f. transmitters.
Bulletin 104 deseribing the couplers and
their applications may be secured from
Sterra  Electronic Corporation, 1050
Brittan Avenue, San Carlos, Calif.

COLOR “CHROMASCOPE"

Use of the Telechrome Model 1601-
AR “Chromascope” (NTSC signal cer-
tification and monitoring equipment)

e ﬁ;}_'ﬂ
@ T
el

AT

greatly facilitates alignment of en-
coders, transmitters, and checking of
rhase errors in color signals. Designed
ty Telechrome, Inc., 88 Merrick Road,
Aomityville, L. 1., N. Y., for receiver
manufacturers, TV broadcasters, and
research laboratories, the equipment is
sa2lf-standardizing and self-checking by
pieans of a built-in quadrature checker.

Operating from a composite NTSC
signal, presentation is in the form of
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an instantaneous vector plot of the
colors and their amplitudes. The dis-
play is on a 7” cathode-ray tube which
has a transparent overlay calibrated in
degrees and amplitude.

—~~ @

Automatic Production
(Continued from page 18)

anized production may affect the de-
sign and fabrication of a multilayer
transformer coil design is shown by
Fig. 6. Coils for this transformer are
etched in the form of spirals and then
folded, as shown by Fig. 5, to form the
multilayer coil.

One outstanding advantage of fabri-
cating the circuit elements as part of
the assembly process is the possibility
of adjusting the values of these ele-
ments during the various stages of
fabrication of the circuit assembly.
Resistive films may be adjusted by
abrading or rubbing the surface of the
resistive element deposited. Another
method of changing the resistive value
is by changing the aspect ratio or the
ratio of length to width of the element.

Figure 10 shows some of the methods
being used for making adjustments.
One method used in production is that
of indenting along one dimension by
sand blasting; the adjustment is made
by automatic machinery consisting of
a sand-blasting nozzle controlled by a
resistance bridge. Another method used
is that of increasing the length of the
path by zigzagging across the surface
of the element. Figure 10 also illustrates
two methods used to adjust capacitive
elements; the first consists of removing
a portion of the conductive pattern,
thus reducing the area of the conductor
(top, center), while the second consists
of slicing the capacitor (bottom, cen-
ter).

Integration of materials processing,
mechanical and thermal design, and
component and circuitry application re-
quired in mechanized fabrication today
has initiated a trend which is gradually
removing the distinction between many
component manufacturers and equip-
ment assemblers. This is a natural con-
sequence since the closest working har-

CALENDINR

of Coming Events

DECEMBER 8-10—AIEE-IRE-ACM Joint
Computer Conference and Exhibition,
Statler Hotel, Washington, D. C.

FEBRUARY 4.6, 1954 — Sixth South-
western Cenference and Electronics
Show, Tulsa, Okla.

MARCH 22-25, 1954—Radio Engineer-
ing Show emd IRE National Conven-
tion, Kingsbridge Armory and Wal-
dorf-Astoria Hotel, New York, N. Y.
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TV TECHNICIANS'
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Frequency: 0.5 cycles to 700 KC.
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Sensitivity: 20 M.V. per inch.
Excellent Square Wave Response.
Stable, dependable, built-in {race.
Write for technical details ...

THE RICKOK ELECTRICAL INSTRUMENT CO.
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PRECISION MACHINING
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POLYSTYRENE +» COPOLYMER 1422
BUTYRATE + NYLON ¢ TEFLON » KEL-F

PLASTIC FABRICATING

Printloid is equipped for the complete
production of a wide variety of con-
sumer and industrial items in any quan-
tity. We work with any plastic material
in sheets, rods and tubes. Die-cutting,
deep drawing, stamping, forming, fin-
ishing, and assembling in our own plant.

PLASTIC PRINTING
LETTERPRESS + SILK SCREEN * HOT STAMPING

for Containers, Displays, Dials,
Laminated Charts, Machined Parts, Etc.

Ask for brochure illustrating various
plastic products fabricated to specifi-
cation by Printloid.

85 Mercer Street
N.Y. 12, N. Y.
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mony between component and eyuip-
ment design groups is necessary during
this period when concepts regarding
equipment construction are being so
drastically revised. Even during the
interim period, when components are
merely being modified for mechanized
installation, the correct specification
of such characteristics of the com-
ponents as form factor, protective coat-
ing, and thermal rating can hardly
proceed without references to certain
standards in the practice of assembly
and use of these components.

Processing raw materials to form the
circuit elements integral with the pack-
aged functional assemblies will open up
many new uses of materials and make
radical changes in characteristics such
as stability and thermal ratings of the
elements. In addition, the form factor
will be changed beyond recognition. At
present it has been estimated that 50%
of all components used in an electronic
assembly can be fabricated in situs.
As more experience is gained in produc-
tion techniques, the precision electronic
components will also be fabricated as
part of the package assembly process.

The trend toward mechanization in
electronic assembly is gathering mo-
mentum. The equipment designer and
the processing engineer working to-
gether as a team can develop functional
packages resulting from a close in-
tegration of materials, processing tech-
niques and mechanized assembly opera-
tions. Although complete automatization
of fabrication is a possibility for the
future, a great step forward in mech-
anization is practical today if indus-
try gives thought to applying the tech-
nology now available.

Acknowledgment

The authors are indebted to all those
participating in the program on the
development of automatic fabrication
of electronic equipment at Stanford
Research Institute and to the sponsors,
Electronic Components Laboratory,
Wright Air Development Center, Day-
ton, Ohio.
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Economics in Modern Telecom-

munications (Nexon)...........
Flexible Wave Guide (Freedman).
Frequency Control of Microwave
Systems (Whalley)............
Measuring Attenuation with
Slotted Line (Donnelly).........
Microwave Bibliography........
Microwave Equipment for Mulli-
channel Communication Service

ANTENNAS

Tuned Microwave Reflectors

(Freedman) «....ooovvinnnnnnes 13 Aug.
Vertically Polarized Microwave An-

tenna (Thomas and Ringenbach) 13 Oct.

AUDIO

A Thermocouple A.F. Wattmeter

(Ryder and McVay)............ 8 Feb
Automatic Gain Rider (Kreiger)... 8 Oct.
Constant-Output Broadcast Ampli-

fier Miller) .........covvvninn.. 14 Nov
Dynamic Loudness Control

(John, Jr) voviviniiniinann.. 10 May
Electronic Audio Bandpass Filter

(Gunderman) .........c.o.v. .. 16 Nov
Phase Angle Measurements at A.F.

(MoSeS) v viii i 12 July
Portable Remote Broadcast Ampli-

fier (Gilliam) . ................. 16 Oct.
Universal Recorder-Reproducer
(Carpenter) ......ovvvuvennnnn.. 14 Jan

AUTOMATIC PRODUCTION
A Flexible Plated Circuit

(Bowerman and Waliton)........ 12 Sept
Automatic Production and Electronic

Components (Lee and Hom)..... 16 Dec
Modular Design of Electronics.... 12 Dec

COMMUNICATIONS

Economics in Modern Telecommuni-

cations (Nexon) ............... 21 Mar.
Microwave Equipment for Multi-
channel Communication Service
(Wheeler) .....oovvvvinnnnn... 8 Mar
Mobile FM Radio of High Selecti-
vity Jones) .. ..o 3 June
Single-Sideband Transmission
(Part 1) (Moses) ..o, 9 Oct.
Single-Sideband Transmission
(Part 2) (Moses) vveveerenrenn . 8 Nov
COMPUTERS
Computer Reliability
(Rich and Rathbone)........... 10 Feb
Different Approach to Analog Com-
putation (Bonnell) ............. 14 May
Fundamental Characteristics of
Digital and Analog Units (Salzer) 13 Feb
MEASUREMENTS
Accurate R.F. Power Measurements
(Soria and Krisilas)....oo.vun.. 3 Sept
A Thermocouple A.F. Wattmeter
(Ryder and McVay)......vvv. .. 8 Feb
Ceramic Vibration Pickup
(Carlson) .vuevevenervennn... 8 May
Decay Constant in Vibrating Sys-
tems (Laughlin) ............... 11 Apr
Direct-Coupled Instrument Ampli-
fier (Grey) «vvvvviininnnnnn.. 3 July
Electronic Flowmeter (Kalmus).... 14 July
Frequency Deviation Meter
(Hekimian) ....vvevevenvnnn.. 32 Oct.
Measuring Attenuation with the
Slotted Line (Donnelly)......... 18 July
Oscilloscope Voltage Calibrator
(Kaufman) «o.vvevvvinvenennn.. 15 July
Phase Angle Measurements at A.F.
(MOSES) vvviveininraraane, 12 July
Primary Standard Thermal Noise
Generator (Lynch) ............ 10 Nov
Remote Temperature Measurement
(Tustin} .......covivvnnnnn... 16 Aug

40-

(Wheeler) ...........covvvn.t.
Microwave Manufacturers’ Direc-
oIy e e e
Microwave Power Considerations
(Sands) ... e
Microwave Product Directory. .. ..
Microwave Relay Considerations
(Kluender) ...........covvvun..
Microwave Spectroscopy
(Strandberq) .................
Microwave Transmissior Systems
(Forster) .......... i,
Noise Comparator for Microwaves
(Freeman) ..........eoviunnn.

Packaged Microwave Relay Sys-
tems (Magnuski and Jones).....
The Microwave Frequency Stand-
ard (Rueger and Wilson)......
The Traveling-Wave Tube (Hines).
Tuned Microwave Reflectors
(Freedman) ..................
U.H.F. Magnetic Attenuator
(Reggia)
Vortically Polarized Microwave
Antenna (Thomas and Ringen-
bach)

MISCELLANEOUS

A Mullirange Sensitive Control
(Alderson and Erickscn).......
Beta Radiation Gauging Methods
(Foster) ........ciiivuuvnn. ..
Dovelopments at NBS...........
H:gh Q Toroidal Inductance
(Wald) ..oieire
Liumped-Constant Delay Lines
(Fruchter) ....................
Negative Resistance in Germanium
Diodes (Kauke). ...............
Nonlinear Condensers (Lewis).. ..
Pradiction of Electronic Failures
Muncy) ..o
Transistor Characteristics (Dukat). .
Ultrasonic Microscope (Devey). ...
U.trasonics in Industry (Mattiat). ..

SPECIAL CIRCUITS

A High-Power Pulse Generator
Williams, Jrd..ooooooio...
A 360 Degree Phase Shifter (Wald)
Bclanced Crystal-Diode Modulator
(Byers)
Currier-Controlled Relay (Harris). .
El:ctromechanical Filters (Lapin). .
El:ctronic Defibrillator
(Shepard and Whitehill, Jr.)....
Elsctroric Flowmeter (Kalmus)....
Fraquency Deviation Meter
(Hekimian)
High-Stability Isolation Amplifier
‘Moses)
Mxgnetic
Controller

‘Amplifier Terperature
(Feldman).,.........

RADIO-ELECTRONIC ENGINEERING

5 Oct.
32 Jan.
5 Mar.
10 Jan.

Jan.

15 Apr.

Mar.
7 June

15 Mar.

18
34

July
Mar.

8 Mar.
52 Mar.

26
55

Mar.
Mar.

23 Mar.
24 Mar.
12 Mar.
11 Mar.
Mar.

5 Mar.
June

13 Aug.

12 Apr.

13 Oct.

8 July

3 Apr.
Oct.

Aug.

S Aug.

Apr.
May

W

May

Feb.
Dec.

w oo N o

32
32
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Sept.

Precision Transistor Oscillator

(Sulzer) ..........coiiiiii... 18 May
Pulse Duration Modulation
(Peretko) ........ ..ol 8 July
Single-Sideband Transmission
(Part 1) (Moses)...v.vvennun... 9 Oct.
Single-Sideband Transmission
(Part 2) Moses). ..vvvivenaon.. 6 Nov
Versatile D.C. Amplifier
(Dereska) .......cviviiiiinnnn. 8 Jan
TECHNICAL BOOKS
Applied Electronics Annual 1952
(Blaise) ..oovviiviiininaaan.. 48 Mar.
Circuit Theory of Electron Devices
(Boone) ...veviiiiiiiiiia. 30 Oct.
Design for a Brain (Ashby)....... 30 Serpt.
Dielectric Aerials (Kiely)......... 30 Nov.
Electron Optics (Klemperer)...... 30 Sept.
Electron Tubes in Industry
(Henney and Fahnestock)...... 30 Feb.
Elements of the Theory of Func-
tions (Knopp)...ovvvvrenennn, 23 July
Fields and Waves in Modern
Radio (Ramo and Whinnery)... 30 Nov.
Filter Design Data for Communi-
cation Engineers (Mole)........ 29 Apr.
Fundamentals of Electronic Motion
(Harman) .........coovevnn... 30 Oct.
Fundamentals of Engineering
Electronics (Dow).............. 27 Jan.
Metadyne Statics (Pestarini)...... 27 May
Microwave Spectroscopy (Gordy,
Smith and Trambarulo)........ 28 Aug.
Microwave Theory and Techniques
(Reich, Ordung, Krauss and
Skalnik) ... ool 31 Dec.
Principles of Radar (Reintjes and
Coate) vovviveuiiiii i 27 Jan.
Proceedings of the National Elec-
tronics Conference, 1952....... 28 Apr.
Pulses and Transients in Commun-
ication Circuits (Cherry)........ 29 Aug.
Servomechanism Analysis (Thaler
and Brown)........... ..ol 27 June
Television Receiver Design—Mono-
graph 1—ILF. Stages (Uitjens).. 27 June
The Magnetron (Latham, King ard
Rushforth) ................... 48 Mar.
The Oxide-Coated Cathode (Herr-
mann and Wagener).......... 27 May
The Theory of Electrons and Its
Applications to the Phenomena
of Light and Radiant Heat
(Lorentz) .............. . ... 23 July
Ultra High Frequency Propagation
(Reed and Russell)............. 31 Dec.
TELEMETERING
Decommutating Telemetered Data
(Reynolds and Wynn, Jr.)...... 3 Nov.
Guided Missile Data Recording
(Wynn, Jr., and Ackerman)..... 3 Feb.
Radio Telemetering Systems
(Fidelman) .....vvvevinunenns 3 Jan.
Telemetering Converter Calibra-
tion (Kaufman)................ 6 Apr.
Telemetry Subcarrier Separator
(Wynn, Jr., and Ackerman)..... 14 Dec.
TELEVISION
Power for TV Transmitters
(Lewis) vvvvunvvnirnnnnnnann, 16 May
Pressure Testing of TV Tubes
(Ostrander) ....vvvvnnivennn.. 8 Aug
Visual Proof of Performance Meas-
urements (Chipp).......oovo ... 14 Sept
TUBES
Looking at Tubes (Whalley)...... Jan.—Dec.
(exc. Mar.)
Pressure Testing of TV Tubes
(Ostrander) ......ovvvvenennn. 8 Aug.
Testing Vacuum Tubes (Couch, Jr.) 15 Tune
The Traveling-Wave Tube (Hines). 12 June

@
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“; QUIC FACTS ON cenm )

B/

... electronic components
that make a big difference
in doing fast

guaranteed servicing

/

VOLUME CONTROLS —most complete line for safest guaranteed

service replacement

Model 1 Radiohm®—world’s smallest resistor with the longest list of uses

Widely used as standard for hearing
aids plus many other commercial and
military miniature applications. Its
%" diameter makes it no larger than

a dime. Shielded from dust, lint, etc.
Rated at %o watt. Available in 5 re-
sistance ranges with standard tapers.
Plain or switch types.

Model B — Blue Shaft(f), plain or switch types

Velvet smooth, low noise level opera-
tion. Precision controls that are only
146" in diameter, yet rated at 14 watt.
Phenolic base resists humidity. Ratings
from 500 == to 10 megohms. 13 stand-

ard tapers. Universal fluted mill shaft
— or split knurl for push-on knobs.
Type KB attachable switch available
in 3 types, will convert plain control
to switch type in seconds.

Twin and dual concentric specials

16 standard twins and a complete line
of custom dual controls. Twins con-
sist of two tandem mounted Model
B Controls (Blue Shaft) operated by
a single shaft. Front resistance 10,000
ohms to 5 meg. Rear resistance 25,000
to 5 meg. Universal, fluted mill, full
length shafts. Duals are factory as-

sembled custom units made exactly to
original set manufacturer’s specifica-
tions, complete and ready to install.
Only factory assembled, factory tested
complete units can be absolutely guar-
tecd for performance by any control
manufacturer. That's why Centralabs
are guaranteed safest for servicing.

{Trademark

December, 1953

3- and 4-watt Radichms
wire-wound, composition
These smooth action wire-wound
Radiohms are available in 3- and
4-watt models. Three shaft types —
universal mill, split-knurl and finger-

tip knurl screwdriver slotted.

Model V (plain) — 3-watt
28 resistance values — 2 to 10,000
ohms max. Switches available for use
with Model V.
Model SVT (center tapped) — 3-watt
Resistance range 20 to 50 ohms.

Model SVP — 4-watt

16 resistance values — 25 to 20,000

Py

ohms max. 3 shafts available,

wwWw americanradiohistorv com

Compentrol(f)
infinitely variable loudness control

Combination volume control and
Printed Electronic Circuit. Designed
to better reproduce the apparent base
and treble response of amplifiers,
phono combinations, radio and TV
sets when volume is at low level.
Needs no additional amplification. As-
sures hi-fi reproduction without induc-
ing a signal loss. Available in 14 and
1 meg plain and switch types. Senior
Compentrol — (the dual shaft unit
with controllable compensation) is
now available,
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CENTRALAB'S BIG 5 MAKES A BIG DIFFERENCE IN

N

Series 1400 Rotary Selector Switches
with Phenolic Insulation

Extremely compact. Sections, indexes
and hardware available separately for
special switching combinations. Index
positive 30° with adjustable stop.
Shorting and non-shorting contacts.

Series 2500 Rotary Selector Switches
with Steatite Insulation

Fo: fast, positive band switching in

crizical rf. applications. Ideal for TV,
rac 10, transmitters, fine test equipment
and laboratory instruments. Switch
ratzd at 10 watts. Available also, sepa-
rat: sections and hardware. Shorting
and non-shorting types.

SWITCHES —a lot more switch in a lot smaller package
STANDAFRD AND MINIATURE SWITCHES

Ceramic Miniature Switches for
low-loss, high-frequency applications
Type PA-2000—New small size! Ad-
justable stop for selection of positions
or continuous rotation. Meets 50-hour
salt spray tests. Same ratings as the
larger 2500 series. Up to 1 pole—12
positions per single section. (Type
PA-1000 phenolic Miniature Switches .
available).

PK-300 Speaker Switch Kit

Kit contains compiete assembly
for switching between dual
speakers (such #s auto rear
and front seat speakers). In-
cludes etched dial-mounting
plate, switch and self-tapping
screws. No hole to drill in face
of dashboard. Tlree way se-
lection, front, rear, or both
speakers.

PCH-4 Attentuator

Designed with Centralab’s ex-
clusive Printed Circuit TV
H-Pads. A must — for balanc-
ing the signal strength to re-
quirements of set due to daily
conditions, or from one or
more TV stations located unus-
ually close to the receiver. Ex-
tremely accurate in eliminating
overloading and tearing image
— also interference, by reduc-
ing the interfering signal in a
single channel. H-Pads also
help match inpedance between
set and antenna.

Tone Swit:hes

Widely used in ridio-phono
and allied sound equipment.
Available in SP3T, SPDT,
DPST and DPDT SP-3 and 4
position models. All rated at
1 amp. — 6 volts D.C. Short-
ing and non-short:ng contacts.
Positive index. Contact resist-
ance less than 234 milliohms.
Can be supplied vsith a-¢ line
switch.

Spring Return Switches

Type 1448-49 — “'Universal
type” PA and intercom switch
with listen position. Available
with spring return one or both
sides to center, non-shorting,
30° index. Index spring is tested
for a minimum life of 150,000
cycles. Will replace any unit
from 2 pole, 2 position to 6
pole, 3 position.

20

Lever Swit:hes

For smoother action, positive
indexing on speech input equip-
ment, etc. Tested for minimum
150,000 switching cycles. 8
basic indexing combinations.
Available in positive, spring re-
turn. or combinatio>n. Shorting
and non-shorting iypes, 2 to 4
poles, 2 and 3 posit.ons. Mount-
ing plates optiona..

www americanradiohistorv com

Complete Switch Kits

Afford a convenient, readily
available source of stock sec-
tions, indexes and hardware for
assembling any standard or
practically any special rotary
switchingarrangement. 4 stand-
ard switch kits: Kit No. 414
for phenolic; Kit No. 419 for
steatite; Kit No. 1500, rotary
selector standard phenolic; Kit
No. 2000, miniature steatite.

All parts included are stand-
ard stock items and may be
ordered separately from your
CRL distributor.

RADIO & TELEVISION NEWS
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ELECTRONIC DESIGN, MANUFACTURE AND SERVICE

BC Tubular

Ideal for use in by-pass, audio
coupling applications and gen-
eral circuit use. Available from
1 mmf to 10,000 mmf. Centra-
lab’s own Ceramic-X body with-
stands temperatures to 2200° F
...makes capacitor impervious
to moisture and low power
factor. Keep plenty on hand.

CAPACITORS — closer tolerances, more values to choose from

BC Discs

Ultra-compact — designed spe-
cifically to solve high-capacity,
low-inductance, and small space
requirements. 4 sizes: 34", 34",
96", 9%". Available in single,
non-shielded dual and shielded
dual types. = 20% and CMV.

TC Tubular

Temperature compensating tu-
bulars, type TCZ show no ca-
pacitance change over wide
range of temperatures. Type
TCN have special ceramic body
to vary capacitance negatively
to temperature changes. Comply
to preferred values as set up
by RTMA and JAN-C-20A.

HI-VO-KAPS®
Fastest — for servicing, safest
high-voltage capacitor avail-
able. Centralab’s TV Hi-Vo
Kaps are the standard for the
TV industry, including UHF.
Capacitance 500 mmf; 10 KV,
20 KV and 30 KV d-c. Will
withstand continuous overload
up to twice rated working
voltage. Small diameter 1” to
1.4” maximum. 7 terminal
combinations. (Also available
in attachable terminal style).

Stand-Off and Button-Style

Type S1 Tubular Stand-Off (50 to 2500
mmf) by-passes r.f. to ground in many
HF, UHF and VHF circuits. Type S2
(5,000 to 10,000mmf) . One end threaded
for panel mounting.

Button-style *‘Zippers”(t) — a long-life
replacement for old-style mica “Buttons.”
Available in 5 different types. Used for
by-passing in low-power, high-frequency
applications.

Transmitting and High Voltage
Ideal for equipment requiring close-held

oscillator frequencies and prime or sec-

ondary standards. Extremely low power
factor and stable retrace characteristics.
Eleven terminal styles. Capacitance: 3 to
1000 mmf; 5 KV to 40 KV d-c. For high-
frequency, high-voltage uses. :

.

Feed-Thru (FT)
and Miniature Feed-Thru (MFT)

Designed for single-hole mounting with
ground to chassis or shield. Type FT
(500 to 2300 mmf) has .050” hooked
terminals for easy-soldering. Bushing
mounted. Type MFT (50 to 1000 mmf)
eyelet-mounted. Smallest available in the
widest capacitance range. Both types volt-
age-rated 500 v d-c.

December, 1953

2.5 to 50 mmf max.

Type CV12).

wwWw americanradiohistorv com

Type 827 Molded Ceramic Trimmer . ) 1 <
Mintature Size., Four capacity ranges: Medium weight steatite base. Five capac-

Type 823 Ceramic Trimmer .
Medium-heavy steatite base. Eight capac- Special for TV and VHF applications.

ity ranges: 5 to 125 mmf max. (Jan Body only .215% dia. Lock-nut mounted.

Ceramic and Steatite Trimmers

Four types designed for greater stability to shock or vibration. Smaller,
lighter, easier to mount in any position.

Type 822 Ceramic Trimmer

ity ranges: 1.5 to 50 mmf max. (Jan
Type CV11).

Type 829 Tubular Ceramic Trimmer

Five capacity ranges: .5 to 10 mmf max.

Zi
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more than 30,000,000 in use

(Avdilable singly or in kits)
Small Plate Components
Smallest standard PEC’s made by Centralab — excellent for miniature use. Mini-
mum dimensions 1749” x 742" x Ths”. Capacitors * 50 v d-c w. Resistors 15 watt.
Plates available: single capacitors; dual capacitors; single resistors; dual resistors
—in combinations; resistor-capacitor in series; rssistor-capacitor in parallel.
“Filpec,” balanced diode load filter — has two capucitors and one resistor.

PRI TED ELECTRONIC CIRCUITS — pioneered by Centralab,

Triode Couplates

Require only 4 soldered con-
nections. Replace 5 cc mponents
normally used in audio circuits.
Are completemidget issemblies
of 3 capacitors and  resistors
bonded to a dielectr ¢ ceramic
plate. Available in four stand-
ard values. Resistors-—% watt;
Capacitors — 400 v 1-c w.

Pentode Couplates

Require only 6 soldered con-
nections. Completely new inter-
stage coupling circuits of 3
capacitors and 3 resistors and
a small 6-load ceramic base.
Compared with predecessors
they actually reduce soldered
connections 50%. Only 1342”
x 134¢" x 1344”7, Three stand-
ard values available.

Vertical Integrctors

Over 7 million in use in verti-
cal integrator networks of TV
sets produced by ovar 50 dif-
ferent set manufacturers. Two
types available. Either type has
only three external leads. Pack-
aged one per envelore, five en-
velopes per carton.

AUDET®

Extremely popular for minia-
ture use. Furnish all values of
all components generally found
in output stage of a-c, d-c radio
receivers. Provide 4 capacitors
and 3 resistors — with only 7
leads. Available in two stand-
ard values. Resistors 15 watt;
capacitors, 400 v d-c w.

PENDET®
Another Centralab “first” in Printed Elec- Outgrowth of Centralab’s constant re-

Ampec® Amplifiers

tronic Circuits. Consists of 5 capacitors
and 4 resistors in a single plate with only  sub-miniature high gain audio use. 3-stage
9 leads. Similar to the popular Audet. speech amplifier smaller than cover of
Couples the diodetriode and pentode ordiniry book matches. Size: 1%42" x
tubes in output stage of a-¢, d-c sets. 13{4” x 114", Capacitors, 100 v d-c w.
Available in two standard values. Resistors, %5 watt.

searct in PEC development. Excellent for

Special Plates

Many popular, non-standard plates used
by radio and TV manufacturers are fur-
nished as “special replacements” for

servicing.

22

electrizal and physical properties

STEATITE CERAMIC INSULATORS

— 57 stock types patckaged

o HNE CERAMIC — enginzered to give you excellent

Standard line includes: spreaders — strain insulatcrs; standoff or pillar insulators;

feed-through insulators; fish spine beads; through-panel bushings. All items are

grade L-5 steatite, approved without limitation for Army and Navy use. Centralab

Steatite Ceramic is to the ceramic field what “Leno:<” china is to the fine china field.
JAN-TYPE CERAMIC STANLOFFS —

Complete line as per JAN-1-8 and JAN-1-10 in stock for immediate delivery. Five

styles, 79 JAN-types available in quantities. Bullztin 42-181A has complete data

. send for your free copy.

You can buy all these Centralab “safest for guaranteed servicing” components from
your authorized CRL distributor. See him often for all your industrial electronics,
TV and radio servicing needs. In the meantime, make sure you have a copy of
Catalog No. 28, containing newest revised data or hundreds of available combina-
tions. Ask your distributor for your copy, or write direct.

www americanradiohistorv com

A division of Globe-Union Inc.
910-L EAST KEEFE AVENUE, MILWAUKEE 1, WISCONSIN
In Canada, 804 Mf. Pleasant Road. Toronto 12, Ontario
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|t takes the WORI.D’S Newest PICTURE TUBE PLANT...

Equipped with the WORLD’S |

I.ARGEST SETTLING MACHINE...‘ :

And the WORLD’S I.ARGEST
EXHAUST MACHINE...

December, 1953

- make them with equipment especially
_handle and produce them. That’s why Raytheon

A BAKE OVEN
as Big as They Come...

to make the WORI.D’S Fmest
TELEVISION:PICTURE TUBES...

,TURE TUBES

The only way to make large screen (217, 24” and
27”) TV Picture Tubes of unsurpassed cctluahty is to
esigned to

built and has in operation this miracle of a picture
tube plant, which houses the world’s finest, largest

“and most advanced equipment and methods for mak-
ing large size Picturé Tubes. This magnificent new

plant is one more indication of Raytheon’s dedica-

“tion to a single.ideal — to continue to supply you

with the finest quality Television and Radio Tubes
the world has ever known.

wwWwW americanradiohistorv com
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Here’s how I solved a prol)lem that bothered me . . . and may be Bothering you.

Many of my favorite re(:ordings happen to be 78’5. They mean as much to me as any of my
newer LP’s or 45's. Changing pickups was often a real nuisance—and yet I wasn't wiHing to
give up the superior quality of my two Pickering cartridges.

Last fall my dealer offered a suggestion. ""Wait a little Ionger," he said. “You'll be glad you did.”

He was right. I now have Picl(ering’s new turn-over cartridge. A simpIe Hip of the handy
leverand I'm ready to pl ay any favorite that fits my mood—whether it’s standard or microgroove,
More than that, I'd swear my recordings sound better than ever.

Cg;n g[acl ngaifed' o o e Auf you won,f llave tO.

Ask your dealer to show you this convenient new turn-over cartridge. Have him c[emonstraie it.
See if you, too, don’t }11 x‘ar the difference!

PICRKE RING anda company incorporated ¢ Oceanside, L. 1., New Yofk

PICKERING PROFESSIONAL AUDIO COMPONENTS

"o thiie sty con foead b difference @

..Demonstrated and sold by Leading Radio Purts Distributors everywhere,
For the one nearest you and for detailed literature, write Dept. C-3 ! H ” H ” H H ”l

24 RADIO & TELEVISION NEWS
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R alwuys be
grateful to your
training which
helped me get my
present fine posi-
tion as Assistant
Parfs Manager

—Norman Weston

“I'm making good

““Your excellent in- 3
i money in my ownm

struction helped me

“Thanks to rour
training, | qualified

for a good job as % get my present iqb f business, repairing
i o Receiver Tester.” as an airport radio Y and installing radio
] mechanic .’ and TV sets —

thanks to your
' —Ilrwin Polansky.

—Paul Frank Seier -—FEugene E. Basko

trcunmg

NO EXPER\E

i Televusnon

C. Lane, B.S., M.A,
PreSIdent Radio-Television Training Association g
Executive Director: Pierce Schoo! of Radio & °

[P PRV OR TR T e ._L;;b...b.

training,

any size up to 2l-inch.
Generator,

Transmitter,
supplned mcludmg all tubes!

IENOUGH EQUIPMENT ‘I'O S'E'l’ UP YOUR HOME I.ABORA'I'ORY'
1 give you ALL the above equipment you need and more to
prepare for a BETTER PAY TV job. You build and keep a professional
GIANT SCREEN TV RECEIVER complete with big picture tube,
. also a Super-Het Radio Receiver,
Combination Voltmeter- Ammeter,

Public Address: System, AC-DC Power Supply. Everything

R — Y

As part of yOur B

takes
RF Signal

Ohmmeter, C-W Telephone

» o D

rele:

acaad

MORE MONEY AND A

R

-' 1!,/

My F Lourse can
save you moanths of training if you
have previous Armed Forces or
civilian radio experience! Train at
home with kits of parts, plus equip-
ment to build BIG SCREEN TV
RECEIVER, and FREE FCC Coach-
ing Course! ALL FURNISHED AT

NO EXTRA COST!

portant for BETTER P
quiring FCC License. You get this
training AT HOME and AT NO
EXTRA COST Top TV jobs go to
ECC lncensed techmcnans

e ad -v-wvr

CAREER .
7 ARE WAITING FOR YOU HERE! Q
4 '

D St Dataidees b,
¥

i 2

most from the very start you can
earn extra money while learning.
repairing Radio-TV sets for friends
and neighbors. Many of my students
earn up to $25 a week...pay their
entire training from spare time earn-
ings . .. start their own profitable
secvice business. Act now!

OPTIONAL: TWO WEEKS T
N NEW_YORK CITY AT_NO |

ou get two weeks, 50 hours
of mtensnve Laboratory work on
modern electronic equipment at our
associated school in New York City
—Pierce School of Radio and Tele-
vision. And I give you all this AT
NO EXTRA COST whatsoever,
after you finish your home study
training in the Radio-FM-TV Tech-
nician course and FM-TV Techni-
cian Course.

of new 1obs in are opemng up in every state as
new stations go on the air. You too can take your
place in America’s booming TELEVISION and
Electronics industries . . . enjoy the success and hap-
piness you always wamed Keep your present job
while I prepare you at home for a life-time career
as_a trained TV Technician, You ‘'learn-by- domg
with the actual parts and equipment I send you .

the same successful
mecthods t¢hat have £ LEARN ALL ABOUT
helped hundreds of ¢ COLOR TV. I give you the
men—many with 10 { |atese principles and

2z

‘on location”

A(TICAl TV CAMERAMAN & STI.IDIO _COURSE!

srevious radio and TV training) I train you at home for a big pay job
as the man behind the TV camera. Work with TV stars in TV studios or
at remote pick-ups! A special one-week course of practical
,work on TV studio equipment at Pierce School of Radio & TV, our asso- f]
E:iate resident school in New York City, is offered upon your graduation.f:

more than grammar % nraceical training in TV
school trasning—mas- COLOR!
ter television! : -

g

(For men with

MAIL COUPON FOR 4 FREE AIDS!
__NO_ OBLIGATION- WHATSOEVER!

NONSA,ESMQN WILL CALLL

Mr. Leonard C. Lane, President Dept. 12-A
RADIO-TELEVISION TRAINING ASSOCIATION
52 East 19th Street, New York 3, N. Y.

— ~ - p— DraadT geeca Ml woug RPN FREE BOOH] TR
! ¢ N z B ans an aids_that will show me how I
iMY “'_‘°°.|‘ fully approved to train veterans under gk can. make BIG MONEY IN TELEVISION. I undersand T am M
:G.l- Bil“ lf dischurged aﬂer June 27' 1950 — CHECK under no obligation and no salesman will call.
: 1 ; (PLEASE PRINT PLAINLY)
‘COUPON! Also approved for RESIDENT TRAINING in [: B
NAME AGE

‘New: York City at Pierce School of Radio and Television,
qualifies you for full subsistence allowance up to $160/
r month. Write for deta ‘

ADDRESS

CitY ZONE STATE
I AM INTERESTED IN:

l] Radio-FM-TV Technician VETERANS!

RADIO-TELEVISION TRAINING ASSOCIATION
52 EAST 19th STREET, NEW YORK 3, N. Y.
Licensed by the State of New York

Course Check here for
1 FM-TV Technician Course  Training under
O TV Cameraman & Studio | NEW G.IL Bn&l]

Course

Approved by the VA

December, 1953
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Watching the serenity of Christmas skies, we
are conscious of deep silence. Yet the sturs are talk-
ing to us all the while—talking in radio waves
that are full of meaning to scientists probing the
depths of space.

The important discovery that some stars produce
radio waves was made by a Bell Laboratories scien-
tist while exploring atmospheric disturbances which
might interfere with transoceanic telephone service.

His discovery marked the birth of the fast-
growing science of radio astronomy. It is telling
us of mysterious lightless stars that broadcast radio
waves, and it promises new and exciting revelations
about the vast regions of space concealed by clouds
of cosmic dust.

amall e e e s i e Sl

Directional radio antenna used by Karl G. Jansky, in the discovery of
stallar radio signals at the Holmdel, New Jersey, branch of Bell Tele-
phone Laboratories. In 1932 he detected waves of 14.6 meters coming
from the direction of Sagittarius in the Milky Way.

It is another example of how Bell Telephone
Laboratories scientists make broad and important
discoveries as they seck ways to make your telephone
serve you better.

BELL TELEPHONE LABORATORIES

EXPLORING AND INVENTING, DEVISING AND PERFICTING, FOR CONTINUED !MPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE.

26
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JFD's JeT 213S outperforms all other
VHF antennas covering the chan-
nel 2-13 spectrum.

Rugged, completely pre-assembled,
the design of the SUPER-JET COM-
BINES THE BEST OF BOTH THE
BALINE YAGI AND THE JeTENNA
for unequaled deep fringe perform-
ance and flat-high gain no-dip
response.

Narrow side lobes in the SUPER-JET
provide highly directive' UHF cov-
erage equal in gain to stacked
bowtie and reflector. An extra fea-
ture at no extra cost.

Delivers single 10-element Yagi
performance on each channel,

Write for Form 230.

HERE ARE THE FACTS—

COMPARE FOR YOURSELF,

5 Qa  wa wa Za C
9 oo o ) ]
ZE] vl bg Li H
e33R o=y 93
D58 T2 Zz ome A
= <% 8% 8% 8%
»o Ba Bw awx oy
2} t [¥] »
A 2 2 ; E
3 3 o 1L
g k] el
] ] St
o ]
6.5 4.50 075 0.0 4.0 2
7.5 5.00 325 3.0 5.0 3
9.5 5.75 4.5 4.0 7.0 4
8.5 3.00 3.5 325 625 5
8.5 2.50 3.5 3.0 5.0 6
11.0 3.50 6.0 4.5 5.25 7
11.0 1.00 7.0 7.0 6.0 8
12.0 0.0 6.5 7.0 5.25 9
12.0 .875 7.7 8.0 7.25 10

‘1125 .875 80 10.0 9.25
12.75 .50 7.5 10.0 6.5 12
12.0 7.5 6.0 9.0 7.0 13

DB GAIN

e

YES NO NO NO NO

s
=

1
Cross Arm
Completely

YES N NO NO YES Pre-
S 3 ! S Assembled

Worlds’largest manufacturer of TV antennas and accessories.

$42.50 $65.90 $47.50 $34.95 $55.00 LIST PRICE

Model JeT 213 - single - $20.75 list
Model JeT 2135* ~ stacked - $42.50 list

*Complete with stacking
transformers.

www americanradiohistorv com
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Why VEEDX &

4

IS YOUR

EST CHOICE

MODEL BT-U
aristocrat of Bow-Tie
antennas. Superior in
both construction and
performance. Can be
stacked for extra gain.
Compare!

— The

MODEL CA-U
Famous Co-
linear that has
highest gain of
all broad band
fringe area UHF
antennas. Also
availabie in Dual
Jr. models for
spgcific area re-
quirements.

MODEL COR-U
— The Corner Re-
fl.ector has 40%
higher gain than
a single Bow-Tie.
Finest construc-
stion with rugged
Fiberglas boom
and solid alumi-
num elements.
Minimizes prob-
ing.

MODEL UJ-U — The
UHF Llong John. Single-
channel, 8-element yagi
for primary and fringe
areas. Compact, effi-
cient, pre-assembled,
easy-to-install. )

MODEL LLJ-U —The most pow- -
erful of all single channel UHF
antennas. Has rugged Fiberglas
boom and solid aluminum -ele-
ments,

MODEL UQT — Famous Ultra
Q-Tee all-channel (2-83) UHF-
YHF antenna. Has printed cir-

cuit filters ‘— ideol for primary
areas.

*lic. A.AK. Pats. 2,422,458; 2,282;292;
2.,611,086; others pe'ndin’g. b R

3 NEW IMPROVED MODEL!

VEE-D-X MIGHTY

| OF THE FAMOUS
MATCH

4 Cross-over
pertected

Finest Most Efficler
Network Filters Ever

NEW MM-40 —(Yel-
ow case) (For com-
sining separate UH

ind VHF antennas to
3 single 1rcnsmiss|o‘n
i ew, more ef-
line.) N 1en?e§*

S.
minals. New

ter
G 1YPE e - resistant

moistur
case.

NEW MM-40A
— The ideal single
nation filter

line: termir

for use at set or con”
verter having sepa-
rate terminals for
UHF and VHF. Pat-
erted® printed cir-
cuit.

s

NEW MM-2! (green case) —
Permits the use of o single
transmission line between sepc'-:
rate high and low channel ¥V

antennas. NeW improved

I ircuit. Amoz-

ented® printed circutt.
ingly low insertion loss. New
nals, New moisture”

14
UNIVERSAL LIG HINING ARRESTER
ForUHF-—VH-—A_M——-FQA‘ -
Takes all poP! lar transmission lm_a
flat-, tubular bval round. open wir
MODEL ULA is the finest, most efficient
Iighming.u‘ ester ever‘perfected. C_o,- 4
pletely elimjnates the need for separd e
lightning ¢ resters fqr each v'yf’-e e
runsmission.line. This ope
arrester takes ‘em oll. Cofn-
pact; clegn-cut;- inexpens e
and employs newly ‘devel-
oped printed. cire
literally obsoletes @
liglltning arresters.

il other

FREE

Write for your copy
of this complefo new
36 page pocket guide
to the warld’s finest
antenna systems,

- VEEDY fra Special B \ﬁ{%%\
E !

MODEL JC — For the most
powerful single channe! per-
formance. A popular 5-element
yagi. Easy-to-install,

i

the one
and only
all-channel

yogi

Model SP

HIGH GAIN 1
Fnom-.ro.sACK g«gblilwbco—' T;:e lfumous VEE-
- cost 5- i
DIRECTIVITY with original VEE.D.X ' Deita

Match construction.

MODEL DX — The famous
economy super power yagi.
Has 30% higher gain_on
high channels than any
other 10-element yagi.
Delta Match and boom
braced.

~
=

NEW BROAD BAND
YAGIS — Finest of all.
Available in both 10
efement X’ series and
5-6 element 'Y’ series,
each in 3 cuttings, cover
entire YHF channel
range.

RS

MODEL QT — The
brilliant Q-Tee all-
channel YHF antenna
with patented*
printed circoit chan-
pel separators. New
u:nproved construc-
tion and perform-
ance. Can be stock-
ed for additional
gain,

Think of it — ailfthe desir-

features of o yogt =
oL ?qh all-channel per-
n a single,

hi-low yag! (5-elements
on high channel — 4 on
low) T matched. The
hi-low sections are phas-
ed together with a new
isolation  filter MM -25.
The ideal antennd for'ull-
channel power—for direc-
fivity—and for eliminating
interference from unwant-
ed stations. honey for
use with VEE-D-X Rotator.

Acclaimed the finest in de-
sign, construction and
formance. Clean-cut, i
styling. Fast and easy to 1In-
stall. Beautifully styled Con-
trol .Console operates wit
convenient downward pres-
sure. Choice of two colors.

ROCKVILLE, CONNECTICUT

copies of your new complete antenna booklet.

— v —— oy — v Ty
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ervicing Course
offers you

Good-pay jobs. A business of your own.

OPPORTUNITIES FOR GOOD-PAY JOBS
in Television are within your reach when
you study TV Servicing by the RCA Insti-
tutes Home Study Method. Or perhaps
you would like to start a TV Serv1ce busi-
ness of your own.

If you are not satisfied with the way
your futurc now stacks up, see how easily

you can change the course of your career.
RCA Institutes Home Study Course in
TV Servicing is helping thousands of other
people to better jobs. It can help you.
Right now thousands of opportunities are
going begging. There is a critical shortage
of trained TV servicemen. This is your
big opportunity.

Easy-to-understand,
illustrated lessons

The entire course is di-
vided into ten units of
several individual les-
sons. You study them at
home in your spare time.
Lesson-by-lesson you learn
the theory and step-by-step procedures of
mstalling TV antennas, of servicing and
:rouble-shooting TV receivers. Hundreds of
dictures and diagrams help you understand
:he how-it-works information and the how-
‘0-do-it techniques. You will be amazed how
sasily you absorb the knowledge of each les-
son, how quickly you train yourself to become
in experienced technician.

Experienced engineers and
fuculty prepared the course,
grade your lessons

The RCA Institutes
course was written and
planned by instructors
with years of specialized

P RY Xed

expenence in training men by home-study

and resident-school methods. The course
embodies RCA’s background of television
experience plus knowledge gained in training
several thousand technicians. A study of
the course parallels an apprentice’s training.
Your lessons are carefully examined and
accurately graded by friendly teachers who
are intcrested in helping you to succeed.

*

RCA Institutes conducts a resident school in New
York City offering day and evening courses in
Radio and TV Servicing, Radio Code and Radio
Opecrating, Radio Broadcasting, Advanced Tech-
nology. Write for free catalog on resident courses.

*

®

RCA INSTITUTE

Y i I"Cc

A SERVICE OF RADIO CORPORATION of AMERICA
250 WEST FOURTH STREET NEW YORK 14, .Y,

*

Name

"

T SEND FOR FREE BOQKLET—Mai] the coupon—
today. Cet complete information on the RCA INSTITUTES
Home Study Course in Television Servicing. Booklet gives
you a general outline of the course by units. See how this
practical home study course trains you quickly, casily.

Mail coupon in envelope or paste on postal card.

MAIL COUPON NOW!

RCA INSTITUTES, INC., Home Study Dept. RN1253
I 350 West Fourth Street, New York 14, N.Y.

One of the leading and oldesi‘
Radio-Television
training schools

Founded in 1909, RCA
Institutes, Inc. has been
in continuous operation
for the past 44 years. Its
wide expenence and extensive educational
facilities give students, just like you, unsur-
passed technical training in the highly special
ized field of radio-television-electronics.

RCA Institutes is licensed by the University
of the State of New York . . . an affiliate
member of the American Society for Engi-
neering Education . . . approved by the Vet-
erans Administration . .. approved by leading
Radio-Television Service Organizations,

It costs so little
to gain so much

RCA TInstitutes makes jt easy for you to take
advantage of the big opportunities in TV
Servicing. The cost of the TV Servicing Home
Study Course has been cut to a minimum,
You pay for the course on a pay-as-you-
learn unit lesson basis. No other home study
course in TV Servicing offers so much tor so
M& cost to you.

Without obligation on my part, please send me copy of booklet “RCA INSTITUTES
Home Study Course in TELEVISION SERVICING.” (No salesman will call.)

Address

(please print)

City

Zone State.

www americanradiohistorvy com
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Low Band folded dipole also
%hree folded dipoles tied
se- on the High Band. This

the Champion, the secret of
ormance on afl 12 VHF

The CHAMPION is another great development of the world fdnous Channel Mugﬂe} ta ora {f

\YAVATATATAY AR
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-

the most sensitive all-channel

VHF antenna ever designed!

~ 11-13 D B.High Band ga

6%2-7% D B low Band gai

LAl

Here is a totally NEW kind of antenna, com-

pletely different — in principal and performance
— from any VHF antenna you've ever seen! Since
the lifting of the TV freeze means a gradual dis-
appearance of the single-channel VHF areq, the
VHF antenna of the future will be a multi-channel
antenna. Prepare now for outstanding reception
on all VHF channels — present and future — with
Channel Master’s super-sensitive CHAMPION! Out-
performs every all-channel VHF antenna made
today — and many Yagis, too!

COMPARE these features with
the antenna you are now using:

Folded dipoles throughout — give ¢lose to
300 ohms impedance across the entire
band.

Screen-type reflector provides high uni-
form gain on every channel, 2 through 13.
Not frequency sensitive — this reflector
provides more than twice as much extra
gain as straight bar reflectors.

Phase-correcting harness is built-in and
fully assembled; the only wiring you do
is to attach the lead-in.

All-aluminum construction .

. . lightweight,
durable, non-corrosive.

-

MARVEL OF
PRE-ASSEMBLY

assembles faster than o
5-element yagi!

Collapsed "“Pop-Up” screen
opens instantly — no loose rods,
elements or hardware. "Tri-Pole’

Single assembly features automatic
Bay Spring Lock Action — all dipoles
1 snap permanently into place
i without wing nuts or any other
! hardware.
|

it’s a CHAMPION in any area!

1-bay—Ilocal areas ;
2-bay-—secondary and fringe area
4-bay—super-fringe areas :

Copyright 1953, Channel Master Corporation

o 3 o A
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The 2-Bay CHAMPION actually
gives you the performance of:

e Separate 5-element

Yagis for everyLow

Band channel!

e Separate 10-element
Yagis for every High

Band channel!

=

St

-

Y

—

b

o

THOUINEY My

Tt
e

TEETYRETRETY

Model

No.

List Price

325

325-2
325-4

3253 .
325-5 |

Single Bay
2-Bay
4-Bay

© $20.83
$42.36
488,89
Separate Stacking Harness
'2-Bay Harness
i4:B'9y Harness :

s 20
3435
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RCA Speakers—quality eﬁginéered for

superior performance—are now clearly -

identified by this distinctive gold label. It
is: yaur. assurance that these speakers
represent the superior technical “knpw-

how” and manufacturing techniques that

. of super or-s'_peuker‘ performance

have made RCA the accepted name for
high-quality praducts. '

Look for the gold label—symbol of
superior speaker performance—and be
sure af using only genuine RCA Speakers

for your replacement needs.

For complete information on RCA Speakers, see your RCA Distributor.

 RADIO CORP
' ELECTRONIC COMPO

RATION of AMERICA
ENTS

HARRISON. N. J.
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The future is in your hands!

The signs are plain as to the future of the trained men in the electronics
industry. It is a tremendous industry, and—at the present time there are more
Jjobs than there are trained men to fill them. But—when there’s a choice between
a trained and untrained applicant, the trained man will get the job. Your
biggest problem is to decide on—and begin the best possible training program.

CREI Home Study . . .
The Quick Way to Get There.

Since 1927, CREI has given thousands
of ambitious young men the technical
knowledge that leads to more money and
security. The time-tested CREI procedure
can help you, too—if you really want to
be helped. CREI lessons are prepared by
experts in easy-to-understand form. There
is a course of instruction geared to the
field in which you want to specialize. You
study at your convenience, at your rate of
speed. Your CREI instructors guide you
carefully through the material, and grade
your written work personally (not by
machine).

Industry Recognizes
CREI Training.

CREI courses are prepared, and
taught with an eye to the needs and de-
mands of industry, so your CREI diploma
can open many doors for you. Countless
CREI graduates now enjoy important,

CapPiToL Rabio
ENGINEERING INSTITUTE

An Accredited Technical Institute e

3224 16th Street, N.W.

December, 1953

good-paying positions with America’s
most important companies. Many famous
organizations have arranged CREI group
training for their radio-electronics-tele-
vision personnel. To name a few: All
America Cables and Radio, Inc.;
Canadian Aviation Electronics, Ltd.;
Canadian Broadcasting Co rporation;
Columbia Broadcasting System; Canadian
Marconi Company ; Hoffman Radio Cor-
poration; Machlett Laboratories; Glenn
L. Martin Company; Magnavox Com-
pany; Pan American Airways, Atlantic
Division; Radio Corporation of America,
RCA Victor Division; Technical Ap-
pliance Corporation; Trans-Canada Air
Lines; United Air Lines. Their choice for
training of their own personnel is a good
cue for your choice of a school.

Benefits Felt
Right Away.

el T A

Almost immediately, you feel the
benefits of CREI training. Your em-
ployer, when informed of your step to-
ward advancement (only at your request),
is certain to take new interest in you and
in your future. What you learn in CREI
Home Study can start helping you do a
better job immediately.

MAIL COUPON TODAY [

: CAPITOL RADIO ENGINEERING INSTITUTE
l Dept. 1112, 3224 16th St., N.W., Washingaton 10, D. C. 4
I Send booklet “Your Future in the New World of Electronics” and course outline. i

CHECK O TV, FM & Advanced AM Servicing O Aeronautical Radio
l FIELD OF O Practical Radio Engineering Engineering I
l GREATEST ) [ Broadeast Radio Engineering (AM, FM, TV) I
. INTEREST O Practical Television Engineering
Founded in 1927 [ NOME ettt 1
N I Street e l
Washington 10, D.C.

h gtO ! 1 (511 P Zone...... State.............. 1
l Check—[J Residence School O Veteran l

W COMMUNICATIONS
BSERVICING

WACRONAUTICAL
ELEGTRONICS

CRE] also affer
Resident Instruction

at the same high technical level—
day or night, in Washington, D, C. New
classes start once a month. If this instruc-
tion meets your requirements, check the
coupon for Residence School catalog.

INFORMATION FOR VETERANS

If you were discharged after June 27, 1950—let the
new G. I. Bill of Rights help you obtain resident
instruction. Check the coupon for full information.

Get this fact-packed hooklet
today. It's free.

Called “Your Future in the New
World of Electronics,” this free illustrated .
booklet gives you the latest picture of the
growth and future of the gigantic elec-
tronics world. It includes a complete out-
line of the courses CREI offers (except
Televisionand FM Servicing) together with
all the facts you need to judge and com-
pare. Take 2 minutes to send for this book-
let right now. We'll promptly send your
copy. The rest— your LR
future —is up to you.

s

www americanradiohistorv com
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I'll Train YOU at Home in Your Spare Hours for Big
s I Pay Job - Your Own Business « Exceptional Opportunity in

. 7 2 o

LAN!

| You Have NO MONTHLY
| PAYMENTCONTRACT

JF RADIL m%gf« " to sign . . . you pay for your training
as you learn and earn...ENROLL NOW!
Be Ready in Little as 10 MONTHS!

Now you can get into Radio-Television, today’s fastest growing
big moncy opportunity field, in months instead of vears! My com-
pletely new “package unit'” training plan preparces vou to qualify
as a Radio-Television Technician in as short a time as 10 months,
or even less! 1 offer vou my training with no month!y payment
contract to sign—thus NO RISK and NO OBLIGATION for
vou! This is America's finest, most modern and really practical training.
Includes FM . .. UHF Teclevision and all the most recent developments. My
training gets vou ready to handle any practical job in the booming Radio-
Television industry. Start vour own profitable Radio-Television Service Shop
.. .oraccepra fine paying job. I have trained hundreds of successful Radio-
Telc\'_ision technicians—and 1 can train vou rcg:\rdlvcss of lack of previous

experience. Mail coupon and get all the facts—FR EE!

VALUABLE EQUIPMENT INCLUDED WITH TRAINING

Much of vour Sprayberry Training is actual construction, demonstration and

experimentation. You get priceless practical experience this way. You build
the 6 tube Sprayberry Short Wave and Broadcast Training Radio Receiver,
the Spravberry Television set, multi-rangc test meter, signal generator, signal
tracer. cathode ray oscilloscope and many other projects. All this equipment
is yours to keep. You have practically everything vou need to set up your own
profitable Radio-Television shop. All lessons and books | send you remain
your own property.

OUR 21st YEAR TRAINING MEN FOR RADIO-TELEVISION

i - Earn Extra Money While You Learn

All your Sprayberry Training is givenllN YOUR OW'N HOME dpring vour

4 ¥ free time. Keep on with your present job and income while learning Radio-

; o ~ Tclcyision. With each Spm,\'herry “Package Training Unit” 1 mclude_monc_v-

% 3 b b = making plans and special "Business Burlders™ for spare time Rndlo-Tcl_c-
o 3 o 4 v P vision service jobs. New Television stations opcening everywhere open big
OB EC m e \ g & moncey opportunity for men to install UHF antennas—I tell vou how! If you

3 :
|

Approved for
Veterans Under
the G.1. Bill

o expect to be in the Armed Forces later, there is no better preparation than
& Radio-Television. Mail coupon below .., get facts FREE. No salesman will call.

AN &a FRE TO YOU 3 BIG RADIO-
L | | Caat™a AB=l= TELEVISION BOOKS

¥ I invite you to get all the facts —

Ll I want you to have ALL the facts—swithout cost!
. il Rush coupon for my three big Radio-Television

e'evl’ books! "How to Make Money in Radio-T¢le-
vision” PLUS my new illustrated Television
Bulletin PLUS an actual sample Sprayherry
Lesson—ALL FREE. No obligation and no
salesman will call. Mail coupon NOW!

A
T

e G = 48 SPRAYBERRY ACADEMY OF RADIO
.;,.[ 4L 54 + . EXE . 111 NORTH CANAL STREET, DEPT. 25-D
i | : i R e : CHICAGD 6, ILLINOIS
— = - ; ,V " --—----------------------"
= 4 SPRAYBERRY ACADEMY OF RADIO, Dept. 25.-D
- 111 North Canal St., Chicago 6, Ilinois
# / / Please rush to me all information on your 10-MONTH Radio- 1
s 4 .J, 5 , Television Training Plan, | understand this does not obligate me 1
| s el and that no salesman will call upon me. Be sure to include 3 books
s g‘é@ 2 FREE. 1
RS T 2
WY ‘é@ — e ’ / ’
%‘ e NELEOREEE 0B Bamere:y o SUBMR=8 " 0 | X0 Age.....
L 0 OBLIGATIO
// o Sale 2 Address PR A R L e L P }
enalready 1in Radio who seek a shortinten- ; »
IF YOU ARE sive 100% TELEVISION Training with : Lk - .
EXPERIENCED IN RADIO FULL EQUIPMENT INCLUDED are invited G et - -Zone..,. .State. ...
to check and mail the coupon at the right. }:M;D " Are you Experienced? . [ No Experience o
i Af-‘---——----————----------—--—-—--
December, 1953 37
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11 CPS to 30 Mc

*

. . covered by two new RCA Companion Signal Generators for

testing and trouble-shooting audio, AM, FM and TV equipment

RCA WA-44A

Audio Signal Generator

Continuous sine-wave coverage from

11 cps to 100 ke

ONLY $8750 {uriis

User Price

Features new RCA-type oscillator having wide
frequency range, and frequency stability of =3 %
or better. Regulated power supply. Amplified agc
circuit insures an output uniform within =1 db
over entire frequency range. Total harmonic
distortion, 2% or less. Has direct-reading scales.
Can be used with high- or low- impedance circuits.
Useful for all response measurements. Has sepa-
rate line-frequency output for inter-modulation
distortion measurements. Compact, weighs only

10 1bs. Ac-operated.

Features built-in dc blocking capac-
itors. Places no dc load on circuit under
test . . . protects instruments when con-
nected to B-plus circuits. Cathode-
follower output stage isolates oscillator
from effects of load reactance and re-
sistance, thereby maintaining good out-
put waveform, voltage regulation, and
frequency stability of the oscillator.

>
@ TEST EQUIPMENT
e
8

3

Built-in 400-cycle oscillator for internal
modulation. Modulation percentage
continuously variable. Dial calibrations
accurate to =1% on all six bands. Com-
plete shielding of copper-plated cabinet
and of cables for minimum leakage.
Compact, weighsonly 81bs. Ac-operated.

HARRISON. N. J.
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RCA WR-49A
RF Signal Generator

Continuous coverage on fundamenteals
from 85 Kc to 30 Mc

ONLY $5950 &

User Price

o ¥ 4&%
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AMAZING

3 YEAR

GUARANTEE

[ J

NEW WALSCO GOLD DIPOLE YAGI (uxF)

No less than 24 kt. gold platingon the receiving dipole of

this great, new, 10 element Yagi. Why gold? Because gold resists
corrosion better than any other metal. . -and gold is an excellent
conductor. Like the most powerful radar antennas, the

Walsco Gold Dipole Yagi guarantees permanent high gain in
any location, under all weather conditions. It's custom-made for
each location. The only Yagi that carries a 3 year unconditional
guarantee! And it costs no more than conventional Yagis.

NEW WALSCO IMPERIAL CONICAL (viir)

Here’s the first radical improvement in Conicals. A new insulator
which utilizes “barrier discs” and 2 inches of air space

between the terminals prevents “shorts.” Soot deposits, dirt,
moisture, salt, etc., cannot affect the insulator. This great, new
Conical will therefore maintain high gain performance

under any and all weather conditions. Front-end hardware is

 stainless steel to prevent corrosion losses permanently.
‘Takes only 2 minutes to assemble because there’s no loose

hardware. Nothing compares to the Walsco Conical at any price

....and it’s backed by the only 3 year unconditional guarantee!

Write for complete information

HALSED ELERTRONICY GORRORATION

3602 Crenshaw Boulevard, Los Angeles 16, California
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Color television is fast becoming a reality! Sets are expected

to be available the first part of next year and stations are
purchasing the necessary transmitting equipment. Initial costs,
unfortunately, will be high but as improvements in design

and production are achieved the price of color television will
become within everyone’s reach.

The consumer is concerned with the problems presented by
television in color. He has read reports on prices and
availability; all have been conflicting. He knows, however, that
his set will have to be replaced or converted. What he does

not know is that if he has an ampHENoL INLINE*, there will be

mo extra expense in antenna or installation! AMPHENOL engineers
provided for color in the original design of the INLINE*.

Every dealer, distributor and installer will want to acquaint
their customers with this reassuring information. The

color television market is potentially tremendous. It certainly
will prove of benefit if the consumer can be reassured on

one part of the cost of conversion to color.

The fact that ampHENOL INLINEs are able to receive color
television so well reflects favorably upon the engineering ability
of amMPHENOL. For in ordinary black and white television

the same level-gain design has proved valuable. Set owners
know, now, that their ampHENoL INLINE* is providing

them with the best black and white picture their sets can deliver.

*Reissue U.S. Pat. No. 23,273

T
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Antenna Electrical Requirements
for COLOR TELEVISION

Information now available on color television has
made it clear that the receiving antenna must have
these characteristics:

1 Antenna gain must be flat, no gain or loss

" greater than one db, within 1.5 mc below
and 0.6 mc above the color sub-carrier* (a
width of 2.1 mec).

2 Anfenna gain must be held down across the
FM frequencies. Rejection of FM signals is
much more important in color than in black
and white television.

*Channel frequency widths are at present divided
between the monochrome amplitude modulation pic-
ture carrier and the frequency modulation sound car-
rier. The addition of the color sub-carrier is made at
3.58 mc above the monochrome carrier.

The ampHENoL INLINE* fully meets the two con-
ditions listed above. Besides being engineered to
reject FM signals, from 88 mc to 108 mc, the IN-
LINE provides very level gain across all channels,
particularly over the color sub-carrier. Typical of
the INLINE’s performance on all channels is the

gain charti illustrated above for channel 3.
fMeasured in accordance with proposed RETMA standards.

AMERICAN PHENOLIC CORPORATION

chicago 50, illinois

wwWwW americanradiohistorv com
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ADVANCE! Raise "yol_l'r“ | eurmng ypd'wér'f-t Ieurn

RADIO-TELEVISION - ELECTRONICS
by SHOP-METHOD
HQME TRAINING p1GIlNY

GOOD JOBS AWAIT THE A
TRAINED RADIO-TV TECHNICIAN :

There is a place for you in the great Radio-Television-
Electronics industry when you are trained as National
Schools will train you at home!

Trained technicians are in growing demand at good pay
—in manufacturing, broadcasting, television, communica-
tions, radar, research laboratories, home Radio-TV service,
and other branches of the field. National Schools Master
Shop-Method Home Training, with newly added lessons
and equipment, trains you in your spare time, right in
your own home, for these fascinating opportunities.
OUR METHOD IS PROVED BY THE SUCCESS OF
NATIONAL SCHOOLS TRAINED MEN, ALL OVER
THE WORLD, SINCE 1905.

EARN WHILE YOU LEARN

Many National students pay for all or part of their train-
ing with spare time earnings. We’ll show you how you can
do the same! Early in your training, you receive “Spare-
time Work” Lessons which will enable you to earn extra
money servicing neighbors’ and friends’ Radio and Tele-
vision receivers, appliances, etc.

You also
receive this
Multitester

LEARN BY DOING
Youreceiveand keep all the

FREE! rRADIO-TV BOOK modern equipment shown
" @ AND SAMPLE LESSON! above, including tubes and
f T.R.F. Receiver Send today for valuable, professional qual-
National Schools’ new, ity Multitester. No extra
Signal Generator " Audio Oscillator illustrated Book of Oppor-  Charges.

tunity in Radio-Television-
National Schools Training is All-Embracing  This E'eg'm“'fsll"“d bl ;"‘.’“"
National Schools prepares you for your choice of many ¢ourse b Seeason INorkost=

Job opportunities. Thousands of home, portable, and auto f"s;’ °ﬁ?':d jLoRgligChon Shse ,',:‘e
radios are being sold daily—more than ever before. Tele- and Portuavese Sovpon "°"‘l;"'w‘:
vision is sweeping the country, too. Co-axial cables are 2 answer Yl (e
now bringing Television to more cities, towns, and farms S rmat
every day! National Schools’ complete training program APPROVED FOR
qualifies you in all fields. Read this partial list of opportu- VETERANS Both
nities for trained technicians: AND Resident and
Business of Your Own « Broadcasting NON-VETERANS esiden udn
Radio Manufacturing, Sales, Service « Telecasting Check coupen below Home Stu Vi
Television Manufacturing, Sales, Service Courses OffEI'Ed!

Laboratories: Installation, Maintenance of Electronic Equipment

Electrolysis, Call Systems "AT'O"AL SCHOOLS _ k

?“"'jess; f”'° R“:'.‘r’ IS"I:s' Se;_.v"e i (Bl o LOS ANGELES 37, CALIFORNIA » ESTABLISHED 1905
ound oystems and Telephone Companies, Engineering Firms IN CANADA: 8l W. HASTINGS STREET,VANCOUVER, B.C.

Theatre Sound Systems, Police Radio . o ;
FIND OUT NOW—MAIL COUPON TODAY!

And scores of other good jobs in many related fields.

TELEVISION TRAINING NATIONAL SCHOOLS, Dept. RH-123 Mail in e;welope
H or paste on
You get a complete 4000 South Figueroa Street posft’az ey

Los Angeles 37, California

Send FREE Radio-TV Electronics book and FREE sam-

|

|

series of up-to-the- :
ple lesson. I understand no salesman will call on me. 1
|

|

|

1

minute lessons cov-
ering all phases of re-
pairing, servicing and

——— - — — — — -

5 NAME AGE__
construction. The same <
lesson texts used by resi- ADDRES —_
dent students in our CITY . . ZONE__STATE
modern and complete Television broadcast studios, 1ab- [0 Check here if released from service less than 4 years ago.
oratories and classrooms! U Check here if interested in Resident Training at Los Ange'es.
December, 1953 41
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MODEL NO. RC-33

Patent Pending :

i
i

~DiLDEA, .
7900 Pendefton Pike
liiaapolis 26, Indiana
Teleghone: Cherry 2466
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Add Technical Training
To Your Practical Experience ~

7 YOUR FCC LICE
INAHURRY

Then use our Amazingly Effective
JOB-FINDING SERVICE

TELLS HOW ~
We Guarantee

TO TRAIN AND COACH YOU
AT HOME IN
SPARE TIME UNTIL YOU GET

Your FCG License

If you have had any practical expe-
rience—Amateur, Army, Navy, radio
-repair, or experimenting.,

TELLS HOW~
Employers make JOB OFFERS Like These
to Our Graduates Every Month

Letter from nationally-known Airlines. ““We would alse appreciate if you would place
the following additional advertisement in your bulletin-Wanted-Superintendent of
Communications . . . Salary $866.6G per month.’*

Letter from nationally-known airplane manuficturer, “We ne‘ed men with e]eptronic
training or experience in radar maintenance to perform opv_ramonul check-out of radu’f
and other electronies systems . . . starting salary . . . amounting to $329.38 per month.

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

HERE’S PROOF FCC LICENSES ARE OFTEN
SECURED IN A FEW HOURS OF STUDY With
OUR Goaching AT HOME in Spare Time.

Here Is Your
GUARANTEE

If you fail to pass your
Commercial License exam
after completing our
course. we guarantee to
continue your training
without additional cost of
and kind until you suc-
cessfully obtain your
Commercial lice.ise, pro-
vided you first sit for this
examination  within 90
days after completing
your course.

Name and Address | License Lecssong

Lee Worthy . ... .. Phone. .|...... 18
22101, Wilshure

Clifford E. Vogt ., ... Phone 20
Box 1016, Dania.

Francis X. Foerch Phone. |- ... 38

Phone . . ..... 38

Phone.. . ..... 23

Carl E. Smith, E.E., Consulting Engineer, President

CLEVELAND INSTITUTE OF RADIO ELECTRONICS
Desk RN-59, 4900 Euclid Bldg., Cleveland 3, Ohio

December, 1953

TELLS HOW—~

Our Amazingly Effective

JOB-FINDING SERVICE
Helps CIRE Students Get Better Jobs

Here are a few recent examples of Job-Finding results:

GETS CIVIL SERVICE JOB
“Thanks 1o your course I ghtained my 2nd phone license, and am now employed by Civil
Service al Great Lakes Naval Training Station as an Engincering Specialist.””
Kenneth R. Leiser, Fair Oaks. Mtd. Del., MeHenry, T11.
GETS STATE POLICE JOB
"I have obtained my 1st elass ticket (thanks to vour school) and since receiving same I
have held gopd jobs at all times. I am now Chief Radio Operator with the Kentucky
State Police.”
Edwin . Healy, 264 E. 8rd Si.. London, Ky.
GETS BROADCAST JOB
“T wish to thank vour Job-Finding Service for the help in sceuring for me the position
of transmitter operator here at WCAR, in Pittshurgh.”
Walter Kosehik. 1442 Ridge Ave.. N. Braddock, Pa.
GETS AIRLINES JOB

OURS IS THE ONLY , SET | .
HOME STUDY ‘Due to vour Jeb-Finding Service, I have heen getting many
(838 HF?EIEE;V I-}l:lCCCH offers from all over the country, and 1 have taken a job with
B Capital Airlines in Chicago, as a Radio Mechanic.””
I EorEviNgN Hurry Clare, 4537 S. Dresel Blrd., Chicago. IIL
lfl%:%EOTgSSTS.A D Your FCC Ticket is recognized in all radio
fields as proof of your ¥echnical ability

MAIL COUPON NOW

IEENEE R AR NN ANEE
CLEVELAND JNSTITUTE OF RADIO ELECTRONICS
Desk RN-59—4900 Euclid Bldy., Cleveland 3, Ohia
(Address to Desk No. to avoid delay)

T want to know hew I can get my FCC ticket in a minimum of time.
Send me yowr FREE hooklet, “1low to Pass I'CC License Examina-
tions” (does not cover exams for Amateur License). as well as a
B sample FCC-type exam and the valuuble booklet. “Meney-Making FCC

B

License Information.”” Be sure to tell me about your Television
Engineering Course.

ADDRESS ... .... .. o T3 g o o[ A m s IS SR b 0w ) s sEeRERT-

ZONE. ..... STATE.. ... ...
Paste on two-cent postcard or send airmail

ESEDNEEREEm

R R

L}

=

B NAME e comemen o 5 mss 6 o o pusie prosenens & T ORI b ARIX: 5T BEEE-
=
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Only EICO Has All These Features:

e AC & DC volts:
0-5, 10, 100, 500,
1000 V (30 KV with
HVP-1 probe). @ 5
ohm ranges from .2
ohm to 1000 megs.
e DC input Z 26
megs. ® 412" meter
movement in can’t

e Continuous cov-
erage of all TV &
FM fregs. from 500
kc to 228 mc.

o Sweep width var-
iable 0-30 mc.

i @ Crystal marker

oscillator, variable
amplitude.

1 moxen i
@ VERTICAL FREQ. RESPONSE: | 2 e .U rln%o lr’ntulf,”feusli;-
flat 2= 2 db 10 cps — 1 mc P 4 il tors.

@ VERTICAL SENS.: .01 volts
rms/inch

@ HOR. FREQ. RESP.: flat = 0 db
10 cps — 200 ke, —4 db at 500 ke

o HOR, SENS.: .3 volts rms/inch
® SWEEP RANGE: 15 cps-100 ke

® 3-STEP FREQ.-COMPENSATED
ATTENUATOR eliminates freq.
distortion, overloading.

@ CATHODE FOLLOWER inputs to
both amplifiers

PUSH-PULL outputs in both amplifiers
RETURN TRACE BLANKING
INT. VOLTAGE CALIBRATOR

V & H TRACE EXPANSION & CENTERING:
1.5X full screen without distortion.

360K SWEEP GEN. KIT $34.95,
WIRED $49.95.

221K VIVM KIT $25.95. WIRED $49.95.

|
| HIGH VOLTAGE PROBE $6.95
| @ Extends range of VIVMs

o
{ & voltmeters to 30 KV. gataree 7o meter,

can’t-burn-out circuit.
® AC/DC voits: 0-5,
10, 100, 500, 1000
(30 KY with HV Probe).
® 5 ohms ranges
from .2 ohm to 1000
meg

PiX TUBE ADAPTER . DC input Z 26

for Tube Testers $4.50.
Checks TV picture tubes
while in set.

megs.
® 1% mult. resistors.
214K VTVM KIT $34.95. WIRED $54.95.

© [llum. gear-driven
“Speed Rollchart."”

@ New lever-action
switches for individ-
val testing of every
element.

® Tests all conven-
tional & TV tubes.

625K TUBE TESTER KIT
$34.95. WIRED $48.95.

COUNTER CABINET for above: add $10.00 to Kit
or Wired Prices.

|| @ Measures & tests all
resistors; .5 ohm to 500
megohms.

® Every type conden-
ser, 10 mmf to 5000 mfd.
e 0-500 DC voltage
) source for capacitor
leakage testing.

950A-K R-C BRIDGE & R-C-L COMP. KIT $19.95.

WIRED $29.95.

MODEL 470K
@ DIRECT CONNECTION to vert. CRT plates. KIT $79.85.  WIRED

@ PHASING CONTROL of internal 60 ¢ps sine wave sweep. $129.50.
@ AT FRONT PANEL: intensity mod. input; 60 cps, sawtoath outputs.

Famous EICO amazing feature- packed economy-priced
425K 5” PUSH-PULL SCOPE KIT $44.8 D $79.95.

o Audibly signal traces

. all IF, RF, Video & Audio
circuits from ANT to

SPKR or CRT in all TV,

FM, AM, etc. without

switching.

e Germanium crystal

' diode probe responsive

to over 200 mc.

o Integral test speaker.

145K SI6. TRACER KIT $19.95.
WIRED $28.95.

® Fundamentals 150 kc
to 34 mc, harmonics to
e 102 mec.
s x ® S5-step band switch-
i ing.
e Colpitts audio oscil-
lator generates 400 cps

at less than our cost of handlmg (see the EICO Guar- 5 B &
antee Card enclosed with each Kit and Instrument). : %)%O/A(?Col;ts: Zr:pogiz

1, 5, 10, 50, 100, 500,

! 5000. {
SCOPE VOLTAGE CALIBRATOR KIT e DC/AC Current: 0-1, P“': S'"e,z"a"e Vrl’"a'fi-
495K KIT $12.95. WIRED $17.95. 10 ma; 0.1, 1 A. galbiergltobil eyl 8,
e Sq. wave output at power-line e Ohms: G-500, 100 K, modulare ’ P
freq. with full-scale readings of 1 meg.

320K SIG. GEN. KIT $19.95. WIRED $29.95.

-1, 1,10 or 100 V. peak4o-peak. 53K MULTIMETER KIT $12.90. WIRED $14.90. 322K SIG. GEN. KIT $23.95. WIRED $34.95.

e Accuracy = 5% of full-scale 526K MULTIMETER KIT $13.90. WIRED $16.90.
on each range.

. ® Complete sine
wave coverage, 20-
200,000 cps in 4
direct-reading

6V & 12V BATTERY ELIMINATOR KiIT
1050K KIT $29.95. WIRED $38.95.

o DC output: 0-8 V or 016 V.

e Continuous current rating:
10Aat6V, 6Aatl2V.
o Intermittent current rating:
20 Aat 6V, 12 Aat 12 V.
o Separate Voltmeter & Am-

ranges.

e Complete square
wave coverage, 60-
50,000 cps.

e Cathode follower

® Resistance values from 0 to
99,999 ohms with 0.5% preci-
sion.

® Alt resistors have 0.5%
aceuracy.

output circuit.

377K SINE & SGUARE WAVE AUDIOD
§ GEN. KIT $31.85. WIRED $49.95.

meter. L
1171K RES. DECADE BOX KIT $19.95.
WIRED $24.95.

® 20,000 /V; 31 ranges.

e DC/AC/Qutput volts:

0-2.5, 10, 50, 250, 1000, 5000.

e DC Current: 0-100 ua: 10,

100, 500 ma; 10 A,

® Ohms: 0-2K, 200K, 20 meg.

565K MULTIMETER KIT $24.95.
WIRED $29.95.

555K MULTIMETER KIT $29.95. §
WIRED $34.95.

o Covers range of 75
ke to 150 mc.

@ 7 calibrated scales:
accuracy better than
1%.

@ Bandspread vernier
| tuning.

® 4-step RF shielded
output multiplier: con-
stant output Z.

= 315K DELUXE SIG. GEN.
KIT $39.95.
WIRED $59,95.

UECADE CONDENSER BOX KIT
1180K KIT $14.95. WIRED $19.95.

o Al capacltors precision silver
mica, accuracy ==

e Range from 100 mmf — 0.111
mfd in steps of 100 mmf.

® Smooth-acticn positive detent
ceramic switches.

Prices 5% higher on West Coast. Speclficatlons
and prices subject to change without notice,

1% precision resistors

Write NOW for FREE latest Catalog R-12

You build EICO Kits in one evening, hut, . . they last a lifetime!
And you SAVE OVER 50%/! See the fomous © 195

EICO line TODAY, in stock at your local jobber.
RONIC INSTRUMENT CO., Inc., 84 Withers Street, Brooklyn 11, N,
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radio amateurs, both in this coun-

try and abroad, are engaged in
developing small television transmit-
ters, such activities are beyond the
scope, both financially and technically,
of the average amateur. Moreover, the
radiation of conventional video sig-
nals, designated as a type A5 trans-
mission, is restricted to the amateur
bands above 420 mc. because of the
large bandwidth required. Unfortu-
nately, communication on these bands
is usually limited to distances less
than the optical horizon visible from
the transmitter and thus may be only
on the order of 50 to 100 miles.

A simple, inexpensive facsimile sys-
tem for the transmission of photo-
graphs could readily become popular
and would make radio contacts a
much more personal experience. Such
transmissions, giving the same defini-
tion as a television picture and requir-
ing a bandwidth no wider than that
used for telephony, could be made on
amateur bands where facsimile or A4
transmissions are permitted. Thus,
still pictures could be transmitted on
all amateur bands above 26.960 mc.
with the exception of the 10-meter
band (28.0-29.7 mc.). In the 1l-meter
band communication distances of thou-
sands of miles are possible with mod-
est equipment.

This article describes an experimen-
tal method for the relatively slow
transmission of photographs utilizing
a video bandwidth of approximately
5 kilocycles. Both the transmitting

ALTHOUGH a certain number of

December, 1953
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and receiving equipment are simple
in design and within the financial
reach of most amateurs, since the two
major items required are: (a) an oscil-
loscope, and; (b) a camera.

In transmitting a picture the sys-
tem utilizes an ordinary oscilloscope
as a flying-spot scanner and a photo-
multiplier as a video pickup unit. To
receive the picture, the oscilloscope is
used to slowly reproduce the photo-
graph line by line while the face of
the tube is being photographed. A
“Polaroid Land” camera may be used
where rapid processing of the film
may be desired, but a much cheaper
and simpler camera may be modified
for the purpose.

Conventional Methods

Facsimile transmission and recep-

Fig. 2. Essentials of conventional mechanical scanning and reproducing systems.

m *’mﬂ_fﬁ

Simpler than television or
conventional facsimile sets,
this interesting project is

within an amateur's budget.

IEDITOR’S NOTE : T'ype A} facsimile (ampli-
tude modulated) is permilied in all the
amateur v.h.f. and w.h.f. bands including
six meters, and also in the 11-meler band
(26.960-27.230 me.). There are at present
very few specific rules governing wmateur
facsimile. However, the signal bandwidth
should be no greater than that of @ cor-
rectly-operated phone transmitter and
the gencral rules on purity of emission
apply. The station call sign must be
transmitted at least once every ten min-
ules as required by the general regula-
tions, both in facsimile and in c.w. or
phone on the sawme frequency used for the
facsimile transmissions. This system will
meet the requirements and may be ap-
plied to any good-quality transmitter in
the appropriate frequency range.

SCANNING
DRUM

SCANNING LIGH1
SPOT

; [
R \\
€3 /
PICKUP ~— \

LENS i
SYSTEM I
'

LENS SYSTEM
POINT LIGHT

‘ N\ DRUM
N

(A}

FILM OR SENSITIZED
PAPER

FOR FOCUSING
N '\ SOURCE ON THE

MODULATED LIGHT
SPOT

LENS FOR FOCUSING
POINT LIGHT SOURCE
ON TO DRUM

NEON LAMP GIVING %}\ \

A LIGHT SOURCE OF -~
MODULATED LIGHT
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Fig. 3. Block diagram of the simple ama-
teur facsimile system. Units 1, 2, and 3 at
the top are part of any amateur phone sta-
tion. The units of the sync and mixer sys-
tem are fairly simple to build. Even inex-
pensive scopes should be satisfactory.

tion is normally accomplished by
means of electromechanical devices.
The photograph or material to be
transmitted is wrapped around a drum
capable of rotation and the scanning
head consists of an optical system
which focuses a small spot of light
on the picture as shown in Fig. 2A.
As the drum rotates, the spot of light
is made to travel at a much slower
rate from one end of the drum to the
other. Light reflected from the sub-
ject of the picture is detected by the
phototube as shown.

Similar equipment is used for re-
cording the facsimile transmissions
and four methods are currently in use,
namely; photographic, wet electrolyt-
ic, dry electrolytic, and carbon paper
processes.

Fig. 2B shows a sketch of the equip-
ment for the photographic process and
here it will be seen that an amplitude-
modulated point source of light is
made to scan a raster on a film on
sensitized paper wrapped around a
rotating drum. Synchronization of the
transmitting and recording units is
often accomplished by using driving

Fig. 4, Block diagram of the author’s experimental facsimile
oscillator feeds

On-the-air tests have been
deferred pending clarification of standards for this system.

transmitting system, The r.d,
directly, through coaxial cable.

motors which are initially brought
into accurate phase relationship with
each other by means of a phasing
signal before the picture is trans-
mitted. Thereafter, during the trans-
mission of the picture, reliance is
placed upon the constant speed motors
to maintain their phase relationship.

" Other facsimile systems automatically

start the recording drum at the be-
ginning of each line scan.

In commercial facsimile practice
both AM and FM systems are used. In
the case of amplitude modulation,
however, the signal frequency is used
to first modulate an audio frequency
and this, in turn, is used to modulate
the transmitter.

Regulations

Because facsimile transmissions are
normally made by the methods de-
scribed previously, the rules and reg-
ulations laid down by the FCC relat-
ing to such transmissions are, strictly
speaking, only applicable to these
methods. The necessary bandwidth
for facsimile transmissions is given in
these rules and regulations as:

(KEN/T + 2M) cps
where:

K is an over-all numerical factor
which differs according to the emis-
sion and depends upon the allowable
signal distortion. This factor is set
at 1.5.

N/T is the maximum possible num-
ber of black plus white elements to
be transmitted per second, and

M is the maximum modulation fre-
quency expressed in cycles-per-second.

The total number of picture ele-
ments (black and white) transmitted
per second is given by the product of
the following factors: (a) the circum-
ference of the drum; (b) number of
scanning lines made per unit length
along the drum; and (c) the speed of
rotation of the cylinder in revolutions-
per-second.

The system to be described does not
use mechanical scanning or recording
units. Hence, these rules are not
strictly applicable. However, the sys-
tem fulfills the legal requirements for
amateur facsimile as they stand, in
regard to bandwidth, etc.

The first tests were made in the lab-
oratory with “closed-circuit” models,

the receiver

which did not radiate a signal on the
air. The test results were gratifying
(see Fig. 10) and indicated that the
system would be useful in actual com-
munication.

The laboratory “station” used a
modulated low-power oscillator cou-
pled by r.f. cable to a receiver to
simulate actual transmission. The
transmitting equipment may be used
with any good, stable transmitter in
one of the frequency ranges in which
A4 facsimile is permitted. When col-
laborators are found tests will be
made over communications distances.

Bandwidth and Speed

If the bandwidth of a facsimile sys-
tem is arbitrarily fixed at some rea-
sonable value such as 5 kc., then to
obtain pictures with the same resolu-
tion as a television image (which is
reproduced with a 4 mc. bandwidth
in a time of 1/30th of a second), the
total time for the transmission of a
photograph would be approximately
half a minute. .

However, with sacrifice of resolu-
tion, the time of transmission may be
reduced. Similarly, if a wider band-
width is to be employed, as is permis-
sible on the higher frequency bands,
then the speed of transmission may
also be increased. .

In view of the fact that no stand-
ards exist for this type of facsimile
transmission, the equipment described
utilizes a bandwidth of 5 kc. and was
designed to give a picture with about
the same definition as a television pic-
ture.

Basic Equipment

Every amateur telephone station pos-
sesses a receiver (1), a modulator (2),
and a transmitter (3) as shown in
Fig. 3. To convert this into a facsimile
transmitting station only a “sync and
mixer unit’ and an oscilloscope (to-
gether with photomultiplier and cam-
era) need be added.

Examination of Fig. 3 shows that
the “sync and mixer unit” consists of
four sub-units (or stages), namely:
a 30-second time-base generator (4);
a line sync-pulse generator (5); a
sync-pulse discriminator (6), and a
mixer (7).

Fach of these stages, depending on

Fig. 5. Block diagram of the receiving system. The receiver
oscilloscope, and power supply were what happened to be avail-
able: other, less expensive units may be substituted. Cheap
box cameras. suitably modified. may be used for recording.
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Fig. 6. The transmitting “station,” consisting of oscilloscope flying-spot scanner, photomultiplier pickup tube and associated
circuits (see Fig. 9), transmitter and power supply. The little transmitter chassis also houses the 30-second time-base generator

and 20-cps multivibrator.

its design, takes one (or possibly two)
tubes. Hence, it is not a formidable
unit to build, although it should be
constructed so as to accommodate
the high voltage supply for the photo-
multiplier.

The 30-second time-base generator
(4) may be a conventional Miller-type
circuit utilizing a pentode with a con-
denser strapped between its plate and
grid.  Shorting the “start” switch
causes the plate voltage to fall line-
arly until “bottoming” occurs.

The sync-pulse generator (5) used
only during transmission is a simple
multivibrator operating at 15 or 20
cps and capable of easy synchroniza-
tion to the 60-cps line frequency. Its
function is twofold: to provide syn-
chronizing pulses to the oscilloscope
when it is used as a flying-spot scan-
ner and to the mixer where they are
mixed with the video signal for trans-
mission.

The sync-pulse discriminator (6),
used only during reception, is similar
in design to that used in a conven-
tional TV set. Its purpose is to sep-
arate the sync pulses from the video
signals and to pass them on to the
oscilloscope for synchronization.

The purpose of the mixer (7) is ap-
parent from Fig. 3 and during trans-
mission, mixes the video and line sync
pulses for application to the modula-
tor (2).

The oscilloscope (8) may be any
available instrument, but it should
have the following features: (a) a
cathode-ray tube with short-persist-
ence phosphor; (b) a Z input terminal
with d.c. restoration; (¢) a linear
time base capable of good and steady
synchronization at low speeds, (d) a
d.c. connection to one of the Y plates;
and, (e) good uniform brightness and
focusing across the face of the tube.

The short-persistence phosphor on
the face of the cathode-ray tube is re-
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quired only when the oscilloscope is
used as a flying-spot scanner. That
used by the author was a P11 phos-
phor, but a P4 or a P5 should be
equally suitable. (Certain tubes with
P4 phosphors such as the 5BP4 and
SHP4 are available for about $5.00 on
the surplus market.).

Most oscilloscopes are provided with
a Z input terminal but in any event,
an oscilloscope may be readily modi-
fied to give this provision by connect-
ing a terminal via a large condenser
to the grid (or cathode). The d.c.
restoration should be provided by wir-
ing a crystal diode (such as a 1N34)
across the grid leak in such a manner
that the grid cannot go negative with
respect to the potential of the other
end of the grid leak.

Commercially-built power supply at right may be replaced by any good 250-volt d.c. supply.

Although most oscilloscopes contain
horizontal time bases capable of run-
ning at 15 or 20 cps which are easily
synchronized, an external one could
readily be built to meet this require-
ment. Because of the very low scan-
ning rate of the vertical time base, a
d.c. connection to one of the Y plates
is desirable. If this is not provided
on the oscilloscope, a direct connec-
tion can readily be made to one of
the Y plates.

It is gratifying to find that as the
video signal is applied to either the
cathode or grid, the frequency re-
sponse of the Y amplifiers is unim-
portant. Xence, cheap oscilloscopes
are entirely suitable for the purpose.

In his experiments, the author used
a Du Mont-modified “Polaroid Land”

Fig. 7. Schematic of the receiver video unit, for use with ordinary receiver.
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camera to record the transmissions
because this instrument was readily
available. However, it is planned to
modify cheap box cameras so as to be
suitable for recording purposes.

It is also interesting to note that if
visual presentation of the video sig-
nals is not immediately desirable,
they may be recorded on tape to be
applied to the oscilloscope later. How-
ever, the recorder must have a good
frequency response and must not in-
troduce phase shifts.

Experimental Stations

To test the system, two stations
were simulated in the laboratory, a
transmitting and a receiving station
as shown in Fig. 1 and Fig. 6. The
former station utilized an oscilloscope
as a flying-spot scanner, a photomulti-
plier pickup unit, a 30-second time
base generator, a 20 cps sync-pulse
generator, a mixer circuit and an r.f.
oscillator shown schematically in Fig.
8. The latter station, illustrated dia-
grammatically in Fig. 5 and coupled
to the former by r.f. transmission line.
consisted of a receiver, a sync-pulse
separator. a 30-second time-base gen-
erator, and an oscilloscope with re-
cording camera. Copy was transmitted
only in one direction because by so do-
ing not only was the necessity of du-
plicating certain parts of the equip-
ment eliminated, but because a one-
way transmission was sufficient to
demonstrate the process.

Because of his desire to test the
performance of the system without
undue delays, the author utilized
whatever equipment happened to be
on hand in a well-furnished labora-
tory. As a consequence expensive
equipment was used where inexpen-
sive components would have been just
as usable.

Transmitter

For the flying-spot scanner, a Du
Mont cathode-ray oscillograph type
248A was used with a photomultiplier
mounted in a brass box attached by
hinges to the front face of the oscil-
loscope. Copy to be transmitted was
applied directly to the face of the
tube in the form of negatives or writ-
ten on the tube face with china mark-
ing pencils.

The oscilloscope utilized a 5RP11
tube and the time base was as linear
as could be desired. However, the
trace was not of uniform brightness
and tended to be dim at the begin-
ning and end of the sweep. DBecause
the oscilloscope normally utilized
capacitive coupling to the Y plates,
a d.c. connection was made directly
to one of the Y plates in the 5RP11
tube.

The photomultiplier power supply
shown schematically in Fig. 9 was
designed for another purpose and it
was used without modification except
for the insertion of a load resistor of
about 20,000 ohms in series with the
last dynode. Under normal operating
conditions, an average d.c. current of

(Continued on page 128)
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TV SERVICING
IN THE HOME

By
RICHARD BLITZER

Discussion of the advantages of TV
servicing in the home using new

completely portable test instruments.

ERY often on a service call in a cus-
Vtomer’s home, the radio-TV techni-

cian finds himself wishing he could
fix the set without having to carry the
heavy chassis down several long flights
of stairs. When the trouble isn’t simply
a tube, the usual procedure is to “pull
the chassis” and carry it back to the
lab.

The author, himself a TV service
technician, has asked many other ex-
perienced technicians for their opin-
ions on home servicing. Some said it
would be inadvisable; others said they
do as much servicing as they possibly
can in the customer’s home.

In the main, the objections seem to
boil down to the following:

1. Lack of working space and test
equipment in the customer’s home.

2. Necessity for carrying many stock
parts.

3. The nuisance of having the cus-
tomer (or his offspring) looking over
your shoulder, asking questions, and
even getting in the way.

4. The possibility of damaging house-
hold furnishings. S

5. The difficulty of convincing the
customer, who saw you repair the set,
of the validity of your bill (especially
when it is large).

6. The higher operating costs result-
ing from the need to employ skilled
outside service technicians who know
as much as benchmen, and command
higher salaries than the simple “tube
changing” service mechanic.

As to the first objection, most homes
have a kitchen or dining room table
large enough for service work. Also,
compact. portable test equipment,
which the technician can easily take
along on all service calls, is now avail-
able, and more and more test equip-
ment manufacturers are designing
multiple functions into their individ-
ual test instruments. The carrying
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case in the left hand of the technician
in Fig.1, for example, contains every
piece of test equipment that a service
technician could need in the home.
Such a test equipment set might in-
clude a tube tester (for both ordinary
and cathode-ray tubes), a v.t.v.m. with
high-voltage probe, AM and FM sig-
nal generators, and even a scope, and
still not weigh more than 30 lbs.

wwwW americanradiohistorv com

Fig. 1. TV technician on a serv-
ice call carries an RCP port-
able test set and a tube caddy.

Where it is apparent that the serv-
ice technician will not have table
space, he should not attempt to work
on the floor in cramped quarters, and
should remove the set to the shop.

As to the parts problem, a small
supply of resistors, condensers, univer-
sally-used output transformers, and
tubes, should be stocked in the truck

(Continued on page 126)
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Fig. 1. A given point on the tape is “spotted” by rapidly mov-
ing the tape back and forth past the playback head by hand.

Part 2. Methods of splicing recorded tape to provide a

free-flowing performance. Actual techniques are covered.

are well known, its most outstand-

ing being its adaptability for edit-
ing. Before any serious editing work
is attempted, one must consider the
speed of the tape being used. The
general rule is the faster the better.
One can readily see that one second
of sound over thirty inches of tape is
easier to handle than the same sound
crammed into as little as 17% inches.

When 1/64 inch of 30-ips tape makes
the difference between a good and bad
splice—a fairly common condition in
musical editing—the corresponding
tolerance of 1/256 inch at 7% ips is a
near impossibility. It is often desira-
ble, therefore, to make a 30- or 15-ips
dub from a slower tape, expressly for
editing, and at same time protecting
the original from damage. This is also
recommended for dual-track tape, for
anything removed from the side being
edited will result in a gap in the op-
posite track. Thus neither side of a
dual-track tape can be edited directly,
unless the companion track is expend-
able.

A simple editing job as a starter
might require splicing together into
long-play form a series of tape copies
of single phonograph records. Fol-
lowing commercial practice, there
should be a five-second pause of si-
lent tape between selections. But as
the tape stands after recording, the

'!'HE advantages of tape recording

spaces between parts are much
longer and marred by switching
clicks. The problem then simply is

to silence the pauses and shorten
their length.

50

The first step involves playing the
tape toward the end of the first se-
lection, and starting a stop-watch
after the music has faded out. Then
follows careful listening for noises
during the five seconds. If any are
heard, they must, of course, be re-
moved. This is done by pulling the
tape backwards, turning the supply
reel manually. When the noise is
heard, the tape is stopped immedi-
ately. Then the tape is moved back
and forth past the playback head un-
til a point is found where the noise
is heard whenever the tape is moved
slightly in either direction. This pro-
cedure is known as “spotting”, and is
illustrated in Fig. 1. With the tape
in this position, it is cut at each end
of the housing which shields the
heads, the short length removed, and
the two ends spliced together. The
process is repeated as often as nec-

essary until five seconds of quiet
tape is achieved. All this can be
avoided, of course, by the insertion

of tape known to be silent, such as
erased magnetic tape or plain leader
tape. In this case, the quiet tape is
simply spliced to the recorded tape
where the music ends. The length of
silent tape is calculated as five times
the operating speed of the machine.
(For example: 5 seconds times 7%
ips equal 37% inches.)

With the blank tape in place, the
final step requires splicing at the
beginning of the next selection. This
is accomplished by pulling the tape
from the supply reel past the play-
back head until the next music is
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PAGES FROM A TAPE EDITOR'S

O0TEBOOK

By
DONALD C. HOEFLER

heard. The tape is then reversed
until sound just dies out, it is cut at
the end of the shield housing nearest
the takeup reel and spliced to the
blank tape previously prepared.

There arises a somewhat more
complex problem, however, when it
is necessary to assemble a complete
program from its composite parts
without the leeway of long pauses
between segments. A dramatic show,
for example, which was recorded one
scene at a time—or perhaps even
line by line—must be joined to-
gether so as to provide cohesion and
continuity.

The editor normally works with
the director on this, and in order
that their timing be precise the tape
is marked at the exact spot where
the following section should begin.

This involves another indispensa-
ble editing tool known as a china-
marking or grease pencil. It is a
standard stationery item, available
in various colors. Bright yellow is
usually best, as it shows up well
against red oxide tape. But it is well
to have several colors available to
avold confusion when it is necessary
to place more than one mark on a
given section of tape.

For precise editing the shield must
be removed from the playback head
so that the tape may be marked at
the moment it passes the head. It is
played beginning a little ahead of
the point where the segue is desired,
and the pencil point is held almost
touching the tape directly over the
gap on the playback head. On the
director’s cue, the pencil immedi-
ately strikes and marks the tape,
as shown in Fig. 2, and the cut is
made at the beginning of the mark.
The following part is then pulled
manually past the head until the
beginning of the desired sound is
heard, and rocked back and forth
until the exact point is located. A
mark is placed on the tape over the
gap, as shown in Fig. 3, and a splice
marked and cut. Finally the splice
is auditioned to verify the result.

Until a splice is approved, it is
is made there to the end previously
good practice to save the tape which
was removed. Then if for any reason
the splice must be lengthened, some
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of the identical tape may be re-
inserted, thus preserving the conti-
nuity of “room tone.”

When breakdowns occur, due ei-
ther to production difficulty or to
equipment failure, the program can
still be edited together by the use
of the same techniques. It is im-
portant, however, when recording is
resumed, that the continuity be
picked up several lines ahead of the
intended splice. For when a speaker
begins “cold”’, he will usually begin
with an inflection which will sound
unnatural in the middle of a speech.
When he is required to backtrack, he
will have settled down to his normal
pace and inflection by the time he
reaches the point of the splice.

It naturally follows then that an
editor can do much to put together
a well-knit production by cutting out
“fluffs” and smoothing the continu-
ity. He may not be able to make a
bad production sound good, but he
can make a good onc sound even
better.

Some editors have argued that the
frequency response curve of the
playback system used for editing
should have a marked rise around
4000 cycles, to take advantage of the
point of greatest sensitivity of the
human ear. But while the editor of
radio shows and other material con-
sisting largely of speech may find
such a system to be advantageous, it
is out of the question when a great
deal of music is involved. The music
editor may find in one instance that
the only convenient place for him to
cut his tape is at the beginning of a
pizzacato bass note, or again it may
be a very high note struck on a tri-
angle. Thus he must have a flat
wide-range system which will permit
him to find a cue for cutting any-
where throughout the spectrum.

Since a much wider frequency
range and greater variety of tonal
values are involved in the editing of
music, this work is considerably
more complex and exacting than the

Fig. 2,

to an earlier part, the point at which the splice is to be made
is marked on the first tape while it is being played back.
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When a succeeding sequence of tape is to be applied

editing of speech. A situation re-
quiring musical editing occurs in the
compositing of parts of a musical
work which are incomplete due to
breakdowns. Here again it is essen-
tial when recording that the artist
be required to resume several
phrases ahead of the point where the
breakdown occurred.

Assume, for example, that an artist
makes a mistake at bar 209 of a
given composition and the recording
is stopped. The next take should
begin perhaps around bar 200. The
editor will then have on tape an
overlap of a half-dozen bars or so
which should be identical in tempo,
dynamics, and timbre. Somwhere in
this area he must find a point at
which to cut each of the tapes, re-
move the excess, join the remaining
ends and produce synthetically a
continuous musical performance.

If there should happen to be a
pause during those few bars, the job
is simple and may be accomplished
by use of the techniques described
for speech. But usually a musical
tone must be found which will be
used as the cutting cue. A sharp
attack by an instrument or section
is always easier to spot, and the
percussion instruments, harp, piano,
oboe, trumpet, French horn, and vo-
calists wusually provide the better
cues. The final spotting is done by
rocking back and forth, the tape
which is removed is preserved tem-
porarily, and the finished splice is
auditioned for musical correctness.
The first question concerns the con-
tent. Were both cuts actually made
at the same point—or at two differ-
ent points which sounded similar?
If the latter be true, the composite
will have music either missing or
duplicated. Next check for tempo
and phrasing. Is it identical to that
on the original composite parts?
Finally check the sound of the splice
itself. Does the attack sound natu-
ral? If the two cuts were not made
at identical points, the resulting
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composite may have a double attack
-—sort of a stuttering effect—on one
note; or the attack may have been
cut off and the tape cut into the
middle of the note. But even with
all these precautions, there are occa-
sions when the performances be-
tween takes differ to such an extent
that a smooth splice is impossible.
At this point, the editor must dig
deeper into his bag of tricks.

One must re-record and crossfade
whenever the two tapes to be joined
contain a musical overlap but lack
any identical points for splicing. This
sometimes occurs in the compositing
of breakdown parts, but it is en-
countered most often when a piece
of music must be assembled into
long-play form from composite parts
originally recorded on 78 rpm rec-
ords. Every side break must then be
analyzed, usually with the aid of the
musical score, and the treatment
necessary to produce the effect of a
continuous performance must be de-
vised. Consider the case of a re-
corded opera where a given side ends
with the end of an aria. Suppose
that the following side begins with
an orchestral passage which, accord-
ing to the score, should begin at the
same time as the last note of the
aria is sung. In other words, the first
note of the orchestra should begin
simultaneously with the last note of
the aria. It is obvious then that both
of these records should, for a brief
period, be playing at the same time.

For this job two tape machines (or
two turntables, if disc is the source)
are required for playback, and a tape
recorder is necessary for the master
recording. The two playback ma-
chines are placed side by side, with
one of the recordings on each, and
the outputs are fed into a mixer
whose output supplies the tape re-
corder and monitor system. The out-

going part is then played a few
times, and a musical cue is estab-
lished which will be used as the

(Continued on page 126)

Fig. 3. When a desired sound has been isolated to a given point.
a mark is made at that point. Since the sound heard on the tape
is directly over the playback head. that is where mark is made.
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THE TV SET

By DON V. R. DRENNER
Engineer, Station KGGF

Part 2. A booster for the Craftsmen TV-200 and a vertical

blanking circuit to be added to improve fringe reception.

Data on an equalizer for the RC-10 will appear next month.

various components which com-

prised his home installation for
high-fidelity reception and gave de-
tails on the wall baffle-box which was
designed and built to house his West-
ern Hlectric 35-watt speaker.

This article covers several modifi-

lAST month the author described the

cations made on the author’s Radio
Craftsmen TV-200 television chassis
in order to provide primary area re-
ception in what is essentially a fringe
area.

Our choice of the Craftsmen TV-200
for the television end of “The Com-
pleat Fidelity” was dictated by fideli-

CHANNEL L* L. L;
2 3t. 12 t. 18 t.
3 3t. 10 t. 14 t.
4 3t. 8 t. 14 t.
5 3 t. 8 t. 11 t.
6 3t 8 t. 11 .
7 2 t. 31h-4 t. 8 t.
8 2 t. 3lh-4 ¢ 8 t.
9 2 t. 3lh-4 ¢ 8 t.

10 2t. 3ih-4 ¢ 8 t.
11 2 t. 3lh-4 ¢ 8 t.
12 2 t. 315-4 ¢ 8 t.
13 2t 315-4 ¢ 8 t.

*L; and L; are center-tapped. Ly, L:, Ly, Li—#24 en., %" dia. slug-tuned forms; Lyx—
#24 en., 14" dia.; Li;, REC:, REFC»—#20 en., 14" dia. All coils are close wound.

L L* Lix RFC,RFC,
18 t. 4 t. 32 t. 12 t.
18 t. 4 t. 32 t. 12 t.
12 t. 4 t. 32 t. 12 t.
12 t. 4 t. 20 t. 12 t.
12 t. 4 t. 2D t. 12 t.
5 t. 1+t 11 +. 5 t.
5t 1+ 11 +. 5 t.
4 t. 1t 11 ¢, 5t.
4 t. 1+t 10 t. 5 t.
4 t. 1t 10 t. 5 t.
4t 1t. 10 t. 5 t.
4t 1t 10 t. 5 t.

Table 1. Winding data for the various coils required in the booster circuit, Fig. 1.

Fig. 1. A simple booster circuit which can be added to the Crafismen TV-200 set.
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ty. We mean to the ear as well as to
the eye.

The intercarrier set, while econom-
ical, just doesn’t have the capabilities
of the split-sound type when it comes
to audio. Lack of limiting and the
“intercarrier buzz” are well known.
So we wanted separate i.f.’s for the
video and sound, and at least two
limiters.

Being in a fringe area we needed
a booster, so we made that. It is a
6BQ7 (or a 6BZ7), in a neutralized
cascode circuit, patterned after one
in “Sylvanic News” for November
1951.

We could have modified the 200’s
front end and installed a cascode
tuner. But an rf. amplifier, even a
low-noise high-gain one, feeding the
mixer directly does not give as good
a noise figure as when feeding a pen-
tode 2nd r.f. stage before the mixer.
So the original r.f. stage became our
2nd. When other channels become
available (we receive only Channel 6
now) another booster will be built or
a channel switch added. If all this
sounds fussy, well we receive usable
signals when our neighbors have a
screen full of snow!

The cascode circuit shown in Fig. 1
uses neutralizing to improve the noise
figure. In construction, isolate the
input and output coils, and keep all
leads short, particularly the input and
output coils.

The coil table (Table 1) should be
used as a guide since some variation
of a turn or so is to be expected in
the grid and plate coils.

A separate power supply is pre-
ferred, but the necessary heater and
plate voltages may be picked up from
the TV set.

Vertical Blanking

One of the most annoying problems
in many TV sets, particularly in fringe
area service, is the visible vertical
retrace lines. These appear when the
brightness control is advanced. Theo-
retically, the black level is set at the
transmitter, and if your d.c. restorer
is functioning, or the tube isn’t weak,
you shouldn’t have to touch the
brightness control once it is set. In a
weak signal area, however, too often
average brightness will coincide with
prominent retrace lines.

In the Craftsmen TV-200 used in

(Continued on page 146)

Fig. 2. Circuit for vertical retrace blanking.
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RECORDIN
SYSTEM

NE of the prime requisites of a
0 hum-free audio system is to iso-

late the wvarious signal -circuits,
so that there will be no crosstalk be-
tween components resulting from au-
dio levels differing by approximately
20 db.

Reference to Fig. 1 shows the
mounting of components on the con-
trol rack (right side) comprising the
following: Fisher and Craftsmen FM-
AM tuners, preamp-equalizers, jack
panels, line amplifier, monitor ampli-
fier, power amplifier, and the three
barrier-type terminal blocks.

A somewhat simplified means for
selecting various circuits is employed
at the inputs to the system. Each of
the preamp-equalizers (Fig. 4) is nor-
mally equipped with five separate in-
puts, any one of which may be selected
at the control panel of the preamp by
means of a switch. In this system, all
of the inputs, such as pickups, micro-
phones, etc., are connected permanent-
ly to the preamps, but each of these
inputs is so wired within the system
that ready access to these circuits is
always available by means of patch
cords. Note that each tuner, micro-
phone, pickup, and tape channel is
connected to the preamplifiers through
double (normalled) jacks, so that con-
tinuily of signal remains intact under
normal conditions (Fig. 2) and when
no patch cords are inserted into the
jacks. This circuitry employs the
“double jack” system. Another, used
by CBS and others, uses a single jack
and three-way plug, Fig. 3. It should
be noted that the diagram (Fig. 4) is
in simplified form, and only the signal
circuit (hot lead) is indicated. In ad-
dition, of course, the system employs
a return wire and a separate insulated
shield. Following good engineering
practice, all shielded pairs are insu-
lated over-all to prevent unintentional
grounding of the shields when bunched
and laced and mounted within the
racks. In practice, these various

December, 1953

Fig. 1. The relay racks comprising the system are interconnected by means
of cables to permit simple relocation of the system at any time, as required.

Part 2. Three standard 6-ft. relay racks and a turntable

console contain all of the essential components, providing

complete facilities for monaural and binaural recording.

shields are grounded only at the input
or output of a component. The jack
frames (no signal connection) are
grounded to the rack at the jack panel,
Fig. 5. The entire system is un-
balanced, that is, one side of the sig-
nal circuit is at ground potential.

The only exception—and strictly up
to the user—would be to modify the
design for a balanced condition, espe-
cially for the bridging bus. It has
been found from experience in testing
such systems that, for general record-
ing or all-around audio measurement
work, it is not essential to employ the
balanced system. Because most high-
fidelity components are designed
strictly for unbalanced connections, it
is well to follow that standard in a
system such as this.

It is foolish to enter into the con-
struction of a professional system
without providing spare jacks to take
care of additional circuits when re-
quired. These have been provided,
anticipating future changes, and will
be required from time to time.

All principal signal circuits termi-
nate in the jack field (Fig. 6). Ac-
cordingly, any signal is available for
test, and each input or output may
be “picked up” by means of a patch
cord and plug, see Fig. 9. For exam-
ple, if a dual channel is required from

* Editor and Assistant Publisher, RADIO &
TELEVISION NEWS and RADIO-ELECTROXNIC
ENGINEERING.
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the two outputs of P-E, and P-E., then
patch cords would be inserted in the
output jacks of the preamps and con-
nected to any two of the four power
(or monitor} amplifiers shown in Fig.
4. In this application, the bridging
bus and the line amplifier would be
bypassed. In normal use, however,
the line amplifier and bridging bus re-
main permanently (normal) in the cir-
cuit.

The entire system (for monaural) is
designed to be completely operative
without the use of any patch cords.
Such cords are only intended to alter
the permanent connections as they ap-
pear (Fig. 4). It will be obvious that
many modifications may be made for
connecting various components by
means of patch cords.

The wiring diagram for the control
rack (Fig. 10) is in simplified form
and shows only one-half of each signal
pair. In all cases, the return wire in-
dicated by dotted lines is incorporated.
The jack panel (top) contains all of
the jacks terminating at the inputs of
the preamplifiers. For test purposes
signals may be selected from the lower
jacks, or signals may be fed from a
test oscillator, etc. into the jacks on
the upper row. This is most convenient
for re-recording, dubbing, or for mis-
cellaneous test purposes. Substitute
phono pickups may be easily patched
into the phono channels of the pre-
amps for comparative tests. Because
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PREAM?.

t%soo a l LN

(A)
PREAMP.

= (C)

Fig. 2. (A) Typical normalled through circuit. (B) Simplified method used

in Fig. 4.

& SRR

B e LR RS

Fig. 3. Paich cord and plugs for the CBS
single-jack system. See text for details.

these are all low-level circuits, all
pairs are bunched separately and iso-
lated from the other circuits of the
system. The cable containing these
low-level circuits terminates in a
barrier strip (Fig. 7) at the bottom
panel of the rack. The various com-
ponents are connected into the system
at this point.

The center row contains the line-
level and some of the power-level
jacks. Most of them are wired per-
manently to the bridging bus. Refer-
ence to Fig. 10 will show a 750-ohm
resistor connected to one pair of jacks.
This is called the terminating resistor
and serves to load the circuit so that
the total parallel impedance of all the
equipment permanently connected to

(C) Action of jack springs. (D) An alternate loss pad circuit.

the bus will total 600 ohms. It is im-
portant, of course, to maintain this
impedance inasmuch as the vu meter
and its multiplier are calibrated for a
source impedance of 600 ohms. Most
of the components fed by the bridging
bus are of high impedance. In this par-
ticular installation, amplifiers 1, 3, and
4 are designed for an input impedance
of 100,000 ohms. Amplifier #2 (Mcln-
tosh, 50W2) is provided with a 20,000-
ohm bridging input. The Concertone
network tape recorder is also of a
high input impedance.

Note that a master gain control is
inserted between the line amplifier
and the bridging bus. This should be
a high-quality broadcast-type control,
having a constant resistance of 600
ohms both in and out. In application,
it serves to adjust the level at the
bridging bus and represents a line
level of approximately +4 vu.

The lower jack panel was designed
to provide spare jacks and for con-
necting miscellaneous components such
as the matching transformers, hybrid
coil, diameter equalizers, etc. These

transformers are mounted on a panel
directly below the bottom row of
jacks, as seen in Fig. 8 The panel also
mounts the line amplifier, which is a
modified Pickering 230H preamp.
Equalization circuits were removed
and a dual 100,000-ohm pot added
ahead of the input grid. An output
transformer was added to match a 600-
ohm line. The dual pot terminates at
the outputs of the preamplifiers, as
shown in Fig. 4, and serves as a mixer
and level set. The outputs of the two
preamps employ cathode followers,
and are designed to be fed into a load
of 100,000 ohms.

The output of the monaural tape
machine (TAM) normally is wired
for a balanced output of 600 ohms.
This- was modified to an unbalanced
connection and feeds to P-E..

The outputs of the binaural tape
machine (TAB) are also wired for a
balanced connection. The machine,
however, may be ordered for an un-
balanced output which simplifies the
connection to P-E..

The inputs of the Magnecord are for
50-ohm microphones. These remain as
is for field work or for binaural re-
cording for identical 50-ohm micro-
phones. Suitable bridging pads have
been installed in this system so that
the outputs of P-E, and PE. may be
patched to the inputs of TAB for bin-
aural recording from signals fed
through the two preamps. This setup
has been used recently for “off-the-air”
binaural recording from simultaneous
AM and FM transmissions. The system
is easily modified for various binaural
connections and will be obvious to the
user.

Because the Magnecord has its own
self-contained power amplifier, play-

Fig. 4. A simplified block diagram of the system. The jacks are connected as shown in Figs. 2 and 10.
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Fig. 5. Rear view of jack panels.

The circuits are grouped at three (low,

line, and power) levels to prevent crosstalk. See Fig. 6 for front view.
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Fig. 6. The three double-jack panels, Jack frames must be grounded to rack.

back may be obtained through two
identical speakers, separated by at
least 8 feet, and with a very worth-
while spatial effect added by setting
the preamp selector switches to posi-
tions 2 and B respectively, and by com-
bining the two binaural signals
through the system to a monaural
speaker which is centrally located as
a point source of sound. In practice,
the effect is somewhat startling and,
in many cases, especially in reproduc-
ing symphonic works, provides a most
pleasing listening effect. It is impor-
tant, of course, that all loudspeakers

Fig. 7.

Signal circuits connect to the low-level,

be properly phased for binaural repro-
duction, and equally important to
phase the monaural speaker when
used in conjunction with this tech-
nique.

It is important to choose similar
components for any binaural applica-
tion. The Fisher and Craftsmen tun-
ers, for example, have similar charac-
teristics. They are both fed from a
common high-gain FM antenna with
isolating resistors of 1000 ohms con-
nected as shown. In practice there
has been no interaction using this
method. (Continued on page 156)

line-level, and power-level

terminal blocks. Racks interconnect by means of three cables not shown in photo.

> ‘;IW‘\W S
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Fig, 8. Over-all rear view of the control
rack. Low-level and line-level circuits
(left side) and power level and a.c. {on
right side) prevent crosstalk in system,

Fig. 9. Plug for double-jack system. Notch-
es serve to indicate polarity and usually
are inserted with these on the left side.
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and

“The Purist.”” a commercial
version of a non-corner horn.

Evolution of a non-corner horn which meets seven exacting

criteria as to appearance, size, performance, and price.

tention has been devoted to loud-

speakers and loudspeaker enclos-
ures than almost any other phase of
audio development. This has been so
because the loudspeaker and its neces-
sary housing has been and still is the
weakest link in the audio chain with
respect to distortion, frequency res-
ponse, transient response, and power
handling ability.

The authors have spent the last year
working out a horn-type enclosure
which does not rely on the corner of
the room to act as an extension of
the horn mouth. At the outset, the fol-
lowing criteria were established:

1. The mouth area ol the horn
should be adequate to eliminate reflec-
tions from the horn mouth and to
avoid standing waves inside the horn.

2. The horn should have a slow
taper rate in order to obtain extended
low-frequency response.

3. The ratio between the effective
area of the speaker and the area of
the throat of the horn should be ap-
proximately unity to insure close
coupling while avoiding distortion due
to non-linear compression of the air.

4. The design should be completely
non-resonant in order to preserve tran-
_ sient response and avoid the ‘“Johnny

One Note” bass.

5. The air loading on the speaker
should be increased in order to reduce

DURING the past decade more at-

£6

speaker distortion, increase power
handling capabilities of the speaker
system, and improve the acoustic
damping on the speaker cone.

6. The size of the enclosure should
be such that it will fit into the average
living room without dwarfing the
grand piano.

7. The styling should be such that
it will match both modern and tradi-
tional decor.

Early experimental work indicated
that a horn which exhausted on the
front of the cabinet would not be
practical because the horn would have
to be much too large to meet the
criterion for compact size. Further
work on the problem indicated that a
horn exhausting on the sides might re-
sult in an increase in the effective
mouth area by the formation of images
of the mouth along the wall and floor.
A horn of this type was constructed.
Fig. 1 shows a cross-sectional view of
this design and illustrates how the en-
closure exhausts on both sides. Fig. 2
shows images of the horn mouth. How-
ever, this enclosure proved to be too
large if the other criteria were to be
met and this approach was abandoned.

Next, the principles underlying the
“Super Horn” design were re-exam-
ined. Fig. 3 shows a cross-sectional
view of the “Super Horn” and Fig. 7
shows the same cabinet with the front
grille cloth and frame assembly re-

www americanradiohistorv com
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EDWARD J. GATELY, JR.

Gately Development Laboratory AT
Clifton Heighis, Pa.

THOMAS A. BENHAM - =

moved to illustrate the acoustic images
formed by the floor and walls of the
room. Images I, I., and Is are real
images and I. and I. are virtual. The
existence of these images can be easily
proved by setting up three hand mir-
rors in a mutually perpendicular con-
figuration so that they represent the
walls and floor of a room. Inserting a
small piece of paper in the position
that the horn mouth would normally
occupy will clearly illustrate thc man-
ner in which the acoustic images are
formed. This same tcchnique can be
followed with the other enclosures re-
ferred to in this article.

Fig. 4 shows how two “Super Horns”
may be used side-by-side along a flat
wall. This is possible becausc each
horn appears to the other as a wall
and the expected images are formed
along the wall and at the floor. How-
ever, an enclosure of this typc is dif-
ficult to style so that it will fit in with
conventional furnishings. Fig. 10 shows
how four of the “Super Horns” could
be used in the center of a room. Each
horn gains its images from the pres-
ence of the others and the floor. If
this configuration is cut along line
A-A’ a conventional rectangular en-
closure results. The fact that an en-
closure of this type exhausts on three
sides enables it to use the walls on
both sides and the floor in front to
gain adequate mouth area by the
image method. Fig. 8 illustrates the
formation of these images. A rear-
rangement of the upper internal baffles
simplifies construction and increases
the internal bracing of the cnclosure.
This approach enables us to satisfy
the criteria established for such an en-
closure.

The commercial models of this im-
proved enclosure have been named
“The Purist”. Fig. 9 gives the im-

(Continued on page 142)
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A high proportion of TV troubles occur in the "B”

By MILTON H. LOWE

Coastal Publications Corp.

power

supplies. Here are the various types with service tips.

HIS article is intended for those
Tservice technicians who mistakenly

feel that the easiest troubles to
clear up are those which develop in the
TV receiver “B+-" supply.

The newer types of low-voltage sup-
plies, as used in 1953-1954 receivers,
differ in certain respects from their
earlier counterparts. You can no longer
expect to find only a straightforward
full-wave supply comprised of one or
two dual-diodes and associated circuit
components, or a few selenium rectifi-
ers stacked to function as a voltage
doubler or tripler. Rather, you can ex-
pect to find two separate full-wave cir-
cuits which supply both low and high
“B+" potentials, or other modified
versions of the old full-wave circuit. In
addition, a number of manufacturers
have been forced to return to electro-
magnetic speakers, due to the defense
effort requirements for magnetic ma-
terials, and this has resulted in the use
of the speaker field coil as the filter
choke which has a definite bearing on
troubleshooting. Complicating the
problem still further is the variety of
power supply hook-ups, and the man-
ner in which the d.c. is distributed to
the various stages of the receiver.

In general, there are three cate-
gories of low-voltage supply troubles.
First, there are those which are defi-
nitely “B--" supply troubles. That is,
the symptom indicates trouble in the
“B4" supply and the trouble is actu-
ally located there. Second and third,
are those which may be in the “B4-”
supply. These include those troubles
whose symptoms indicate a defect in
the low-voltage supply, but whose ac-
tual trouble location is elsewhere; and
those which don’t look like power sup-
ply troubles, but are. The latter two
categories are the most troublesome.
The ability to recognize each type sup-
ply, and understand its particular fea-
tures, is essential to efficient trouble-
shooting.

Fig. 1 is the simplified schematic dia-
gram of a seemingly familiar basic
type of low voltage power supply. As

58

far as the supply itself is concerned, it
consists of a single 5U4G connected in
a full-wave rectifier circuit with a sin-
gle “pi” section filter. The choke in this
filter is the field coil of the speaker.
The easiest way to recognize this type
supply is either to look at the speaker
to see if it is an electromagnetic type,
or to look at the chassis to see if a
filter choke is mounted in the vicinity
of the supply.

In tracing through the entire sche-
matic of this receiver, a number of in-
teresting points were noted and in-
corporated in the simplified diagram.
These have to do with the use of tubes
functioning as voltage dividers, in ad-
dition to their normal function. The
audio output tube, for example, is con-
nected in series with the plate circuits
of the tuner, the sync circuits, the
video amplifier, and the a.g.c. delay
circuits—all across the power supply.
Thus, if the sound output stage should
become defective, the potential devel-
oped in its cathode circuit would
change, and the aforementioned stages
would operate improperly, if at all.
Notice also, that the plates of the 1st
and 2nd if. amplifiers are effectively
in series. The cathode of the 2nd i.f.
amplifier operates at approximately
120 volts above the chassis ground po-
tential and thus supplies the plate of
the 1st i.f. amplifier with its plate po-
tential. Therefore, if either the 2nd or
the 1st i.f. amplifier tube becomes de-
fective, the “B-"" voltage to the other
stage will suffer. .

In all the receiver models represent-
ed by the schematic in Fig. 1, except
the 19B1, a cascode type tuner is used.
The circuit hook-up in the tuner is
such that the plates of the r.f. ampli-
fiers are in series, in much the same
manner as the i.f. amplifiers. There-
fore, if the r.f. amplifier tube should
become defective or is removed from
its socket, there will be no “B+-” volt-
age for the 1st r.f. amplifier at pin
number 1 of the socket.

Now, examine the heater circuit
connections. Notice that this is rela-

www americanradiohistorv com

tively straightforward, with the tubes
grouped in banks so as to distribute
the heater current drain uniformly,
and with the tubes in the tuner furth-
est from the 6.3 volt winding of the
power transformer. This is done to
minimize heating fluctuations of the
cathodes and thus reduce some of the
noise generated in the tube.

Finally, notice that the transformer
is completely shielded, both primary
from secondaries, and the case itself.
This tends to eliminate any vertical
modulation of the raster which may
result from a difference in the local
power source frequency and the trans-
mitted vertical sync pulse recurrence
frequency.

Another receiver which, as far as the
power supply is concerned, is almost
identical to the Admiral schematic
shown in Fig. 1 is the Capehart model
CX-37. The principal power-supply dif-
ference is that a conventional filter
choke is used in the Capehart, inas-
much as the speaker is of the perma-
nent-magnet type.

The only test equipment required for
locating trouble in the power supply is
a combination voltohmmeter, prefera-
bly a v.t.v.m. All measurements are
taken with respect to the established
reference level. In some circuits, this
reference level is the “B—" bus, in
others, it is the chassis. The first
measurement to be taken is the po-
tential at the output of the filter,
point 1 in Fig. 1. In most supplies of
this type, the potential at this point is
+250 volts with respect to ground. A
tolerance of 10% is usually allowed. If
this potential is incorrect, the next
step is to measure the a.c. line voltage
across the primary of the transformer.
This is usually from 110 to 120 volts
a.c. If this voltage is low, the “B-+"
voltage will be low and, conversely,
if it is high, the “B-" will be high.

Assuming that the input voltage is
correct, the next step is to measure
each half of the secondary voltage.
This is usually about 275 volts a.c.
from the center tap to either side. Do
not attempt to measure the full sec-
ondary voltage unless the meter test
leads can withstand a 600 volt poten-
tial and you are extra careful not to
get across the secondary. Failure to
obtain a step-up ratio of 1 to 2 or more
(for each half of the secondary) usu-
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ally indicates a defect in the power
transformer,

If the correct potentials are obtained
at the transformer, measure the d.c.
voltage at the input to the filter,
point 2 in Fig. 1. This will usually be
from +-20 to —20 volts d.c. more or less
than the a.c. voltage measured across
half the secondary. The exact figure
depends upon the load on the power
supply, and the value of the condenser
used on the input side of the filter. If a
potential of about +275 volts is not
obtained, the trouble may either be a
weak rectifier tube or a filter con-
denser whose value has decreased due
to aging. If the filter input voltage is
correct, but the filter output voltage
is not, the trouble is either due to a
defective field coil or unusually heavy
load, which might be caused by a high
resistance short in one of the receiver
stages. This can be tracked down by
testing “B+4-" voltages to each stage
and comparing these readings with the
normal measurements in the service
data.

Dual-Type Supplies

In Fig. 2 is shown the simplified
schematic diagram of the low-voltage
power supplies of the CBS-Columbia
receiver models 21T11, 21C11, 21C21,
21C24, and 21C31B. This dual-type low
voltage supply is becoming increas-
ingly popular because it provides for
more efficient “B+-" voltage distribu-
tion and better regulation of the indi-
vidual “B+" voltages. The lower volt-
age supply utilizes a 5Y3 connected in
a full-wave circuit with a single sec-
tion “pi” filter. The maximum current
capacity of the 5Y3 isn’t as great as
that of the 5U4G (which is used in the
higher supply), but in this case it is
sufficient because the lower voltage
potential is applied to the stages that
draw little current. These stages are
the video amplifiers, sync circuits, i.f.
amplifiers, 4.5 mc. sound i.f. amplifiers,
and the mixer-oscillator in the tuner.
The higher “B+" potential is applied
to the vertical and horizontal sweep
circuits, the sound output stage, the
damper, and the r.f. amplifiers in the
cascode tuner. The 1st r.f. amplifier
receives its plate voltage from the
cathode of the 2nd r.f. amplifier, as is
usually the case in cascode tuners.
The heater hook-up is straightforward,
with the heaters of the tubes in the
tuner and the if. amplifier decoupled
from the other heaters by means of in-
ductor-condenser networks.

The technique for locating trouble in
this type supply is similar to that dis-
cussed for the circuit of Fig. 1. One of
the differences, of course, is the fact
that the two supplies in Fig. 2 have
different a.c. potentials applied to the
plates of their rectifiers. The potential
at the plates of the 5U4 is approxi-
mately 320 volts a.c. and that at the
plates of the 5Y3 190 volts a.c. The
voltage at point 1 is approximately
+350 volts d.c., and that at point 2,
approximately 4160 volts d.c.

Heater decoupling networks have
been incorporated in the tuner, if.
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amplifier, and video amplifier stages
because the heater-to-cathode inter-
electrode capacity of the tuner and i.f.
tubes provide a low impedance path by
which the r.f. and i.f. signals can be
coupled to the video stages. This would
cause the picture to have alternate
dark and light lines that could be hori-
zontal, vertical, diagonal, or combina-
tions thereof. This interference can
readily be recognized by the fact that
r.f. interference due to external
causes appears only on certain chan-
nels depending upon the frequency of
the source of interference, whereas the
internal interference due to defects in
the heater decoupling networks is like-
ly to occur on all channels.

The troubles most likely to occur to
the decoupling networks are open or
partially shorted inductors or an ex-
ternally shorted condenser. The con-
densers are usually mica and since
they are worked at a low voltage level,
they are unlikely to short or open in-
ternally, or become leaky as paper
condensers do. The inductors however,
are fragile and likely to be damaged if
abused, or open if the heaters to which
they are connected should short and
draw excessive current. You should be
able to smell these inductors if they
have been overheated. If the r.f. choke
in series with the r.f. or mixer tubes
should open, these tubes would not
light. If another r.f. choke opened, the
heaters in its string would not light.

A good point to remember when
servicing this type of circuit is that a

5U4G, whose emission has dropped off
below the point where it can be used
satisfactorily in the higher supply,
may be directly substituted in the low
“B-” supply. No alterations need be
made in the wiring, because the plate
and filament connections are the same
for both tubes. Notice that a filter
choke is used in the higher “B+”
supply to take care of the greater pulse
and transient content of the sweep
circuits.

Other circuits which are very simi-
lar to the one shown, are the Admiral
chassis 23A1 and the Zenith models
K2872R and K2873E. The principal
circuit difference is that both the Ad-
miral and Zenith chassis use two 5U-
4G’s. Also, the filter networks are
more elaborate and use chokes
throughout instead of resistors.

Another popular type of supply is
shown in Fig. 3. This circuit uses two
selenium rectifiers in a half-wave volt-
age-doubler circuit to obtain a “B+”
voltage of 275 volts from the 117 volt
a.c. line. The 7.5 ochm surge resistor
limits the current that can flow
through the filter condenser Ci.. Notice
that the speaker field coil is used in
the ‘“pi” section filter. This supply
makes use of the audio output tube
to furnish the low “B-" of 150 volts
in a manner similar to the circuit
shown in Fig. 1. From Fig. 3 it may
appear as if the 150 volts is derived
from a capacitive voltage divider, how-
ever, this is not the case. The 150 volt
point is taken from the cathode of the

Fig. 4. Bleeder-type supply found in the Sylvania models 22M-11A and 22M-11B.
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audio output tube. The 200 pfd. elec-
trolytic condenser merely gives addi-
tional filtering for the “B+” at that
point. The higher “B-+" voltage is
applied to the power stages, damper,
etc.; the lower “B-” voltage is ap-
plied to the other circuits.

Since this is a tranformerless re-
ceiver, the heaters are hooked-up in a
series-parallel combination so as to
drop the entire line voltage in con-
junction with the 19 ohm line drop-
ping resistor. Receivers which make
use of this type supply (besides the
ones given in the caption of Fig. 3), are
the Motorola chassis TS-395A and the
Crosley chassis 385, 386, and 387. These
receivers, however, use a special trans-
former to obtain heater voltages only.
These heater-transformer types are
much easier to troubleshoot because
one burned-out heater won't cause the
whole string to go out.

The most difficult task when trouble-
shooting a supply that uses selenium
rectifiers is to determine whether or
not the rectifier itself is defective.
There are two qualitative tests that
can be performed to determine the
quality of the suspected rectifier, but
the results must not be accepted as
conclusive, just as checking certain
types of tubes with a tube tester is not
the perfect method of determining
whether or not the tube will work in
the given circuit. For the first test for
selenium rectifiers, use an ohmmeter
to check the forward and reverse resis-
tance readings of the rectifier. Of
course, the power must be off, and the
circuit leads disconnected from the
selenium stack. The ratio of back-to-
forward resistance should be at least
100 to 1 if the rectifier is to be con-
sidered satisfactory. The other test is
to measure the voltage drop across the
rectifier while the receiver is in opera-
tion. If a drop of more than 5 volts is
measured across the stack, the recti-
fier is probably defective.

Bleeder-Type Supply

A typical bleeder-type supply is
shown in Fig. 4. Except for minor dif-
ferences in the voltage dividers and
their filters, this type supply is found
in the latest Du Mont, Emerson, An-
drea, and DeWald models. This circuit
stems back to the old 630-type supply.
Its principal innovation is that the
voltage divider outputs are approxi-
mately equal, negative and positive,
rather than just a few volts negative
(for bias) and the rest of the po-
tentials positive. The main advantage
of these negative and positive poten-
tials is that it allows for more versatile
circuit connections, and thus results in
a receiver whose over-all design is
greatly improved. Notice that the
power transformer is completely
shielded, as it was in the Admiral
model shown in Fig. 1. Two heater
secondaries are required to minimize
heater-to-cathode potential differ-
ences. One heater winding supplies
those tubes whose cathodes are operat-
ing at or near ground potential. The

(Continued on page 144)
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One of the old

jam-.jar rectifiers
\ shown with to-
l day’s streamlined
version. The older
type had alumi-
num and lead
sheet electrodes;
newer uses tubing
and ordinary wire
coat hangers in
its construction,

REVIVING
THE JAM-JAR
RECTIFIER

By ELBERT ROBBERSON

Remember, Old-Timers? The electrolytic

rectifier, a cheap, rugged d.. source.

today’s crop. Tubes had only threc elements, and to

get high-voltage d.c. a tray full of Mason jars, affec-
tionately dubbed the “slop rectifier,” was commonly used.
Once in a while it was also called a “chemical” or “elec-
trolytic” rectifier.

The materials were cadged from the junkyard and the
jam closet, so the cost was nil; and no filament trans-
former was needed. As the “bridge” connection was used,
a center tap was unnecessary, and the d.c. voltage output
was equal to that of the a.c. input.

Furthermore, the output was so smooth that the only
filtering neceded was a couple of microfarads—and you
could even use jam jars for this, too. For, besides being
rectifiers, these jugs were also self-healing electrolytic
condensers!

Although seldom heard of today, they still work—and
a little re-designing has brought them up-to-date.

To compare the old and the new, one of the old jugs is
shown in the first illustration, alongside a 1953 version.
The 4-cell unit will give about 117 volts intermittently, or
80 volts all day.

Construction is simple. Certain metals form an oxide
coaling when subjected to a current flow in an electrolyte.
This coating acts as an insulator for current in one di-
rection, and a low resistance the other way. Thus, it will
rectify a.c.

The most plentiful of these metals is aluminum, in a
solution of horax. The other electrode can be lead or iron.

Whereas a generation ago a bank of such cells would
be made of glass jars holding (Continued on page 160)

HAMS of twenty-five ycars ago had an easier time than

Pictures at right show steps in making rectifiers. (1) Prepar-
ing materials: 5” lengths of 1” aluminum tubing. coat hangers.
wood block. borax. (2) Fiting plastic spacers. %" square, to
the wire anodes. (3) “Forming” the rectifier bridge. by con-
necling it to the a.c. line in series with a 100-watt bulb. As
oxide forms on the aluminum, the bulb dims, d.c. output rises.

Fig. 1. Possible connections. (A) Half wave. not very useful.
(B) Ordinary full wave centertapped. (C) Bridge connection.
(D) Higher-volicge bridge (cells added in multiples of four).
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ROBERT B. TOMER and WILLIAM R. SULLIVAN
CBS-Hytron

A new color tube—although its operation is basically

identical to the RCA tube, its mechanical construction

is so different that production problems are eliminated

and restrictions on potential tube sizes are removed.

T has long been recognized that one
l of the principal obstacles to low-

cost, mass-produced color television
has been the means by which the col-
ored picture was reproduced. In recent
years, most of the effort in this field
has been directed toward perfecting a
cathode-ray tube, capable of creating
colored pictures in much the same
manner as those used in black and
white television. The problems in-
volved in the successful accomplish-
ment of this objective are prodigious.
However, there has been tremendous
progress in the direction of solving
many of them.

Until recently, the only successful
color tubes which had been demon-
strated were exceedingly difficult to
manufacture and almost as difficult to
adjust and maintain in operation. With
the announcement by CBS-Hytron of
its new CBS-Colortron, the last bar-
rier to mass production color tele-
vision appears to have been removed.
This new tube makes use of principles
already demonstrated as being sound
in earlier color tube designs and goes
beyond that point to achieve a sim-
plicity of design closely approaching
that of black and white tubes.

Before discussing the improved fea-
tures of the CBS-Colortron, a re-
view of the earlier type of color tube
may be helpful. One of the most suc-
cessful of these earlier color tubes
makes use of the principle of parallax
to achieve the necessary separation of
the three primary colors within the
same tube structure. Three electron
guns, located in the neck of the tube,
are modulated by three individual sig-
nals. The beams from these three guns
are aimed so as to come together, or
converge, upon a mask containing a
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multiplicity of small holes. As the
three beams pass through the holes in
the mask, they become divergent again
and arrive at the screen as three indi-
vidual beams. The screen is printed
with three types of phosphor, capable
of producing the three primary colors
—red, green, and blue. The individual
phosphors are printed as very small
dots on the screen and are arranged in
groups of three so as to form little tri-
angles, or triads, each containing a
red, a green, and a blue dot. As the
three individual beams strike the
screen, they are caused to fall exactly
over the center of one of the three
color dots. Thus, the beam from the
red signal gun passes through the
mask and travels on to strike the red
dot on the screen. The beam from the
green signal gun passes through the
same hole to continue on and strike
the green dot. The blue dot is excited in
like manner. This principle of separa-
tion by parallax is shown in Fig. 3A.

As stated earlier, tubes utilizing this
principle have been demonstrated be-
fore. Their chief drawback has been
their inherent complexity of construc-
tion and their dependence upon highly
skilled artisans during their assembly.
It has been because of these factors
that the first estimates of color tele-
vision set costs have been so high. It
was inevitable that lower cost and
more reliable designs would be sought.
The CBS-Colortron is the result of
such an effort.

The color television picture tube dif-
fers from its counterpart in black and
white in three essential respects. It is
these basic differences which will ulti-
mately determine the cost differential
between a color television picture tube
and a black and white tube. The first
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Fig. 1. Overall view of
 CBS-Hyfron's picture. tube for
" - color felevision. I is engineered
so0 that it moy be produced in guontity.

of these differences is in the gun struc-
ture. The color picture tube in its
present practical form requires three
electron guns as compared to only one
in the black and white tube. While it
may conceivably become possible to
design color tubes in the future, hav-
ing only one gun, at present the three
gun design seems to be the only prac-
tical design for a compatible color
system.

The second essential difference con-
sists of the mask which permits the
three beams to be separated at the
screen for proper color registration.
There is no way of eliminating this
added element in the parallax type of
color tube. However, its method of
fabrication and assembly leaves much
latitude for improvement and conse-
quent cost reduction.

The last essential difference consists
of the special tri-phosphor screen, used
in color television tubes, as compared
with the simple screen used in black
and white television. There appears to
be no possibility of eliminating this es-
sentially complex part of the color
tube. However, once again the method
of producing the screen leaves consid-
erable area for improvement.

It has been in the latter two areas
that the greatest significant advances
have been made in the CBS-Colortron.
Earlier designs made use of a flat,
prestretched mask, firmly bolted to a
heavy spacer frame, which was in
turn clamped to the glass plate con-
taining the phosphor dots. This assem-
bly was not only difficult to maintain
in proper registration during its as-
sembly, but created equally difficult
problems in evacuating and outgassing
the completed tube. Because of the
large mass contained in this structure,
the time required to raise and lower
the temperature of the entire tube
during the evacuation process was
considerably longer than for black and
white tubes. This, of course, added to
the ultimate cost of such a tube. In
addition, the losses due to non-linear
expansion and contraction in this sub-
assembly ran very high, adding even
further to the cost.

Other factors contributing to the
high cost in the earlier flat mask type
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of color tube were such items as an
internal decorative mask and the use
of an additional glass panel used to
seal the open end of the tube and serv-
ing as a window through which to
view the phosphor screen mounted in-
side the tube. Both of these items are
eliminated in the CBS-Colortron.

In order to achieve a significant re-
duction in the cost of preparing the
phosphor screen, a new method of
printing the dots had to be developed.
The method used in the earlier color
tubes was a silk screen process. This is
a sort of stenciling operation where a
silk screen, containing a pattern of
holes, is laid over a flat glass plate
and the phosphors are forced through
it onto the glass by a wiping or squee-
geeing motion. The process is essen-
tially a hand operation, requiring a
high degree of skill and experience.
Since it must be repeated three times
on each screen, the possibility of error
multiplies rapidly.

A method of depositing the phos-
phor dots through the use of photo-
graphic techniques has been perfected
which results in a great improvement
in accuracy and which is capable of
being performed by automatic equip-
ment, thus effecting a substantial re-
duction in cost. This photographic
technique has certain other advan-
tages that may exceed those of direct
cost. Through the use of this tech-
nique, it has been possible to eliminate
the use of a separate piece of flat
glass for supporting the phosphors.
They can now be deposited directly
onto the faceplate as in the black and
white tube. By eliminating the extra
glass surfaces of the older flatplate
color tube, contrast is improved in the
picture because there is less light dis-
persion and fewer halations caused by
room lights, windows, etc. Still an-
other advantage accrues from the
placing of the phosphors on the inside
of the faceplate. This inside surface is,
of necessity, a curved surface so as to
be able to serve as an arch and sup-
port the weight of the atmosphere
pressing in upon the faceplate which
would otherwise cause it to collapse.

Fig. 2. The CBS-Colortron (top) in “exploded” form to show component parts as
compared to the separate components which go to make up another type color tube.

The use of a curved phosphor screen
permits the use of a matching, curved
mask. This combination of a curved
mask and a curved faceplate distin-
guishes this type of tube from the
earlier flat mask and flat phosphor
plate tube.

One of the most difficult problems
for the circuit designer using the flat
mask type of color tube is that of ob-
taining proper convergence over the
entire screen area. Fig. 3B shows dia-
grammatically why this problem ex-
ists.

It can be seen that in the case of a
flat mask tube, if the beams are
brought to convergence at the center
of the screen, they will not be prop-
erly converged out near the edges of
the picture. This is because the beams
describe an arc as they swing back
and forth across the mask, and the
mask, being flat, fails to coincide with
the plane of their point of converg-
ence except at one point. Dynamic

means of correcting this condition are
required within the color receiver. A
parabolic voltage waveform is re-
quired to modulate the convergence
lens in order to shift the plane of the
convergence point back onto the mask
near its edges.

It is apparent from Fig. 3B that if
the mask were a section of a sphere, the
need for this dynamic convergence
would be virtually eliminated. Actu-
ally, in a practical tube design, the
mask and faceplate curvatures do not
coincide exactly with the plane of the
convergence point of the three beams.
However, the correction obtained with
even a moderate amount of curvature
is considerable, and in the case of the
CBS-Colortron, it is on the order of six
to one over the flat mask type of tube.
This means that the requirements
placed upon the circuit designer are
greatly lessened and the problems of
the service technician in maintaining

(Continued on page 182)

Fig. 3. (A} Convergence of the three beams at the mask. Note that each beam passes through the hole in the

mask at the correct angle to strike its corresponding phosphor dot.
ence to correct for the variation in length from deflection point to
the center to the edge of the mask. Note that the use of a spherical

(B) Illustrating the need for dynamic converg-
the aperture mask as the beams travel from
mask reduces the amount of correction required.
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Fig 1. Top rear view of the Mallory TV-101 u.h.f. converter.
Note the socket with spring clips for the IN72 crystal mixer.

Fig. 2. Rear view of the Granco converter showing the two r.f.
preselector and one mixer cavities with dielectric plungers,

Fig. 3. A typical uhtf coil strip for the Standard Coil 82
channel turret tuner. The vertical partitions are condenser plates.
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TROUBLESHOOTING

_—_

By
WALTER H. BUCHSBAUM

Television Consultant
RADIO & TELEVISION NEWS

HEN wh.f. tuners and converters first appeared in the
WCustomer’s home, the average service technician often

referred all service work to the manufacturer. As u.h.f.
equipment becomes more popular and technicians have
more opportunity to familiarize themselves with it,
troubleshooting u.h.f. tuners and converters will become
part of the regular TV service business.

This article discusses the basic u.h.f. tuner circuits, lists
their defects, and describes a number of popular models
and their typical troubles. The v.h.f. tuner or 1.f. section
which is often part of a tuner or converter is not consid-
ered here, since most service technicians are familiar with
those sections.

The main difference between a u.h.f. tuner and a con-
verter is its physical location rather than its electrical

" characteristics. If it is mounted in a separate box on top

of the TV set, it is usually considered a converter, while
the same unit, mounted on the main chassis and housed
inside the receiver, is called a tuner. The uwh.f. circuits of
both are identical and therefore subject to the same de-
fects. For this reason, whenever we refer to a tuner, the
same holds true for a converter and vice versda.

Basic Circuit

The u.h.f. portion of all tuners to date consists of an r.f.
network, a local oscillator, and a mixer. Some manufac-
turers are planning to use an r.f. amplifier stage for the
wh.f., but except for experimental models, none of the
popular u.h.f. equipment now in use has an r.f. stage. A
basic w.h.f. tuner circuit is shown in Fig.5. To cover all
channels, either Li, L, Ls, or the corresponding condensers
may be varied. In Fig.5 the three resonant circuits are
shown as simple coils and condensers, but transmission
lines, parallel inductances, and switching networks are
more commonly used. In commercial tuners the resonant
circuits are often either shortened transmission lines or
some other arrangement that permits varying the reso-
nant frequency over a wide range. Some of the switch-
type v.h.f.-uh.f. tuners, such as the RCA KRK-25, actually
use small coils and condensers. Some tuners make use of
printed circuits, these are, however, rare.

When we consider the diagram of Fig.5, the trouble-
shooting problem appears much simpler than when we
look at the actual w.h.f. tuner. The number of possible
defects due to the w.h.f. portion obviously is quite limited.
We can list the potential defects for each section:

1. The r.f. network

a. Misalignment or poor tracking

b. Short or open in tuning condensers, coils, or contacts

¢. High resistance solder connection
2. Mixer

a. Defective crystal or tube

b. Misalignment or poor tracking

¢. Short or open in tuning condensers, coils, or contacts

d. High resistance solder connection
3. Oscillator
. Defective tube
. Wrong frequency or poor tracking
. “B4" or heater chokes shorted, open, or grounded
. Incorrect “B+” or heater voltage
. Defective r.f. bypass condenser
Open or shorted coils, condensers, resistors, or con-

0 0 oK

tacts

g. Open or shorted oscillator injection loop

k. High resistance solder joint or bad ground

These cover practically all the electrical defects that
can occur in a uw.h.f. tuner or converter, but this does not

RADIO & TELEVISION NEWS
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THE U.H.F. TUNER

With the proper equipment, service technicians
can repair most w.h.f. TV tuners. Here's how.

take into account such mechanical defects as broken dial
cords, corroded contacts, misadjusted dials, burned-out
pPanel lamps, etc. Any technician who has serviced a.c.-d.c.
radios will be familiar with this type of trouble and, in
any event, these mechanical defects are fairly easy to
spot.

The fifteen items listed can produce a variety of symp-
toms and may require considerable servicing. The trouble-
shooting procedure will be simplified greatly if we keep
these items in mind, because many of these defects can
be checked fairly quickly.

Before deciding that a particular defect originates in
the w.h.f. section, a number of tests should be made to pin
down the trouble. Usually, the only service calls due to
the uw.h.f. section are those where either nothing is re-
ceived on the u.h.f. channel or the signal is weak, inter-
mittent, or subject to interference. Such defects as un-
stable horizontal or vertical hold, distorted picture, and
hum in the sound are never due to a tuner defect. Wher-
ever more than one station can be received, the second
station can serve as a check on the tuner operation. This
holds true where one is on uwh.f. and the other on v.h.f.
If the defect appears on both stations, the u.h.f. section
is obviously blameless. Even where two u.h.f. stations
only are received, chances for mistracking on both are
small. However, some of the other items on our list of
defects will hold for the entire u.h.f. band and can not be
checked in this way.

The four general symptoms for defective w.h.f. tuner
operation can each be traced to particular defects, and
can each be located by definite tests.

1. No u.h.f. reception: To make sure this is due to the
tuner, check whether a v.h.f. or another u.h.f. station can
be received. Where no other signals are available, connect

a v.h.f. or if. signal generator to the output of the u.h.f. '

mixer and modulate the signal with 400 or 1000 cycles. If
bars appear on the screen, the u.h.f. tuner or antenna is at
fault. Check the antenna installation for broken wires or
bad connections. To service the tuner, do the following:

@. Measure “B+" and heater voltages. Check these
voltages at the u.h.f. tuner terminals as well as directly
on the pins of the oscillator tube socket.

Fig. 5. Basic w.h.. tuner circuit.

“

RF TRACKING TRIMMER
GASGODE IF AMPLIFIER
ANTENNA COUPLING

RF TUNED LINE

SLIDING
8|

TUNING *ﬂ_

PULLEY (:’

——— OSCILLATOR SOCKET

osciLLaror ™
TUNED 'LINE

SLIDING SHORT OSCILLATOR TRACKING TRIMMER

Fig. 4. The Kingston u.h.f. tuner, used in Regency converters.
Note the parallel transmission lines and sliders for tuning.

b. Replace oscillator tube, then replace mixer crystal.

¢. Check all coils for opens; all tuning condensers for
shorts.

d. Connect u.h.f. sweep generator to antenna input and
observe response on scope. If nothing gets through, one of
the components in the r.f. network is probably open or
shorted. Try another mixer crystal or substitute a u.h.f.
crystal detector probe.

e. If the r.f. network is OK, check the oscillator for
oscillation. Connect the v.t.v.m. with a 1-megohm series
resistor to the oscillator grid and check for negative grid
bias. Tuning the oscillator, or placing a grounded object
near one of the tank coils should vary this bias consid-
erably. To check frequency, use a grid-dip meter and ob-
serve the dip in bias voltage when the oscillator and grid-
dip meter frequencies coincide. Another way to determine
frequency is with a sweep generator and oscilloscope.
Tune the r.f. network and sweep generator until a “birdie,”
due to the local oscillator, is visible. To make sure that
the “birdie” is created by the oscillator, place your screw-
driver on the oscillator grid and observe that the “birdie’”
will shift or disappear. The frequency of the local oscil-
lator is found by tuning the marker signal, sometimes
part of the sweep generator, until the two “birdies’ co-
incide.

f. With the r.f. network, mixer, and local oscillator all
operating properly, any loss of signal must occur either
in the antenna and lead-in wires, or else after the mixer.
Leaving the u.h.f. sweep generator connected, use a crys-
tal detector probe and trace the path of the signal from
the output of the mixer through the v.h.f. or i.f. circuits.

Fig. 6. Schematic of the Mallory u.h.4. tuner, used in the converter of Fig. 1,
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diagram of the Standard Coil 82
uw.hf. portion and strip.

Fig. 7. Partial
channel turret

schematic
tuner showing the

2. Weak signals: As mentioned previously, eliminate all
other circuits as culprits before suspecting the u.h.f.
tuner. It is best for this type of defect to bring the re-
ceiver to the shop where a good strong signal should be
available and comparison with other sets possible. If it
is definitely established that the loss of signal strength
occurs in the u.h.f. tuner, the following steps are in-
dicated.

a. Measure oscillator plate and heater voltages.

b. Replace the mixer crystal.

¢. Connect a u.h.f. sweep generator and oscilloscope to
observe the bandpass of the r.f. network. Refer to the
manufacturer’s data for correct alignment instructions.
If the r.f. and mixer networks are misaligned, consider-
able loss in sensitivity will occur. Where no exact align-
ment data is available, tune the bandpass for maxi-
mum amplitude at the weak station.

d. The only remaining defect could be insufficient
oscillator injection voltage. Try a new oscillator tube,
then check the oscillator injection circuit. In some

tuners this is a 1- or 2-ppfd. condenser; in others a
coupling loop or link is used. Replace the condenser or
check the loop for an open connection. In order to check
the operation of the oscillator injection network, the if.
side of the mixer can be disconnected from its ground
return and a milliammeter inserted. Crystal current due
to the oscillator output should be between 0.1 and 1.5 ma.

3. Intermittent: One type of intermittent occurs on
every channel and can be caused by tapping, squeezing,
or jarring the tuner. Such a defect is due to a bad solder
joint, or broken lead or component, and can invariably be
located by mechanical inspection. The second type of in-
termittent occurs only at certain points in the band, espe-
cially when the tuning mechanism is used. From this
description, noisy contacts, corroded wipers, or shorted
condenser plates are probably the trouble. Again the
defect can be repaired by simple mechanical means.

4. Interference: Many of the current u.h.f. tuners and
converters radiate a considerable amount of their oscil-
lator signals. Although interference between two re-
ceivers is rare in most u.h.f. areas because of the channel
allocations and the higher i.f. frequencies, it is possible to
run into this trouble. Some of the tuners operate the
oscillator below the incoming signal, while others employ
harmonics of the local oscillator. Interfering beats due to
other u.h.f. equipment appear in the same manner on the
screen as v.h.f. or if. interference. The remedies are
the same; i.e., shielding of the offending tuner, orienting
the antenna and transmission line for minimum interfer-
ence and, as a last resort, relocating one or both antennas.

In addition to oscillator radiation, strong v.h.f. stations
sometimes ride through the w.h.f. tuner and beat with
the output of the u.h.f. section, or interfere directly as
a superimposed picture. The only remedy for this is the
use of an efficient high-pass filter in the input of the tuner
and shielding of the u.h.f. network and the connection to
the v.h.f. tuner, in the case of an external u.h.f. converter.

Typical U.H.F. Tuners

One of the widely used u.h.f. tuning mechanisms is the
Mallory u.h.f. system which is found both in tuners and
in external converters. The circuit diagram of the u.h.f.
portion is shown in Fig. 6, and we can clearly distinguish
the r.f. network, the mixer, and the oscillator circuits.
The r.f. network is double tuned, one tuned circuit

(Continued on page 169)

Fiq. 8. (A) Schematic diagram of the continuous u.h.f. tuner used by Philco in its TV
receivers. (B) Bottom view of the tuner showing the ganged variable tuning condenser
and the flat brass horseshoe-shaped strips which are the preselector tank coils.
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INEXPENSIVE APPLAUSE METER

T

By BASIL C. BARBEE

REQUENTLY the radio or audio

man is called upon by local service

clubs to furnish an applause meter
for the impartial judging of audience
response to the efforts of hitherto un-
discovered entertainers. Since these
“talent shows” or “amateur contests”
are always charity affairs, a profes-
sional-type applause meter, such as
used on radio network “give-away”
shows, is not justified.

All too frequently, the hastily
lashed-up “applause meter” consists
simply of a voltmeter clipped across
the theater p.a. speaker line. This ar-
rangement is highly unsatisfactory,
for while the maximum level of each
round of applause is read, an equally,
if not more, important factor, the du-
ration of the round, is guessed at or
ignored altogether.

The applause of a single person con-
sists essentially of a series of very
short, highly damped bursts of sound,
repeated at an average rate of about
three per second. The amplitude and
repetition rate of the bursts and the
duration of the series of bursts, that is
to say, the amplitude and total num-
ber of bursts, are functions of the en-
thusiasm of the applauding person.
The applause of a group of persons
consists of a number of these series,
superimposed on each other with
bursts scattered in almost random

Fig. 2. Complete schematic diagram and parts list covering the applause meter.

I

Fig. 1. Over-all view of the author’s applause meter. This one was housed in

an old v.t.v.m. cabinet but any other

suitable housing could be substituted.

Combine an audio amplifier, rectifier, and d.c. milliammeter

into a weighted circuit for integrated indication of applause.

fashion. The average pulse amplitude
and the total number of bursts emit-
ted are functions of audience enthusi-
asm. Both the amplitude and the num-
ber of bursts increase with increasing
audience enthusiasm for the act being
applauded.

It may be seen from these consider-
ations that measurement of the reac-
tion of an audience in favor of an
individual act may be approximated
fairly well by integrating pulse am-
plitude with respect to time over
the time interval of the duration of

the round of applause following that
act.

Fortunately, this difficult-sounding
mathematical operation may be ac-
complished quite simply by electronic
means. The instrument shown in the
photo, Fig. 1, was designed and built
in about three hours. Probably an-
other hour would have been spent
bunching the chassis except for the
fact that the chassis and power-sup-
ply of a discarded v.t.v.m. were used.
The unit incorporates a preamplifier

(Continued on page 158)

Standard parts are used throughout for ease of construction.

R\—2.2 megohin, Vs w. res. AMAMAMA ) ¢
Re—1500 ohw, Vs w. res. 3 3 RS
Ry3—220,000 ohm, Yy w. res. R3: R4S
R—390,000 ohm, V . res. y J 1 ) 6ALS r9 RIO
R:—47,000 ohm, Yy w. res. HI IMPEDANGE 6\A/lIJ6 = 3 . ILZ J w2
Ry—500.000 ohm pot (“‘volume control”) MIC, INPUT ’_ﬂ 3
R:=—2200 ohni, UV, w. ves. J LY M- 6
Ri—100,000 oo, Yy . ves. | o S === LI
Ry—15 megohm, Vo w. res. I ! L C6 oy
Ri—470 ohm, Vs w. res. L ¢ 7 _J 5 [ty
R\,—1000 ohni, Vo w. res. o RZ‘ C2 o= < RI4
R,:—60.000 ohm, 2 w. res. (two 120,000 He3 itg s

ohm, 1 w. res. in parallel) =
R,y—500 ohm pot 5 T Nogﬁq@ég%
R\ \—1800 ohm, Vs w, res. = — — — —
Ri5:—1000 ohm, 10 w. wirewound res. B T = = q a a . q =
Rig—1500 ohm, 10 w. wirewound res.
C1—.005 ufd., 600 v. cond. il | 6.3V, i vz V3 va PLI
Co—.1 ufd., 600 v. cond. \S s2 | J
Cy—8 ufd.. 450 v. elec. cond. 8 3 3 3 3
Ci—.02 ufd., 600 v. cond. H7v.a.c. | "IN ) R|E; ’ F;IGA 5
C:—.01 pfd., 600 v. cond. 5 Y + | Ve
Co—2 ufd.. 200 v. paper cond. (secc toxt) p e ! = 0oD3
C:-C,—8/8 ufd., 450 ». clec. cond. 3 : .—|C7 . c8 —.
F\—1 amp fuse (34G) 6)2/556‘1'
PLi—Pilot light (#47)
Ji—Microphone conncctor ( Amphenol PC-1M — = =L

or equiv.) o o =
M\—0-1 ma. d.c. meter T\—Power trans. 250-0-250 ». @ 40 ma.; Va—6A4L5 tube
S, —Push-button  sw., momentary, normally- 6.3 v. @ 2 amps. Vi—6C4 tube

closed Vi—6AUS6 1ube Vi—6X5GT tube
S.—S.p.s.t. toggle sw. V.—64Q06 tube Vi—O0D3 tube
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A 220 MC. R.F. AMPLIFIER

By
LEROY W. MAY
W3AJG

HE amplifier to be described is

neither new nor original. It is

just a smooth working 220 mec.
r.f. amplifier that is free from para-
sitics or other undesirable side ef-
fects that quite often show up around
these frequencies.

It was originally designed to be
used with an Amperex AX9903 tube,
but somehow the necessary nineteen
bucks were never in one place at one
time. Therefore, one of the old spare
surplus 829B tubes, that we have had
around for years on 144 mec.,, was
used. It is anticipated that some day
in the future one of the AX9903
bottles will move into the socket, re-
placing the old tired 829B that pres-
ently rents the space.

Tired or not, though, the 829B
works very well in this amplifier.
With an input of 80 watts unmodu-
lated, the output, as estimated from
observing a 60-watt lamp, could
safely be said to be at least 55 watts.
Under full modulation at this input,
the 60-watt lamp will burn brighter
than normal and if a sustained
whistle is used, the bulb will turn

%
o

removed.

Over-all view of the amplifier with the right side shield of the box
The 829B tube can be seen, also the input and output

butterfly variable condensers. The ground strap of copper can be

seen grounding the rotor of the output or plate butterfly.

The shield isolates the

tube from the butterflies and also shields between the butterflies which. in effect.
shields the input and output circuits from each other and from the 829B tube.

Construction details on a half-wave line amplifier which

makes adequate power practical on the 220 megacycle band.

blue and finally give up the ghost. At
these frequencies, the lamp bulb test
is none too accurate, but in the ab-
sence of some better way to measure
the power output, almost everyone
uses this method. Inputs up to 120
watts may be used with the 829B but
a small fan is recommended for cool-
ing under these conditions.

The 829B tube is rated in the tube
manuals for full output to only 200
me. How much derating should be
made for the 220 mec. operation is not
definitely known. One thing we found
out for sure. It isn’t as easy to get
going on 220 mc. as on 144 mec. Now
220 mc. may not appear to be much
higher than 144 mec. (actually it is

The input lines are shown in this photograph. The output lines are identical. The

tube socket is visible through the cut-out.

Other ends of the lines go through

the openings in the box to the stators of the butterfly-type condenser units.

=
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33%) but they don’t list that 200 mec.
meaximum in the tube books for noth-
ing.

One thing that bothered us quite a
bit when we started using the 829B
on 220 was its high input capacitance
of 145 pufd. This showed up in the
form of an extremely small coil to
resonate on 220 mc. Next, a quarter-
wave shortened line was used. This
helped some, but even then, a line
that would tune looked pitifully short,
and it was.

A lot had been heard about half-
wave lines, but up until now they had
hardly been needed. No particular
trouble was encountered on 144 mec.
with quarter-wave sections. Now,
however, appeared to be an excellent
time to start in on them and see if
perhaps they might help in this situa-
tion.

Right off, it was found that half-
wave lines would do the job. Enough
line was available when the grid dip-
per indicated 220 mec. resonance to
actually see and feel. After a little
playing with the tube and some make-
shift lines to ascertain the approxi-
mate length necessary, it was decided
to go ahead and see if an amplifier
could be built in a permanent fashion.

After a look in the stockroom
(junkbox for lowbrows) we found a
gadget that looked promising. This
was the housing for the r.f. section
of the old radar transmitter called
the ASB-4. This thing used a gob of
15E’s and had a mess of lines attached
thereto. The box, which measured
about 5x5x6 inches, had a couple
of openings in the proposed top and
bottom and a pair of cathode lines
which appeared to be in the right
position to engage the input and out-
put prongs of an 829B tube. The

RADIO & TELEVISION NEWS
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lines turned out to be just the right
length after .the tuning condensers
were hooked on the ends of them and
the construction was such that excel-
lent isolation was obtained between
the input and output circuits.

Now you might not have an ASB-4
around, but with a box of about the
same dimensions and few inches of
3/16 or % inch copper tubing, you
can duplicate the deal perfectly. In
fact, it will probably beat this one
for looks. One of the stock utility
boxes with removable side covers
will fill the bill.

A look at the photos and a few
words will suffice to get this amplifier
construction moving. The tube is
mounted inside of the box with the
socket jacked up off the chassis about
half an inch. Four 1% inch machine
screws with nuts will accomplish this.
Immediately under the tube socket is
the opening in the chassis that will
allow the grid lines to be soldered to
the grid lugs of the 829B socket.

Directly above the 8298 tube will be
seen the opening in the chassis that
will allow the plate lines to be con-
nected to the tube pins. Large size
Fahnestock clips with pieces of soft
copper strip about a quarter-inch
wide are employed to connect to the
plate lines.

The grid tuning condenser and the
plate tuning condensers, which will
be at the opposite ends of the pairs
of lines, are mounted inside the box
with their shafts running through
the front. Thus, when a panel is
mounted to the box, the tuning con-
trols are accessible from the front.
Clearance holes are drilled in the top
and bottom of the box so that the
lines may be connected to the stators
of the tuning condensers. These are
surplus butterfly-type condensers ob-
tainable for around thirty-five cents
each and mounted with 6/32 studs.
The rotors are normally floating and,
in the amplifier, it may be found that
the operation is better with one or

Another view of the r.f. amplifier with one side of the box re-
moved to show the internal construction. The shield cover is
829B may be seen at right.

not visible in this photograph.

(R o
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from hot end of lines)

R;—20,000 ohm, 10 w. wirewound res.

C1, Co—3-12 pufd. surplus butterfly cond. (ca-
pacity measured in series)

Co, Cs, Cq, Cs, Cy, Cyp—.005 ufd. disc. ceramic
cond.

Ca, C,—.001 ufd. feedthrough cond.

L, Li—5" of 3/16" or 14" copper tubing,
spaced center-to-center 34",

NOTE: GRID AND PLATE LINES
CONNECTED TO TUBE ELEMENTS

220 MC. BY I" LENGTHS OF 1/4" COPPER STRAR_ 220MC.
L2 INPUT / \LB . OUTPUT
u S ) - d )} Le
_—
o_1_ 2 L3 F LY 4y \_‘FT%RFCI r|05 s
2 l [ : )
c3§ R23 — ] %_Iﬁ
— 3 - i
R = H A ] 3 s 4 ] ] v I —
GROUND : - o (GROUND
oprionaL / e ¢ J—__ I I ‘}_4 OPTIONAL)
u = c? = R3 = ]!
{ — | 4—SHIELDED WIRE OR COAX
SHIELDED WIRE OR Mt = M2 E o
RG-59/U COAX-Y EEJT
= oo 6.3V
ca e c9 ILIO AC.
Ry, R—10,000 ohm, V5 w. res. (tapped 2" 402886&81 ==

Ly, Lo—Input and output coupling loops. 14
bare copper wire, 1”7 wide, 2" long

RFCy, RFCo—11 t. #20 en., Y3” dia. closc-
wound, tapped to plate lines 2" from hot end
of line

M—0-25 ma. d.c. milliammeter

M—0-300 ma. d.c. milliammeter

V1—829B tube

Complete schematic diagram and parts list for the 220 megacycle r.f. amplifier.

both grounded. In our particular
layout, it was found that a slight
amount of hand capacity effect exist-
ed on the plate tuning condenser and
grounding the rotor cured this. The
grid condenser rotor was left floating.
If it is found necessary to ground the
rotor, use a wide piece of copper
strip and bolt it down to the nearest
place on the chassis.

When using half-wave lines it be-
comes necessary to feed in the plate
and grid voltages at a point of mini-
mum r.f. voltage. This point is quite
easy to find and may be done with
the grid dip meter before applying
power. Merely use a sharp-pointed
lead pencil and touch the line along
its length until you find a point where
it has no effect or a minimum effect
on the meter. As a check, after the
amplifier is finished and fired up, the
pencil may again be used, this time
to look for minimum r.f. sparking at
the pencil point. Home-made chokes

www americanradiohistorv com

are used at this point to feed in the
plate voltage to the plate lines, while
the bias to the grid lines is fed in at
the minimum r.f. point through a

couple of 10,000 ohm, % watt re-
sistors.
Output and input coupling loops

consist of “hairpins” formed by No.
14 bare copper wire insulated with
spaghetti, and are located at the
minimum r.f. voltage points on the
lines. A pair of ceramic pillars from
BC-375E tuning units hold each one
of these loops in place. Coupling to
the input and output is adjusted by
bending the loops in relation to the
lines.

This amplifier was driven by a
converted 522 transmitter operating
on 220 mec. and more than enough
drive is obtained. The final of the
522 was running about 22 watts input
and 25 or 30 grid milliamps could
be pumped into the 829B amplifier

(Continued on page 118)

Opposite side of the box. The ventilating holes are essential
to aid in cooling the tube. The input lines are visible on top
of the chassis and they terminate on ceramic pillars.
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By BERT WHYTE

ord Revue” goes into the fourth

month of its existence. Your re-
sponse to our request for comments in
the first issue has been immediate and
enthusiastic.

We are frank to admit that we ap-
proached the idea of a record review-
ing column in Rapio & TELEVISION
NEws with some trepidation. After all,
there was no precedent for such a
feature in a technical magazine. Your
many, many letters have been a
source of personal gratification to the
author.

Your letters and the opinions and
ideas expressed therein have been
carefully screened with a view toward
giving you what you want in this
column. There were those who felt
that more attention should be given
to the musical values of the record-

WITH this issue, the “Certified Rec-

ings and others who want a more
technical critique than is now being
offered. In the main, most of you who
wrote wanted the present balance of
technical evaluation and musico-es-
thetic considerations to be maintained.

On two points there was almost
complete unanimity of opinion: one,
the naming of the equipment used in
reviewing the records and two, the
comparative analysis of different re-
cordings of the same musical work.
Both practices will be continued, in
fact, with the next issue comparative
reviews of recordings old and new
will be incorporated in this column.

Keep those letters coming in and
T'll do my level best to try and make
everyone happy. Since by the time
you read this column Christmas will
be upon us, let me take this oppor-
tunity of wishing you a Merry Christ-

Capsule reviews of records old and new for your Christmas gift-giving.

AURIC—Suite from Les Matelots

SATIE—Parade
Columbia ML 2112, 10” LP

Modern, jazzy type of thing with some
amusing writing., Excellent sound and per-
formance.

BARTOK —Third Piano Concerto
Columbia ML 4239, 12”7 LP

The last work of this genius and one of
his most listenable. Dissonance, atonality, it's
all here, but very interesting. Good sound.

BARTOK—Music for Sirings, etc.
Mercury MG 50001, 12” LP

A tremendously powerful work. Might
have to listen to it a couple of times before
you begin to appreciate it, but it's worth
your time. A top recording excellent for
transients.

BERG—Wozzeck
Columbia SL 118, two 127 LP

EAnother hard one to love at first hearing.
This awesome tale, once understood and
digested, can be a terrific listening expe-
rience. Great performance and some won-
derful sound.

BERNSTEIN—Age of Anxiety
Columbia ML 4325, 12” LP

This is the second symphony of Leonard
Bernstein, "‘enfant terrible” of modern Amer-
jcan music. It's pretty deep stuff, even a
little grim, but nevertheless fascinating. Try
section entitled the “Masque.” Jazzy figur-
ings and all sorts of good transients.

DEBUSSY—1Le Martyre de St. Sebastien
Allegro All 3004, 127 LP

Little known work of Debussy. this is
beautiful, grandiose music, gorgeous solo,
choral, and orchestral effects. Definitely
recommended.

HINDEMITH—Philharmonic Concerto and
Apparebit Repentina Eies

Capitol P8134, 12” LP

The opening brass chords in the “Appare-
bit"” are worth the price of the record. Huge
sonority. Massive orchestration in the con-
certo and near the end a wonderful bit of
writing for trio. Good sound.

HONEGGER-—Concerto da Camera
Capitol P 8134, 12”7 LP

Some spritely, interesting writing for flute
and English horn. Very good playing and
some of the best woodwind reproduction on
records.

KODALY—Missa Brevis
WCFM, four 12” LP

Modern treatment of o Mass in time of war.
Tremendously rich in scoring and with some
low. low organ pipes to test your speaker.

MILHAUD—Creation du Monde
Columbia ML 2203, 10” LP

Man, this is red hot! About the jazziest
modern in existence. Wonderful perform-
ance and plenty of hi-fi.

NIELSEN—Symphony #6
Mercury 10137, 12” LP

One of Denmark’s foremost symphonists.
this is among his most interesting works.
Highly dramatic with a slightly astringent
flavor. Magnificent sound especially in the
movement called “Burlesque.”

SCHONBERG—Gurrelieder: Lied der
Waldtaube
Columbia ML 2140, 10” LP

To those of you who think Schonberg
nothing but atonality and discord, listen to

this. A truly beautiful and poignant work.
Fine performance and excellent sound.

SCHUMAN, WM.—Judith and Undertow

Ballet Suites
Mercury 10088, 12” LP

Two powerfully written and blood-curdling
ballets. There is plenty of hi-fi pyrotechnics
in these two!
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mas and a year of happy listening.

Equipment used this month: Pick-
ering 260 pickup, Fisher master audio
control, McIntosh 30-watt amplifier,
Jensen G610 “Triaxial” in the “Read
Fold-a-flex” enclosure.

BEETHOVEN

SYMPHONY #5 in C, EGMONT,
CORIOLAN, AND LEONORE #3
OVERTURES
Minneapolis Symphony Orchestra con-
ducted by Antal Dorati. Mercury “Olym-
pian Series” MG 50017. AES curve.
Price $5.95.

SYMPHONY #35 IN C, SYMPHONY
#8
NBC Symphony Orchestra conducted by
Arturo Toscanini. Vietor LM 1757. Or-
thophonic curve. Price $5.72.

What! This old chestnut again?
And two recordings at that, I can hear
you exclaim. OK, so this warhorse
among warhorses has been done for
the 14th and 15th times. You may ask
why, with good reason. How come
Victor and Mercury are trying to buck
the competition of thirteen other ver-
sions? Are they really necessary? My
answer is yes, and I consider their
issue a tribute to the respective musi-
cal directors of Victor and Mercury.
Both these worthy gentlemen had the
courage to release these recordings on
the premise that they were needed,
that none of the previous recordings
were totally satisfactory. I heartily
concur, with some reservation. This
reservation lies within the nature of
Beethoven’s 5th itself. I don't think
any recording, or for that matter con-
cert performance of this symphony
can be totally satisfactory. The temp-
tation for conductorial interpretive
“tampering” is too great, the discip-
line demanded of the orchestra formi-
dable indeed. However, this is merely
academic. Let us take a listen to these
latest entries and find this justifica-
tion of which I speak.

Beethoven 5th is the work that will
be herein reviewed, as you have sur-
mised from the above. The other
works should come in for more atten-
tion, but alas, space is always at a
premium. Suffice to say that the three
great overtures have never been af-
forded such fabulous recording. With
the drive and spirit that Dorati im-
bues in his reading of them, these
little jewels of Beethoven’s genius be-
come more sparkling and scintillant
than ever. Toscanini’s reading of the
8th symphony is somewhat restrained
for him, but nevertheless must be con-
sidered the best on records at present.

In the Beethoven 5th we find Victor
and Mercury on opposite sides of the
fence with their respective recording
techniques. Mercury, having consid-
erable success with their single-Tel-
efunken-over-the-podium pickup, uses
it again in this recording, with stun-
ning effect. Victor is sticking by its
guns and continues the multi-mike,
console mix type of recording. The
result in both cases, is that we now
have two of the best sounding Bee-

(Continued on page 136)
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IN

EVERY HOME

Christmas is Coming!

The holiday gift-giving season opens up a
lucrative market for the audio dealer. Be

ready to cash in on these opportunities.

HE AGE of high fidelity is upon us and the buying
Tspirit of Christmas will undoubtedly climax a period of

unexcelled consumer promotion. No longer can we con-
clude that high-fidelity merchandise is only for the tech-
nician and audio enthusiast. The breadth of the market
has changed; cveryone who stops to listen is a potential
customer.

Today more and more dealers are aiming their sales
stories at the general consumer. From the window to
the counter the merchandising story of high fidelity has
taken its place with the promotion of leading music prod-
ucts. No longer does the dealer have to translate the
meaning behind “high fidelitv.” The average consumer
today is constantly on the receiving end of hi-fi indoctri-
nation, either through the editorial text of leading na-
tional magazines or through the stepped-up advertising
campaigns of manufacturers.

High-fidelity dealers of all varieties have within their
grasp the tremendous opportunity of placing music at its
best within every home. However certain selling patterns
have to be compromised to reach this new opening mar-
ket. The very fact that it is the home magazines which
are the recipients of the largest space advertising is in-
dicative of the trend of thinking of the manufacturer.
Add to this the editorial emphasis given music in the
home by these very same magazines. In short the place
of high fidelity in the home is related to better living
within the home. The design trends point up the im-
portance of interior selling in the general hi-fi sales story.

There is every indication that the market of tomorrow
is a non-technical one. The customer, a majority of whom
will be women, is anxious to see as well as hear. There-
fore the very element of the dealer's surroundings will
be most important in the production of greater sales. The
customer’s interest should be considered first—show him
what he likes to see; make him comfortable; above all
don't try to make his decision.

The volume customer of high fidelity this Christmas
will be a far different breed than that which the dealer has
previously faced. No longer shall he be registered as a
“bug”; rather he should be considered as one of many who
value good listening. The technical circuitry is only of
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Carl Fischer, Inc., New York Music house. promotes
the sale of hifi gear with this effective display.

interest as it relates to what he hears. Sure, just as
the early television purchaser, he will consider himself
one of the chosen few and high-fidelity ownership will be
noted with pride. He will discuss with his neighbors the
advantages of owning a high-fidelity unit as if he were
an authority on reproduction. That of course will be the
greatest factor in the development of increased sales . . .
the germ of the “have’s” will affect the “have-not’s” and
before long the term “high fidelity” will become almost
as popular a subject of conversation as early television.

One point should be constantly kept in mind—the cus-
tomer views audio components not as complete entities
within themselves but rather as parts of a complicated
mechanism. Therefore, in evaluating a program of com-
ponent selling, one must be aware that although plugging
one component into another is a simple matter the pur-
chaser prefers that you make the assembly.

It should never be forgotten that the growing consumer
market thinks in terms of the good *‘old” radio-phono-
graph and, as such, he thinks in terms of a complete
package. To take the complexities out of high-fidelity
selling, it would be desirable to de-emphasize the switch-
ing console. The average consumer watching the varied
paraphernalia put to use likes to get back to the common
“off-on” knob. The onlooker is beset with confusion at
the variety of equipment, the wiring, and the lights that
intermittently flash “on” and “off.” Consider the unini-
tiated as you would a backward child, broaden his perspec-
tive through association. Set up working systems within
consoles and have comparisons made through simple
known controls. This system has presently been adapted
in the recently opened outlets of Electronic Workshop
and Sun Radio, both in New York City.

As a dealer in audio products, you are faced with an
entirely new breed of customers. They will be more fre-
quent and less demanding technically. They want to
buy what they can see as well as hear. At times their
innocence may seem insufferable; but patience, fortitude,
and good consumer merchandising will pay more than
adequate dividends. This Christmas can be a “green” one
for hi-fi dealers with the cash registers playing *“Jingle
Bells” all day long.
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service shop, glad to be out of the

cold December drizzle, he heard
his assistant, Barney, reading aloud
to Miss Perkins, the office girl, an
item from the morning paper:

“‘And the meeting of the noise-
abatement group was addressed by
Mr. McGregor, local radio and TV
service shop owner, on some of the
technical aspects of noise generation
and its effect on local television re-
ception'—Hey, how about that?” the
youth broke off as he saw his em-
ployer. “Why didn’t you tell me you
were going to talk? I'd like to have
been there.”

“It was bad enough as it was,” Mac
answered as he shrugged out of his
overcoat. ‘“You know how hard it is
for me to try to make any kind of a
public speech anyway; and if I had
had to look at your grinning mug out
front, I'd never have been able to say
a word.”

“How did you get roped in on the
deal?”

“Harold, over at the bank, asked
me to make the talk. He had been in-
strumental in getting things rolling
on this ‘better television’ group in the
first place; but he said things were
beginning to get a little out of hand.
What had started out to be an investi-
gation of the possibilities of improv-
ing reception was rapidly deteriorat-
ing into a witch hunt. Extremists in
the group were determined to ‘do
something’ about poor reception. Some
were in favor of ‘ordering’ an FCC
truck into the area to make a noise
survey. Others wanted to deliver an
ultimatum to the mayor and city
council either to clean up receiving
conditions ‘or else.’” Still others were
drafting proposed city ordinances for-
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AS MAC stepped briskly inside his

TV RECEPTION AND NOISE

bidding the use of any device what-
ever that disturbed television recep-
tion. Harold thought that if I could
present a few facts and figures on
local signal strength, noise measure-
ment, FCC policy, and so on, it might
help to cool things off a little. Other-
wise, he said he had nightmares of
himself being pushed along at the
head of a French Revolution kind of
mob marching on the City Building.”

Barney chuckled at this picture and
then went on to ask, “Did you cool
things off any?”

“T don’t know. They had a discus-
sion period before my talk that gave
me a good idea of how they were
thinking. Most of them were con-
vinced that noise in our town was
way above normal and that this ab-
normally high noise level was what
stood between us and good television
reception. What I tried to do was
point out as tactfully as I could the
things that should not be done be-
cause they would just be a waste of
time. For example, I explained that
the Federal Communications Commis-
sion does not provide a service for
making noise surveys. They do have
mobile units used for locating unau-
thorized radio stations and interfer-
ence sources using radio frequency
energy, but unless the interference is
to a radio service involving safety of
life and property, investigations are
normally conducted only during peri-
odic inspection trips to an area.”

“Strictly speaking, we are not sup-
posed to be receiving television here,
anyway, are we?” Barney asked.

“That’s right. The closest v.h.f. sta-
tion is seventy miles away, and the
next closest is better than a hundred.
On top of that we are located down in
a river valley that averages fifty to
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seventy-five feet below the surround-
ing terrain. Our average at-the-set
signal strength delivered by a yagi
antenna fifty feet in the air is around
five to ten microvolts as measured
with our service-type field strength
meter. Sometimes, with a good ther-
mal inversion, this will climb to two
or three thousand microvolts; but
these times are rare. They only serve
to make people wonder why reception
can't be like that all the time. As the
signal grows weaker, the noise comes
up in the sound along with snow in
the picture; and that provides many
people with the answer: noise is the
villain. If it were not for excessive
noise, they reason, good reception
could be had all the time.”

“How did you go about talking
them out of that idea?”

“I tried to explain what the FCC
considers necessary in the way of sig-
nal strength for good reception, and
I'm afraid I got a little too technical
there. I told them that the basic unit
of measuring field strength is the one
microvolt of potential that is devel-
oped in a conductor exactly one meter
long by the magnetic flux of a radi-
ated wave of the proper strength
sweeping across it. Waves that are
weaker or stronger are expressed as
so many ‘times-—decibels to us—be-
low or above this basic strength of
one microvolt-per-meter. This meas-
ured voltage, of course, is that actu-
ally produced in our standard antenna
proper mounted in free space; it is
not the voltage delivered to the set.”

“Never mind simplifying things
from here on in,” Barney said. “You’ve
got me interested now. How much
signal does the FCC say we need?”

“Depends somewhat upon where
you live. They list two grades of serv-
ice: A and B. Grade A service is in-
tended to provide reception quality
acceptable to a median observer—
whoever that is!!—at least 90 per-
cent of the time at the best 70 per-
cent of the receiver locations at the
outer limits of the service. The re-
ceiving antenna is to be a half-wave
dipole for channels 2-13 and an an-
tenna with 8 db gain on channels 14-
83. The lead-in is figured as being
fifty feet of 300 ohm twin-lead. It is
assumed that urban noise conditions
will prevail that will contribute all
the way from 0 to 14 db of noise.
Under these circumstances, the FCC
specifies a minimum of 68 db above
1 microvolt-per-meter on channels 2-
6, 71 db on channels 7-13, and 74 db
on channels 14-83.”

Barney hauled down Terman’s “Ea-
dio Engineering” and turned to the
db tables in the back. “Let’s see now,”
he mused. “That would mean we need
about 2500 microvolts on the low v.h.f.
channels, 3300 microvolts on the high
channels, and around 5000 microvolts
on the wh.f. channels.”

“That sounds reasonably close,”
Mac agreed. “Grade B service is fig-
ured to provide quality acceptable to
our mythical median observer 90 per-

(Continued on page 176)
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W. L. WRIGHT

TV-Radio Service Dept.
Westinghouse Electric Corp.

I inghouse television receivers (Models

769T21, 7T70T21, 771T21, 7T72K21,
T713K21, 7T74K21, T75K21, 7T76K21,
786K21, and 787K21) are many design
features of particular interest to the
television technician. In addition to a
simplified sound circuit, an improved
sync system, and unique provisions
for the installation of an all-channel
u.h.f. tuner, the entire chassis layout
has been designed for easy servicing.
Other new features include relocation
of the auxiliary operating controls,
addition of an a.g.c. control on the
rear of the chassis, improved width
and horizontal linearity controls, easily
adjustable yoke mount, and a remov-
able safety glass.

For operating convenience, the hori-
zontal hold, vertical hold, and bright-
ness controls are located behind a
hinged panel attached to the receiver
cabinet. These controls are equipped
with small rubber knobs to facilitate
adjustment. The channel selector and
fine tuning control for both v.h.f. and
w.h.f. remain in the usual position on
the right-hand side of the chassis (see
Fig. 1). The dual “off-on-volume” and
picture control are located on the left-
hand side of the chassis. The addition
of an a.g.c. control on the rear pro-
vides for receiver sensitivity adjust-
ment to compensate for signal condi-
tions in different locations and varia-
tions in i.f. amplifier tube characteris-
tics. Slider type width and horizontal
linearity controls are located on the
right rear of the chassis for ease of
adjustment. Other service adjustments
located on the rear of the chassis are
the height, vertical linearity, focus
control and the quieting control (see
Fig. 5). The deflection yoke mount-
ing bracket has been redesigned to
provide free movement of the deflec-
tion yoke while it is being positioned
and to insure that the CRT cushion
firmly supports the flare on the CRT.
The front glass plate can be removed
for cleaning without removing the
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Fig. 1. The V-2243-1 chassis shown with the Model H-804 all-channel
uhd. tuner mounted above and to the rear of the v.hf. tuner.

Information on circuits u.h.f. provisions, and alignment for

the rapid servicing of the Westinghouse 1954 chassis.

chassis from the cabinet., Four %"
self-tapping screws hold the control
panel to the cabinet. Removing the
control panel exposes the mounting
bracket that secures the front glass
to the cabinet.

New Sound System

Simplification of the sound system
in the new line of Westinghouse TV
receivers is achieved by the use of a
6BN6 gated-beam tube as the FM
detector and a 6BK5 beam-power pen-
tode as the audio output amplifier.
The limiter (control) grid of the 6BN6
is capable of changing plate current
from cut-off to saturation with only
a small input signal, therefore only
one sound i.f. amplifier stage is re-
quired to drive the 6BN6. The rela-
tively high audio output voltage of
the 6BN6 in conjunction with the high
power sensitivity of the 6BK5 elimi-
nates the need for an intermediate
audio amplifier.

Use of the 6BN6 gated-beam tube
as an FM detector eliminates the need
for limiter stages. A signal voltage
of 1.25 volts r.m.s. at the limiter grid
of the 6BN6 is sufficient to drive the
tube from cut-off to saturation. When
the tube current is at the satura-
tion level, higher inputs cannot in-
crease the plate current. Therefore,
amplitude limiting occurs when the
signal voltage at the limiter grid ex-
ceeds 1.25 volts r.m.s., making the
detector insensitive to amplitude fluc-
tuations (AM). To obtain these con-
ditions, the control grid bias on the
tube must be set at the point where

www americanradiohistorv com

the tube operates in the correct por-
tion of its characteristic curve. The
cathode resistor (quieting control, see
Fig. 2) is variable so that the AM-
rejection characteristics can be ad-
justed for optimum performance dur-
ing alignment of the receiver sound
circuits.

New Sync System

The new sync system insures maxi-
mum effectiveness over a wide range
of input signals and a high degree of
noise immunity. As shown in Fig. 2,
direct coupling is employed between
the video detector and the sync am-
plifier grid (through Ly and R;,). On
strong signals a negative bias volt-
age is developed across the video am-
plifier grid resistor, Ry, and tends to
appear on the grid of the sync ampli-
fier as a result of the direct coupling.
If the sync amplifier grid was allowed
toremain at a negative potential, the in-
coming sync pulses (which are negative
going) would drive the sync amplifier
tube considerably beyond cut-off, caus-
ing the sync pulses to be compressed.
To prevent this undesirable condition,
a positive potential is applied to the
grid of the sync amplifier through
the voltage divider network, Ris, Rui,
Laou, and R:no.

The action of the sync control tube
now becomes important. The full
a.g.c. voltage developed by the re-
ceiver is applied to the grid of the
sync control tube. Strong signals de-
velop a high negative a.g.c. voltage
which is sufficient to cut off the con-
duction in the sync control tube.
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Therefore, under strong signal condi-
tions the sync control tube represents
an open circuit and allows the posi-
tive potential on the grid of the sync
amplifier tube to remain at the level
determined by the divider network.

On weak signals, the a.g.c. voltage
is low enough to allow the sync con-
trol tube to conduct. When the sync
control tube conducts, it represents
a relatively low resistance between
ground and the junction of R, R,
and R,s. Under these conditions, ap-
plication of a positive potential to the
grid of the sync amplifier tube is pre-
vented. A positive potential at the
grid of the sync amplifier on weak sig-
nals is not desirable because cathode-
to-grid conduction in the sync ampli-
fier would result in a low input im-
pedance with an accompanying loss of
signal voltage.

The control tube, in effect, is a vari-
able in the voltage divider network
which determines the potential on the
grid of the sync amplifier. Thus, opti-

mum bias is automatically applied to
the sync amplifier over the full range
of signal input levels.

One-half of a 12BH7 tube, with the
plate and grid connected together to
form a diode, serves as the noise clip-
per. The positive-going pulses at the
plate of the sync amplifier are fed
to the plate of the noise clipper via
a .1 pfd. condenser, Ci. When a posi-
tive pulse is applied to its plate, the
noise clipper conducts causing Cg. to
charge. After the pulse passes, C.;
discharges slowly through the one
megohm resistor R.s, thereby apply-
ing a negative potential to the plate
of the clipper. Since the discharge
time constant of Cyu and R is long
when compared to the time between
pulses, the negative potential is main-
tained at the plate of the clipper.
Therefore, the clipper conducts only
slightly during the succeeding sync
pulses. The current during conduc-
tion of the clipper flows through R,
developing a positive voltage at the

47K
VIDED TEST a=p— MW ———
PONT & ; TO OSCILLOSCOPE
== 470uutd. !
T w VERTICAL INPUT
L — el

== cHasSIS GND

Fig. 3. Decoupling network used with
oscilloscope in step 1 of Table 1.

cathode of the clipper. Because the
negative potential at the plate of the
clipper allows conduction on only the
peaks of the sync pulses, the voltage
developed across Ru.s is very small
and is present only when sync pulses
are present.

When noise pulses having an ampli-
tude greater than that of the sync
pulses appear at the plate of the
clipper, the negative potential at the
plate of the clipper is overcome and
the clipper conducts heavily. This
develops a spike of positive voltage
corresponding to the noise pulse across
E.s, which is also the sync separator

Table 1. Alignment procedure covering the video i.f. and sound circuits of the Westinghouse V-2243.1 television chassis.

VIDEO I. F. ALIGNMENT
SIGNAL GENERATOR OUTPUT
STEP FREQUENCY CONNECT TO INDICATOR L LGRS ADJUST LRSS
‘ e —— —
1 44 mc. center Pin 1 of 3rd ‘ Oscilloscope | Video test point | Ty, primary (top) Connect detuning
frequency i.f. amplifier “B” (see Fig. 5) for maximum pat- | alligator clips
10 mc. sweep (6CB6) through the de- | tern height. Ty ‘ to 1st and 2nd
coupling net- secondary (bottom)| i.f. plates (pin 5).
work shown in for symmetrical
Fig. 3 response curve
| . —_— ——
2 47.25 me. Pin 1 of 1st Oscilloscope | Same as above L., for minimum Remove detuning
unmodulated i.f. amplifier ‘ response clips
3 44 mc. center | Pin 1 of 2nd Oscilloscope | Same as above T primary for Connect detuning
frequency i.f. amplifier : maximum height. alligator clip to
10 mc. sweep T secondary for Ist i.f. plate
| symmetrical curve
4 44 mc. center Pin 1 of Ist Oscilloscope Same as above T340 primary for Detune L ,; before
frequency i.f. amplifier maximum pattern | adjusting T,
10 mc. sweep height. T;.. second-
ary for symmetrical
curve. Li;; for !
| “hump’’ at 44 me. |
5 213 mc. center | Antenna termi- | Oscilloscope | Same as above Ly, for curve below. | Replace 6BZ7. Set
frequency nals through a 301 for minimum fine tuning
0 mc. sweep matching net- 41.25 mc. marker adjustment to
| work. amplitude mid-range
41.25 me. Pin 1l of Isti.f.
unmodulated amplifier
marker
6 4.8 mc. Video test point | V.T.V.M. Test point **C”’ } Lizes for minimum Use strong signal
unmodulated *“B”’ through ‘ through r.f. from generator
.001-ufd. | probe i
| condenser
SOUND I. F. ALIGNMENT
7 4.5 mc. FM. ‘ Test point “B”* | V.T.V.M. ‘ Across Ry ! Ly, Lisys, for 'Use a weak signal
7.5 ke. devia- | (volume control)] maximum |
tion or tune in |
local TV station‘\ .
8 V. T.V.M | Same as above Lisoe for Use a strongsignal
I ' maximum
9 4.5 mc. AM ! Test point “B”’ | V.T.V.M. | Same as above | Rip for minimum |
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Fig. 4. Schematic diagram of the model H-804 allchannel uh.. tuner.

cathode resistor. Since, at the same
time, the noise pulse appears as a
positive spike at the grid of the sync
separator, and with almost equal am-
plitude as at the cathode, the two
voltages cancel and the noise pulse
becomes ineffective.

U.H.F. Adaptability

Westinghouse television receivers
that contain the letter “U” in their
model designation contain a built-in
all-channel uw.h.f. tuner. All others
have provision for the installation of
u.h.f. channel strips, receptors, or an
all-channel u.h.f. continuous tuner in
the field.

The design of the V-2243-1 chas-
sis, like most other Waestinghouse
chassis, provides for the installation
of an all-channel u.h.f. continuous
tuner without removing the chassis
from its cabinet. All mechanical and
electrical parts required to mount and
connect the wh.f. tuner and provide

channel selection are contained on the
chassis. Installation is simple. The
w.h.f. tuner is set in place on the v.h.f.
tuner mounting bracket and secured
by two %” self-tapping screws. The
connecting cable for heater, a.g.c., and
“B4’" voltages, and coupling to the
v.h.f. tuner is inserted in a socket pro-
vided on the top of the receiver chas-
sis. A tab is removed from the v.h.i.
channel indicator exposing the u.h.f.
channel numbers. The uh.f. tuning
is accomplished by means of the v.h.f.
fine-tuning control, which acts as a
vernier drive for the u.h.. tuner. For
installation in the field, the u.h.f. tuner
is furnished as a kit and includes a
calibrated dial for u.h.f. channel in-
dication.

The u.h.f. television tuner (see Fig.
4) contains the r.f. preselector, oscil-
lator, and mixer circuits. In the u.h.f.
tuner, the w.h.f. signal is converted to
the intermediate frequency of the tele-
vision receiver (center i.f. is 44 mc.),

Fig. 5. Top view of the V-2243-1 chassis showing the tube and parts layout.
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and this i.f. output is fed into the
v.h.f. tuner. When the channel selec-
tor of the receiver is set to the u.h.f.
position, the v.h.f. oscillator is disabled
and the r.f. amplifier and mixer cir-
cuits serve as i.f. amplifier stages at
44 mec. Thus, the output of the uh.f.
tuner is amplified in the v.h.f. tuner
and fed to the i.f. strip in the re-
ceiver.

A 300-ohm balanced input feeds the
uw.h.f. signal into the 1st r.f. preselec-
tor stage. The preselector and oscil-
lator-doubler sections consist of quar-
ter-wave coaxial lines, end-tuned
through the use of a ganged condenser
having four rotor plates for each sec-
tion. In addition, the r.f. sections of
the tuning condenser include trimmers
which are set for the high-frequency
end. From the r.f. section, the u.h.f.
signal is coupled by means of L¢ to a
1N82-type mixer crystal.

A signal from the 6J6 push-pull
Hartley-derived oscillator, tuned by
means of a section of the ganged vari-
able condenser, is loop coupled to a
harmonic generator crystal, and from
there fed to the oscillator-doubler”
coaxial line. The second harmonic of
the oscillator signal is selected and
coupled to the mixer crystal through
L:.. The resulting heterodyne action
at the mixer yields a 44-mec. signal
which is fed to the v.h.f. tuner.

The v.h.f. tuner of this chassis is a
low-noise cascode type using a 6BZT
(or 6BQT) r.f. amplifier and a 6X8
mixer-oscillator. This turret tuner is
similar to the v.h.f. tuners used in
previous models.

The first stage of the twin-triode r.f.
amplifier receives the signal at the
grid from the r.f. preselector section
of the turret tuner. The signal is fed
from the plate of this first section to
the cathode of the second r.f. amplifier
section. The r.f. signal is mixed in
the pentode section of the 6X8 mixer
oscillator with the local oscillator sig-
nal from the triode section, resulting
in a 44-me. i.f. signal, which is then fed
to the first intercarrier i.f. amplifier.

The common if. system uses over-
coupled i.f. transformers to obtain the
required bandwidth. To align this type
of system, the visual stage-by-stage
method is used. A sweep generator is
used to develop the response curve on
the oscilloscope. An unmodulated sig-
nal generator (marker) provides spot
frequency indications on the response
curve.

Before proceeding to the alignment
instructions given in Table 1, do the
following:

a. Remove the 6BZ7 r.f. tube.

b. Turn the channel selector to
channel 13

¢. Connect a 9-volt bias battery to
the a.g.c. line with the negative side
to the junction of resistor R and
condenser Cw; (point A on Fig. 2).

d. Bond the chassis and test equip-
ment together with braided copper
ribbon.

e. Loosely couple the output of a
marker generator to the output of
the sweep generator.
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A PLUG-IN MODULATOR

By EVERETT G. TAYLOR, wsNAF

HIS article describes a simple
“clamp modulator” that may be
plugged into any available c.w.

transmitter to permit phone opera-
tion. It should prove attractive to the
code operator if he wishes to operate
phone without having the operating
position cluttered up with the usual
amount of modulator equipment.

It is a well-known fact that a clamp
modulator will not permit the class
“C” stage being modulated to operate
as efficiently as some other types of
modulation but it is an inexpensive
way of modulating a c.w. transmitter.
Properly adjusted, it has good speech
quality and is easily read by the
operator receiving the signal.

This little packaged unit is simple
and easy to construct. It uses few
parts and is inexpensive to build. It is
designed to plug into an octal socket
on the rear of the chassis of any c. w.
transmitter with the filament and “B”
voltages being supplied through the
blug-in octal socket. It may be used
to modulate an 807, 2E26, or practi-
cally any beam power type of final. It
may also be used to modulate the
SCR-274-N  series of transmitters,
which is one of the more popular
pieces of surplus equipment in use on
the medium frequency ham bands.

The parts are mounted on an ICA
29337 “Flexi-Mount” aluminum case.
Only two tubes are used, namely, a
6SHT7 as a speech amplifier and a 6U§
as the modulatlor tube. A 6AUS6 may
be used in place of the 6SH7 if further
miniaturization is required.

The external parts are mounted as
follows: the tube sockets are placed
on top of the chassis and the mike in-
put and gain control are mounted on
the {ront while the male octal plug is
placed on the back.

The internal components are almost
all mounted point-to-point therefore
only a small amount of hook-up wire is
required. An Amphenol 75-CL-PC1M
microphone connector is used for the
mike input. The gain control, R,, is a
500,000 ohm Centrulub type “R” unit.
The sockets for the tubes are Cinch
type 8EM. The male socket connecting
the modulator to the transmitter
chassis is an Amphenol type 86-CPS.
The remainder of the resistors and
condensers are of the common USA-
manufactured variety.

C, is used to isolate, d. c.-wise, the
gain control from the 2.7 megohm re-
sistor which supplies the bias to the
6SH7. The reason [or this condenser is
that il you use a dynamic type of
microphone, the d. c¢. resistance of the

December, 1953

Two views of the plug-in
modulator. Two tubes and a
minimum of parts are used.

A compact clamp-tube circuit which can be used to transform

any cw. transmitter into a phone rig neatly and efficiently.

secondary of the input transformer
would effectively short out the bias to
the input tube.

The values specified for R,, C,, and
E; should remain unaltered as they
are correct for voice [requencies be-
tween 300 and 2500 cycles. This com-
bination of parts will give more pro-
nounced modulatior:.

The choice of the modulator tube,
the 6U6, was dictated by the fact that
its plate voltage more nearly ap-

Complete schematic of plug-in modulator,

63V, Vi V2 TO SCREEN
AC. GRID OF
7 7 150V. MODULATED

B+ RF STAGE

R,—500,000 ohm pot (Centralab type R)
R.—2.7 megohm, V5 w. res.
Ry—2 megohm, V5 w. ves.
Ri—100,000 ohm, Vs w. res.
R:—220,000 ohm, V5 w. res.
Rs—47,000 ohm, V5 w. res.
C,, Co—.002 ufd. ceramic cond.
Cys—.01 ufd. disc ceramic cond.
C,—8 ufd., 150 ». elec. cond.
J\—Mike input jack

V,—6SH7 tube

Vo—6U6 tube
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proaches the needed value of the
screen voltage of the tubes, mentioned
earlier, which it modulates.

When modulating a 2E26 or 807, the
screen should be reduced to about 100
volts or so by increasing the value of
the screen dropping resistor. This re-
sistor is common with the screen of
the pentode being modulated and like-
wise with the plate and screen of the
6U6.

During the process of modulation,
the screen of the r. f. tube will vary at
an audio rate which is determined by
the mode of the audio signal applied
to the screen of the r. f. tube.

Just a word of caution, the screen
bypass condenser in the circuit of the
r.f. tube being modulated should not
exceed .002 microfarads. If it is any
larger, it will bypass the audio com-
ponent, particularly at the high-fre-
quency end. This would result in a
signal sound level that is much lower
in amplitude than desired and an ap-
parently greater bass response.

The 150 volts for the 6SH7 circuit
may be obtained from a VR-150 which
should be used to supply the voltage
needed in case you use a v.f.0. in the
r.f. portion of the transmitter.

We feel sure that you will be
pleased with this little modulator as
it is quite versatile. The basic idea of
the clamp-tube has been used by a
number of hams in both mobile and
home operation. It saves weight, size,
and money if you are interested in an
occasional phone contact. —30
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Fig. 14. Close-up view
of some of the stops.

Part 2. Selecting a suitable console to house the organ

and details on the necessary conversion. Construction

data on the plugboard and the organ’s key switches.

tronorgan” will determine, to a

large extent, the physical layout of
the electronic parts. The writer’s con-
sole, shown in Fig. 1 (Part 1), is a
standard pipe-organ unit purchased
from an organ repairman. Organ re-
pairmen or builders can be found in
every good-sized city and they almost
always have, or can locate, a suitable

THE console or housing for the “Elec-

console. Agencies for electric and
electronic organs are also good bets,
since when a church or organization
installs a new electronic unit, the
seller is often given the job of remov-
ing and disposing of the old organ.
For convenience and the least num-
ber of alterations, the console selected
should have certain basic features. It
should, of course, have two manuals

Fig. 15. Chassis interconnection diagram. Only the chassis that have been
covered so far are shown “shaded”. The rest will be detailed next month.
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(unless the constructor will be satis=
fied with one—musically not nearly
so satisfactory) and the manuals
should be in good condition as far as
the action is concerned. The ivories
can be badly chewed up, for they are
easily replaced with either pieces of
“ivory’’ sold for the purpose or ivories
salvaged from discarded manual.

The console should also include a
pedal clavier in good condition. Good
condition is, of course, a relative term
and ingenious constructors can readily
repair actions in almost any state of
disrepair short of actual or incipient
disintegration. Fifty to sixty dollars
is about the maximum price you
should have to pay for a console, de-
pending on condition and elaborate-
ness.

Since the organ will have to have
at least one swell shoe (expression
pedal) the console should have one in
such condition that it at least pivots
freely. Two pedals are more satisfac-
tory. Stop and coupler controls exist
on all organ consoles but the buyer
should make sure either that the num-
ber of controls is sufficient or that ad-
ditional ones can be added without
making a hodgepodge of the final
product. The actual contacts may or
may not be in working order just as
long as the mechanical actions are in-
tact. Try to get a pipe-organ console
rather than one from a reed organ,
since the latter will be unnecessarily
bulky. Also make sure that whatever
console is selected can be disassembled
so that it can be moved around.

The following description of the
writer's console is given merely as a
guide and an example. The case itself
is 60% inches wide and 48% inches
high by 24 inches deep. It is a plain
box. Originally it contained eight
pneumatic pistons on the floor of the
box for the adjustable stop combina-
tions, but these were removed. The
remaining case was a simple box with
the three pedals.
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The manual unit is separate and
extends 16 inches from the front of
the case. Originally the two manuals
were removable, but time and expan-
sion of the wood made it impossible
to separate them without the possi-
bility of damage. The manual unit
also contains the stop knobs; the swell
.knobs on the left side are shown in
Fig. 14. These control long wooden
bars with spring-wire contacts at the
rear ends. The four knobs at the top
are part of the combination action
which is not used at present. The
console the writer selected had the
required number of stop knobs, so no
alterations were necessary.

Above the upper (swell) manual the
original console had a wooden board
carrying some coupler tablets in very
poor condition. The tabs were removed
and some of the writer's own con-
struction substituted, as will be de-
scribed.

The pedal clavier, shown in Fig. 4
(Part 1), extends 34 inches from the
front of the case and is standard in
every way. The original console had a
hinged manual cover with a music
rack; the cover was unsightly and un-
necessary so it was removed and the
music rack set in place permanently
with wooden supports. The bench was
good but needed refinishing. After the
cabinet was cleaned up, the entire
console and the separate pedal clavier
were mounted on heavy casters. This
paid off since it was necessary to
move the assembly around frequently
to get at the various parts during the
installation of the electronic gear.

Fig. 16 shows the rear of the con-
sole, illustrating how the twelve tone
generator chassis and the filter board
are mounted. Fig. 17 is a drawing of
the chassis support assembly and the
plugboard. The bottom chassis support
is a piece of wood which runs along
the bottom of the console. The plug-
board assembly is fabricated of alu-
minum strip with two pieces of wood
supporting it, as shown in Fig. 17. All
the wooden pieces are fastened by
their ends to the inside walls of the
organ case so that the entire assembly
stands as shown in Fig. 17. Each chas-
sis is fastened in place by one wood
screw at the top and another at the
bottom. Six busses run along the in-
side of the bottom chassis support
board carrying power from the gen-
erator power supply (8O, of Fig. 11,
Part 1). At each chassis a cable is
tapped from the busses, run through
a hole in the board, and terminated in
a connector which connects into the
power plug on a tone generator chas-
sis (P,-P,., Fig. 6, Part 1).

The edge of the plugboard can he
seen just above the generator chassis
in Fig. 16, with all of the connectors
sticking out from its top. A view of
these generator chassis, from the front
of the organ, is shown in Fig. 18, and
the plugboard diagram in Fig. 19. Py,
through P., connect to the 12 gener-
ator chassis (8O, to 80., Fig. 6,
Part 1), bringing the tones into the
plugboard. The remainder of the con-
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PLUG BOARD |8
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TONE GENERATORS

B 5013-5024
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(FIGS 3,6)

Fig. 16. Rear view of console showing how generator chassis and plugboard are mounted.

nectors are chassis-mounting females,
mounted on the aluminum strip. The
board rearranges the tones so that
each of the output connectors, SO
through SO.., supplies one complete
octave of twelve tones. Three sets of
output connectors are furnished—for
great and swell manuals and pedals.
The octaves are numbered, in Fig. 19,
beginning with the lowest number for
the lowest frequency octave. The ped-
als require only four octaves (actu-
ally 3%) and the swell has no 16-foot
register and, therefore, requires no
tones from octave 1.

The plugbhoard may be eliminated
by individual constructors and the
same rearrangement of tones carried
out at the key switches themselves.
The wiring is bulky and the plugboard
does provide a centralized distribution
point and in the long run will simplify
the over-all assembly operation.

—

Fig. 17. Mechanical details of the chas-
sis support assembly and of plugboard.
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Fig. 18. Front view of the organ showing the tone generator chassis in their places.
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Fig. 19. Interconnection diagram of the
plugboard. See text for full details.
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Fig. 20. Wiring of the pedal key-switch
assembly for the 8 and 16 foot registers.

Key-Switch Assemblies

Fig. 21 is a schematic of the great
manual key-switch wiring. Each key
operates three s.p.s.t. normally-open
contacts as shown in the diagram. Let
us trace one or two and see how they
operate.

P, Fig. 21, plugs into 8O« on the
plugboard shown in Fig. 19. SO« has

Fig. 21. Complete schematic diagram of the

one pin connected to the octave 3 out-
put of each of the twelve tone gen-
erators so that SO« and Ps carry a
complete octave of tones between
130.8 and 246.9 cps. The lowest note,
C, is on pin 1—the uppermost note, B,
is on pin 12.

Pin 1 of Py, Fig. 21, carries tone to
the arm of the 16-foot key switch for
the note C in the third octave of the
great manual. It also carries the same
tone to the 8-foot C in the second oc-
tave of the manual and to the 4-foot
C in the first octave. Thus, the same
note will be heard when any of these
three C keys is pressed. However, the
note is channeled to a different output
in each case and to different stops.

Looking at it from the standpoint of
a single key-—if the second C on the
manual is pressed, the 8-foot output
will carry 130.8 cycles. The 4-foot out-
put will carry 261.7 cycles, an octave
higher, and the 16-foot output will
carry 65.41 cycles, an octave lower.

The outputs of each octave of keys
ar. commoned and a voltage divider
is interposed between this octave and
the next higher one. All the outputs
go to pins of P.. Because of the volt-
age dividers, the output levels of the
octaves are graduated, with the high-
est frequency octaves giving the most
output. This is done to compensate for
the stop filters which will follow
(Part 3), most of which have a low-
pass characteristic which would sup-
press the higher-octave fundamentals
if this levelling action were not taken.
One great stop filter, however, has a
high-pass action, so a special 4-foot
output is taken for its benefit from
the bass end of the 4-foot line and fed

great manual key-switch wiring. See text.
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EACH KEY CONTROLSTHREE SWITGH CONTACTS

FILTER
BOARD

EACH SYMBOL l REPRESENTS A FULL
OCTAVE (12 KEYS). HEAVY LINES REPRESENT
{2 CONDUCTORS.

Note: A 5000 ohm re-
sistor in series with each
key contact will elimi-

nate any loading effects.
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out through pin 2 of Py This system
of key switching is suggested by the
one used in the Baldwin organ where
the same problem exists.

The swell key switches are wired in
the same way except that there is no
16-foot register and each key is only
required to operate two sets of con-
tacts. In wiring the swell use the fol-
lowing plan: Eliminate Pi.; Pyx to SO
of the plugboard; P to SO.; Py to
80, P to 8Own; Py to SOu; and P
to SOs.

The output connector, P, of the
swell assembly is a 4-pin male con-
nected as follows: Pin 1 to ground;
pin 2 to treble end of 4-foot output;
pin 3 to treble end of 8-foot output,
and pin 4 unused.

In each case bond the ground line
used for terminating the divider re-
sistors to the chassis of the power
supply and to every other major chas-
sis in sight.

Fig. 20 shows the wiring of the
pedal key-switch assembly which in-
cludes only 8- and 16-foot registers.

No directions can be given for con-
structing the key-switch assemblies
themselves. It is a matter for individ-
ual ingenuity. The main reason is that
the actions of various organs differ so
that the scheme will depend on the
key pivot points, the length of the
bars, the fastening facilities, space,
ete. The writer went to the trouble
of having shallow metal troughs made,
each the length of the manual. In this
were placed plastic mounting boards
and each assembly was made up of a
series of Guardian relay contacts.
These contacts are sold for making up
odd relay contact combinations and
are available as catalogue No. 200-3.
A large number of these is necessary.
Other constructors may use spring-
wire contacts employing phosphor
bronze wire or something similar.
Nichrome wire is said to be excellent
for this application as it does not form

an oxide which tends to make for

clicking- contacts.

Key clicks are not a particular
problem in this design, due largely to
the low-pass .aature of most of the
stop filters. If the assembly tends to
give clicks after it is built, experiment
with condensers across the 4700
ohm and 1500 ohm resistors in Fig. 21
and the other assemblies. Use the
smallest capacity which will reduce
clicking satisfactorily as larger values
will cause undue loss of brilliance in
the organ. Experiment separately with
each octave for the right value as per-
missible values will decrease with ris-
ing frequency.

As is obvious to those that have
read this far, this organ is no toy
and its construction involves both time
and money—from two-to three-hun-
dred hours’ time and between 150 and
400 dollars.

In Part 3, appearing next month, we
will cover all of the rest of the cir-
cuits used in the “Electronorgan” in-
cluding complete details on the filter-
board setup.

(To be continued)
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ELECTRONIC

LIGHT
CONTROL

By
HENRY A. SETZKE, w9LFz

Instructor, De Forests Training Inc.

lights has largely been taken over

by electronic equipment. The lights
can be turned on when daylight falls
below some predetermined level and
turned off when daylight has risen
above another predetermined level.

The light control unit is an a.c.-
operated device having a photoelectric
cell and a two-stage, direct-coupled
amplifier to control the relay. The pho-
totube must be mounted high so that
it has an unobstructed view of the
north sky. During the daytime the
bright light, striking the photoelectric
tube, causes the relay to pick up and
shut off the controlled lights. As night
approaches, the sky grows darker un-
til the light is unable to make the re-
lay “hold in.” When the relay drops,
the lights are turned on.

The photoelectric cell must be
mounted and shielded in such a way
that very little or none of the light
from the controlled lights can fall on
the phototube. If this occurs the unit
will turn the lights on and off, or
“cycle” as it is called.

The photocell may be pointed at a
street light, if one is available. When
the street light is turned on or off the
controlled lights will also be turned on
or off. If a strect light is used the
normally-open contacts of the relay
must be connected in series with the
controlled lights.

lli‘HE job of turning on and off the

Construction

All grounds should be connected to
a common bus bar but insulated from
the chassis. This is to prevent electri-
cal shock and accidental shorts. The
normally-closed contacts of the relay
should be connected in series with the
circuit to be controlled. Almost any
type of photoelectric cell may be used
in the circuit. As shown, the circuit is
designed for a gas-type photoelectric
cell. If a high vacuum type photoelec-
tric cell is used it will require more
operating voltage which can easily be
obtained by moving the one photocell
lead from point D to point C.

December, 1953

Electronic light con-
trol with photoelectric
cell in the foreground.

Underchassis view of con-
trol showing location of
various component parts.

An a.c.-operated device that uses a photoelectric cell and

a two-stage direct-coupled amplifier to control a relay.

Phasing of the power supply trans-
former is very important. If, after
completing the wiring, the circuit does
not function properly, the difficulty
probably lies in the phasing of the
power transformer. To reverse the
phase reverse the connections on the
secondary of the supply transformer
at points 4 and B.

The relay may be any type that will
pull in at 8 to 12 ma. or less.

Potentiometer R, is the sensitivity
control and R, is adjusted to give
proper bias for tube Vs

Explanation of Circuit
When no light is striking the photo-

cell, no current will flow through the
photoelectric cell and the load re-
sistor R.. The voltage developed across
the phototube load resistor is used as
the bias voltage on the first amplifier
tube V.. Since, under the conditions
of no light, no voltage has been de-
veloped, the first amplifier tube has no
bias.

Under these conditions the first am-
plifier tube, V., will be passing a
large plate current. The plate current
flowing through the plate load re-
sistor R, causes a voltage drop, which
in this case is rather large. The direc-
tion of current flow is such that the

(Continued on page 191)

Complete schematic diagram of the a.c.-
operated electronic light control unit.

Ry, Ro—5 megohm, V5 w. res.

Rg, Rs, Ro, R—20,000 ohm, V5 w. res.

R—500,000 ohm pot

R.—100,000 ohm, V5 w. res.

Ry—50,000 ohm pot

Ci—.5 ufd., 100 v, cond.

Co—38 ufd., 150 ». elec. cond.

Cs—.1 ufd., 400 v. cond.

RL,—2000 ohm, 12 ma. d.c. relay

Si—S.ps.t. switch

T\—Any small power transformer of receiving
type

Vi—6SN7 tube

Vao—Photoelectric cell and
CE-22 was used—see text)

socket (Cetron

v2
PRI.
R6 R7

3 ) )

I7VAC. R8 R9
/ AAAAAAA e AAAAAAA,
st Cc3
2l —

== CHASSIS GROUND
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Fig. 1. Front view of the Weston
Model 843 with the scale marking
changed to 1.5 microamperes,
full-scale. Rear view showing the
meter movement remounted on Lu-
cite back. Cell (Mallory RM-401) is
outside with resisiors., transisitors,
eic. shown mounted inside case.

- THE TRANSISTOR |
anlfs |00

By

HERBERT F. STARKE

Receiving Tube Division
Raytheon Manufeeiuring Company

A new and interesting application of transistors in the

instrumentation field. Increased sensitivity is obtained.

reason why transistors should not

find their way very quickly into
various applications associated with
the field of measurement and elec-
tronic instrumentation. In view of a
definite trend toward miniaturization
and low power consumption in this as
well as other fields, transistorized
versions of familiar laboratory devices
should constitute an early, logical step
in the development of transistor ap-
plications. With this idea in mind, the
writer undertook to determine what
could be done to increase the sensitiv-
ity of a small d.c. meter with a simple
and compact circuit using components
small enough to permit mounting on
the back of the meter.

Several years ago it was thought
that the desired result might be
achieved with subminiature tubes but
a critical survey of the requirements
turned out to be rather discouraging.
A 20 microampere, 2000 ohm meter
may be thought of as having a trans-
conductance of 500 micromhos and if
this is to be translated back to the in-
put of a tube circuit, the circuit trans-
conductance must also be 500 micro-
mhos if the device is to introduce a
voltage drop no greater than that of
the meter alone. For either single-
ended or balanced circuits, this means,
in practical terms, a tube transcon-
ductance of at least 1000 micromhos
which becomes very difficult with sub-
miniature tubes operating at low fila-
ment currents and “B” voltages.

Fundamentally, the meter is a
power device and if we wish to in-
crease its effective sensitivity we must
supply power amplification. A 20 mi-
croampere, 2000 ohm meter requires
0.8 microwatt for full-scale deflection
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'I‘HERE appears to be no sensible

and if (@.) 2 microamperes at 20,000
ohms, i.e., the same voltage drop is
desired the power gain must be 10 db
or (b.) 2 microamperes at 2000 ohms
(for the same circuit resistance) re-
quires a power gain of 20 db. These
gains are of the sort that may be
readily achieved in one stage using
junction transistors, a single cell, and
a few resistors, with the entire pack-
age being of a size that can be
mounted in back of the meter case or,
for that matter, partly inside the case.
(The word “partly” is included only
because it does not seem very practi-
cal to periodically open a meter case
for the purpose of replacing a cell.)

Fig. 2 represents the first attempt
at a circuit showing promise of ob-
taining at least a ten-fold increase in
current sensitivity. The evolution to
Fig. 3, with the elimination of four re-
sistors out of six, requires some eXx-
planation. This, in turn, depends upon
the temperature characteristics of the
transistors and the need for a high
degree of zero stability in the meter
amplifier under consideration.

Under certain circuit conditions,
transistors inake better thermistors
than thermistors. That is to say, the
temperature coefficient of the cut-off
current of the transistor is nearly
double the temperature coefficient of
resistance of the thermistor. In a cir-
cuit intended to be highly responsive
to temperature changes (such as the
basic form shown in Fig. 4) these co-
efficients would combine to produce an
over-all coefficient on the order of
129, per degree Centigrade provided,
of course, both elements were asso-
ciated with the same thermal circuit.
Since in Fig. 4 these effects appear in
amplified form in the collector circuit,

wwwW americanradiohistorv com

it should not he particularly difficult
to obtain full-scale deflection on a 20
microampere meter for a temperature
change of one degree Centigrade with
operating collector currents on the
order of 150 or 200 microamperes.

In the case at hand, however, it is
desired to make the temperature re-
sponse as low as possible because here
temperature response is the same as
zero drift. In a d.c. amplifier using
transistors in a grounded emitter cir-
cuit (necessary here because the
grounded base circuit has current am-
plification less than unity) the direct
first-order cause of collector current
drift is the temperature coefficient of
the cut-off current and the two are
related according to:

I.= Uco + al;) /(1 — @)
where:

I. = collector current

I, = base current

1., = cut-off current (the collector-
to-base current with open emitter)

« = short-circuit current amplifica-
tion (grounded base).

The foregoing points immediately,
of course, to a balanced circuit which
allows us to proceed at once to an
examination of second- and third-or-
der effects upon zero drift and re-
sponse. In the circuit of Fig. 2, if the
transistors can be matched for cut-off
current, temperature coefficient of the
cut-off current, and alpha, the resid-
ual zero-drift over the ordinary range
of “room temperature’ (28 = 6°C)
should be very small. In addition, it is
quite likely that a transistor of
higher-than-average cut-off current
can be paired with one of lower-than-
average temperature coefficient and
vice wersa. This latter technique
could resolve itself into a simple
matching of collector currents (at
either a fixed or zero base current)
with a maximum permissible mis-di-
vision of the collector-to-collector load
as the sole criterion of temperature
behavior, although the effectiveness
of the test would be greatly increased
if the original balance were followed
by checking the shift in zero caused
by shorting the input (base-to-base).
This, in turn, results in the elimina-
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tion of the electrical zero adjustment
as shown in Fig. 3 which, as a design
feature, would be somewhat more
practicable with a meter having a
greater range of adjustment of the
mechanical zero.

The choice of battery capacity, col-
lector current, and load resistors are
all interrelated. If these are chosen
with an eye to convenience in the
matter of battery replacements, the
use of the Mallory RM-12 (also RM-
1200) with collector currents of 75 to
100 microamperes will result in opera-
tion requiring a new battery only
once a year without the inclusion of
an “on-off” switch. Collector currents
below 100 microamperes, on the other
hand, will show some increase in sen-
sitivity with rising temperatures. This
can be circumvented by at least two
methods: (1.) Choose an operating
collector current high enough (about
200 microamperes) so that any small
further increase in current amplifica-
tion is largely offset by compensating
changes in other transistor param-
eters or (2.) use a temperature sensi-
tive meter shunt as shown in Fig. 6.
Proper proportions of B and T will
allow the use of rather low collector
currents without causing an unduly
large response error over a reasonable
range of operating temperature.

Since some degree of matching ap-
pears to be inevitable, it seems logical
to use only those transistors whose
open-base collector currents fall with-
in the desired range. This leads to the
elimination of the base resistors and,
while the circuit of Fig. 3 seems al-
most too good to be true, its perform-
ance may be seen in Fig. 5 which
shows voltage gain, current gain, and
power gain as functions of source im-
pedance. These plots, which are typi-
cal for the CK721, point out imme-
diately the chief operational defect of
the circuit: it cannot measure either
current or voltage accurately unless
the source impedance is much higher
(for current) or much lower (for volt-
age) than the base-to-base impedance
at the transistor input. This means
(oddly enough) that the meter is vir-
tually useless for quantitative meas-
urements at the point which gives
maximum power gain. This involves
an operational concept which is some-
what unusual but it should not trou-
ble us too much if we recall that the
original objective was to realize a sub-
stantial increase in the current sensi-
tivity of a microammeter with an ab-
solute minimum of components.

Although the meter is of some po-
tential value as a millivoltmeter for
use with thermocouples, bolometers,
and other low impedance sources, an
extra word of caution may be inter-
jected at this point: If the designer
elects to use the same meter for cur-
rent and voltage measurements, the
most careful matching of transistor
characteristics will be necessary; oth-
erwise there may be a substantial zero
shift in going from a high source
impedance (0.1 or 1 megohm) to a low
impedance (10 or 100 ohms) and vice
versa.
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Fig. 2. An early circuit using six re-
sistors, a condenser, two transistors.
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Fig. 3. A simplification of the circuit of
Fig. 2 eliminating four of six resistors.
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Fig. 4. Basic temperature-sensitive circuit.
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Fig. 5. Performance of the circuit of Fig. 3
shown graphically. Voltage gain, current
gain, and power gain are shown as func.
tions of source impedance. All of the val-
ues are expressed as factors, not in db.

R3 LoOW TEMPR
COEFFICIENT

INPUT Hl’“

HIGH TEMP
< COEFFICIENT

Fig. 6. Temperature-sensitive meter shunt.

The curves shown in Fig. 5 are in-
tended to illustrate only one particu-
lar operating point using typical
CK721’s, which were matched in al-
Pha. With a battery current of 150
microamperes (in the open-base cir-
cuit) the corresponding collector cur-
rent of 75 microamperes to each tran-
sistor yielded characteristics as indi-
cated in Table 1.

The resulting high input impedance
leads, in this case, to rather serious
errors if the current source impedance
falls very much below 1 megohm. If
this is too high for the application at
hand, the only remedy is to operate at
higher collector current with the im-

(Continued on page 148)

Fig. 7. Front and rear view of Weston Model
including RM-1000 cell are mounted outside.

.5 microampere, full-scale. All parts,
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@ R. By R.
#1 966 2.7 meg. 1900 ohms 335 ohms
#2 966 2.8meq. 1740 ohms 340 ohms

Table 1. Matched transistor characteristics.

CELL CAPACITY

{ma. hours)
1002-E (Eveready) ........cccvvuuennn... 1000
RM-1000 (MalloTy) ..ev.vriurnnnecnnnnn. 1000
BM-1200 (Mallory) .....ovvininvnnnnn.. 3600
915 (Eveready) ..... 0800055880800804000 800
RM-401 (Mallory) ... ..........vvuuun... 800
RM-625 (Mallory) ...........co0u.iu.... 250

Table 2. life expectancy. in milliampere-
hours, of various available battery cells
which could be used in the construction of
transistorized d.c. amplifiers for meters.

301 with the scale marking changed to
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View of the Regency u.h.f

converter, described in this article.

" Here is a popular converter widely used in u.h..

areas. Read how it works and how to service it.

allocated, in the summer of 1952,

there were approximately 16 mil-
lion v.h.f. television receivers in opera-
tion. Since then the number has in-
creased to over 22 million, and most
of these receivers have no way of re-
ceiving uw.h.f. signals except through
the use of new tuning strips or con-
verters. Of the two, converters are by
far the more flexible. A completely
selficontained converter can be used
with any television receiver, irrespec-
tive of the type of tuner it possesses.
Furthermore, a converter will, in gen-
eral, tune over the entire u.h.f. band
while a strip is designed essentially
for single-channel reception. Last, but
not least, converters can be installed
by a layman, while a technician is
needed to install any unit that must
be internally combined with a tele-
vision receiver.

There are a number of approaches
to converter design, but if these are
examined with a view toward keep-
ing the final product simple in con-
struction, easy to operate and service,
and simple to align, then the field
narrows down considerably. Major
emphasis is on the tuner and the one
finally evolved for the Regency con-
verter is only 4 inches in diameter
and 3 inches in depth. The unit tunes
continuously with a dial drive shaft
covering the 70 channels in 340° of ro-
tation, permitting the use of a small
direct drive scale. Included in the
tuner are two stages of i.f. amplifica-
tion.

A block diagram of the circuits in
this tuner is shown in Fig. 1; the
schematic diagram is given in Fig. 2.
The input circuit from the uwh.f. an-
tenna is balanced and designed to
match a 300-ohm line. This circuit
consists of a high-pass filter which
serves to reduce oscillator radiation
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AT THE TIME u.h.f. stations were

from the converter, response of the
unit to image signals, and the recep-
tion of spurious responses, especially
those produced by high-powered v.h.f.
TV or FM broadcast stations.

Beyond the high-pass filter is the
preselector circuit. This consists of
a balanced transmission line antenna
coupling loop which is inductively
coupled to a tunable transmission line,
The function of the preselector circuit
is the same as that of the r.f. circuit
in any receiver, namely, to permit one
station to be received, and to reject
all others.

A shorting slider varies the fre-
quency of the parallel-wire tuning ele-
ments. In covering the uh.f. band
from 470 to 890 mec., the line shorting
slider has a 4-inch travel. The slider
is noiseless during operation.

Due to the fact that the antenna
coupling loop and the crystal mixer
(which follows the preselector) are
placed at opposite ends of the tuning
line, direct coupling between the an-
tenna and mixer circuits is avoided.
The tracking problem between pre-
selector and oscillator tuning circuits
is simplified by the employment of
two trimmer condensers on the pre-
selector lines. One trimmer condenser

Fig. 1. Block diagram of the basic cir-
cuit of the Regency uh.i. converter.

UH.E CONVERTER

UHF
osc.
HIGH PRE-
PASS SELECTOR s CRYSTAL
FILTER CIRCUIT MIXER
8 10
CAS"’SDE VHF,
ampuFiErs|  SET
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By
R. A. MORRIS

Chief Engineer, I.LD.E.A, Inc.

is used for setting the high-frequency
end and the other is used for setting
the low-frequency end of the range.
This arrangement allows the electri-
cal tracking of the oscillator and pre-
selector circuits to be a simple and
positive alignment operation. The
trimmers are a special uw.h.f. balanced
type which were developed for this
tuner.

Once the desired signal has been
chosen by the preselector, it is next
fed to a crystal mixer. Also reaching
the mixer is the oscillator signal.

The oscillator circuit is of the ul-
traudion type widely used in present
v.h.f receivers. A 6AF4 miniature
triode is capacity-coupled to a quar-
ter-wave, short-circuited transmission
line. ‘The oscillator operates at a
lower frequency than the signal, in
order that the relative position of the
sound and video carriers in the incom-
ing signal is not reversed. Coming
into the v.h.f. receiver, the video car-
rier frequency must be below the
sound carrier frequency as in a v.h.i.
signal.

In order to receive u.h.f. stations be-
tween 470 and 890 mc., the local
oscillator tunes from 275 to 695 mc.
The v.h.f. set is tuned to channel 10.
The oscillator generates adequate in-
jection voltage over the entire fre-
quency range (275 to 695 mc.) with-
out any frequency skips. Oscillator
tuning is accomplished by a sliding
silver contact which varies the active
portion of the line. A trimmer con-
denser across the oscillator plate tank
circuit allows the frequency range to
be set to the desired frequency at the
low end of the range. Oscillator tun-
ing is mechanically ganged with pre-
selector tuning.

The frequency of the local oscillator
stabilizes after approximately five
minutes’ operation. The maximum
deviation due to line voltage drift
(within the range of 95 to 125 volts),
is approximately 70 kc.

The signal at the output of the
crystal mixer is fed to a cascode if.
amplifier. This i.f. amplifier operates
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over the frequency range of the r.f.
amplifier in the v.h.f. television re-
ceiver when the latter is set for chan-
nel 10. Actually, any of the v.h.f.
channels, 8, 9, 10, 11, or 12 can be
chosen, permitting the set owner to
use the channel which, in his location,
is interference-frec.

Little need be said about the cas-
code amplifier other than that it was
chosen because of its high gain and
low-noise qualities. The output of
this stage is balanced, presenting an
impedance of 300 ohms to match the
v.h.f. receiver unit.

Three views of the tuner are shown
in Figs. 3, 4, and 5. In Fig. 3, the
tuner is shown as a complete unit
with all the covers and shields in
place. Fig. 5 is a top view of the
tuner with the outer shields removed.
The preselector tuning line with its
slider and trimmer condensers can be
seen at the top of the unit. Back of
the line is the antenna coupling loop.
In the center of the assembly is the
double-triode i.f. amplifier tube.

The bottom side of the tuner, shown
in Fig. 4, contains the oscillator cir-
cuitry. The oscillator tube rests on
its side at the left-hand side of the
illustration.

Service Hints

In general, alignment will rarely
have to be performed on this con-
verter if it receives normal care in
use. When servicing is required, the
stage at fault can be detected quick-
ly by following the procedures to be
outlir »d:

Oscillator tube: The oscillator tube
can be checked for oscillation by sev-
eral methods. One means consists of
checking the cathode current and, at
the same time, touching the oscilla-
tor lines with a screwdriver. The
current should rise, indicating that the
tube was oscillating and the screw-
driver stopped the oscillations,

Another method of checking for os-
cillation consists of using a vacuum-
tube voltmeter with a 1-megohm re-
sistor probe and very short leads to
read d.c. voltage on the grid of the
6AF4. This reading should be ap-
proximately —3 to —10 volts d.c.

In order to gain access to 1he oscil-
lator tube, remove the perforated
cover on the side of the tuner. In re-
moving the 6AF4, reasonable care
should be exercised not to disturb any
of the components. It may be neces-
sary lo try several tubes in the oscil-
lator circuit, inasmuch as certain tubes
will operate better than others for
optimum alignment and injection.
Usually, changing of the oscillator
tube does not require realignment.

Amplifier tube: Changing the 6BK7
Lf. amplifier tube should not require
any change, other than a touch-up of
the converter output adjustment,
which extends through the tuner case
and can be turned conveniently with
the fingers for maximum performance.
This adjustment is also made when
different v.h.f. channels are selected
for the double conversion.
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Fig. 2. Schematic diagram of the converter; dotted boxes indicate shielding.

Fig. 3. The completely shielded tuner
assembly of the Regency converter.

Crystal diode IN72: A defective
crystal can be established by the lack
of rectified injection voltage, provid-
ing the oscillator tube is definitely
working. Should a crystal require
changing, it is important that the
leads be kept the same length and
that the position of the new crystal is
identical to the defective crystal. Care

Fig. 4. The bottom view of the tuner
showing oscillator tube on its side.

should be taken not to overheat the
crystal with the soldering iron, and
it is advisable to hold the erystal with
a pair of pliers back of the soldering
point,

All components replaced should be
wired into the circuit as near to the
original physical placement as possi-
ble, with the same size leads. —f30—

Fig. 5. Top view of the tuner showing preselector and antenna coupling lines.
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Compiled by KENNETH R. BOORD

OUR ISW DEPARTMENT editor,
YKen Boord, will play a program of

Christmas organ music, by tape
transcription, in a special DX broad-
cast from HCIB, Quito, Ecuador,
Thursday, December 17, at 0330 (0830
GMT) with beam to Europe on 15.115,
11915, 9.745, and repeated the same
day at 1600 (2100 GMT) with beam to
the South Pacific on 17.890, 15.115,
11.915. Reception reports will be wel-
comed, especially since by that time
HCJB’s transmitting facilities should
have been completely moved to the
new site at Pifo, and new antennas
should be in use. HCJB verifies correct
reports 100 per-cent; an IRC is appre-
ciated but is not required. Any and all
reports on the special program will be
appreciated by your editor.

At press time, an official of the sta-
tion flashed to me that work was pro-
gressing on the new European curtain
beams, and that both the European
and South Pacific beams would be in
use in the near future. The North-
South beams were put into effect some
time ago. Current over-all schedules
of HCJB include 700 kc. at 0540-2300;
6.050 at 0540-2400; 9.745 at 1400-1200;
11.915 at 1900-0900; 15.115 at 1200-
1000; 17.890 at 1200-1900. The station
now broadcasts on Monday mornings
to 0900, then is silent until 0540 on

Tuesday mornings—except that on the
first Monday of each month there is a
special greetings program on 9.745,
11.915, and 15.115 from approximately
1800 to 2200.
£ & *
Radio Club Notes

England—Congratulations go to the
International Short Wave Club which
just observed its 24th anniversary; Ar-
thur E. Bear, London, is secretary of
the group. ISWC was founded in the
United States.

USA—QRA for United 49’ers Radio
Society is now given as 413 Pershing
Ave., Collingdale, Pa.; president is Ed-
ward I. Broome, Box 31, Medford,
N. J.; editor is William C. Peters, Col-
lingdale; short-wave editor is the for-
mer chief editor, Anson Boice, 28 Eis-
enhower Drive, New Britain, Conn.

Leslie Bannon (WN9TZD), 6260 N.
Chester, Indianapolis 20, Ind., has re-
placed Marvin Robbins as short-wave
editor of the Universal Radio DX

(Note: Unless otherwise indicated, all time is
expressed in American EST; add 5 hours for
GCT. “News' refers to newscasts in the English
language. In order to avoid confusion, the 24
hour clock has been used in designating the times
of broadcasts. The hours from midnight until
noon are shown as 0000 to 1200 while from 1
p.m. to midnight are shown as 1300 1o 2400.)

The symbol “V" following a listed frequency
indicates ‘‘varying 7 The station may operate
eithor above or below the frequeney given. A
means frequency is approx mate

This young DX-er, John C. Karrer, Philadelphia, uses a Hallicrafters S-38C.
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and a single wire lead-in to a straight-wire antenna for his station spotting.
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Club. Marvin is now serving in the
U.S. Armed Forces. This club recently
issued a fine short-wave station log,
compiled by Robbins and Bannon,
which is a service for members only.
* * *
This Month's Schedules

(Note: At the time this material
was compiled, some stations were still
in the process of changing from sum-
mer to winter schedules and frequen-
cies; in some cases, hence, schedules
may now be one hour later than listed
herein.—K. R. B.)

Andorra— Radio Andorra, 5.997, not-
ed 1720-1800 on this measured chan-
nel. (Ferguson, N. C.)

Anglo - Egyption Sudan—At times
lately, Radio Omdurman has been
heard on 7.100A instead of 7.600A.
(Skoog, Sweden) Noted near 7.090 at
1400 with Arabic music; closed 1430;
with English Sun., Wed. 1115. (Pearce,
England)

Argentina—LRY1, 9.7604, Buenos
Aires, noted closing 2258 in Spanish
when announced for LR3 and LRY.
(Ferguson, N. C.) LRX, 9.66, noted in
Spanish 2200 and later. (Morgan,
Calif.)

LRA, 15.345, is still noted with news
1815 for North America. (Zerosh, Pa.)
Might replace this channel at that
time with 17.720 for winter. Roberts,
Conn., notes LRA1, measured 9.69, at
2955-2330 in Spanish, good level.

Australia—VLC9, 9.715, is good level
0700-0845 to Eastern North America;
news 0715, 0815. (Morrison, R.I.; Kuhn-

ert, Mass.; Granrose, Fla, others)
VLAY, 9.58, is good signal around 0300.
(Boyce, N.J.)

Azores—By this time, CSA92, 11.090,
Ponta Delgada, should be on winter
schedule of 1500-1600. (Ferguson, N.C.;
Niblack, Ind.) CSA93, 4.865, has news
in Portuguese 1630, strong level in
Ireland. (ISWL, England)

Brazil—A Brazilian station has been
noted on 9.685 at 1733 carrying “A Voz
do Brasil” relay. (Bellington, N.Y.)
Radio Tamoio, 9.610, noted with music
and commercials, comments in Portu-
guese, good level in Ind. around 1800.
(Diaz)

Recife, 9.565, noted like a local
weekdays 2005-2030 when has “Brazil
Calling” (Emnglish). (Jensen, N.J.) A
Brazilian 6.165A is believed Radio
Cultura, Sao Paulo, probably moved
from 9.745. (Stark, Texas; Bellington,
N.Y.) Radio Nacional, 9.72, noted 2130
through heavy CWQRM; Portuguese.

(Continued on page 108)
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CUSTOMERS EVERYWHERE KNOW
'SYLVANIA TUBES JUST
CANT BE BEAT FOR QUALITYE

WHY SYLVANIA

PRODUCTS

MEAN BETTER BUSINESS !

YOU’RE really on board the better-profit special when you feature
Sylvania Picture Tubes and Receiving Tubes.

Your customers know Sylvania as a pioneer in the development of
fine radio and television products. From the very beginning, the name
Sylvania has stood for the highest possible quality. And, as the indus-
try has progressed and expanded, Sylvania has taken great care to
maintain its recognized leadership.

Now, due to advanced manufacturing techniques and precision

testing methods, Sylvania tubes can point to outstanding records, both
in long life and fine performance. Today 7 of the 10 leading set man-
ufacturers use Sylvania Picture Tubes and Receiving Tubes.

So, if you want recognized quality working on your side . . . sell
Sylvania! Call your local Sylvania Distributor for the latest fall prices
and money-making promotion offers, or write to: Sylvania Electric
Products Inc., Dept. 3R-2112, 1740 Broadway, New York 19, N. Y.

SYIVANIA [ ===

LIGHTING ¢ RADIO « ELECTRONICS o TELEVISION

December, 1953

LA NS ~_'T’1'2‘$

Television keeps telling
about Sylvania quality

R TR~ o i
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X
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s

Sylvania’s popular nation-wide television
show “Beat the Clock” continues to tell

el

e

millions of your customers week after
j week, all through the year, about the
; unbeatable quality of Sylvania products. E

In Canada: Sylvania Electric {Conada) Ltd.
University Tower Bldg., St. Catherine Street, Montreal, P. Q.
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NEW POWER BOOSTER
Boosts Power instantly!

Stronger signals and greater transmis-
sion range even in hilly country are
now possible through use of the new
Kaar Power Booster, which increases
by six times the power output of any
8 to 10 watt mobile transmitter, with-
out adding to standby battery needs —
a recent, outstanding engineering
achievement of the Kaar research
laboratories.

DEPENDABLE
MOBILE
COMMUNICATION

Rugged construction . .. simplicity of
design...lowest possible battery
drain . . . exceptional voice quality—
these are the features that make the
Radiopak the most dependable single
unit mobile radiotelephone available
today. Furnished for both the 25 to
50 mc band and the 152 to 174 mc
band, the Radiopak is ideally suited
for use in police cars, taxis, fire de-
partment vehicles, trucks, and three-
wheeled motorcycles.

DEALERS!
® WRITE FOR Kaar isd"'h:e ;nlz
major radiotelephon
éi?ﬁgrg ON manufacturer selling
through authorized
ALL KAAR “ﬂl!lﬁ- W‘rifte for
complete Informa-
MOBILE Hori.
EQUIPMENT ;__d

—— Ty ——
:\LAARF

ENGINEERING CORP.

MIDDLEFIELD ROAD * PALO ALTO, CALIF,
g8

1

"TELEVISION AND F-M RECEIVER
SERVICING" by Milton S. Kiver.
Published by D. Van Nostrand Com-
pany, Inc., New York. 316 pages. Price
$4.20. Third Edition. Paper bound.

Mr. Kiver has revised his basic and
definitive text to keep pace with the
burgeoning television industry.

As is the case with all of this au-
thor’s writings, this book is hardhit-
ting, clear, and concise. Explanatory
material is offered freely so that the
student or novice technician may de-
rive maximum benefit from this text.

The book is divided into eighteen
chapters covering antennas, TV re-
ceiver installation, TV test equipment,
r.f. stages, video if. and detector
stages, video amplifiers and a.g.c. sys-
tems, CR picture tubes, servicing in-
tercarrier receivers, using TV test pat-
terns, deflection systems, power Sup-
plies, TV receiver alignment, u.h.f.
fundamentals, FM fundamentals, com-
mercial FM receiver circuits, and FM
receiver alignment and servicing.

Service technicians who have come
to depend on Mr. Kiver’s books as ref-
erence sources will welcome the avail-
ability of this new edition.

® & £

"LEARNING THE RADIOTELEGRAPH
CODE" by the ARRL Staff. Published
by the American Radio Relay League,
West Hartford, Conn. 32 pages. Price
25 cents. Paper bound.

This is the Sixth Edition of a handy
text which outlines a simple, thor-
oughly usable method of learning the
code with a minimum of time and
effort.

The book is divided into six main
sections which deal with the learning
process, transmission techniques, high-
speed operation, operating on the air,
code practice, and exercises in receiv-
ing and sending for group use.

The chapter on code practice in-
cludes circuit diagrams for simple
code practice sets which the student
can build himself.

Those who have used this handbook
in the past will undoubtedly wish to

| recommend this new edition to new-

comers in the field.
* * *

"TELEVISION FUNDAMENTALS" by
Kenneth Fowler and Harold B. Lip-

pert. Published by McGraw-Hill Book
Co., Inc., New York. 520 pages. Price
$7.00.

This book fulfills a long-felt need
for a truly basic text dealing with the
subject of television theory, circuitry,
and servicing. Too often the authors
of such “elementary”’ works, like Don
Quixote, “ride off in all directions”
under the faulty assumption that their
readers are “with them.” ’

The authors of the subject book of
this review have assumed nothing ex-
cept that the reader has some knowl-
edge of basic radio circuitry. The cov-

wwWw americanradiohistorv com

erage of television is thorough and
fundamental.

The writing is clear, concise, and
admirably “readable.” The use of
mathematics has been avoided like the
plague with verbal descriptions of
mathematical processes being used in-
stead.

The text also includes practical in-
stallation procedures, the television
antenna, servicing and test equip-
ment, and troubleshooting television

receivers by picture analysis.
* * *

"PRINCIPLES OF TRANSISTOR CIR-
CUITS" edited by Richard F. Shea.
Published by John Wiley & Somns, Inc.,
New York. 526 pages. Price $11.00.

This is a book for which the indus-
try has been waiting as it presents
most of the basic research material
extant on the subject of transistors
and transistor circuitry.

Representing a collaboration by ten
General Electric Company engineers,
this text covers all facets of the tran-
sistor application problem. Introduc-
tory material deals with semiconduc-
tor principles and forms, types and
characteristics of transistors. The bal-
ance of the book is divided into appli-
cations for low-frequency circuits, in
high-frequency circuits, and special
circuits. In order to make the subject
matter as easy to grasp as possible
the authors have used vacuum-tube
analogies as well as similarities and
dissimilarities between the two com-
ponents.

We believe that this definitive work
will soon be known as the “bible” of
the transistor engineer. Its appear-
ance will offer, between two covers, a
single source for the cream of current
thinking on the subject.

* * *

"INTRODUCTION TO VALVES" by
R. W. Hallows and H. K. Milward.

Published by Iliffe & Sons Ltd., Lon-
don. 149 pages. Price $6.75. Available
in the U. S. from The British Book
Centre, 122 E. 55th St., New York 22,
N. Y.

This is a basic work which covers
the fundamental concepts of tube op-
eration in various types of circuits.

The lavishly illustrated text covers
thermionic tubes, diodes as rectifiers
and detectors, triodes and their appli-
cations, tetrodes and pentodes, multi-
grid tubes for frequency changing,
power output tubes, and special tubes
for w.h.f. and v.h.f. A separate chapter
is devoted to a discussion of the mod-
ern miniature tube.

Another valuable feature of this
text is the complete explanation of
the British standard for designating
tube types. This standard, adopted in
1947, is used throughout the book.

While some knowledge of mathe-
matical processes would be helpful to
the reader, the text is clearly and
simply written so that the student
may gain the maximum benefit from
his studies. Although the terminology
is British, the United States reader
should have no difficulty in making
the transition.
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YOUR ELECTRONIC \\
~ Demands Highly Specialized

THE MANUFACTURERS
AND SERVICE MEN
WHO SERVE BEST

WIREMAKER FOR INDUSTRY
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IMPEDANCE
BRIDGE KIT

amplifier.
; @ Battery type tubes, no warm-up
MODEL 1B-2 required.

s59°3°

SHIFPING WT.
i5 LES.

)
e

Another new, outstanding instrument design so typically character-
istic of Heathkit operation in producing high quality instrument kits
at the lowest possible price. A new, improved model Impedance
Bridge kit featuring modera cabinet styling, with stanted panel for
convenience of operation and interpretation of scales at a $10.00
- price reduction over the preceding model. Built-in adjustable phase
i shife oscillator and amplifier with all tubes of the battery operated
' type completely eliminates warm-up time. The instrument is en-
tirely AC line operated. No bothersome battery replacements.
The Heathkit IB-2 Impedance Bridge Kit actually represents
four instruments in one compact unit. The Wheatstone Bridge for
resistance measurements, the Capacity Comparison Bridge for capa-
city measuremeats, Maxwell Bridge for low Q, and Hay Bridge for
high Q inductance measurements. Read Q, D, DQ all on one dial
thercby eliminating possible confusion due to the incorrect dial
reference or adjustment. Only one set of instrument terminals nec-

AUDIO WATTMETER

MODEL AW-{

$295°

‘SHIPPING WT.
6 LBS.

ik
g

A new Heathkit design for the au-
dio engineer, serious hi fi enthu-
siast, recording studio, or broad-
_cast station; the Heathkit Audio
Wattmeter Kit. This specialized
instrument instantly indicates the
output level of the equipment
under test without requiring the
use of external load resistors. All
readings are taken directly from
the calibrated scales of a 415"
200 microampere Simpson meter.

The Heathkit Audio Wattmeter

features five full scale power meas-
urcmegt ranges from 5 milliwatts up to 50 watts with db ranges of
—15 db

. to +48 db. The instrument has a power measurement
rating of 25 watts continuous and 50 watts maximum for inter-
mittent operation. Non-inductive tesistance load impedances of 4,
S, 16, and 600 ohms are provided through a panel impedance
selector switch. Frequency effect is negligible from 10 cycles o 250
ke. A conventional VIVM circuit utilizes 2 12AU7 twin triode tube.
The meter bridge circuit uses four germanium diodes for good line-
arity.

With the Heathkit - AW-1 desired information can be obtained
instantly and convenicntly without bothering with the irksome setups
and calculations usually required. Useful for power curve measure-
ments, frequency response checks, monitoring indicator, etc. Con-
venient calibration directly from 110 volt AC line source. This new

instrument will help to supply the answers to your audio
or power output problems.

operating

HEATH COMPANY -
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Heathtbit o

‘Benton Harbor 15, Mich.

PR

#

ke

g Re

® Simpson 100-0-100 microampere
meter.

® Completely AC operated.

® Built-<in phase shift generator and

® Newly designed two section CRL
dial,

® Single knob D, Q, and DQ functions.

® Special impedance matching trans-
former.

® New modern cabinet styling.

@ %% precision resistors and silver
mica condensers.

essary for any measurement function. Panel provisions provided for
external generator use.

A newly designed two section CRL dial provides ten scparate
“units” switch settings with an accuracy of .5%. Fractions of units
are read on a continuously variable calibrated wire-wound control.
A special minimum capacity, shielded, balanced impedance match-
ing transformer between the generator and the bridge. The correct
impedance match is automatically -switch selected to provide con- ©
stant load operation of the generator circuit. The instrument uses
15% precision resistors and condensers in, all measurement circuits. =

The new Heathkit IB-2 provides outstanding design features not
found in any other kit instrument. The single low price includes the
power supply, generator, and amplifier stages. No need to purchase

separate instrument accessories in order to obtain the type of oper-
ation desired.

LABORATORY

GENERATOR KIT

SHIP. WT.
16 LBS.

Another welcome
new addition to
the popular line of Heathkit
instruments, the Heathkic Lab-
oratory Generator. Specifically
designed for flexibility of operation, accuracy and versatility
beyond the performance level provided by the conventional
service type generator. Frequency coverage of the Colpitts
oscillator is 150kc to 30mc in five convenient ranges with
provisions. for internal or external modulation up to 50%,
and .1 volt RF output throughout the frequency range. Panel
mounted 200 microampere Simpson meter for RF “set refer-
¢ ence level” to provide relative indication of RF output. In-
dividually shielded oscillator and shielded variable and step
attenuator provide flexible control of RF output. §
The circuit features a GAF4 high frequency oscillator, a
© GAV5 amplifier with grid modulation, 12AU7 400 cycle |
°. oscillator and modulator, OB2 voltage regulator tube, and
.. a selenium rectifier for the transformer operated power supply.
The smart professional instrument appearance and over-all
flexibility of operation will prove a decided asset to any in- &
dustrial or educational laboratory. The Heathkit Laboratory
“ Generator sets a new level of operation, far superior to any -
* instrument in this price classification. 4

Ay
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new 5w Fleathkit

CHECK THESE 7641«%

1 New 5UPI CR tube

1 Re-trace blanking

1 Voltage regulation

1 Extended band width

1 Peak-to-peak calibrating provisions
1 Good square wave response

¥ Astigmatism control

¥ New heavy duty shielded power
transformer

Announcing the latese addition to a brilliant series of Heathkit Oscillo-
. scopes, the new Model O-9. This outstanding instrument incorporates all
of the feacures developed and proven in the production of well over
50,000 kits, in addinon to a host of many new design features for truly
outstanding performance. This new scope features 2 brand new (no sur-
plus) commercially available SUPL cathode ray tube for fine focusing,
high neenstey, and freedom from haladion. The 57 CR tube is the stand-
ard size for design and industrial laboratories, development engincers,
and service men. The only size CR tube cffering a wide range of types,
colors, phosphors, and persistence The answer to g,ood oscilloscope per-
turnnmL lies tn smproved basic design and operating characterstics, and
not in the use of larger CR rubes
VERTICAL AMPLIFIER — New ¢xtended bqnd width verucal amplifier
with scnxm\'xq of .025 voles per inch, down 3 db at 2 mc, down only
S5 db at 3 mc Three swp \Lmul input atcenuaror. qmluy ceramic
varnible capacitors for proper input compensation, provisions for cali-
brated 1 volt peak-to-peak reference, wich calibrated screen for direct
reading of TV pulses.

MODEL ©-9

s59°°

SHIFPING

WT. 28 LA5.

HORIZONTAL AMPLI- B
FIER — New input se-

lector switch provides choice of hori-

zontal inpur, 60 cycle sweep input, line sync, internal sync, and external
sync Expanded horizonwal sweep produces sweep widdh several times the *
cathode ray tube diameter, New blanking ampitfier for complete retrace
blanking and new phasing control. :
POW ER SUPPLY — New high voltage power supply and filtering cir- &
cuit for really fine hairline focusing. New heavy duty power transformer
with adequate operatng reserve Voluage regulated supply for both vertical
and horizontal amplifiers for absolutely rock stmd) traces and complete
freedom from bounce and jirter due to line variations.

The acrd st of any oscilloscope operation is the ability to reproduce
high frequency square waves and the new }Ic"xthl\xt 0-9 will faithfully re-
produce square waves up to 500 ke, This is the ideal all around, general
purpose oscilloscope for educational and industrial use, radio and TV serv-
icing. and any other type of work requiring the tnstantaneous reproduction

and obscrvation of actual wave forms and other electrical phcnomcna
. k& e CET

SCOPE DEMODULATOR

PROBE KIT

In applications such as trouble shooting or

?‘ecu‘ééczf Low CAP'ACI‘TY
PROBE KIT

Oscilloscope investigation of high frequency,
high impedance, or broad bandwidth circuits
encountered in welevision work requires the
use of a low capacity probe to prevent loss of =

o aligning TV, RF, IF, and video stages, the
NO. 342 gain, distortion, or false service informarion. froquency rangcs encountered require demod.
The Heathkir L()\v Capacity Prebe features NO. 337-B uh(tllon of sig{r;nls before o@cillo(slcope B
$ 50 sHip. wr. a variable capacitor to provide the necessary a & . :
. G £ S mREh tation. The newly-stvled Heathkit Demodula-
[ ) 1 LB gree of instrument impedanc L $ 50 tor Probe in polished aluminum housing will
. New probe styling with bright polished alu- Fulbll ot F; 4 ait
minum housing and polystyrene probe ends. . L] glue as[ ’a‘?l o:cl:ﬁ[(;?cl:) and reacity 1’r°VCD“S
pe service accessory. De-
& SHIP. WT. T LB. tailed assembly sheet provided, including in-

: structions for probe operation,

oy,

s

Heathtbct | . e g e
VOLTAGE CALIBRATOR KIT o T

The Heathkic Voluage Calibra- 5o E L E C T R O I C s W l T C H
tor provides a convenient meth- ;

od of making pecak-to-peak vole- Aj

age measurements with an os- K l T

cilloscope by cstablishing a re- -,

lationship on a comparison ba-

sis between the amplicude of an ©  The basic function of the Heathkic S-2

Electronic Switch Kit is to permit simul-
.. tancous oscilloscope observation of two
separate traces which can be cither sepa-
calibratcr. Peak-to-peak voliage rated or superimposed for individual
values are read directly on the study, A typical e\qmple would be ob-
N servation of a signal as it appears at both
calibrated pancl scales. To off- the input and ourpur stages of an ampli-
sct line voltage supply irregu- fier. It will also serve as a square wave
larictes, the instrument features generator over the range of switching fre-
quenciesy often providing the necessary
a voltage regulacor tube. wave form response information withoutr
With the Heathkic Volage Cali- incurring the expense of an additional
brater, it is possible to measure all
types of complex wave forms within

instrument.
a voluage range of 01 to 100 volts

unknown wave shape and the
known output of the voluage

. Continuously variable swicching rates
in three ranges from less than 10 ¢ps to

MODEL VC-2

? . > er 2,000 cps. Individual controls for MODEL §-2
peak-to-peak. A convenient signal S'Y(h o=
A . put channel and a positioning con-
$I I 50 position on the pancl switch by-passes trol The five tube transformer op%mted
A thi‘ calibrator completely and the sig- circuit utilizes two GSJ7, two G6SN7, and s 5 o

nal is applied to the oscilloscope in- once 6X5 rtubes. Buy this kit and enjoy °

SHIPPING WT. put thereby eliminating the necessity increased  versatility of operation from

4 LBS. for transferring test leads. your oscilloscope. SHIP. WT. 11 LBS.

HEATH COMPAHY Benion Hurbor 15 Mlch

December, 1953
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KIT

MODEL

w .

“ The beautiful Heathkit Model
V-6 VIVM, the world’s largest
selling kit instrument, now

. offers many outstanding new features in addition to retaining all of
the refinements developed and proven in the production of over
100,000 VIVM’'s. This is the basic measuring instrument for every
branch of electronics. Easily meets all requirements for accuracy,
stability, sensitivity, convenience of ranges, meter readability, and
modern styling. It will accurately measure DC voltages, AC voltages,
offers tremendous ohmmeter range coverage, and a complete db
scale for a toral of 35 meter ranges.

New 115 volt full scale low range provides well over 214" of
scale length per volt. Upper DC scale limit 1,500 volts. DC ranges
0-1.5, 5, 15, 50, 150, 500, 1,500 volts full scale. AC ranges 0-1.5,
S, 15, 50, 150, 500, 1,500 (1,000 volts maximum). Seven ohm-

A o 3 S NS =

Sl % i
Hearhtlct 30,000 VOLT

PROBE KIT

For TV service work or any similar application
where the measurement of high DC voltage is
required, the Heathkit Model 336 High Voltage
Probe Kit will prove invaluable. A precision

: muitplier resistor mounted inside the two-color,

* sleek, plastic probe body provides a multipli-
cation factor of 100 on the DC ranges
of the Heathkic 11 megohm VTVM.
The entire kit includes precision resis-
tor, two-color plastic probe, tip con-
nector spring, test lead, phone plug
panel connector, and complete assembly’
instructions.

G Z e

DC

%

No. 336

$45?

SHIP, WT.
2 LBS.

5 B

Ha

g/ea,%écz‘ PZAK-;O-PEAK_
PROBE KIT

‘Now read peak-to-peak voltages on the DC

&

No. 338-B

scales of the Heathkit 11 megohm VTVM.
Readings can be directly' made from the VIVM
scale without involved <calculations. Measure-
ments over the frequency range of 5 kc o 5
mec. Use this probe to extend the usefulness
of your VIVM in radio and TV service work.
The Peak-to-Peak Probe Kit features the new
polished aluminum housing with two-color
polystyrene probe ends. Detailed assembly sheet
including instructions for probe operation.

SHIP. WT. 2 LBS.

S

R

Healthlit vF
PROBE KIT

The Heathkit RF Probe used in conjunction with
any 11 megohm VTVM will permit RF meas-
urements up to 250 mc, = 109%. A useful, con-
venient accessory for those occasions when RF
measurements are desired. The RF probe body
is housed in the new, smartly-styled polished
- aluminum probe body featuring two-color poly-
styrene probe ends and a low capacity flexible
shielded test lead. The kit is complete with all
necessary material and a detailed assembly sheet
as well as instructions for probe operation.

e

G

i wg

HEATH COMPANY -
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Heatlkct

VACUUM TUBE

VOLTM

$2459

SHIPPING WT 6 LBS.

S

SHIP. WT. 2 LBS.

'_Ben‘ton Hubo 'IS,Mi-ch.

1
S

Deatuwres

»* New 12 volt full scale low range

\

1,500 volt upper limit DC range

ETER

\

Increased accuracy through 50%
greater scale coverage

High impedance 11 megohm input
.6 Center scale zero adjust
Polarity reversal switch

1% precision resistors

W U U VA

Clearly marked db scales

meter ranges from .1 ohm to 1,000 megohms. For added conven-
ience a DC polarity reversing switch and a center scale zero adjust-
ment for FM alignment.

The smarcly styled, compact, sturdy, formed aluminum cabinet
is finished in an attractive gray crackle exterior. The beautiful two-
color, durable, infra-red, baked enamel panel further adds to the
over-all professional appearance.

Top quality components used throughout. 1% precision resistors
— silver contact range and selector switches — selenium rectifier —
transformer operated power supply. Individual calibration on both
AC and DC for maximum accuracy. DB scale printed in red for easy
identification, all other scales a sharp, crisp black for easy reading.
A variety of accessory probes shown on this page still add further
to over-all instrument usefulness.
= = ;

Wéé&?f AC VACUUM TUBE

VOLTMETER KIT

P

e e =

W S

MODEL AV-2

SHIPPING WT.
5 LBS.

The new Heathkit AC VIVM
that makes possible those sensi-
tive AC measurements required
by laboratories, audio enthusi-
asts, and experimenters. Especi-
ally useful for hum investiga-
tion, sensitive null detection,
phono pick-up output measure-
ments, making frequency response runs, gain measurements,
ripple voltage checks, etc. Low level measurements are easy
to make because of the complete voltage coverage of the
instrument and the one knob operation.

The large 200 microampere Simpson meter has clearly
marked and easy to read meter scales. Ten voltage ranges
covering from .01 rms full scale to 300 volts rms full scale,
with frequency response = 1 db from 20 cycles to 50,000
cycles. Instrument input impedance 1 megohm, ten db ranges
from —352 db to +52 db. For stability and good linearity
characteristics the meter bridge circuit features 4 germanium
diodes. Attractive instrument styling, a companion piece for .
the popular Heathkit VIVM and the new AW-1 Audio
Wattmeter.

=
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NEW ﬂfm%éct

CHECK THESE 7%56(«‘2&2

l/

20,000 ohms per volt DC sensitivity,
5,000 ohms per volt on AC

Polarity reversal switch
1% precision multiplier resistors

50 microampere 4%2” Simpson meter

XYY

Meter ranges for service

convenience
New resistor ring-switch assembly

Total of 35 meter ranges

AR Y

New Modern cabinet styling

The most important Heathkit announcement of the year, the
new 20,000 ohms per volt Heathkit Multimeter, Model MM-1.
The universal service measuring instrument, accurate, sensitive,
portable, and completely independent of AC line supply. Par-
ticularly designed for service use incorporating many desirable
features for the convenience of the service man. Full 20,000
ohms per volt sensitivity on DC ranges — 5,000 ohms per volt
sensitivity on AC —polarity reversal switch, no bothersome
transferring of test leads—— 19 precision multiplier resistors
— large 414" recessed non-glare 50 microampre Simpson me-
ter — conveniently slanted control panel — recessed safety type
banana jacks — standard wuniversally available batteries —
rugged practical sized cabinet with plastic carrying handle, and
a total of 35 calibrated meter ranges.
RANGES

Voltage ranges selected entirely for service convenience. For
example 114 volt full scale low range for measuring portable
radio filament voltages, bias voltages, etc., 150 volt full scale
range for AC-DC service work, 500 volt full scale range for
conventional transformer operated power supply systems. Com-
plete volrage ranges AC and DC, 0-1.5—5—50—150—500—
1,500—35,000 volts. DC current ranges, 0-150 microamperes—
15 milliamperes—150 milliamperes—500 milliamperes—15
amperes. Resistance measurements from .2 ohms to 20 meg-

PN " SR e W@

Feathbct
BATTERY TESTER KIT

The Heathkit Battery Tester measures all
types of dry batteries between 115 volts
and 150 volts under actual load condi- B
tions. Readings are made directly on a
three color Good-Weak-Replace scale.
Operation is extremely simple and merely
requires that the test leads be connected ,
to the battery under test. Only one control
to adjust in addmon to a panel
switch for “"A” or "B" battery
types. The Heathkit Battery Test-
er features compact assembly, ac-

MODREL BT-1 curate meter movement, and a

three deck wire-wound control,

s 8 5 ° all mounted in a portable rugged

ol L4 plastic cabinet. Checks portable
SHIP, WT. radio barteries, hearing aid bat-

2 LBS.

teries, lantern batteries, etc.

HEATH COMPANY

December, 1953

ULTIMETER
KIT

MODEL MM-1

5265_0

SHIPFING WT. & LBS.

ez

ohms x 1 x 1,000 x 10,000.
DB coverage from —10 db
to 65 db.

CONSTRUCTION

Entirely new design permits assembly, mounting and wiring

of precision resistors on a ring-switch asserably unit. The major %

portion of instrument wiring is completed before mounting the
ring-switch assembly to the panel. No calibration procedure is
required, all precision resistors readily accessible in event of
replacement.

CABINET

Strikingly modern cabinet styling featuring two piece con-
struction, durable black Bakelite cabinet, with easy to read
panel designations. Cabinet size 514" wide x 4” deep x 714"
high. Good cabinet physical stability when operated in vertical
position.

The Heathkit MM-1 represents a terrific instrument value
for a high quality 20,000 ohms per volt unit using all 1%
deposited carbon type precision resistors. Here is quality, per-
formance, functional design, and attractive appearance, all com-
bined in one low priced package.

S g PR RIS Wee b

Heatttit
HANDITESTER KIT

g, "

fulfills major requirements for a compact, port-
able volt ohm milliammeter. Despite its com-
pact size, the Handitester is packed with every
desicable feature required in an instrument of
this type. AC or DC voltage ranges full scale,

0-10—30—300~—1,000—5,000 volts. Two
ohmmeter ranges, 0-3,000 and 0-300,000. Two
DC current measurement ranges, 0-10 milli-
amperes and 0-100 milliamperes. The instru-
ment uses a Slmpson 400 microampere meter
movement, which is shunted with resistors to
provide a uniform 1 milliampere load on both
AC and DC ranges. Special type, easily access-
ible, battery mounting bracket — 19 deposited
carbon type precision resistors — hearing aid
type ohms adjust control. The Handitester is
easily assembled from complete instructions and
pictorial dlagrams Necessary test leads are in-
cluded in the price of this popular kit.

MODEL M-1

s l’4 soo

SHIPPING WT.
3 LBS.
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New Feazibiz 12 Volt
BATTERY
L IMINATOR KIT

o

é Here is the new Heathkit Battery Eliminator necessary for

modern, up-to-date operation of your service shop. The Heath-
kit Model BE-4 furnishes either 6 volts or 12 volts output
which can be selected at the flick of a panel switch. Use the
BE-4 to service the new 12 volt car radios in addition to the
conventional 6 volt radios. )

This new Battery Eliminator provides two continuously
variable output ranges, 0-8 volts DC at 10 amperes continuously,
or 15 amperes maximum intermittent; 0-16 volts DC at 5
amperes continuously or 7.5 amperes maximum intermittent.
The output voltage is clean and well filtered as the circuit uses
two 10,000 mf condensers. The continuously variable voltage
output feature is a definite aid in determining the starting point
of vibrators, the voltage operating range of oscillator circuits,
etc. Panel mounted meters constantly monitor voltage and cur-

P

R TL

Feathtoce VIBRATOR
TESTER KIT

Your repair time is valuable, and
service use of the Heathkit Vibrator
Tester will save you many hours of
work. This tester will instantly tell
you the condition of the vibrator
being checked. Checks vibrators for
proper starting and the easy to read
meter indicates quality of output on
a large Bad-?-Good scale. The Heath-
kit VT-1 checks both interrupter and
self rectifier types of vibrators. Five different
sockets for checking hundreds of vibrator
types.

The Heathkit Vibrator Tester operates
from any battery eliminator capable of de-
livering continuously variable voltage from
4 to 6 volts DC at 4 amperes. The new
Heathkit Model BE-4 Battery Eliminator
would be an ideal source of supply.

e s
MODEL VT-1

$1459

SHIPPING WT.
6 LBS.

Heathtbil

BINDING POST

MODEL BE-4

$s37°2

SHIPPING WT.
18 LBS.

.. order to induce breakdown of faulty

CHECK THESE 7%5&(/&64

v Either 6 or 12 volt operation

1” Continuously variable voltage output

* Constant ammeter and voltmeter
monitoring

1* Automatic overload relay — self-
resetting

¥ Two 10,000 mf condensers

1* New 18 disc split type heavy duty
rectifier unit

” Fuse protection

rent output and will quickly indicate the presence of a major
circuit fault in the equipment under test. The power trans-
former primary winding is fuse protected and for additional
safety an automatic relay of the self-resetting type is incorpo-
rated in the DC output circuit. The heavy duty rectifier is a
split type 18 plate magnesium copper sulfide unit used either
as a full wave rectifier or voltage doubler according to the
position of the panel range switch.

Here is the ideal battery eliminator for all of your service
problems and as an additional feature, it can also be used as a
battery charger. Another new application for the Heathkit
Battery Eliminator is a variable source of DC filament supply
in audio development and research. More than adequate vari-
able voltage and current range for normal applications.

NEW eatstct VARIABLE

~ ISOLATION
TRANSFORMER KIT

The new Heathkit Isolation Trans-
former Kit provides line isolation for
AC-DC radios (not an auto trans-
former), thereby eliminaring shock
hazard, hum problems, alignment dif-
ficulties, etc. The output voltage is
variable from 90 to 130 volts AC
and’ is constantly monitored by a
panel mounted AC volt meter. Use
it to increase AC supply voltage in

Wi N I Y GO B L ST S

VOLTAGE

.«  components in circuits thereby saving i
5 service time. Use it also to simulate vary- %
¢ ing line voltage conditions and to de
% termine the line voltage level at which
% oscillator circuits cease functioning, par-
““ ticularly in three-way portable radios.
Rated at 100 watts continuous operation
and up to 200 watts maximum intermit-
tent operation. A useful radio and TV
service tool.

X TEETTT T

MODEL IT-1
$165°

SHIP. WT. 9 LBS.

Heattbel

TECHNICAL
APPLICATION BULLETINS

Binding post kit now available so that

Wl

oVl standardization of all instrument con- . . .
U | nectors is possible. This new, five-way An fXClusiYe tHeml‘)klltlest?;V‘C;-re’g:?ci
W . A - H nica. a 1cation u. 1ns I
i binding post will accommodate an alliga- o recggnized B oert. authoris
b tor clip, banana plug, test lead pin, spade ties outlining various combinauons
lug, or hook-up wire. Sold in units of 2 of instrument applications. Avail

-4 S w6 & .
/”; 4 \‘\l\i 20 binding post assemblies, Each assem-
s g o % bly includes binding post, flat and shoul-
Va g der fiber washers, solder lug, and nut..

120 pieces in all. Kit 362, $4.00.

able now with 40 four-page 1llus-
trated bulletins and an_ attractive
flexible loose-leaf binder. Only $2.00,
(No c.0.d. on this item, please.)

2
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1 INCREDUCTOR controllable inductor

sweep

V¥ TV and IF sweep deviation 12-30 mc

1 4mc- 220 mc continuous frequency
coverage

1 Oscillator operation entirely on fun-
damentals

1 Output in excess of 100,000 micro-
volts

¥ Avtomatic amplitude circuit

¥ Voltage regulation
¥ Simplified operation

Proudly announcing an entirely new, advanced model TV and FM
Swcep Generator, the Heathkit Model TS-3. This new design pro-
vides features and combinations of functions not found in any
other service type instrument. Every design consideration has been
given to the requirements of the TV service man to provide a
flexible, variable sweep source with more than adequate RF out-
put and complete frequency coverage throughout the TV and FM

spectrum.

The frequency range of the TS-3 is from 4 mc to 220 mc in four
switch selected ranges. All frequency ranges are overlapping for
complete coverage. A particularly important feature of the instru-
ment is that the oscillator operates entirely on fundamentals, there-
by providing complete freedom from spurious oscillation and
parasitics normally encountered in beat frequency type oscillacors.
This circuity assures a much higher total RF output level and
simplifies attenuation problems.

The new TS-3 features an entirely new principle of sweep opet-
arion. Sweep action is entirely electronic with no moving parts or

electro-mechanical devices so commonly used. The heart of the
sweep system is a newly-developed INCREDUCTOR controllable

inductor. With this system, the value of inductance of each oscil-

NEW ?/eatééaf
SIGNAL GENERATOR KIT

MODEL 5G-8

$1950

SHIPPING WEIGHT

8 POUNDS
Announcing the new
Heathkit Model SG-8

service type Signal Generator, in-
corporating many design features
not usually found in an instru-
ment in this price range. The RF
ourput is from 160 k¢ to 100 mc in five ranges, all on funda-
mentals, with uscful harmonics up to 200 mc. The RF out-
put level is in excess of 100,000 microvolts throughout the

frequency range.

The oscillator circuit consists of a 12AT7 twin triode rube.
One half is used as a Colpitts oscillator, and the other half
as a cathode follower outpur which acts as a buffer berween
the oscillator and  external load. This circuity eliminates
oscillator frequency shift usually caused by external circuit

loading.
All coils are factory wound and adjusted. thereby com-
pletely eliminating the need for calibration and the use
1 The stable low

of additional calibrating equipment.
impedance output features a step and variable atrenuator
for complete control of RF level. A 6C4 triode acts as a
400 cycle sine wave oscillator and a pancl switching sys-
tem permits a choice of either cxternal or internal modu-

lation.
The transformer operated circuit is casy to assemble,

requires no calibration, and meets every service require-

ment for an adjustable level variable frequency signal

source, cither modulated or un-modulated.
p—

HEATH COMPANY -

December, 1953

kool TV ALICNMENT
GENERATOR

KIT

MODEL TS-3

s4450
®
SHIPPlNé WEIGHT
18 POUNDS

lator coil is electrically varied with an AC control current, and
the inductance variation is achieved by a change in the magnetic
state of the core on which the oscillator coils are wound. This
system provides a sweep deviation of not less than 12 mc on all
TV frequencies, and up to a maximum of 30 mc on TV IF fre-
quencies. The high RF output level throughout the instrument
frequency range overcomes the most common complaint of the
older type sweep generators. A new, automatic amplitude control
circuit maintains the output level flat to + 2 db throughout the
instrument range. For convenience of operation a low impedance
50 ohm output is used.

Operation of the instrument has been simplified through the
reduction of panel controls and separate panel terminals provide
for external synchronization if desired. The circuit uses 1 voltage
regulator tube to maintain stable instrument operation. A built-in
variable oscillator marker further adds to flexibility of instrument
operation. Provisions are also made for the use of an external
marker, such as your service type signal generator, if desired. Use
the Heathkit TS-3 for rapid, accurate TV alignment work, and
lec it help you solve those time consuming, irksome problems so

S

frequently encountered.

NEW Teathtcs
BAR GENERATOR KIT

MODEL BG-1
$1459

SHIPPING WEIGHT
6 POUNDS

The Heathkic BG-1 Bar Gener-

ator represents another welcome

addition to the fast growing

line of popular Heathkits. The
station transmitted test pattern is rapidly disappearing, and the bar
generator is the logical answer to the TV service man's problem
in obtaining quick, accurate adjustment information without waiting
for test patterns.

The Heathkic BG-1 produces a series of horizontal or vertical
bars on a TV screen. Since these bars are equally spaced, they will
quickly indicate picture linearity of the receiver under test. Pancl
switch provides "stand-by position” — “horizontal position” —
“vertical position.”. The oscillator unit utilizes a 12AT7 twin triode
for the RF oscillator and video carrier frequencies. A neon relax-

ation oscillator provides low frequency for vertical linearity tests.
The instrument will not only produce bar patterns but will also
provide an indication of horizontal and vertical sync circuit stability,
as well as overall picrure size.

Inscrument operation is extremely simple, and merely requires
connection to the TV receiver antenna terminal. The unit is trans-
former operated for safety when used in conjunction with universal

or transformerless type TV circuits.

wwWw americanradiohistorv com
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TUBE CHECKER
KIT

MODEL TC-2

$2959

SHIP. WTI.12 LBS.

The new Model TC-2 Heathkit Tube

Checker features many circuit improve-

ments, simplified wiring, new roll chart

drive and illumination of roll chart. The

instrument is primarily designed for the convenience of the radio and TV

service man and will check the operating quality of tubes commonly encount-

i ered in this type of work. Test set-up procedure is simplified, rapid, and flex-

ible. Panel sockets accommodate 4, 5, 6, and 7 pin tubes, octal and loctal, 7 and

9 pin miniatures, 5 pin Hytron and a blank socket for new tubes. Built-in neon

short indicator, individual three-position lever switch for each tube element,

spring return test switch, 14 filament voltage ranges, and line set control to

compensate for supply voltage variations, all represent important design fea-

tures of the TC-2. Results of tube tests are read directly from a large 415"

Simpson three-color meter, calibrated in terms of Bad-?-Good. Information

that your customer can readily understand. Checks emission, shorted elements,
open elements, and continuity.

The use of closer tolerance resistors in critical circuits assures correct test
information and eliminates the possibility of inaccurate test interpretation.
Improvement has been made in the mechanical roll chart drive system, com-
pletely eliminating diagonal running, erratic operation, and backlash. The
thumb wheel gear driven action is smooth, positive, and free running. As an
additional feature, the roll chart is illuminated for easier reading, particularly
when the tube checker is used on radio or TV home service calls.

Wiring procedure has been simplified through the extended use of multi-
cable, color coded wires, providing a harness type installation between tube
sockets and lever switches. This procedure insures standard assembly and im-
parts that “factory built” appearance to instrument construction. Completely
detailed information is furnished in the new step-by-step construction manual,
regarding the set-up procedure for testing of new or unlisted tube types. No
delay necessary for release of factory data.

The new Heathkit Tube Checker will prove its value in building service
prestige through usefulness — simplified operation — attractive professional
appearance. Don't overlook the fact that the kit price represents a savings of
S40.00 to $50.00 over the price of a comparable commercially built instru-
ment. At this low price, no service man need be without the advantages
offered by the Heathkit Tube Checker.

PLY KIT

The Heathkit Laboratory Power Supply =

SRR

onne

CHECK THESE
NEW Features

# Simplified harness wiring

1 Improved, smooth, anti-backlash roll
chart action

* Optional roll chart illumination

»# Individual element switches

* Portable or counter style cabinet
# Spare blank socket

” Contact type pilot light test socket
1# Simplified test set-up procedure

4 Line adjust control

¥* 42" three-color meter

e

HEATHKIT

PORTABLE
TUBE CHECKER /@
KIT

MODEL TC-2P

P340
SHIP. WT. 14 LBS

The portable model is sup-

plied with a strikingly at-

tractive two-tone cabinet finished in rich maroon, proxy-
lin impregnated, fabric covering with a contrasting
gray on the inside cover. Detachable cover, brass-plated
hardware, sturdy plastic handle help to impart a truly
professional appearance to the instrument,

PORTABLE TUBE CHECKER CABINET as described
above will fit all earlier Heathkit TC-1 Tube_Checkers.
Shipping weight 7 lbs. Cabinet only, 91-8, $7.50.

Zealbhct TV PICTURE TUBE

TEST ADAPTER

The Heathkit
Test Adapter used with the Heath-
kit Tube Checker will quickly check

No. 355 for gmissi_on, shorts, etc,,.and de-
Ship. Wi, $45° termine picture tube quality. Con-

sists of standard 12 pin TV tube
socket, four feet of cable, octal
socket connector, and data sheet.

LABORATORY AND
SERVICE SHOP

TV Picture Tube

BOOKLETS

“Planning Your Service Business” by John
T. Frye, and “Establishing the Industrial
Electronics Laboratory”” by Louis B. Garner,
Jr., are booklets available to Heath-
kit customers at no charge. These
booklets, written by nationally recog-
nized authorities, outline the various
requirements and considerations for
establishing your own service busi-
ness or for setting up an industrial
electronics laboratory. Full attention
is given to various derails thac are
frequently overlooked when projects
of this nature are undertaken. Just
write in to the Heath Company re-
questing your free copy, or attach a
memo to your next order.

features continuously variable, regulated =
voltage output with good stability under 1
wide load variations. A 414" Simpson Z -
plastic enclosed panel mounted meter pro- b

§3

S T

vides accurate meter output information
of voltage or current. All panel terminals
completely isolated from the cabinet. Sep-
arate 6.3 volt AC supply at 4 amperes for

MODEL PS-2

filament requirements. Ripple component
exceptionally low, stand-by switch pro-

$3 350

SHIPPING WT.

17 LBS vided to eliminate warm-up time of the

five tube circuit,

HEATH COMPANY -

Benton Harbor 15, Mich.
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¥ Visual and aural signal tracing
¥ Two channel input

1 High RF sensitivity

1 Unique noise locater circuit

1 Calibrated wattmeter

1 Substitution test speaker

v Utility amplifier

¥ RF, audio probes and test leads included

An entirely new type of signal tracer incorporating a combina-
tion of features not found in any other instrument. Designed ex-
pressly for the radio and TV service man, particularly for the
servicing of AM, FM, and TV circuits. Here in a five tube, trans-
former operated instrument are all of the useful functions so
necessary for speedy, accurate isolation of service difficulty.

This new signal tracer features a special high gain RF input
channel, used in conjunction with a newly-designed wide frequency
range demodulator probe. High RF sensitivity permits signal
tracing at the receiver antenna mput A separate low gain channel
and probe available for audio circuit exploration. Both input chan-
nels are constantly monitored by an electron ray beam indicator,
so that visual as well as aural signal indications may be observed.
The instrument can also be used for comparative estimation of
gain per stage.

A decidedly unusual feature is a noise localizer circuit in con-
junction with the audio probe, With this system, a DC potential
is apphed to a suspected c1rcu1t component and the action of the

" B N S W AR

MODEL DR-1

$1950

" SHIP. WT.
4 LBS.

0 99,99

Ceramic wafer switches,

polished birch cabmet
%‘Qz&:@“ :

DECADE CONDENSER KIT

The Heathkit Decade Condenser Kit MODEL DC-1
features silver mica, precision con-

densers with a rated accuracy of =
1%. Capacity values are arranged in
three decades from 100 mmf to .111
mf in steps of 100 mmf. Ceramic
wafer switches with silver-plated con-
tacts, and smooth detent action. Use-
ful in laboratory work for circuit development.

ecu'ééct RESISTN?%NCE
SUBSTITUTION BOX KIT

The Heathkit Resistance Sub-
stitution Box provides indi-
vidual switch selection of any
one of 36 MA 1 watt
10% sran{dard velllue rﬁsxstors
ranging from 15 ohms to
SHIP. WT. 10 meghoms. Many applica-
2 LBS. tions in circuit development
work, and also in radio and

TV service work. Ideal for experi-
mentally determining resistance values
and for quickly altering circuit oper-
ating chagacteristics. Entire unit
housed in attractive Bakelite cabinet,
featuring the new universal type
Heathkit binding posts to simplify-
circuit connections.

MODEL RS-1

$550

285

XN
A e

HEATH COMPANY

December, 1953

KIT

eathtct ;
DECADE RESISTANCE KIT

The Decade Resistance Kit provides
individual switch selection of re-
sistance values using twenty 19
resistors providing a choice of 1
9 ohms in 1 ohm steps.
silver-
plated contacts, smooth, positive de-
tent action, baked enamel panel and handsome,

&3@%@@&3@%

@

>
2
@
£
@
o
i
i

5"@'&‘;9‘9@9&@@@

&

iﬁ

#

%

Benton Harbor 15, Mich.

MODEL T-3

52350

SHIFPING WEIGHT
10 POUNDS

voltage in the component can be seen .
as well as heard. Invaluable for ferreting out noisy or intermittent

condensers, noisy resistors, controls, coils, IF and power transform-
ers, etc. A "built-in calibrated wattmeter circuit is very useful for a
quick preliminary check of the total wattage consumption of the
equipment under test. Separate panel terminals provide external
use of the speaker or output transformer for substitution purposes.
Saves valuable service time by eliminating the necessity for speaker
removal on every service job. The terminals also permit the utili-
zation of other shop equipment, such as your oscilloscope or
VIVM. The T-3 Signal Tracer can be used as a high gain
amplifier for checking tuners, record changers, microphones, phono
crystals, etc.

Don’t overlook the interesting service possibilities provided
through the use of this new instrument and let it work for you
by saving time and money. The kit is supplied complete with all

circuit components, demodulator probe, audio probe, and

tubes,

addmonal test leads

MODEL C-3

$s195°

SHIPPING WT.
8 POUNDS

Use the Heathkit C-3 Con-
denser Checker to quickly
and accurately measure
those unknown condenser

and resistor values. All readings are taken direct-

ly from the calibrated panel scales without re-

quiring any involved calculation. Capacity meas-
urements in four ranges from .00001 mf to 1,000 mf. Checks paper,
mica, ceramic, and electrolytic condensers. A power factor control is
available for accurate indication of electrolytic condenser measurements.,
A leakage test switch with switch selection of five polarlzmg voltages,
25 volts to 450 volts DC, will indicate condenser operating quality
under actual load condition. The spring return leakage test switch
automatically discharges the condenser under test and eliminates shock

hazard to the operator.
Resistance measurements can be made in the range from 100 ohms

to 5 megohms. Here again all values are read directly on the calibrated
scale. Increased circuit sensitivity coupled with an electron beam null
indicator increases overall instrument usefulness. :
For safety of operation the circuit is entlrely transformer operated
and the instrument is housed in the attractive, newly-styled Heathklt
cabinet, featuring rounded corners, and drawn aluminum panel. The
outstandmg low kit price for this surprlsmgly accurate instrument in-
cludes necessary test leads. Good service shop operation requires the
use of this specialized instrument, designed for the express purpose of
determining unknown condenser values and operating charactensncs
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Feathkie AMATEUR

TRANSMITTER

CHECK THESE
NEW Fealuree

1 Single knob band switching

1 Pre-wound coils

"MODEL AT-1 1 Metered operation
¥ 52 ohm coaxial output e
v Crystal or VFO excitation

v~ Built-in power supply
SHIRPING WEIGHT

16 POUNDS 1 Rugged, clean construction

o - -
Here is the latest Heathkit addition to the ham radio fleld, the

15. 11. and 10 meters. Tube line-up GAG7 oscillator-multiplier, .

AT-1 Transmitter Kit, incorporating many desirable design fea- 6LG amplificr-doubler, SU4G rectifier. Physical dimensions 814" %
tures at the lowest possible dollar -per-watts price. Panel mounted high x 134" wide x 7”7 deep. - .
crystal socket, stand-by switch, key click filter, AC line filtering, This amazingly low kit price includes all circuit components, &
good shielding, etc. VFO or crystal excitation — up_to 35 watts tubes, cabinet, punched chassis, and derailed construction manual.
input. Built-in power supply provides 425 volts at 100 ma. The ideal kit for the novice just breaking into ham radio. It can
This kit features pre-wound coils, single knob band switching, 52 be used later on as a stand-by rig or an all band exciter for higher

ohm coaxial output, plug in chassis provisions for VFO or modu- powered transmitter.
lator and rugged clean construction. Frequency range 80, 40, 20,

e o P ; r( = :
ANTENNA COUPLER KIT  ° ANTENNA IMPEDANCE METER

Use the Heathkit Antenna Impedance Meter for
measuring antenna impedance for line matching pur-
poses — adjustment of beam antennas — phone mon-
itor, etc. It will determine antenna resistance at
resonance, match transmission line for minimum
SWR, determine receiver input impedance, and pro-
“  vide a roughdinslicatioa of SWR. Precision resistors,
# germanium diode, 100 micro-

.~ ampere Simpson meter. Dial, $I 450
o+ calibrated from 0-500 ohms. °
s Shielded aluminum cabinet. 7” MODEL AM-1
« long x 215” wide x 314" deep. SHIP. WT. 3 LBS .

HIP. WT. & - .
IMPROVED eatttit

T GRID DIP

" Rthhit WP (Ve METER KIT
COMMUNICATIONS RECEIVER KIT = B - @W"
MODEL AR-2 YOGy
$2559 "
° .
Here is the new receiver kit you have .
repeatedly. asked for, the Heathkit
Communications Receiver. The per- of traps, filters, IF stages,

fect companion piece for the AT-1 | peaking compensation networks, etc.
Transmitter kit. Many outstandingly desirable Locates spurious oscillation, provides

New Heathkit Antenna Coupler, speci-
ally designed for the Heathkit AT-1
Transmitter. The Antenna Coupler can
be used with any 52 ohm coaxial in-
put—up to 75 wats power. Low
pass flter with cut-off frequency of
approximately 36 mc — L section
tuning network — neon tuning indi-
cator — rugged, compact construction —
transmitter type variable condenser, and
high Q coil are all outstanding fearures.
The AC-1 has both inductance and capa-
city tuning for maximum operating versa-
tility, Dimensions 814" wide x 438"
high x 478" deep.

$I95 SHIP.WT. 3
e 4LBS. ;

MODEL GD-1B
The invaluable instrument
for service men, hams, and
experimenters. Uscful in TV
service work for alignment

features have been incorporated in the design - a relative indication of power in

of the AR-2; such as, electrical bandspread = transmitter stages, use it for neutralization, locating para-
for logging and tuning convenience — high gain miniature tubes — IF & sitics, correcting TV, measuring C, L, and Q of compo- N
uansformers for high sensitivity and good signal to noise ratio— % nents, and determining RF circuit resonant frequencies. d
separate RF gain control with optional automatic volume control or With oscillator energized, useful for finding resonant fre- 5
manual volume control, in addition to the conventional audio gain ™ quency of tuned circuits. With the oscillator not energized, Yy
control. Noise limiter — stand-by switch — stable BFO oscillator circuit | the instrument acts as an absorption wave meter. Variable
— headphone jack — transformer operation, etc., all contribute to a7 meter sensitivity control, head phone jack, 500 microampere

high performance standard. . R ~ . .. Simpson meter. Continuous frequency coverage from 2 mc,
Frequency coverage is continuous from 535 kc to 35 mc in four . to 250 mc. Pre-wound coil kit and
ranges. For added convenience, various ham bands have been separately .,  rack, new three prong coil mount-
identified in respect to their relative placement on the slide rule tning . ing, GAF4 high frequency triode.
scale. A chassis mounted, 5V4” PM speaker is included with this kit. [
Tube line up 12BEG mixer oscillator, 12BAG IF amplifier, 12AV6 de- Two additional plug-in coils are
tector AVC audio, 12BA6 BFO oscillator, 12A6 beam power output,. >  available and provide continuous
SY3GT rectifier. RECEIVER CABINET N exterésion of Low lf(requDe.nTy covTr—
Proxylin impregnated, fabric covered, plywood cabinet with aluminum ets Clonsdal Y 3.551 5 g mShc.O”‘? a-
panel designed expressly for the AR-2 Receiver. Parc 91-10, shipping . tion curves Included. ohipping
. weight 5 Ibs., §4.50 . weight 1 1b., kir 341, $3.00.
L .

HEATH COMPANY -

i

. Y o

Bion Harbor 15, Mich.
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'Q" METER

CHECK THESE 76@&%’&64

1 First popular priced Q Meter
¥ Reads Q directly on calibrated scale |

V¥ Oscillator supplies RF frequencies of
150 ke to 18 mc

¥ Calibrate capacitor with range of
40 mmf to 450 mmf with vernier of
=+ 3 mmf

MODEL QM-1

s4450

SHIPPING WT. 14 POUNDS

¥ Measures Q of condensers, RF resis-
tance, and distributed capacity of

coils
1 Many applications in design and de-
velopment work

¥ Useful in TV service work for check-
ing deflection yokes, coils, chokes, etc.

quencies of 150 kc to 18 mec. Calibrate capacitor with range
of 40 mmf to 450 mmf, with vernier of == 3 mmf.
Particularly useful in TV service work for checking peaking
coils, wave traps, chokes, deflection coils, width and linearity
coils, etc. At this Jow kit price research laboratory facilities
are within the range of service shops, schools, and experi-

Another outstanding example of successful Heathkit engincer-
ing effort in producing a Q Meter Kit within the price range
of TV service men, schools, laboratories, and experimenters.
This Q Meter meets RF design requirements for rapid, accurate
measurement of capacity, inductance, and Q at the operating
frequency and all indications of value can be read directly on
the meter calibrated scales. Oscillator section supplies RF fre-

Feathtiz INTERMODULATION ANALYZER KIT

The Heathkit IM-1 is an extremely versatile instrument specifically designed
for measuring the degree of inter-action berween two signals in any portion
of an audio chain. It is primarily intended for making tests of audio amplificrs,
bur may be used in other applications, such as checking microphones, records,
recording equipment, phonograph pick-ups, and loud-speakers. High and low
test frequency source, intermodulation unit, power supply, and AC vacuum
tube volt meter all in one complete instrument. Per cent intermodulation is
directly read on the calibrated scales, 309, 109, and 3% full scale. Boch 4:1
and 1:1 ratios of low to high frequency easily set up. With this inscrument the
performance level of present equipment, or newly developed equipment can
be easily and accurately checked. ‘At this low price, you can now enjoy the
benefits of intermodulation analysis for accurate audio interpretation.

menters.

ey

17 POUNDS
L R s ¢ R N B S RRRAT  AR R HER SRR
’ &
Heartéce AUDIO GENERATOR KIT © 2,224+ AUDIO OSCILLATOR KIT
A Heathkit Audio Generator with frequen. - MODEL AG-8 ;; .
cy coverage from 20 cyeles o 1 mec. Re- ; o o Sine or squarc wave coverage from 20 to
sponse flat = 1 db from 20 cycles 0 400 Fo o A 20,000 cycles in three ranges at a control-
ke, down 3 db_at 600 kc, and down only s A ° ’ X .
8 db at 1 me. Calibrated, continuously vari- 3 Y i © lablfs output level upw 10“01“'.1‘0“’ d1§-
able, and step attenuator outpur controls \ % % tortion, 19% precision resistors in multi-
gpvxdq cor_)velmcnt, rcferyg/cef Ourptito(l)evel- . a 9 | 2 plier circuits, high level output across en-
istortion 1s less than .4 rom cps & e A i i {
through the audible rangc.aThe ideal con- "\\.s.:;_u 2 S ffequency range, ctc., readfly qUﬂl'lfY
trollable extended  frequency sine wave . © «  this instrument for audio experimentation
source for audio circuit investigation and s 2 9 5 o ® and development work. Special circuit de-
S development, ®  sign consideration features thermistor op- MODEL AO-1
e SHIP. WT. 11 LBS. g eration for good control of linearity. s so
e, 2 .
g SHIP. WT. 11 LBS.

Heathbit
 AUDIO FREQUENCY METER KIT ¢

The Heathkit Audio Frequency &}
Meter provides a simple and con-
venient means of checking un-
known audio frequencies from 10
cycles to 100 kc at any volrage ..
level between 3 and 300 volts rms
with any non-critical wave shape.
Instrument operation is entirely
clectronic. Just set the range switch,
feed an unknown frequency into the in-
strument, and read the frequency di-
rectly on the calibrated scale of the Simp-

son 415" meter.

7

MODEL AF-1

$345.

SHIP. WT. 12 LBS.

Tgeeg

HEATH COMPANY -

December, 1953

i

ORKIT

The Heathkit Square Wave Generator pro-
vides an excellent square wave frequency
source with completely variable coverage from
10 cycles to 100 ke. This generator features
low output impedance of 600 ohms and the
output voltage is continuously variable be-
tween 0 and 20 volts, thereby providing the
necessary degree of operating flexibility. An
invaluable instrument for those specialized
circuit investigations requiring a good, stable,
variable square wave source.

SQUARE WAVE GENERAT

SHIP. WT. 12 LBS.

Be'n;‘on Harbor 15, Mlch

wwWwW americanradiohistorv com
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Heattbit

WILLIAMSON TYPE

AMPLIFIER
KIT

MODEL

Particularly designed for
custom installations, fea-
turing separate cable
connected units for sim-
plicity of installation.
Sheet metal work finished
in attractive gray ham-
mertone for smart ap-

pearance.

shafts of the adjust-
able length break-off

type.

When selecting an amplifier for the heart of your

high fidelity audio
system, investigate the outstanding advantages offered by the Heathkit
Williamson Type Amplifier. Meets every high fidelity audio requirement
and makes listening to recorded music a thrilling new experience.

This outstanding amplifier is offered with optional output transformer

NEW WM&' 20 WATT
High Fidelity AMPLIFIER KIT

A new 20 watt high fidelity amplifier, de-
signed especially for custom audio instal-
‘lations demanding clean reproduction,ade-
quate power, and flexibility to meet indi-
vidual requirements. Separate treble and
bass tonc controls provide up to 15 db
boost or cut. Four switch selected inputs,
each with the necessary compensation for
the service desired. Output transformer
impedances of 4, 8, and 16 ohms.
Preamplifier, tone control, and phase
splitter circuits utilize 9 iin twin triode
i-nin{at%re tuGbLeg for h1ow : um and noise
evel. Two push pull power output
SHIP. WT. 18 LBS. 4 b provide full 20 watts power. Fre-
quency response = 1 db, 20-20,000 cycles. Total harmonic distor-
tion 1% (at 3 db below rated output). Tube line-up: 12AX7 pre-
amplifier, 12AU7 voltage amplifier and tone control, 12AU7 voltage
amplifier and phase splitter, two GLG push pull pentode power out-
put, SU4G rectifier. Truly outstanding amplifier performance cou-
pled with low cost. .

MODEL A-9A

vew Beathhit
sroancasT RECEIVER KIT

BAND

Another new Heathkit for the student,
beginner, or hobbyist. If you have ever
had the urge to build your own radio
receiver, this kit warrants your attention.

New high gain miniature tubes and
IF transformers provide excellent sensi-
tivity and good signal to noise ratio. A
built-in ferrite core rod type antenna has
been provided. A chassis mounted 512”7
PM speaker provides excellent tone and
volume. Convenient phono input. Can
be operated cither as a receiver or tuner.
Simplified construction manual outlines
circuit theory. Ideal for students. Tube
line-up: 12BEG mixer oscillator, 12BA6
IF amplifier, 12AV6 detector-AVC-first

MODEL BR-2
SHIP. WT.
s1 75.0 11 18S.

audio, 12A6 beam power output, 5Y3GT rectifier.

CABINET — Proxylin impregnated fabric covered plywood cabinet. Ship-

ping weight 5 lbs. Part number 91-9, $4.50.

HEATH COMPANY -

Benton Harbor 15, Mich.

RADIO & TELEVISION NEWS

PRICES OF COMBINATIONS

W -2 Amplifier Kit including
main amplifier, power supply, $
and WA - P1 Preamplifier Kit,

Shipping Weight 37 Ibs. Ship-
ped Express only,
W-2

W -2M Amplifier Kit includes
main amplifier and power
supply. Shipping Weight 29
Ibs. Shipped Express only.

WA - P1 Preamplifier Kit only.
Shipping Weighr 6 lbs. Ship=
ped Express or Parcel Post.

All control

695.[]

tained from separate transformer primary taps. Frequency response with-
in * db from 10 cycles to 100 kc. Tube complement — GSN7
cascade amplifier and phase splitter, 6SN7 push pull driver, two 3881
push pull power amplifiers, one 5V4G cathode type recufier.

Matching preamplifier available providing three switch selected inputs,
correct compensation, and individual bass and treble tone controls. Uses
12AY7 (or 12AX7) preamplifier — 12AU7 tone control amplifier.

. Particularly designed for the novice kit builder and requires no special-
ized knowledge or equipment for successful assembly and operation.

g%%é‘t ECONOMY 6 WATT
AMPLIFIER KIT

The new Heathkit Model A-7B Amplifier:
offers many unusually fine features not nor~
mally expected in this low price range. Either
of the two input circuits may be individually
switch selected for phono or tuner operation,

® Separate (l;;lss andf (‘{cbée to(rilelcont}:ols. }()')ui;
@ put impedances of 4, 8, and 15 ohms. Pus
o MODEL A-78 f pull ‘li)ean_\ pog'er lloutputlstage for E;\lanced
Py reproduction. Excellent voltage gain characters
P slsso istics, good frequency response, and full 6
s Y w;msdpowe{_ﬁou(pu‘ti. LZ}S a{ppliﬁer, 1127Skg
second amplifier and phase splitter, two 12

i SHIP. WT. 10 LBS. beam power output, one 5Y5 GT rectifier,

& A-7C incorporates preamplifier stage with special compensated network
» © provide necessary gain for operation with variable reluctance or low

-output level phono cartridge. Circuit is properly compensated for micro-

?} phone operation. $17.50.

<

@

O s

o 1

- FM TUNER KIT :

-] - ‘ |

< i .

: The Heathkit FM-2 Tuner

was specifically designed for
simplified kit construction.
Can be operated through
the “phono’’ portion of
your radio or with a sepa-
rate amplifier. The kit fea-
tures a pre-assembled and adjusted
tuning unit, three double tuned.IF
transformers, and a discriminator
transformer in an 8 tube AC oper-
ated circuit. Frequency coverage 88
‘to 108 mc. Experience the thrill of
building your own FM tuner and at the same time enjoy all of
the advantages of true FM reception.

>

~

MODEL FM-2
$2259

SHIP. WT. 9 LBS.

“Pree cataLOG

" Write for free catalog containing latest price - information,
' schematics, specifications, and descriptions of all Heathkits.

www americanradiohistorvy com

operation, providing either_the conventional triode output circuit or the
new extended power circuity in which the screen supply voltage is ob-
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: HEATHKITZC%Q@Z

CHECK THESE
NEW ‘Peatures

X

Plays all record sizes, all speeds

X

Newly developed ceramic cartridge

X

Automatic shut-off for both changer and
amplifier

B e S

Acoustically correct cabinet enclosure
Modern attractive styling

Two 6” PM matched speakers

XYY XX

Compensated volume control

1 Easy to assemble

An entirely new introduction to quality record reproduction, a simple
to operate, compact, table top model with none of the specialized
custom installation problems usually associated with high fdelity
systems. Two matched, synchronized speakers mounted in an acousti-
cally correct enclosure reproduce all of the music on the record.
Musical reproduction with the unique sensation of being surrounded
by a halo of glorious sound. This spectacular characteristic is possible
only because of the diffused non-directional properties of the matched
| dual speakers. The Heathkit Dual makes listening to fine recorded
.} music a thrilling new experience through natwrally clear, life-like
reproduction of sound at all levels throughout the tonal system. The
performance level is vastly superior to that of the ordinary phonograph

or console selling for many. many times the price of the Dual.
Record Changer plays all sizes —all speeds~automatic shut-off for
changer and amplifier after the last record is played. A wide tonal

MODEL RP-1

5959

SHIPPING WT. 30 LBS.

b

range ceramic cartridge features an ingenious turn-under twin sap-
phire stylus for LP or 78 records without turning the cartridge.

Simplified, easy to assemble, four tube amplifier features compen-
sated volume control and separate tone control. Proxylin impreg-
nated fabric covered cabiner supplied completely assembled. You
build only the amplifier from step-by-step construction. No special-
ized tools or knowledge required, as full recognition has been given
to the fact that many purchasers of this kit enjoy good musical re-
production on a purely non-technical basis, and the construction
manual has been simplified to the point where even the complete f
novice can successfully construct the Heachkit Dual. The price of the
Heathkit Dual includes cabiner, — Record Changer, two 6” PM 1
speakers, tubes, and all circuit components required for amplifier
construction.

TR S

HEATH COMPANY - Benton Harbor 15, Mich.

ORDER BLANK

SHIP VIA
1 Parcel Post
[J Express
[J Freight
[0 Best Way
- BENTON
HARBOR 5—]]75 PLEASE PRINT
QUANTITY MODEL NO. DESCRIPTION WEIGHT PRICE
l
1
|
REMARKS
TOTAL
WEIGHT AND
AMOUNT. ..
Enclosed find { ) check { ) money order for On Express orders do not include ilrcnsportai.ion charges — they will be
Please ship C.O.D. { ) postage enclosed for pounds. collected by the express agency at time of delivery.

December, 1953
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Burton browne advertising

Bol Heury

ta all radis hams and lobbyists—
Over!

Yes—you're at the controls when
you do business with Bob Henry! As
one radio fan to another, Bob knows
what equipment and services you want—
and he’s made both his stores to-the-
order of the radio ham or hobbyist.
Dealing with Bob, you get 90 days
FREE service—really liberal trade-ins—
and a payment plan that just can’t be
matched! Write, wire, phone or visit
either store today. Find out all the
“extras” you get with Bob Henry—the
world’s largest distributor of short wave
receivers.

Bol Fenny bas

The products described in this column are for your convenience in keeping up-
to-date on the new equipment being offered by manufacturers. For more com-
plete information on any of these products, write direct to the company involved.

MINIATURE L.F.

The ability to tune both coils from
the same end is one of the unique
features of a new miniature i.f. trans-
former now available from Electro-
metric Company of Woodstock, Illi-
nois.

Known as the Type TX100, the new
unit permits both coils to be tuned

2 va 5 ‘- L | A
\_ g i
el e

oy,

* o ;

) V4~
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[lmrmlm. X
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————— B
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either from the top or from the bot-
tom. This permits faster set align-
ment, reducing set production costs. It
also results in greater freedom of

| radio chassis design.

a complete line of new Hallicrafter receivers |

and transmitters.

MODEL SX-71...Double superheterodyne
circuit plus built-in Narrow Band FM re-
ception. Temperature compensated, voltage
regulated. 5 position band selector for

538-1650 Kc, 1600-4800 Kc, 4.6-13.5 Kc, |

12.5-35 Mc. 46-56 Mc. 11 tubes plus volt-
age regulator and rectifier, $224.50.
Also available — Hallicrafters Model
HT-20, $449.50 « Model S-76, $179.50
e Model SX-62, $299.50 ¢ And all
other models.
HENRY RADIO STORES
LAKRGEST DISTRIBUTORS OF SHORT WAVE RECEIVERS
LOS ANGELES OFFICE: 11240 Olympic Blvd.,
Los Angeles 64. BRadshaw 2-2917

1
BUTLER OFFICE: Butler 1, Missouri. Phone: 395

102

The new unit can be used for any
application requiring a %” i.f. trans-
former. It is available in a wide
range of inductances and “Q’s” for
AM, FM, TV, and military applica-
tions.

SUBMINIATURE LIGHTS

A new subminiature indicator or
warning light for use on either stand-
ard or edge-lighted panels and featur-
ing wide-angle visibility is now being
marketed by Hetherington, Inc. of
Sharon Hill, Pa.

Requiring only %" depth behind the
panel exclusive of contact, the new
lamp is known as the Series L6000. It
uses a standard AN-3140 lamp which
extends farther into the long plastic
lens than is the case with conventional
indicator lights. A unique inside bevel-
ling of the plastic serves to “pipe”
the light through the lens so that its
periphery is illuminated.

Bulletin 16000 giving complete de-
tails is available on request.

NEW V.T.V.M.

Freed Transformer Company, 1718
Weirfield St., Brooklyn 27, New York
is now offering a new a.c. vacuum-
tube voltmeter, the Model 1040.

The unit has a high input impedance
and wide frequency range, and can be
used at audio and ultrasonic frequen-
cies. It is particularly well adapted
to making vibration studies involving
low frequencies, frequency charac-

| teristic and gain measurements on

amplifiers, measuring transmission

www americanradiohistorvy com

losses in telephone circuits, and mak-
ing. acoustic measurements such as
determination of frequency response
of microphones and loudspeakers. It
can also be used as a null detector in
a.c. bridge measurements.

The Model 1040 weighs 12 pounds,
stands 47%” high, is 5%"” wide and
97%” long. It operates on 100-125 volts,
50-60 cycles. It has a logarithmic volt-
age scale calibrated from 1 to 10 plus
a linear decibel scale calibrated from
zero to 20 db.

82" SCOPE

Precise Development Corp., 999
Long Beach Road, Oceanside, N. Y. is
now offering an 8%"” oscilloscope
which is available in either kit or
wired form.

The Model #308 uses an 8CP1 tube,
is voltage regulated, and uses a higher
accelerating potential than the com-
pany’s previous 7” model. The instru-
ment features a ‘“low-normal-high fre-
quency synchronization circuit” which
enables the user to select between
high and low frequency. The circuit
itself is switch controlled.

PRODUCTION TOOL

Contact, Inc., 238 Main Street, Cam-
bridge, Mass. is now in production on
a new tool for wrapping wire around
terminals.

The “Wire-Wrench” can be used
for wrapping either stranded or solid
wire around terminals on a board or
hermetic seals. One or more wires
can be wrapped with a single twist
of the wrist. The unit also has, as an
auxiliary feature, a drilled hole and a

milled flat to be used for putting a
hook in a wire whenever needed.

Sizes for miniature, medium-size,
and large terminals are currently
available.

DIODE TEST SET

Electronics Production Service Co.,
871 Washington St., Canton, Mass. has
recently developed a new instrument
for testing and evaluating miniature
and power germanium or selenium
rectifiers.

The Model D102 is capable of test-
ing these units under actual operating

RADIO & TELEVISION NEWS
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Buy on our radically new S
NO 4
Time Paymenf Plan “cuaress::
Superior’s new

wiiso. SUPER METER

A COMBINATION VOLT-0HM MILLIAMMETER PLUS
CAPACITY REACTANCE INDUCTANCE AND DECIBEL MEASUREMENTS

SPECIFICATIONS: ADDED FEATURE:

D.C. VOLTS: 0 to 7.5/15/75/150/750/1,500/7,500 Yolts The Model 670-A includes a special
A.C. VOLTS: 0 to 15/30/150/300/1,500/3,000 Volts GOOD-BAD scale for checking the
OUTPUT VOLTS: 0 fo 15/30/150/300/1,500/3,000 Volts quality of electrolytic condensers at
D.C. CURRENT: 0 to 1.5/15/150 Ma. 0 to 1.5/15 Amperes a fest potential of 150 Volts.

RESISTANCE: 0 o 1,000/100,000 Ohms 0 to 10 Megohms

CAPACITY: 001 to | Mifd. | to 50 Mfd. (Quality test for elec- $284U
—

S . T ) T

Model TV 11 " E TES ER

trolytics)
Model TV.T1
SPECIFICATIONS:

REACTANCE: 50 to 2,500 Ohms, 2,500 Ohms o 2.5 Megohms

INDUCTANCE: |5 to 7 Henries 7 to 7,000 Henries

DECIBELS: —& to +18 +14 to +38 +34 fo +58

% Tests all tubes including 4, 5, 6, 7, Octal, Lock- to damage a tube by inserting it in the wrong
in, Peanut, Bantam, Hearing Aid, Thyratron, socket.
Miniatures, Sub-Miniatures, Novals, Sub-minars, % Free-moving built-in roll chart provides com-
Proximity fuse types, efc. plete data for all tubes.

Y Uses the new self-cleaning Lever Action Switches % Newly designed Line Yoltage Control compen-
for individual element testing. Because all ele- sates for variation of any Line Voltage between
ments are numbered according to pin-number 105 Volts and 130 Volts.
in the RMA base numbering system, the user % NOISE TEST: Phono-jack on front panel for plug-
can instantly identify which element is under ging in either phones or external amplifier will
test. Tubes having tapped filaments and tubes detect microphonic tubes or noise due to faulty
with filaments terminating in more than one pin elements and loose internal connections,

are truly tested with the Model TV-1l as any of
Leakage Checker. A relaxation type oscil- I ]

the pins may be placed in the neutral position
Superior’s New Model 660-A AN AC OPERATED

SIGNAL GENERATOR

% <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>