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For YOU, the Local Radio Dealer and Serviceman...

. Were beating a path iy,
to your door

HOW? By telling millions of radio listeners
and television viewers that you, the local Radio
dealer-serviceman . . . are best qualified to sell
and install RCA Radio Batteries. The RCA Bat-
tery message, beamed out on our big national

Here are 3 more ways
we are helping you

1. We help you advertise on
the RCA Battery carton itself.
A printed message on the carton
of each volume-type RCA Battery
tells the owner of a portable rvadio to come to you, his
radio dealer, when it's time to buy replacements. And
right on the batteries there’s a space where you can
stamp your oun name and address to pull repeat busi-
ness back to you.

2. We channel our principal battery distribution
to YOU as a radio dealer and serviceman. And
because radio outlets are the primary source for RCA
Batteries, you get profitable repeat business from
portable-radio owners in your community.

3. We will continue to provide fast, reliable battery
service backed by a nation-wide warehousing and

network radio and TV programs, is building
BIG RCA Battery demand for you. Portable
radio owners everywhere will be beating a path
to your door. Be ready for them . .. stock, pro-
mote, and sell RCA Radio Batteries.

distribution organization geared to the needs of the
radio trade.

Now! Get ready to fill the sizzling
demand for RCA Batteries. . .

They’re competitively priced for fast, easy sales.
They’re geared to your Radio trade. And your per-
sonal stamp on the batteries you sell directs new
customers and old friends #0 your door. So call your
RCA Battery Distributor . . . get lined up for this
profitable big volume business . . . RIGHT NOW.

RADIO CORPORATION of AMERICA

RADIO BATTERIES

HARRISON, N. J.
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i U You get
all the parts—even tubes!—

for this modern Superheterodyne Receiver.
You learn to build it step by step. And you
keep it! Get all the facts. Mail coupon now.

Today’s Shortage of Trained Technicians
Creates Chance of a Lifetime For You!

Think of it! With guided missiles, radar, and other
electronic devices so important to national defense!
With big, new developments in TV. With over
90,000,000 home and auto radios, over 12,000,000 TV
sets. With more than 3100 radio stations...over 100
TV stations — and more building every day ... yes,
imagine the great opportunity you have today!

YOU are wanted in Radio-Television-Electronics!
America’s fastest-growing field. High-pay jobs—the
kind you've always wanted - are waiting for YOU!

Job Security! Big Money! For YOU!
in Today’s Expanding Industries!

Trained Radio and Television technicians really make
important money these days. Thousands of National
Schools graduales—men just like you-—-are earmng
good money all over the country. Why not you?
And — National Schools graduates get the personal
satisfuction ot being highly-skilled technicians. Men
people respect. Men who enjoy their work—rather
than having to drag along in just any old job.

National Schools Has Trained 1000’s
of Successful Men! Why Not YOU?

In almost every state—and many foreign countries—~
National Schools graduates are filling big jobs with
famous companies. Or running their own successful
businesses. What are YOU waiting for? National
Schools training is complcte training. So when you
graduate you can take advantage of today’s big
opportunities in Radio-Television-Electronics —fast.

1952

for Security! Good-Paying Jobs!
MAKE THE MONEY YOU'VE ALWAYS DREAMED OF!

LEARN RADIO

"-TELEVISION

AND ELECTRONICS

BY EASY SHOP METHOD

1

rhl

My,

i

You Train At Home—In Your Spare Time

National Schoels Shop Method Home Traming gives
you hasic and advanced instruction in «ll phases
of Rudio-TV-Electronies. And remember—your train-
ing is bused on resident school training principles.
You learn fest from liundreds of diagrams and pic-
tures. All instructions are written by experienced
technicinng who work in Radio and TV every day.
All instructions have been developed and tested in
National Schools’ own labs and studios, which are
cquipped with the Jatest RCA equipment. No wonder
thns National Schools course is so up-to-dite, jaae-
tical. interesting. And so easy to lecarn! And na won-
der it is held in such high regard by leaders of
American industry! Approved Jor eligible Veterans,

We Teach You How To Make Welcome
Extra Money—While You Learn!

Many National Schools students—men like you

make plenty of extra dollars ench week in spare
time! Fixing neighbors’ radios, applinnees andother
ways we teach you. You start learning and carning
from the day you enroll. From the very first Iesson!

WE SEND YOU LOTS OF PARTS

LIKE THIS! g
S5
3 A

4"‘"’
»

With Nationul Schools Shop Method Hame Training.
you get basic principles and plenty of prachical train-
Ing. You learn by doing.No wonder you learn so fast!
We send vou many parts—all of professional, madern
quality. You do lots of practical experiments. You
advance day by day, step by step. Until you can even
build the modern Superheterodyne Receiver
you sce above—plus other important testing
units. The free book tells you alt about it. The
free sample lesson shows how easy the training
is. Use the coupon. Send
today — without fail!

NAMDE

ADDRESS

Let NATIONAL SCHOOLS —a resident-training school for nearly 50 years—train you at home for
today’s unlimited opportunitics in Radio-Television-Eleetronies. National Schools is one of the
Jargest schools of its kind. It is located in Los Angcles—the center of Radio and TV world! It has
four large buildings of modern shops and labs. Its faculty is considered tops in the business.

Ll You learn from lessons prepared by experienced
instructors and engineers. Men who are successful
Radio and Television technicians. Men who have
trained 1000's of men like YOU!

MAIL THIS COUPON TO

NATIONAL SCHOOLS, Dept. GR-42
4000 South Figueroa Strect
Los Angeles 37, Colifornia

anemsns 7

Only National Schools Gives You This
Professional Multi-Tester!

You get this amazing. new testing instrument-— fac-
toryv-made and tested complete-ready to use! Simple
to operate. Accurate and dependable. An instrument
every Radio-TV man needs. Light enough to carry
areund- so you can usc it at home or on service calls.
You'll be proud to own this valuable equipment.

Here are only a Few of the
Good-Paying Jobs You Can Choose
Radio Station Engineer, District Service Mana-
ger, Aireraft Radio Inspector, Own Your Own
Repair Shop, Inspector Technician, Service
Specialist,Specinl Government Jobs, Complete
TV Service, Sound Truck Operator. Many more!
National Schonls graduates have secure, good-
paying jobs Like these! So don't wait—mail the cou-
pon tuday. Now-while you're thinking about it!

Attention! Men Going into Service Soon!
Nitional Scheols’ course quickly prepares you for
many ymportant jobs m the Armed Scrvices. With
National Schoals Traming vou have an opportunity
to get into special service classifications—with higher
pay and grade—immediately!

FREE SERVICE FOR GRADUATES
National Sehools uses ifs great influence and pres-
tige to help vou find your place in the field of your
chaice. Don't put it off! Start yourself toward a
skilled trade ! Get the big pay you've always wanted!

NATIONAL SCHOOLS

LOS ANGELES 37, CALIFORNIQ o ESTABLISHED

1905

In Canada: 103 E. Hastinns St.. Vancouver, B. C

Mail in envelope
or paste on
penny post card.

Mail me FREE the hook mentioned in this ad. Also & free sample lesson.
I understand no salesman will call on me.

AGE__—

CITY
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HOW TO PLEASE

1000000

MUSIC LOVERS

WQXR Depends on G-E Pickups and Styli to
Capture Full Brilliance of Recorded Music

SRR L 75 o

Rated tops by professional users like WOQXR,
the radio station of The New York Times, G-E audio
equipment is at a peak of popularity with lovers of
good music. The same superb cartridges and styli em-
ployed in WQXR studios are available for installation
in home phonographs or sound systems—at prices vour
customers will appreciate.

Highest sales in G.E.’s history are being chalked
up today by this outstanding line of high fidelity speak-
ers, tone arms and pre-amplifiers. Don't miss your
share of a fast-growing market that's currently raced in
the millions! Call your General Electric distributor for
full information.

Ask Us for This New Free
Phono Accessories Folder
Complete line-up of G-E audio
equipment is listed here. Write
VGeneral Electric Company,
Section 4542, Electronics Park, /
Syiacuse, New York.

RADIO-ELECTRONICS
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What you can do now
to speed your

SUCCESS IN RADIO-

TELEVISION-=-

ELECTRONICS

Send for this FREE CREl Booklet and see

IIERE 13 A vacancy coming up. It means a hoost in
Tpay, prestige and security. Can you fll it?

The answer is “No,” if you postpone your preparation for
success.

The answer is “Yes,” if opportunity finds you ready.
“Ready” means “TRAINED.” And your training must
start now, if you expect to be big enough for a bigger job.
You ask “What can I do now?” You will find many valu-
able suggestions in a {ree booklet, “Your Future in the
New World of Electronics.” Not only does it picture fabu-
lous opportunities . . . it tells vou what to do to grow with
an industry desperately seeking trained men. Expansion is
phenomenal: In the defense build-up alone, more than
&7 hillion in electronics contracts

fessional radio men with technical educations. During
World War 11 CREI trained thousands more for the Armed
Services. Leading firms choose CREI courses for group
training in eleetronies at company expense; among them
are United Air Lines, Canadian Broadcasting Corporation.
Trans Canada Airlines, Bendix Products Division, All
American Cables and Radio, Inc.. RCA Vietor Division,
Mochlett Laboratories, Canadian Marconi and Heppner
Mig. CREDs practical courses are prepared by recognized
experts. You get up-to-date material; your work is under
the personal supervision of a CRET staff instructor, who
knows and teaches you what industry nceds. Training is
accomplished on your own lime, during hours chosen by

you. As as graduate. you'll find your

have heen awarded. In 1951, the top
manufacturers alone sold about 3
bhillion in equipment. It is estimated CREIl Tesident

Instruction (day or

CREL diploma the key to success
in Radio, TV and Electronics. At
your service is the CRET Placement

that by 1961 the radio-clectronics
industry will do no less than $10
hillion per year, excluding defense
orders,

Growing civilian markets include

night) is offered in Washington, D. C.
Here work is done with the latest
equipment, in ideal suroundings, un-
der close personal supervision. New
classes start once a month. For a
CRE! Residence School catalog,
check the last line of the coupon

Burcau. which finds positions for
advanced students and graduates.
Although CRID does not guarantee
jobs. requests for personnel far ex-
ceed current supplv. CREI alumni

radio-equipped police cars, fire-equip-
ment, taxis, planes, ships—in increas-
ing numbers. There are industrial

below.

hold top positions in America’s lead-
ing firms.
Now is the time to decide—to act.

radio network installations, medical

applications, and countless others. There are 109 TV sta-
lions wow on the air. The FCC’s chairman predicts 1500
stations within 5 years, and 2500 stations by 1961. Already
it is estimated there are 15,690,394 TV sets and over
£00,000.000 radios in operation. How' these figures will
increase in the next few years, the most daring experts are
reluctant to predict. This much is certain: Limitless num-
bers of positions must be filled—in development, research,
design, production. testing, inspection, manufacture, broad-
casting. telecasting. and servicing. To fill these posts,
trained men are needed—men who somewhere along the
line are alert enough to improve their knowledge and skills.
“Your Future in the New World of Electronics” shows how
CREI Home Study leads to greater earnings, by helping
gel you ready for the openings described above.

CREI promises no short cuts. In an accredited technical
«chool such as this. you must study to transform your am-
hition and energy into knowledge that pays off. Since its
founding in 1927. CREI has provided thousands of pro-

APRIL, 1952

When opportunity knocks. knowledge
nwst he “at home.” You supply the willlingness to learn.
We supply the technical training. This combination of
ambition and knowledge is unbeatable in the new Age of
Electronics. Fill out the coupon and mail it now. We’ll
promptly send vou your free copy of “Your Future in the
New World of Electronics.”

MAIL COUPON FOR FREE BOOKLET

a ]
1 CAPITOL RADIO ENGINEERING INSTITUTE '
1 Dept. 144D, 16th & Park Rd., N.W., Washington 10, D. C. 5
: Send booklet **Your Future in the New World of Electronics” and course outline. §
8 CHECK TV.FM & Advanced AM Servicing (] Aeronautical Radio Engineering :
1 FIELD OF Practical Television Engineering ¥
1 GREATEST ( Broadeast Radio Engineering (AM, FM, TV) B
1 INTEREST ) ([ Practical Radio Engineering »
1

L]
: NOMIE . ot e ]
§ L}
i Si3aasac08588000000a62500 0800080a800a00 :
1
2 City Zone. ... . State........... :
1 If residence school in Wash.,, D. C. preferred, check here [J 3
L L L T P T T
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V. full-tine* Components For

Improvement, Replacement, Conversion .

MERIT
TV
RIT

REPLACEMENT
CONYVERBLON =
wanr

SELL IMPROVED RECEPTION

:

3

1

; MERIT ""TV" Kit #1000 for edge to edge
i focus-contdins . MDF-70" Cosine Yoke,
' HVQO-7 Universal Flyback and MWC-1
* " Width Linearity Control. Keep a Kit handy
{ — you'll get plus busi and a reput
tion for "know-how.”" -

MDF-70 . .. original of the

"cosine’’ series —low horx,

high vert inductance. Used

by such famous sets as
Radio Craftsman. Cosine Yokes will im-
prove 10,000,000 sets now in uss!

MERIT...HQ for TV Service Aids

. MERIT's 1952 Catalog #5211 now avail-
: able . . . infroducing MERIT IF-RF Coils,
" includes Coil & Transformer data, listings.

Other MERIT service aids: TV Repl Guide
; #404, Sept. '51 issue ~jcovers 3000 mod-
E els, chassis of 82 miirs; Cross Ref Data
i on IF-RF Coils, .Farm #14. Write: Merit
€oil ond‘Yransformer Corporation, 4425
) ;Ngnh Clark Street, Chicago 40.

hese three MERIT extras help you:

#» Exclusive: Tape- ¢
]

,;;n”crke\d with specs
> and. hoek-up data

¢ Full rechnical data packed with
Z@veryiifem

g.,.l:’/’is'ad in Howard Sams Photoe
_//V ‘fﬂ(&‘ f

* Merit is meeting the TV
improvement, replacement
and conversion demand
with g line as complete as
our advance information
warrants!

BROWNE ADYERTISING

a2

3

WAYNE COY, chairman of the Fed-
eral Communications Commission, re-
signed his post with the FCC late in
February to accept a position as full-
time consultant with Time, Inc., pub-
lishers of the weekly newsmagazine of
that name, as well as the magazines
Life and Fortune (and the TV pres-
entation, The March of Time). Mr. Coy
will divide his time between New York
and Washington, according to a repre-
sentative of the publishing house.

CANADIAN TV broadeasts are ex-
pected to start in August, according to
J. A. Ouimet of the Canadian Broad-

‘| casting Corporation. Local availability

of structural steel will determine wheth-
er Montreal or Toronto will be on the
air first. Programs for Ottawa will be
provided later by an inter-city link with
one or both of these cities.

SERIOUS LOSS to the nation’s elec-
tronies and commmunications industries
may result from the FCC’s acute short-
age of personnel and its limited funds.
In requesting adequate appropriations
from Congress, Commissioner Coy cited
as only two items in the FCC’s workload
—the vast increase in portable-mobile
authorizations and the lifting of the
TV freeze.

Increased funds for FCC operations
were asked by President Truman in his
recent budget message. Additional mon-
itoring facilities required by the de-
fense program, as well as the increased
work load expected with the lifting of
the TV “freeze” were cited by the
President in his request for an appro-
priation of $8,075,000.

OREGON AMATEURS will hold their
annual convention at the Osburn Hotel,
Eugene, Oregon, Saturday and Sunday,
April 26 and 27. Highlight of the con-
vention will be a demonstration by the
pioneer ham, John Reinartz, of his
portable 1-kw Eimac transmitter. Hid-
den transmitter hunts, demonstrations
of electronic control of ship models, a
“swapfest” and prize drawings will
also be included among the features of
the meeting.

AN AUDIO FAIR will be held in Chi-
cago on May 23 and 24. It will follow
immediately the Electronic Parts Show
at the Conrad Hilton Hotel, and will
occupy three entire floors. It will be
open to the public.

MASS PRODUCTIONOof a small auto-
matic radar device for jet fighters, pro-
duced faster than any types of radar in
World War II, makes the unit the most
widely used type in the world, accord-
ing to Dr. W. R. G. Baker, vice presi-
dent and general manager of the elee-
tronics division of the General Electric
Company. The radar unit, eredited with
giving American jet pilots an advan-
tage over enemy planes in Korea, is be-
ing installed in Air Force, Navy and
Marine Corps planes throughout the
world.

www americanradiohistorv com
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ARMY'S WALKIE-TALKIES may
soon be equipped with an alerting vi-
brator that frees the user from con-
tinuous listening. The device, invented
by Neil C. Fowlison of Council Bluffs,
Iowa, is worn on the armi, and is actu-
ated by the incoming signal.

NATIONAL AIRBORNE ELEC-
TRONICS conference of the Institute
of Radio Engineers will be held May
12, 13, and 14 at the Dayton Biltmore
Hotel, Dayton, Ohio. Greatly expanded
in scope, the conference will cover mili-
tary and commercial aviation electron-
ies.

"PIRACY ON THE HIGH C'S"
has been charged by Columbia Records,
Inc,, and Louis Armstrong against Par-
adox Industries, Inc. Suing to halt dis-
tribution and sale of six “Jolly Roger”
label dises, Columbia and Armstrong
claim unauthorized “dubbing” of the
six records from Columbia originals. An
injunction against the alleged pirate
was obtained.

LIFEBOAT TRANSMITTERS will be-
come compulsory equipment after No-
vember 19, 1952, for all U. S. cargo
vessels of 500 gross tons or over, ac-
cording to a recent statement of the
Coast Guard.

This step will carry out the require-
ments of the 1948 Convention for the
Safety of Life at Sea, to which this
country is a signatory.

CLEAR CHANNELS for closed-circuit
theatre-TV networks have been re-
quested from the FCC by the motion
picture industry. Spokesmen for the in-
dustry prediet that such allocations will
make possible interference-free pro-
grams in black and white or full color,
superior even to film.

TV'S EDUCATIONAL EFFECTS can
be as pronounced for harm as for good.
A 16-year-old baby sitter, Delora Mae
Campbell, high school sophomore of Los
Angeles, was arrested for strangling a
6-year-old child with a stocking after
she had watched a TV presentation of
a strangling.

RADIO LISTENING continues to grow
despite the inroads of television, accord-
ing to Robert M. Hoffman, research di-
rector of WOR. In the New York City
area, 84.5% of families owning TV re-
ceivers listen to radio as well, and the
continual increase in the non-TV-own-
ing population provides a comfortable
margin for the elder industry.

COCKROACHES are the latest form

of TV interference, reports John Cros-
by, radio and television commentator of
the New York Heradd Tribune syndi-
cate. Citing sources of unquestionable
authority, he attributes the menace to
the irresistible attractions of warm,
spacious quarters, free entertainment,
and unlimited opportunities for appear-
ing in the limelight behind the well-
advertised protection of the tube’s
safety glass.

RADIO-ELECTRONICS
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NOW. . . GET EVERYTHING YOU
NEED TO LEARN AND MASTER

RADIO-ELECTRONICS &8

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

Your future deserves and needs every cdvan-
tage you can give it! That's why you owe it
1o yourself 10 find out about one of the most

COMPLETE, practical and effective ways now
availoble to prepare AT HOME for America’s
billion dollor opportunity field of TELE.
VISION-RADIO-ELECTRONICS, See how you
may get ond keep the same type of basic
training equipment used in one of the na-
tion’s finest training laboratories . . . how
you may get real STARTING HELP toword a
good job or your own business in Television-
Rodio-Electronics. Mail the coupon taday for
complete facts — inciuding 89 ways to eorn
money in this thrilling, newer field.

{ ) )
cowrrasy e are g

F =T 51
OB ®

ABOVE: Build and keep
areal 17 INCH com.
mercial TV receiver.
Optional aftercomplet-
ing regular training at
moderate odded cost.

D.7.1., ALONE, INCLUDES BOTH MOVIES and HOME LABORATORY
In addition fo easy-to-read lessons, you get! the use of HOME MOVIES
—= on outstonding training odvaontage — plus 16 big shipmenis of
Electronic parts. Perform over 300 foscinatling experiments for

proctical experience. Build and
Get BOTH of these keep real commerciol-type test
information packed

equipment shown at right
publlcotlons FREE! MODERN LABORATORIES
WAYS

If you prefer, get all your prepora-
tion in ovr new Chicoge Training

Laboratories —one of the fines) of
its kind. Ample instructors, modern
equipment. Write for details !
MONEY
1N TELEVISION e
I lhﬁm-u[ﬂﬂﬂ“ts — 3 helpful. Mail coupon today.
A e e
Bulletin showing "89 Ways to Earn Mone.y in Television-
Radio-Electronics”; also, the folder showing how I may

R-F Signsl Gaaratlv |

‘\\‘A

MILITARY SERVICE!
If you're subject to military
service, the information we
have for you should prove very
I ACT NOW! MAIL ¢ OUPON TODAY!
DE FOREST'S TRAINING, INC, Dept. RE-4-1] —
2533 N. Ashland Ave., Chicago 14, 1I1. : . T—
e TS

prepare to get started in this thrilling field. = i
emediuemeee Age.-...-- HEE - 4P === i
N N , -
Address-.----== Z O State e - e ] .
o L —— De FORESTS TRAINING, INC.,

,_m—-——

CHICAGO )4, ILLINOIS
" A DeVRY INSTITUTION

APRIL, 1952
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Famous Guns

ot = = B2

Al

Colt Army Revolver,
Model 1872, Caliber .45

Known as the “Peacemaker” and, in
.44 caliber. the “Frontier” revolver.
This famous Colt was the law west of the
Mississippi! Weight and ruggedness made
S it a convenient means of administering

a “pistol whipping”,

i | Model 1808 Navy Pistol, Caliber .64,

made by Simeon North of Berlin. Conn.
7 Boarding pistols like this rendered
= valuable service in the War of 1812. In
building them. North actually used
a modern mass production technique—
standardized parts!

. :':m\\“\:
Instant-heating e
Weler Soldering Gun for

light or heavy work. Dual

heat greatly increases tip life.
Switch instantly to high or
low heat as job requires. Pre-
focused spotlights end “blind soldering”. Exclusive
tip-fastening arrangement assures full. constant heat.
Higb-impact plastic housing. Perfect balance. Low-cost
repla(‘ea{’)le tips. Pays for itself in a few months. See at
your Distributor or write for Bulletin direct.

Get SOLDERING TIPS, new Weller Handy Guide to faster, easier soldering.
20 pages fully illustrated. Price 10c at your Distributor or order direct. — .,

By W
I

L
\\\\\\\\.q

Ry

SOLDERING G"Ns 828 Packer Street, Easton, Pa.
The Finest Soldering Tool for the Finest Craftsmen

www americanradiohistorv com

The robot weather station as it looked
during tests at Mt. Washington, N.H.

A ROBOT WEATHER STATION,
developed by the Signal Corps Engi-
neering Laboratories at Fort Mon-
mouth, N. J., has been automaticaily
sending weather data for six months
from a deserted island in the Aleutians.
Capable of operating unattended for a
year or more in Arctic cold, wind, and
fog, its code transmissions report vital
meteorological data” to an Air Force
station 250 miles away.

The unattended weather station is
located on an island, where thick fogs
prevail in the summer and gusty 100-
mile-per-hour winds during the winter.
The station can operate in tempera-
tures lower than 60 degrees below zero.

Transportable by air, the station con-
sists of an insulated metal shelter and a
small instrument section atop the shel-
ter. There are built-in automatic heat-
ing and fire-extinguisher controls.

The heart of the station is a self-
winding clock which acts as the “mas-
ter brain.” The clock does the same job
as a car’s starter button, putting the
motor into operation.

TOTAL RADIO STATIONS in the
United States exceeded 190,000 in 1951,
according to the Federal Communica-
tions Commission. The report listed (as
of September) 2,401 AM broadecast sta-
tions, 653 FM broadcast stations, and
108 TV stations. Common-carrier serv-
ices amounted to 822 and industrial
services 10,591. Marine radio included
29,826 ship stations. Other stations in
the maritime services bring up the total
to 32,870, slightly above the aeronauti-
cal services’ 32,221. There were 95,131
licensed amateur stations and 651 li-
censed stations in the Citizens Band.
The bulk of the others are in the Safety
and Special Radio Services.

The figures above give a conservative
picture of the number of radio stations
in the country, as they are based on
station licenses which may cover more
than one transmitter.

—end—
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siMels Which will YOU hold?

WE GUARANTEE

TO TRAIN AND COACH YOU AT HOME
IN SPARE TIME UNTIL YOU GET

YOUR FCC LICENSE

If you have had any practical experience — Amateur, Army,
Navy, radio repair, or experimenting.

TELLS HOW— Employers make

JOB OFFERS Like These
to Our Graduates Every Month

Letter. October 11, 1951, from Chief Enginecr, Broadeast Station, North Carolina,
en with radiotelephone lst class licenses, no experience Nece
1t average station for we are equipped wit! Diesel Llectrie pow
quipment._ '’

Telegram, October 2, 1951, from Chief IS Broadeast Station. Wyoem
end Intest list avallable first el tur<. H Novemiy 10th upening
ombo Men

“Need
wry. Will learn more than

r, transniitting and studio

“Please
for ty

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 Coaching AT HOME in Spare Time.

Name and Address License Lessons
Lee wor(hy 5 2nd Phone .16
221 Wil 8t.. Bakersfiehl, California
Stittord E vogt . 1st Phonc .20
ia, Florids

Fr\ncls )( Fo rch Y 1st Phone ...38
Iieucler P).. Bergenfield, New Jers

s Sgl Ben M. Dav L 1st Phone ...38
irth Roo, it. Lebanon, Illino

Albert Schoell -.2nd Phone. L..23

110 West 11th St.. Escondido, Califoru

CLEVELAND INSTITUTE OF RADIO ELECTRONICS
Desk RE-40, 4900 Euclid Bldg., Cleveland 3, Ohio

APRIL, 1952

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 to vour course 1 obtained my 2nd phone license. and am now e nlc,ed by Civil
Service at Great Lakes Naval Training Station as an Equipment Specialist.’

Kenneth . Leiser, Fair Oaks. Mtd. Del., Mellenry, 11

GETS STATE POLICE JOB

“T have obtained my 1st class ticket (thanks to your school) and since receiving same I
have held good jobs at all times. I am now Chief Radio Operater with the Kentueky
State l'ollce.””

Kdwin . Healy, 261 E. 3rd St.,

GETS BROADCAST JOB

““I wish to thank your Job-Finding Serviee for the help it
of transmitter operator hiere at WCAK, in Pitt:buigl

London, Ky.

securing for me the position

Walter Kosehik., Hl'_’ Rulge Ave., N. Braddock, Pa.
OURS IS THEONLY GETS AIRLINES JOB
HOME STUDVY[ e ¢, vour Jub-Finding Service, 1 have heen getting many
ggggf&sw’;'&;‘ ofters from all over the ecountry, and I have taken a job with
TYPE EXamINa.] Canital Airlines in Chicago. as a Radio Mechanic
TIONS WITH ALL Harry Clare. 4537 8. Drexel Blvd., Chicago. 111
LESSONS AND - - -
FINAL TESTS. Your FCC Ticket is recognized in all radio

fields as proof of your technica!l ability

MAIL COUPON NOW

A ""-"'-.I...-........-..'i

CLEVELAND INSTITUTE OF RADIO ELECTRONICS 4
Desk RE-10—34900 Euclid Bldy.. Cleveland 3. Ohio :
Address to Desk No. to avoid delay)

I bov ny IFCC tie i minimum of tine
y FREE b it. CHow te I'ass FCC L na
tinn {does not cover exan or Amateur License). ell as a

he Inable booklet, '"Money-Makin

|}
2
[
i
8 O Tell me how 1 ean get your Free I fon € :
[ ]
B NAME AT i o0 18 N s . u
- i
: ARESS e b i bwinis it n gm s s s
B oemn ZONE STATE.
b Past 1y steard or send
r-----------------------------ﬂ------..---
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The

TV scope for

RCA WO-56A

DUAL CONTROLS FOR “COARSE™ AND “FINE"" ADJUSTMENTS

V GAIN SYNC SWEEP
sTEp ! SELECT COARSE
VERNIER A0JUST FINE

No hunting or fumbling for controls when adjusting
Vertical Amplifier Gain, Sweep Frequency, Sync In-
jectian, and Horizdntat Amplifier Gain.

@

M GAIN

VERNIER

FEATURING—

® Giant RCA 7)P1 cathode rav wbe.
Direct-coupled. 3-stage. push.pull, verti-
cal and horizontal amplifiers.
Frequency-compensated and voliage-cali-
brated attenuators on both amplifiers.

A set of maiched probes and cables.

* Panel source of 3 volts peak-to-peak cali-
brating voliage.

Identical vertical and horizontal amplifiers
with equal phase-shift characteristics.
Retractable light shield for maximum visi-
bilin

®* New filter-type graph screen with finely
ruled calibrations.

Magnetic shield enclosing CR 1wube 1o
minimize hum-pickup from internal and
external fields.

SPECIFICATIONS —

e Vertical Detlection Sensitivity: 10.6 rms
millivolts per inch.

® Frequency Response: Flat within -2 db
from d¢ 10 500 kc: within -6 db at 1 Mc;
usctul response beyvond 2 Mec.

® Input Capacitance: Less than 10 uuf with
WG 216A Low-Capacitance Probe.

® Square-\Wave Response: Zero tilt and over-
shoot using dc¢ input position. Less than
2% 1tilt and overshoot using ac input
position.

® Lincar Sweep: 3 to 30,000 cps with fast
retrace.

® Trace Expansion: 3 times screen diameter
with corresponding centering control
range,

o  Power Supply: 105-125 volts 50/60 cycles;
power consumption 65 watts.

e Size 13%" h. 9" w. 16%" d, Weight only
31 pounds {(approx.).

ADVANCED SWEEP FACILITIES —

e  Preset fixed sweep positions for vertical
and horizontal televiston waveforms.

® Positive and negative syncing for easy
lock-in of upright or inveried pulse wave-
torms.

e 60-cvcle phase-controlled sweep and syn-
chronizing.

: ¢

The WO-56A has a special
circuit for automatic con-
trol of synchronization
over a wide range of
input-signal levels.

WO-S6A 0SCILLOSCARE

professionals

Supplied with direct probe, low-capacitance probe,
and ground cable.

Built for laboratory, factory, or shop use, the WO-56A combines the
advantages of high-sensitivity and wide-frequency range in a very small
instrument with a /urge cathode-ray tube.

Designed with the user in mind,
this new’scope can be depended upon
to provide sharp, bright, large, and
accurate pictures of minute voliage
waveforms over the entire useful sur-
face of the 7JP1 screen.

The amplifier selector switches are
provided with both “AC"” and “DC” po-
sitions so that measurements can be
made with or without the effects of any
dc component.

Square-wave reproduction isexcellent,
whether the application is low-frequency
TV sweep-alignment or observation of
high-frequency steep-fronted sync and
deflection voltage waveforms.

A special sync-limiter circuit auto-
matically maintains proper synchroni-
zation of the sweep oscillator over a

wide range of input-signal levels with-
out the need for manual adjustment of
the sync-vernier control.

The excellent linearity and fast retrace
of the sweep or time base are functions
of the Potter-type oscillator. Undistorted
reproduction of the sawtooth waveform
isassured by use of a horizontal amplifier
with a wide-band characteristic. The
preset sweep positions provide rapid
switching between vertical and hori-
zontal TV waveforms.

Truly, the WO-56A is a most useful
and practical instrument for everyday
work in the fields of television, radio,
ultra-sonics, audio, and a wide array of
industrial applications.

For details, see your RCA Distributor,
or write RCA, Commercial Engineering,
Section DX 49, Harrison, N. J.

RADIO CORPORATION of AMERICA

TEST EQUIPMENT

www americanradiohistorv com
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GET THIS

ALLIED

Best Buy
in Hi-Fi

Lowest Cost High-Quality Tuner
Ideal for Custom Installations

The new Pilot AF-605 Tuner provides splendid re-
ception of standard AM broadcasts and the 88-108
mc FM band. Features flat response within 2 db
from 20-15,000 cps, with low distortion and high
signal-handling ability. Has relatively low output
impedance to minimize high frequency attenuation
in output cable. Includes inputs for phono and TV,
controlled by band switch. With slide-rule dial (each
band separately illuminated); separate 3-gang tun-
ing condensers for AM and FM; provision for outside
AM and FM antennas; self-contained power supply.

FM Features: Tuned RF stage for maximum sensi-
tivity and selectivity; built-in line; antenna temper-

Best Buy

IN A CUSTOM
Hi-Fi AM-FM-
Phono System

at a sensationally low price

ature-compensated oscillator; ratio detector with
225 kc wide linear response; IF response 200 kc wide
at 6 db points; 300 ohm balanced input to antenna
coil with electro-static shield.

AM Features: Tuned RF stage; built-in high effi-
ciency new “‘ceramic loop stick” iron-core antenna;
IF wave trap; IF response 7.5 kc wide at 6 db points;
separate diode for AVC voltage.

Pilot AF-605 Tuner Complete. Chassis size, 11 14x6x9”.
For 110-120 volt, 50-60 cycle A.C. Complete with 9
miniature type tubes and rectifier. Shpg. wt., 8 14 lbs.

97-944. ALLIED'S low priceonly .......... $42.95

a complete top quality AM-FM-Phono System at low cost

Here’s the special value ALLIED com-

records, one for LP records). The sys-

212-PAGE

ALLIED

APRIL,

CATALOG

1952

plete home entertainment system that
provides superb reproduction from rec-
ords as well as AM-FM broadcasts. The
system includes (A) the famous KNIGHT
20-Watt High-Fidelity Amplifier with
response =1 db, 20-20,000 cps—uncon-
ditionally guaranteed for one full year;
(B) the Pilot AF-605 FM-AM Tuner
described above; (C) the General Elec-
tric S1201D 12" High-Fidelity Speaker
with 14.5 oz. Alnico V magnet; (D) the
Webster-Chicago 106-27 Three-Speed
Automatic Record Changer with plug-
in heads and 2 General Electric variable
reluctance cartridges (one for standard

tem is supplied complete, with all neces-
sary cables and leads for interconnect-
ing the components, plus all tubes, hard-
ware and complete installation and
operating instructions. Cables are
equipped with plugs, ready to connect
—no soldering required. Shpg. wt., 66
Ibs. Here is a complete High-Fidelity
system, unsurpassed for value, provid-
ing wide-range reproduction from rec-
ords and AM-FM radio.

93-422. Complete AM-FM-Phono
System. ALLIED’S low price...$169.50
$325.43 down, $12.73 monthly for 12 months

13

New Pilot AF-605 Hi-Fi AM-FM Tuner

Send teday for ALLIED'S autheri-
tative, complete 1952 cataleg,
listing full selections of tubes,
parts, fest insfruments, avdie
eguipment, indusirial cem-

ponenis—asverything in Eleciron-
ics at lowest prices. Look 1o
ALLIED for spesdy delivery, ex-
pert parsonal help and complate
safisfactien. Gel your FREE 212-
poge ALLIED cotalog now.

ALLIED RADIO CORP., Dept. 2.p-2
833 W. Jackson Blvd., Chicago 7, lllinois
O Ship the Pilot AF-605 AM-FM Tuner ($42.95)

D Ship the complete AM-FM Phono System ($169.50)
$.o. . enclosed. O Full Payment O Down Payment

O Send FREE 1952 ALLIED 212-Page Catalog

(61490680100 60000060000000000065 Zone. ..... State.......

www americanradiohistorv com
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TUBESAVER

Says Al Mirusof Mirus TV Service Shop (left),
6579 Glenway Ave., Cincinnati, O.: “Our
G-E Tubesavers do just what the name says.
That’s why we have one at every bench. A
Tubesaver holds up to 52 tubes in their
proper sequence, gripping the tubes so
tightly they can’t fall out. Built-in pin-
straighteners help, too. The best and most
practical device we’ve seen!”

<@ NO MORE WORRY ABOUT PUTTING TUBES
BACK IN THE WRONG SOCKETS!... The sys-

tematic layout of the G-E Tubesaver keeps
tubes in their exact order. Moreover, they
stay that way because rubber inserts keep
them from dropping out—even if you tip the
Tubesaver sharply! With its convenient handle
design, the Tubesaver can be laid flat on the
bench, angled, or hung on the wall nearby.

NOW YOU CAN TEST TUBES FAST AND ACCU-
RATELY!. .. Place tubes in the inner holes of
the G-E Tubesaver. Test them one-by-one.
Put the good tubes in the outer set of holes,
and return rejects to the inner set. Interrup-
tions are no handicap—the Tubesaver keeps
tubes correctly arrangedtill youresume work.
In their proper order you now show the full
e tube complement of the receiver —
which tubes are usable, which not!

SEE YOUR G-E
TUBE DISTRIBUTOR
FOR FULL DETAILS!

RADIO-ELECTRONICS
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PICTURE-TUBE
CARRIER

Here’s a practical aid that enables you to
carry a cartoned picture tube safely and easily
with one hand, leaving the other free for
service equipment. Heavy canvas straps—
quickly adjusted—hold the tube carton firm-
ly. Rounded leather grip fits sougly in the
hand. Blue and yellow colors are attractive.
Save extra steps with this new coavenience!

DROP-CLOTH

Use this handy G-E drop-
cloth to cover fine rugs or
cabinets. It’s durably wo-
ven, with a soft texture that
won’t harm the most deli-
cate surface. A plastic top
coating takes hard wear,
resists hot solder, can be
wiped clean in a jiffy. Cus-
tomers will appreciate your
protecting their furnishings
from dust, grime, and stray
particles of metal!

A
o
o
A Y

272
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NEW! 2ND EDITION
of the only complete

reference on AUDIO!

Reproduction

of SOUND”

by OLIVER READ

Completely
revised and
vastly en-
larged new
edition
OVER

PAGES

A "Must" for
Sound Enginears, Hi-
Fl Enthusiasts, P. A.
Men, Broadcasting
Statiens; Recording
Studios, Students

largest selling
book in its field

CONTENTS:
A Partial List of Authoritative Chapters:

Behavior of Sound Waves; Basic Recording
Methods;Lateral DiscRecording; Microgroove
Recording; The Decibel; Phono Reproducers;
Styli ; Microphones; Loudspeakers and En-
closures; Dividing Networks and Filters; At-
tenuvators and Mixers; Home Music Systems;
P.A. Systems; Amplifiers; AM and FM Tun-
ers— PLUS HUNDREDS OF OTHER SUBJECTS

Now you can have all the right answers to
any subject in the field of Audio. Learn how
to select and get the most out of recording
equipment. Tells you how to select the
proper amplifier for given applications, how
to test amplifier performance, how to elimi-
nate hum. Explains microphone, speaker
and pickup principles and selection factors.
Shows how to utilize inverse feed-back, ex-
panders and compressors. Covers hundreds
of subjects—a vast wealth of reliable infor-
mation found in no other single volume. If
you work in the field of Audio, this book be-
longs inyourlibrary. Order your copy today!

6" x 9"
Ly $795
Hard Covers ONLY 7 ORDER
XTI ToDAY
|l Order from your Parts ]
Jobber, or write direct to |
| HOWARD W. SAMS & CO., INC. |
| 2201 E. 46th St., Indianapolis 5, Ind. I
: My (check) [money order) for $......000. |
is enclosed.
| Send ........ copylies) of The Recording & I
: Reproduction of Sound (RR-2). $7.95 per copy. I
N 00 068663006006 0605006003 060000 00 |
|
: Address.ceiiiciiiiiaitinncnicnaccsreane |
b Cityerneeieeeeeeseee Stateraennnes |
L e e |

Radio Business

Merchandising and Promotion

Perfection Electric Co., Chicago, is
now marketing its television compo-
nents in individual cartons. The com-

-
-

pany’s DeamaJuster, Kine-Center, Ton
Trap Magnets and B.O. Eliminators
will be packaged in the new cartons.

JFD Manufacturing Co., Brooklyn,
N. Y., has released a colorful decalco-
mania for display by distributors of
JFD television antennas and acces-
sories.

Allen B. Du Mont Laboratories’ Tele-
set Service Control Department has is-
sued a 115-page manual, “Service Op-
erations of the Du Mont Distributor.”
The guide was published to acquaint
new Du Mont distributors with their
service responsibilities. Among the sub-
jects covered are shop-work control,
equipment, service department layout
and training of service personnel.

Ohmite Manufacturing Co., Chicago,
manufacturer of electrical rheostats,
resistors, and tap switches, has brought
out a new plastic version of its Ohm's
Law Calculator. On the back are a
standard slide rule and direct-reading
scales for computing parallel resist-
ance. It is available from Ohmite and
its distributors for $1.50. The com-
pany’s original cardboard calculator is
still available for 25¢.

Hickok Electrical Instrument Co.,
Cleveland, Ohio, has issued a new folder
illustrating and describing 10 new
models in its line of dynamic mutual-
conductance tube testers.

United Technical Laboratories, Mor-
ristown, N. J., has released a new two-
color folder describing its “Klipzon™
test prod products.

Telematic Industries, Brooklyn, N.Y..
has developed a new display, the “Silent
TV Salesman,” which shows 12 of the
company’'s TV accessories. Designed
either to stand on the counter or hang
on the wall, the display is part of a
promotional campaign now under way.

National Union Radio Corp., Orange.
N. J.. has introduced an improved ver-
sion of its carrying case for receiving
tubes and small tools. The height has
been increased and the top compart-
ments redesigned for greater capacity.
The case is available only through Na-

BAROMETER
of the Parts Industry

During February, 53 of the leading 375
manufacturers of radio-television-clec-
tronic components and equipment
made changes in their lines. Actu-
ally there was a slight decrease
in “change activity” as compared
with January.

In price revisions and the num-
ber of products affected, the fol-
lowing summary illustrates the

Decreased Prices

comparative trend for the months of
January and February.

Nao. of No. of
Manufacturers Products
Jan. | Feb. Juan. Ieb.
Increased Prices & 451

17 &l ’

1" 14 09 1titi

For product comparison, these fizures can be
hroken down into the following categories:

Increased Decreased New Disvontinued
Prices Prices Products Products
No. of No. of No. of | No. of
No. of | Prod- | No. of | Prod- No. of | Prod- | No. of Prod-
Mfrs. | ucts Mfrs. | ucts Mfrs. | ucts Mfrs. | ucts
Antennas & Accessories | 2 Y & (Y iy 113 4 he
Capacitors 1 it None | None ¢ £ N3 None | None
Controls & Resistors 1 12t 1 2t & s 1 13
Sound & Audio 3 S0t 1 {184 12 wie 11 Int
Test Equipment I None None 1 13 53 oD% None | Nane
Transformers 1 176t None | Noned 3 143 1 2t
Tubes A BN | 7 titeg 7 ¢ ) 1t
Wire, Cable, Connectors 1 BE 1 20t o HE S None None
+ Inerease over January 1 Inerease over January
3 Decrense 34 Decrense
Comment- Comment .
Tube and audio items showed o trend toward inerensed In the number of February

prices. This could be due to sdiuvstiments allowed under the

Capehart \mendment.

Thix data is prepared .hy the stafl of Unitod Catalog Publishers, tne.,

of RADIOS MASTEK.

www americanradiohistorv com

item= intredueed and o
countinued by leading manu
facturers, sound and audi
equipment showed the most
netiviry.

110 Lafayette Street, N, Y. ., pudlishers
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Greafest in demand
Greafest in service

Demand the .
N.V.C. trade mark
on cvery picture tube.

Television Tubes Already produced

In more than a miltion scts you will find 2
National Video Corporation tube in active
service — every one delivering 2 clearer,
brighter, bettet picture. Designed to meet the
service man's exacting requirements and in-
terclmngeable in every standard set.

Be surc to install a N.V.C. Television Tube
to eliminate call-backs and waste of time and
dollars. See yout local distributor — 53y,
«N.V.C.”, the next time you buy replace-
ment tubes.

APRIL, 1952
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~ Radio Business

tional Union distributors with the pur-
chase of N.U. tubes.

Production and Sales

The NBC TV Sules Planning and
Research Department announced that
there were 16,129,300 TV sels installed
in the United States as of February 1st.
There were 2,510.000 in New York City,
1,100,000 in Los Angeles, 1,093.000 in
Chieago, 1,006,000 in Philuadelphia and
862,000 in Boston.

The RTMA announced that 5,384,798
TV receivers were produced during
1951 compared with 7,463,800 in the
record-breaking year 1950, Nadio set
production was estimated at 12,299,146
against the 1950 total of 14,589.900.

The RTMA reported thatl 4.134,614
TV picture tubes had been sold to re-
ceiver manufacturers during 1951, 887
of these were rectanguiar and 16-inch
or larger. Of the 7,473,614 TV picture
tubes sold in 1950, only 34¢, were in
this category. The association alsc ve-
ported that 375.643,697 recciving tubes
were sold in 1951 as compared 1o the
382,960, 599 for 1950. Of the 1951 total,
247,855,249 were sold for new sets,
04,596,663 for replacements, and the
balance for export and government
agencies,

New plants and Expansions
Standard Coil Produets Co., Ine., Chi-
cago, and General Instrument Corp.,
Elizabeth, N. J., have announced an
agreement to exchange stock at the rate
of five shuares of General Instrument
for four sharves of Standard Coil.
Standard Coil will operate General In-
strument as a wholly-owned subsidiary.
Aerovox Corp., New Bedford, Mass.,
has announced a formal merger with
Electrical Reactance Corp. The latter

company will be known as Hi-Q Divi- ]

sion, Aerovox Corp., Olean, N. Y.

LD.E.A. (Regency), Indianapolis, has
purchased the Ohm-Art Division of the
Chicago Dial Co., manufacturer of de-
posited carbon resistors. The new con-
pany will be known as the Radell Corp.
Its equipment has been tflown to its new
factory in Puerto Rico. Sales oflices will
be in Indianapolis.

Philco Corp. has arranged for a
$40,000,000 three-vear V-loan to finuance
its rapidly-increasing production of ad-
vanced electronic equipment for the
Army, Navy, and Air Force.

—end—
APRIL, 1952
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AMERICA’S NO. 1
CAPACITOR, FAVORITE

Over 200 million Sprague Black Beauty
Telecap molded paper tubular capaci-
tors in use today tell their own story
of sunsurpassed quality! And they cost
no more!

These sturdy molded tubulars
are the only capacitors in radio-
¢ (clevision parts history that have
been imitated but wer dupli-
cated. Only Sprague Telecaps
are madc by the exclusive ory
assembly process. .. and that’s
why they're unmatched for
dependable performance!

'ELECAP®

MOLDED

UBULARS

Sprague’s Famous
“Black Beauties’’

SPRAGUE PRODUCTS COmMPANY

{Distributors’ Division of Spragve Electric Co.}
82 Marshall Street
North Adams, Massachusetis
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Here's why it saves you
Centralab switches —

You'll get the switch you want...when you want it...at one source!

4

Your nearby Centralab distributor offers the most complete line of
switches, kits and parts available to the industry!

ULt it's available at all — my Centralab distributor
will have it.”

That's what more and more servicemen are saying.
And that's why the trend to Centralab is growing
every day. Today's servicemen know that Centralub
carries the most complete line of switches and switch
parts available to the industry.

If you need standard or special-purpose switches for
AM, IM or TV rcpair, intercom installations, P. A,
systems or medium-duty power applications — your

Centralab distributor has them in stock. Single- and
multi-pole. Rotary or lever action (phenolic or steatite).
Shorting or non-shorting contacts.

If you are building your own switches for test gear,
etc. — you'll find switch parts, indexes, kits in Cen-
tralab’s standard or "DD" line that meet your require-
ments. And that goes for highly rated swiiches for
custom installations or high fidelity power supply, too.

When you need switches or switch parts, make your
choice Centralab — the most complete line available.

LEVER ACTION SWITCHES—for specch input cquip-
ment for line and program switching-monitoring, trans-
ceivers, band change, P. A. and intercoms, model railroad
systems and 1ndustrial test equipment. Available in
positive, spring rcturn or combination. Coil spring
index has minimum life of 150,000 switching cycles.

MEDIUM DUTY ROTARY SWITCH — for medium
high power and excellent accuracy 1n transmitter, industrial
control and balancing, laboruatory testing, power supply
converter and many other special applications. Rated at
750 watts {7)4 amps, 60-cycle, 115 volts AC). 1. 2 or 3
poles... 18 contact scctions...up to 20 scctions per shaft.

ROTARY SELECTOR SWITCHES — for use in fast,
positive band switching in critical radio frequency circuit
applications — in the oscillator, buffer or final amplificr
stages of transmitters with input up to 75 watts and plate
voltages up to 850 v.d.c. Also amateur rigs, test equipment
and low current switching. Steatite or phenolic insulation.

ROTARY ACTION FLAT SWITCHES —for program
switching — monitoring, transceivers, band change. P. A.
and intercoms. Phenolic insulation. Cadmium plated
metal parts. A 4-pole, 2-position, non-shorting tvpe with
positive leaf spring index. Can be used a SPST, SPDT,
DPST, DPDT, 3PST, 3PDT, 4PST or 4PDT.

RADIO-ELECTRONICS
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time and money to buy

SMALL GENERAL PURPOSE SWITCHES—on-off and momentary line or remote speaker return and dual auto radio
step control switches for radio, P. A. channel selectors. wave speaker control. Clips and contacts heavily silver plated.
band, mcter reversing, mcter selector, intercom tatk-listen, Phenolic insulation. SPST, SPDT, DPST, DPDT, etc.

414-419 ROTARY SWITCH KITS—give vou a con- 1500 SELECTOR SWITCH KIT — ideal convenience
venient, eastly avatlable source of stock sections. indexes for labs, design and service enginecrs, industrial clecrronic
and hardware for assembling practically any stundard or maintenance departments. hams and experimenters, 33
spectal switching arrangement desived. Contain Centralab standard rotary switch phenelic sections, 16 index assem-
“DD" Index and Section construction. Attractive steel cib- blies and adequate supply of flat shufts, spacers, nuts,
inet, fits standard steel shelving. 17" x 1'%, x 123;”. bolts, lockwashers and knohs, 8" x 8 x 7.

®
A Division of Globe-Unien Inc.
922 E. KEEFE AVE., FILWAUKEE

——

INTERCOM SWITCHES — for public address and [ sz
intercom tatk-listen systems. Six pole, 3 position. Avail- _Get the whole story cf Centralab -Q\F:tsh
able in two types — spring return from both sides to switches for electronic ard industrial <
center and spring return one side. positive opposite side, uses. Write for Centralab Catalog. -
For long, hard use in industrial test equipment. They are A
Centralab De tuxe, "DD”, styvle.

APRIL, 1952
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lectrons
probe the future

!I‘!I!!_'!_JJ:.'U EREZENE
Hel i

§ii

IN 1927, Bell Laboratories physicists demonstrated that
moving electrons behave like licht waves. and thus launched the
new science of electron optics.

Now, through the electron beams of the electron microscope
and electron diiiraction canrera. scientists learn crucial details
about the properties of wetals far beyond the reach of optical
microscopes or chemical analysis.

At the Laboratories. electron beams have revealed the
minute formations which produce the vigor of the permanent
magnets used in telephone ringers and magnetron tubes for radar.
The same techniques help show what makes an alloy hard. a cath-
ode emit more electrons and how germanium must be processed
to make good Transistors.

This is the kind of research which digs deep inside materials
to discover how they can be made better for your telephone system

. and for the many devices which the Laboratories are now devel-
oping for national defense.

BELL TELEPHONE LABORATORIES

www americanradiohistorv com

Electron micrograph of an alloy of aluminum, nickel
cobalt and iron. Magnification 20,000 diameters.

Conled from high temperature in a magnetic fiald,

the alloy becemes a powerful, permanent magef.
Note changed structure. Blacx bars reveal tormation of
precipitate parallzl to the applied field. Each bar is
a permanent magnet.

A Bell scientist adjusts electron diffraction camera.

Electrons are prejected an the specimen a- glarcing
angles. They rebou~d i pa*terns which tell the ar.
rangement of the atoms . . . help show how telephone
materials can be impraved.

Diffraction pattern of polished germanium reveals
minute impurities which weould degrade ihe per-
formance of a Transistor.

Improving telepnone service for America
provides carcers for creative men in
scientific and fechnical fields.

RADIO-ELECTRONICS
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Almost anywhere, the WALSCO
Model M Signal King will
out-perform, out-last any
competitive antenna. It's a fact...
the Model M brings fringe areas
closer to the TV transmitter...
produces sharper,

crystal-clear pictures.

And once you install...that's all,
No costly call-backs that quickly
cat up profit. Guaranteed
sturdier, more dependable in
any climate. Chromate-coated,
magnesium cross-arms have a
structural strength almost equal
to steel, yet V3 lighter than
aluminum. Positive corrosion
resistance in severest weather.
Elements are made of high-
conductivity, super-strength
aluminum alloy, reinforced with
Swiss "Permalum.” Here is quality
you can trust anywhere!

Walsco quality earned its reputation

WALTER L. SCHOTT CO.

3225 Exposition Place, Los Angeles 18, Calif.
Branch: Chicago 6, lllinois
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ANTI-COLLISION CARS

. . . Electronically-controlled, collision-proof cars are feasible today . . .

N THE 1.8, in 1850, over 35,000 people were killed and
sonme 1.200,000 were injured in automobile accidents.
This appalling situation—the killing and injuring of
more of our people than in a major shooting war of a

similar period—has become the grave voncern of every auto
maker, just as it has been the concern of society at large.

Benson Ford, vice-president of Ford Motor Co., on Octo-
ber 1, 1951, in a talk Dbefore the Detroit section of the
Nociety of Autowmolive Eugincers, called for *“better auto-
nobile safety devices. including an electronic control that
would apply brakes when collision is imminent.”

Sixteen years ago. in the
June, 1935, issue of RADIO-
CRAFT, in an editorial entitled
“Auto-Radio Developments,”
I stated on the identical sub-
ject:

“By mecans of photoclec-
trie cells and capacitanec-
effect deviees it should not
he a difficult problem for
radio engineers, in  con-
junction with automobile
technicians, to evolve ways
and means to make auto-
mobiles safer—far safer
than they are today. To mention just a few ideas on the
subject, all of which are possible even today:

“Many accidents arve caused today by cars colliding, by
one car running into another, by one car being bumped
in the rear by another, cte. Authorities have long agreed
that cars, even when stopping, should not come closer
than two or three feet of each other. If a capacitive
device were installed on the front fenders of all cars, then

" as soon as a body having a large capacitance (such as an
automobile, truck, pedestrian) came within say two feet
of it, a relay would automatically cause the brakes to be
applied. This would obviate a great many collisions, and
while it would not stop all of them, it would certainly
minimize their effects. It is better to stop a car suddenty,
without hitting another car. even if slight injuries result,
than to have a sevious collision, killing the driver or pas-
sengers outright when the cars crash or having them die
in fire which often breaks out. While it is true that such
an automatic capacitance-operated device would not be
very effeetive when a car going at 40 miles an hour sud-
denly came within two feet of a pedestrian, the chances
are that the damage done might not be as great as if the
progress of the car had not been halted. It is one thing
to strike a human being with a car going 40 miles an hour
and quite a different thing if the car strikes at a speed of

8 or 10 miles an hour. The difference may be one of life or
death to the person struck.”

Sixteen years ago, electronic seienee perhaps was not suf-
ficiently advanced to cope with the problem as effectively as
we can today, but now there is no valid reason for not
equipping cars with anti-collision electronic devices, if auto
makers sincerely demand them.

1 can visualize an electronic system which embodies a
combination of a simplified, special radar plus a capacitance-
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than this number

Over one million people have been killed by
automobiles in the United States to date.
35,000 were killed in the U. S. in 1950—more
in 1951,
slaughter will cease when the car makers will
adopt electronically operated anti-collision
devices as explained here. They are feasible =

now and we are certain to have them soon. = With constantly inecreasing

SNSRI R msiniE

By HUGO GERNSBACK

effect device—Dboth acting together. Such a system should
give us a greater margin of safety to prevent or minify
collisions.

True, such improved cars will be more expensive than
present-day ones, but it is a certainty that the public will
want such safety-equipped cars—at almost any price.

Moreover, the first automobile manufacturer to pioneer
in the electronic anti-collision device will create a world-
wide sensation. Other manufacturers will then have to fol-
low suit if they wish to compete.

1t must be realized that such an anti-collision device will
never prevent crery type of
collision.

Side-swipes, oblique colli-
stons, and other unusual
types of auto accidents, it is
true, are much more difficult
to prevent, although even
these are not impossible to
avert in the {future, with
more advanced and refined
electronic devices.

1=

Much of this

car speeds, no human can be
trusted always to stop a car
quickly enough to avoid acci-
dent. HHuman reactions are too slow. With a car moving at
656 m.p.h.—let us picture a very common situation:
From a shrubbery-obscured side strecet another car moves
across the main road. The driver of the first car going 65
miles sees the other car 75 feet away. But it takes about
3 of a sccond before he can apply the brakes.* In that
time his car has traveled 7712 feet. Then the car’s momen-
tum will cause it to cover, say at least 100 feet before it
can be brought to a dead stop. Thus the first car will have
traveled 177% feet from the moment it sighted the second
car. Result—unless both cars swerve—a bad crash!

Why will an electronic control be better in such a situa-
tion than the driver? The answer is that human reactions
are not instantaneous; in emergency the driver rarely has
sufficient time to put on his brakes—but electronies can
do it instantly when the car gets in the danger zone. True,
not all collisions will be prevented, but the force of the
impact will be greatly reduced. I't will be the difference be-
tween death and injury.

An important point too, is the fact that when electronic
anti-collision once is in universal use. BOTH colliding cars
are braked simultaneously—an invaluable safety measure
in cars moving into a head-on crash.

The electronic anti-collision device need not be very large
nor cumbersome, perhaps not much larger than a medium
table radio. It will have a rudimentary radio brain that will
also make certain decisions as to when and where NOT to
put on the brakes. For instance: when another car travels
in the same direction in close city traffic and comes within
6 inches of the anti-collision-equipped car; or when you
wish to park your car in the street. The eleetronic device
can be designed to differentiate between such situations and
those involving danger.

*According to research at N. Y. University Center of Safety Education.

www americanradiohistorv com
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Without moving

parts, this all-electronic
system combines the
techniques of
sound-on-film and
disc recording.
Spiral scanning of an
intensity-modulated
cathode-ray beam
records 30-minute
programs on discs
of ordinary photographic
film. Standard
commercial components
are used.

IHE writer has developed a new
system of sound recording and re-
production which is believed to be

a definite advance in this field.
Fig. 1 is a block diagram of the re-
cording system. It operates as follows:
The cathode-ray tube generates a beam
of electrons which produces a movable
spot of light on its sereen. This movable
spot of light is focused by the lens onto
the unexposed film plate. The output of
the amplifier is connected to the control
grid of the cathode-ray tube so that its
bias will vary in accordance with the
audio frequency variations applied to
the amplifier’s input. As the bias on the
cathode-ray tube is varied. the bright-
ness of the spot of light will vary;
therefore the intensity of the spot of
light will vary in accordance with the
audio signal applied to the input of the
amplifier. This so far stationary spot of
light is deflected by the following
means: The deflection generator pro-
duces a 40 c.p.m. sine-wave output
which is applied to the 90-degree phase-
shift network. This splits the output

Fig. 1 — Block dia-
gram of the all-
electronic recording
system. Special os-
cillators in the de-
flection generator
produce the low
scanning frequencies
required.

Fig. 2—(On oppo-
site page.) Light
from an unmodu-
lated cathode-ray
beam scans the de-
veloped film in the
reproducing  setup.
The scanning cir-
cuits are identical
to those used for
recording.

By JOHN POTTER

from the deflection generator into two
parts which are equal in frequenecy and
amplitude, but differ in phase by 90 de-
grees. The two outputs from the phase-
shift network are applied to the vertical
and horizontal deflection plates of the
cathode-ray tube. The above-mentioned
spot of light will now form a circular
trace, or more exactly the spot of light
will rotate at a speed of 40 r.p.m.
By varying the gain of the deflection
generator linearly from maximum to
minimum, the rotating spot of light will
travel in a spiral toward the center of
the cathode-ray tube screen. By prop-
erly varying the gain decay time of the
deflection genervator, very close spacing
may be obtained between adjacent turns
of the spiral trace. ’
Thus it can be seen that the developed
film plate will consist of a spiral trace
with very close spacing hetween ad-
jacent turns on the spiral. Each line of
the spiral will consist of varying light
and dark areas which correspond to the
audio-frequency variations applied to
the input of the amplifier. A little more

90" PHASE
SHIFT METWORK

GAIN DECAY CONTROL

RADIO-ELECTRONICS
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NEW SOUND RECORDING SYSTEM

SHIELDS

than 30 minutes of recorded material
can be placed on a single 12-inch dise.
In the development of this new sound
recording system, several rather large
problems had to be solved. For
example, a suitable oscillator had to be
chosen for the deflection generator. The
conventional L-C oseillator naturally
would be of no use here, as the values
of inductance and capacitance required
for operation at 40 c.p.m. would be
much too large to be practical. Several
types of R-C oscillators were tried and
the circuit that was finally chosen was
the phase-shift oscillator. This typne of
circuit requires only one tube; it is ex-
tremely stable; relatively small values
of resistance and capacitance arve
required for its operation at {0 c.p.m.;
and when properly adjusted it is capa-
ble of almost pure sine-wave output.
The type of 90-degree phase-shift net-
work used requires a balanced input,
so a modified cathodyne phase inverter
is used for this purpose.
The outputs from the
phase-shift network arve fed

90-degree
to two

DEFLECTION
GEMERATOR
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. The development model of the all-electronic recording and playback system..

push-pull deflection amplifiers whose
outputs are connected to their respec-
tive sets of deflection plates. Modified
R-C amplifiers are used throughout this
system, as they were found to be as
satisfactory in this case as direct-cou-
pled amplifiers. An r.f. voltage-doubling
power supply is used with tha cathode-
ray tube to provide maximum bright-
ness and sharpness of focus. The type
of cathode-ray tube used in bath the re-
cording and reproducing systems is a
tyvpe 10HP4.

When work was first started on this
system it was planned to use a type
10BP4, as it has an almost flat face,
and a higher second-anode voltage can
be applied to it than to an electrostatic
tube. The deflection amplifiers ob-
viously could not be connected to the
deflection yoke by a transformer, due
to the extremely low frequencies in-
volved. Cathode-follower coupling cir-
cuits were tried with little success, due
to the low resistance of commercially
available yokes. It was also found that

DEFLECTION
GENERATOR

90° PHASE
SHIFT NETWORK

the direct current flowing in the yoke
caused excessive deflection of the elec-
tron beam. Thus the type 10HP4 was
chosen. It was found that more second-
anode voltage could be applied than had
been expected. Naturally as the second-
anode voltage is increased, greater de-
flection voltage is required due to the
increased stiffness of the beam.

The type P4 phosphor is satisfactory,
as its decay characteristics are suffi-
ciently rapid to allow its use at the com-
monly employed audio frequencies. A
small amount of high-frequency equali-
zation was used to produce output flat
from 20 to 20,000 cycles from the photo-
cell. If a tube with a short-persistence
phosphor, such as type P11, were used,
no equalization would be required.

The photograph shows the equipment
used by the writer in developing this
system, On the extreme left is an audio-
frequency oscillator. Next to it is the
chassis containing the phase-shift os-
cillator, control circuit, 90-degree phase-
shift network, and the push pull deflec-

GAIN DECAY CONTROL
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tion amplifiers. The tuning eye on this
chassis is for adjusting the phase-shift
oscillator for optimum sine wave out-
put. Behind this chassis is the r.f. power
supply, and to their right is the 10HP4
cathode-ray tube. In front of it is the
shield box containing the photocell used
for reproduction.

Reproduction

The recording process has to be re-
versed for reproduction. In Fig. 2 is
shown a cathode-ray tube identical to
the one in the recording system. A
beam of electrons is generated within
the cathode-ray tube, producing a spot
of light which is focused by the lens
onto the photocell. The deflection gen-
erator and 90-degree phase-shift net-
work are identical to those used in the
recording system.

The control grid of the reproducing
cathode-ray tube is grounded and thus
maintained at a fixed potential to keep
the spot of light on the cathode-ray tube
at a fixed intensity. As in the case of
the recording system, a spiral trace will
be produced on the reproducing cath-
ode-ray tube. It will be identical to the
trace on the recording tube, as the same
type of deflection generator and 90-
degree phase-shift network is used in
each case. The film plate, on which au-
dio-frequency sounds were recorded, is
now developed and placed between the
face of the cathode-ray tube and the
lens so that the spiral trace recorded on
the developed film will correspond to
the spiral trace on the reproducing cath-
ode-ray tube. As the spot of light—
maintained at a constant intensity—
travels spirally toward the center of
the screen of the cathode-ray tube at the
same speed as the recording spot of
light, it will pass through the varying
licht and dark areas of the film
and strike the photocell. The light of
varying intensity striking the photocell
causes corresponding voltage variations
from the photocell. These voltage varia-

SPEAKER
AMPLIFIER
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tions will be an exact facsimile of the
audio-frequency variations applied to
the recording system amplifier’s input.
The output from the photocell is then
amplified and applied to a su'table loud-
speaker.

It is apparent that many advantages
are to be gained by use of the Shields
recording and reproducing system. In
the first place, this system does not re-
quire motors or mechanical drive sys-
tems, and so far as is known (a
thorough patent search was made be-
fore applying for patents), it is the
first recording and reproducing system
which is entirely electronic in opera-
tion. Many advantages are to be gained
by this. It is extremely difficult to de-
sign and produce mechanical drive sys-
tems which operate properly at the low
speeds which are required for record-
ing work. Wow and flutter are two fac-
tors which must be contended with, and
as the speed is reduced these factors be-
come more prominent. With this all-
electronic system it is an easy matter
to have the spot of light rotate at ex-
tremely low speeds with the phase-shift
oscillator in the deflection generator.
Trouble with wow or flutter disappears
as the phase-shift oscillator is very
stable. If extreme spot rotation stability
is required (as might be the case in
laboratory work) there are various R-C
oscillator cireunits which will operate
at these low frequencies, and which can
be readily synchronized. Precise control
can be maintained over the deflection
generator and its associated circuits.

This system does not require any
mechanical movement of the recording
medium. Thus there will be no deterio-
ration of the recording medium, as it is
stationary and is contacted by nothing
heavier than a beam of light. Hence it
will last indefinitely. There is also little
chance of it collecting dust particles, as
there is no friction caused by mechani-
cal movement to attract dust. Inex-
pensive copies can be easily made of the
original developed film plate. This
recording medium is small in size and
light in weight; thus it can be conveni-
ently stored. By employing cathode-ray
tubes in the recording and reproducing
systems which produce traces of ex-
tremely small diameter, considerable
sound (or other types of data that can
be expressed in electrical form) can be
recorded on a single film plate.

TAlthough not mentioned in this arti-
cle, the writer has developed methods
to automatically select any portion of
the recording for reproduction. This
would be useful in coin-operated ma-
chines where it is desired to play only
one musical selection out of several
which were recorded. By simply press-
ing a button, the proper selection can
be chosen without need of rather com-
plicated mechanical means. This system
is simple in design and construction
considering the advantages to be gained
by its use. Only a few of its advantages
have been cited in this article; others
will become apparent to the reader.

—end—

This magnetic tape-recording adapter is designed to be driven from a phonograph.

TAPE RECORDING ADAPTER

By D. E. RAVALICO

From Italy comes news of a simple,
magnetic tape-recording adapter capa-
ble of being used with mechanically or
electrically driven phonograph turn-
tables. The device allows 7.5 minutes
of recording time using double track
tape at a speed of 7.5 inches per second.

In operation, the adapter is positioned
over the phono motor turntable which
drives a capstan drum from a friction
plate resting on the turntable. A fly-
wheel stabilizes the capstan drum, and
adjustable posts accommodate for vari-
ations in vertical and lateral position-
ing. A two-tube electronic unit supplies
ultrasonic bias.

A stud on the side of the unit controls
the position of the magnetic head which
is located under the cover-plate. The
rewind speed is seven times the record-
ing or playback speed.

Simplicity and lightweight construe-
tion would appear to make it a
“natural” for the home experimenter.

Several versions of this unit have
been described in European magazines
and a similar professional unit is mar-
keted in the United States by Presto
Recording Corp., Paramus, N. J.

TAKE-UP REEL (NOT IN FIGURE) ¢ apsTAN (TAPE PL" 1 ER)

SUPPLY REEL TAPE N
o
== FRICTION
 TURNTABLE N\ PLATE
——%
i 1 I __
\¢or TaKe-UP REEL R,
i )
SUPPORT TO REGULATE TO ] IMOTOR
-

PROPER LEVEL

—_x-

Side elevation showing drive mechanism.
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RADIO RCVR
DET

AUDIO

‘ CONV I\F

SPKR” |

L= LISTEN.
R=RECORD

MAGNETIC READ
Simplified circuit of recorder and radio.

2 TUBE ELECTRONIC UNIT

MAGNETIC HEAD

ORIVE BELT

TAKE -UP REEL

ADJUSTABLE POSTS
Top plan of magnetic recording adapter.

Adapter mounted on phono turntable.
—end—
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A complete setup for measuring
amplifier impedance.

HE measurement of impedances in

audio equipment has become a

potent tool in our sound trouble-

shooting kit since an audio enthusi-
ast came to us with a puzzler. Let’s call
it “The Case of the Screwy Bass.” He
claimed that after he had installed a
high-fidelity Williamson-type amplifier,
his sound system actually had {cxs bass
than with an inexpensive PA amplifier.
He had run response curves on each
amplifier, and while both were flat in
the middle range, the PA amplifier rell
off in output below 100 cycles but the
Williamson was perfectly tlat down to
20 cycles. Our friend demonstrated the
problem by switching his speaker from
one to the other. There was no doubt
that we heard more bass from the PA
amplifier in spite of the measured
response curves,

In checking the problem, we found
the response curves had been measured
with a resistor load. However, when we
checked the response of the amplifiers
with the speakcr as the load, two high
peaks in the bass range were found with
the PA amplifier. These peaks were
entirely absent when the William=on-
tvpe amplifier was tested. The two am-
plifiers were atfected quite ditferently
by the change in the type of load. By a
few measurements we were able to show
that this was a matter of differences in
impedances. The Williamson-type am-
plifier had a very different internal
impedance characteristic from the PA
amplifier.

The impedance of any device is its
tendency to oppose the flow of current
when an a.c. voltage is applied to it. In
many devices this is simply resistance,
but in equipment such as speakers,
transformers, and amplifiers there are
elements of inductive and capacitive
reactance as well as resistance. These
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IMPEDANCE MEASUREMENT

Simple measurements
with minimum equip-
ment provide answers

to audio problems.

By JAMES A. MITCHELL

Figs. 1 and 2—Basic impedances and measurement circuit.

all affect the flow of alternating cur-
rent. Impedance is the effective sum of
these three clements. The inductive and
capacitive elements in audio equipment
cause impedance to change with fre-
quency. This curve of impedance versus
frequency tells us a good deal about the
performance of an audio unit.

When an audio amplifier drives a
speaker system there are two imped-
ances which affect the performance.
The first (Z, in Fig. 1) is the internal
impedance of the amplifier. The second
(Z,) is the impedance of the speaker,
It can be seen that the voltage across
the speaker is not the full voltage of the
amplifier (E,) because the internal im-
pedance of the amplifier is in series
with the speaker. If the amplifier’s in-
ternal impedance is big enough to be

www americanradiohistorv com

significant and if the speaker impedance
varies with the frequency, the voltage
across the speaker will not be uniform
at all frequenctes but will have peaks
at the impedance peaks in the speaker.
The voltage across the speaker will
differ from the fundamental voltage of
the amplifier by the ratio indicated in
the formula of Fig. 1. This is one rea-
son why an audio amplifier should have
a low internal impedance.

The damping factor

The internal impedance of an ampli-
fier may be measured at any one of the
amplifier’s output taps. A more useful
unit is the damping factor, which is
equal to the rated output impedance
divided by actual internal impedance.
This makes it unnecessary to state at
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which output taps the measurements
were made. The internal impedance is
not a constant value but depends on the
frequency at which it is measured. The
complete description of an amplifier’s
internal impedance is a curve showing
the damping factor versus frequency.

Normally an audio amplifier will have
an internal impedance of 1/2 to 1/20
its rated output impedance. The damp-
ing factor will therefore be in the range
of about 2 to 20. This damping factor
is determined by the plate resistance of
the output tubes, the circuit in which
they are used, and the design of the
output transformer. The use of feed-
back around the output stage reduces
the effective internal impedance. Am-
plifiers with triode output tubes such
as 2A3’s or 6B4-G’s without feedback
and using traditional transformer de-
sign, have damping factors of 2 to 3.
Feedback will increase the damping
factor. Beam power tubes such as the

6L6 give an amplifier a very high inter- |

nal impedance. Feedback is essential
with these types, and their high gain

Fig. 3—Amplifier impedance
curves. Details given in the text.

makes considerable feedbhack feasible.
There are several ways of measuring
electrical impedance. Many of them re-
quire bridge circuits or that hard-to-
find item, an a.c. milliammeter. The
methods to be described have been lim-
ited to the simplest equipment possible.
An audio oscillator is needed as well as
an a.c. voltmeter, a couple of rheostats
of about 10 and 25 ohms and a few
10-watt resistors between 10 and 50
ohms. The oscillator should be capable
of covering the audio range in which
you are interested with reasonably low
distortion. The voltmeter is preferably
of the electronic type, though good re-
sults can be obtained with a sensitive
volt-ohm-milliammeter with a.c. scales
in the 0.5- to 3.0-volt range. Just re-

member to make all measurements on .

the same scale if your meter isn’t
uniformly calibrated on all scales.

One of the simplest methods of meas-
uring the internal impedance of an am-
plifier is to use the scheme shown in
Fig. 2. The plan is to measure the out-
put voltage with no load across the
amplifier; then with an adjustable re-
sistor as a load to find at what load
resistance the output voltage will be
one-half the no-load voltage. The audio
oscillator is connected to the amplifier
input, and an on-off switch and rheostat
are connected in series to the amplifier
output terminals. These should be the
impedance taps used in your particular
installation. The rheostat should be
capable of covering a range down to
about 1/20 of the nominal output imped-
ance. The voltmeter is placed across the
output taps. With the switch open, the
amplifier gain or oscillator input is ad-
justed until a conveniently measurable
voltage is obtained, say 2.0 volts. The
switch is then closed and the rheostat
adjusted until the voltage drops to 1.0.
The switech can now be opened and the

Fig. 4—Circuit for measuring
the impedance of a loudspeaker.

Fig. 5—Typical speaker impe-
dance curves, See lext for details,

measured.
internal

resistance of the rheostat
This resistance equals the
impedance of the amplifier.

It may sometimes happen with an
amplifier of very high damping factor
that you cannot get down to one-half the
no-load voltage with the rheostats avail-
able. In that case the internal imped-
ance can be calculated from the follow-
ing formula, using voltage readings
taken at the lowest vesistance setting
of the rheostat.

RE,

R

Z,. = - R.

Z. is the internal impedance of the am-
plifier, E, is the no-load output voltage,
E, is the voltage across the load resist-
ance R. For example: if the open-cireuit
voltage at the 8-ohm tap is 2.0 volts and
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when the load resistance is lowered to
1.3 ohms (as far as you can go with
your rheostat), the output voltage is
1.4 volts, and the internal impedance is

C 13X 2.0

2= 1.4

-1.3=1.85-1.3=0.55 ohms.

These measurements should be made
at several different audio frequencies
until the entire audio range is covered.
A good plan is to check at 1,000, 100,
50, 30, 20, 5,000, 10,000, 15,000 cycles.
If the results are about equal or change
smoothly you have a good picture of the
amplifier’s internal impedance charac-
teristies. 1f 1rregular results are
obtained, further checking is in order.

The internal impedance curves of two
very different amplifiers are shown in
Fig. 3. The lower curve (amplifier A)
is that of the Brook 12A amplifier. This
is a triode output amplifier (push-pull
2A3’s), with a high-quality output
transformer and with inverse feedbaclk.
The upper curve (amplifier B) is that
of a home-built beam-power-tube ampli-

fier with a lower quality output trans-
former and (as we now realize) a
poorly designed feedback system. How-
ever, it is typical of many published
designs and of amplifiers used in home
music systems.

This type of curve results when the
feedback is not uniform over the entire
audio range. If the frequency response
of the amplifier is not quite flat without
feedback. then feedback may help flat-
ten the response, but the internal im-
pedance of the amplifier will rise at
each end of the curve. Using the feed-
back loop around the final stage to
adjust frequency response or using it
in tone control circuits can cause a lot
of trouble in the matter of damping
factor. Amplifier B may sound satis-
factory with a narrow range speaker

RADIO-ELECTRONICS
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system but the superiority of amplifier
A with a wide range system is obvious.

To measure the impedance of a loud-
speaker (or other nonresistive load)
the oscillator, amplifier, speaker and a
10-watt resistor are connected as shown
in Fig. 4. The resistor should have
about twice the rated impedance of the
speaker under test. The resistor value
should be known accurately. The plan
is to measure the voltage across the
speaker and to compare it with the volt-
age across the resistor over the audio-
frequency range. Since the resistor and
speaker are in series the current
through both is the same and the im-
pedance of the speaker can be caleulated
from the following formula:

ES,
E,
where Z. is the speaker impedance, R

Z,=R

is the resistor in ohms, E; is the
voltage across the speaker, and E,
is the voltage across the vresistor.

The oscillator is first set at 1,000 cycles
and the amplifier output is adjusted so
that conveniently measureable voltages
are obtained across both the resistor
and the speaker. It is a good point to
have the sum of the two voltages less
than the maximum of the meter scale
in use so that you will not have to
change the scale at any possible imped-
ance.

If you have an insensitive voltmeter
vou may have to have the volume rather
loud in order to get readings, but if the
neighbors and the amplifier can stand
it the results will be just as good.
Voltage readings are taken across the
standard resistor and across the speaker.
It is a good plan to start at 1,000 cveles
and to sweep continuously down the

oo
FREQ IK CPS

Fig. 6—The effect of amplifier damping
factor on speaker response. Sce text.

audio spectrum to 20 or 30 cycles.
Since some speakers may have several
closely adjacent peaks, a number of
measurements should be made in these
ranges to get an aceurate picture of
the impedance curve. One method is
to leave the voltmeter across the speaker
after each measurement and to note
the significant peaks and valleys as the
oscillator is tuned up and down. Read-
ings are made at these peak points
along with enough in-between measure-
ments to draw a good curve.

After covering the bass range, the
speetrum from 1,000 eycles up should
be checked. A smoother curve is usually
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found in this range, but the technique
of continuously sweeping the oscillator
up and down the scale will reveal any
peaks which exist. The voltage readings
are then converted to impedance values.

Fig. 5 presents some typical speaker-
impedance curves. Curve A is that of a
single-cone 15-inch speaker in an open-
back cabinet. Curve B is the same 15-
inch speaker in a 7-cubic-foot bass-
refiex corner cabinet. Curve C is a two-
speaker system with dividing network
at 800 cycles. Both speakers are horn-
loaded. It is immediately apparent that
though all these speakers are rated at
16 ohims, such a rating is only nominal,
and much higher impedances are actu-
ally present at many frequencies. The
high-impedance peaks in the bass range
are produced whenever there is a tend-
ency for the voice coil to resonate,
either because of resonances in the
speaker itself or in combination with
the air loading in the cabinet. These
peaks in the bass range tell us a good
deal about the speaker system. The
fairly smooth rise of impedance at the
higher frequencies is due to the induc-
tance of the voice coil. This inductance
is really too high in the treble range
hut is needed in the bass. In dual-voice-
coil speakers or two-speaker systems
this impedance rise can be eliminated
hy designing each driver for its
particular response range.

The high peak in curve A occurs at
the resonant f{requency of the speaker
cone. Mounting the speaker in an open-
back cabinet has done little to damp
this resonance and seems to have added
a couple of new ones at higher frequen-
cies. In the reflex cabinet the air loading
raises the frequency at which the cone
resonates but reduces the amount of
resonance and adds a lower frequency
resonance of the reflex cabinet. These
effects can be secen in the impedance
curves which are very helpful in ad-
justing reflex baffles. The horn-loaded
speakers show a more uniform imped-
ance curve down to the bottom peak.
This peak is at the cutoff frequency of
the horn and the resonant frequency of
the low-frequency driver. The driver
has been selected to resonate at this
point to hold up the low-frequency
response where the horn falls off.

It might well be asked why the
speaker impedance rises at these reso-
nant points. It is helpful to look at it
this way. The a.c. voltage from the
amplifier sends current through the
voice coil so that it vibrates in the mag-
netic field of the speaker. This vibration
of the coil in the magnetic field causes
it to generate an a.c. voltage of opposite
sign to the driving voltage. When a
resonant frequeney is reached the mass
of the voice coil and cone just balances
the compliance of the cone and the air
chamber, and the coil vibrates back and
forth much more vigorously. The volt-
age generated by the wvoice coil in-
creases, opposing the driving voltage
and reducing the current. Thus the im-
pedance of the unit rises. This is a de-
sirable counterbalance because it is im-
portant to reduce the power input at
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these resonant points to avoid a loud-
ness peak. However, if the amplifier has
a high internal impedance, as the speak-
er impedance rises, the voltage across
the speaker will also rise, thus increas-
ing the tendency to resonate, and creat-
ing a peak.

As an example of this condition,
Fig. 6 shows the frequency response as
measured across the voice coil of a
15-inch speaker in a 7-cubic-foot bass
reflex corner baffle when driven by am-
plifiers of different damping factors.
These curves were determined by vary-
ing the internal impedance of a high-
quality amplifier. The responses ob-
tained can be calculated from the equa-
tion in Fig. 1, knowing the impedance
curve of the speaker and the internal
impedance of the amplifier. (Editor’s
Note—The equation is in voltage terms,
not db.)

In all these cases the amplifier pro-
duced a flat frequency curve into a re-
sistor load. The frequency deviations
shown are simply the effects of the var-
iations in speaker impedance with the
variations in both frequency and the
damping factor of the amplifier. Note
that with damping factors of 8 or
higher the effect on the response of even
large changes in speaker impedance is
negligible. With a damping factor of 4
the rise in frequency response is just
noticeable. With factors of 2 or 1 the
bass peaks are pronounced and may be
noticeably boomy.

Another important angle is the damp-
ing effect of the amplifier on the nat-
ural speaker system resonances when
the system is subjected to sudden bursts
of tone or transient impulses. These
shock impulses tend to throw the
speaker into vibration at its resonant
points unless the speaker is eritically
damped. Part of this damping is pro-
vided in the construction of the speaker
itself; part is supplied by the air load-
ing of the cabinet or horn and by the
internal impedance of the amnplifier.
Damping is not greatly affected when
the amplifier internal impedance drops
to less than 1/8 or 1/10 of the voice
coil resistance.

You will be on safe ground if your
amplifier has a damping factor of at
least 3 over the entire range of audibil-
ity.

Internal impedance measurements are
therefore important tests for amplifier
constructors. When coupled with speak-
er impedance measurements the infor-
mation gained can be used to improve
the over-all audio performance
considerably.

—end—

Measuring the impedance of a tweeter.
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ELECTRONICS and MUSIC

Part XXI|—New elec-
tronic instrument makes
organ of any piano

By RICHARD H. DORF

HE Lowrey Organo, made by the
Lowrey Organ Division of Central
Commercial Industries, Inc., Chi-
cago, gives the player the facilities
of a complete, small, one-manual organ,
but has no console of its own. Its unique
feature is that it utilizes the keybhoard
of any piano without impairing the
regular operation of the piano. The
photograph, Fig. 1, shows a complete
Organo installation on a standard pi-

VIBRATO TONE REGISTER
0SC. [T GENERATORS [*] KEY SWITCHES 1 syt

amMPLAND | | sTop
EXPRESSION CONTROL [*| SWITCHES
SPKR

Fig. 2—Block diagram of the Organo
circuit. Units are analvzed in the text.

QUALITY
FILTERS

ano. The cabinet at the right houses the
speaker, amplifier, and generators; the
attachment on the piano’s front is a
small control panel; the long, narrow
frame across the back of the kevboard
contains the mechanism by which pres-
sure on the piano keys brings forth
organ tones from the instrument.

The Organo is an electronic instru-
ment which generates its tones in vae-
uum-tube oscillators. Fig. 2 is a block

Fig. 1—The Organo
used with a spinet-
type piano in a
tvpical installation.

CABLE PLUG CONMECTION
ON UMOER StOE

VIERATO ~=v=r
5010 SWITCHES

1XPRISSION
CONTROL

Fig. 3—The compact Organo control panel.

diagram showing in a general
what the instrument contains.
The range is five octaves—the stand-
ard organ-manual compass—from two
octaves helow middle C to three octaves
above. The tones are generated by fre-

way

queney-dividing  multivibrator chains,
12 in all, each synchronized by a

master oscillator and vibrato-controlled
by a reactance tube fed by a single
vibrato-frequency oscillator for all the
chains.,

The generators are connected to 60
key switches actuated by the piano
keyvs. The output points of the lower
25 switches are connected in parallel.
This line is the lower-register bus
which carries all the tones up to mid-
dle C. The remaining 35 key-switch
outputs are paralleled to form the up-
per-register bus, which earries all the
tones above middie C. Two register
switches determine whether one or both
of the two registers is to be heard,
since the player may wish to hear the
piano only in the lower register and
the organ tone in the upper register, or
vice versa. These switches appear on
the control panel pictured in Fig. 3 at
the far right.

The tones from upper or lower reg-
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isters, or both, are passed through six
R-C and L-C filters with paralleled in-
puts and separate outputs. Each im-
parts a ditferent quality to the tone.
These (ualities are selected by the stop
switches which also appear on the con-
trol panel. Three ditferent qualities ov
stops are available—principal, horn,
and string—each loud (forte or f) or
soft (piuno or p). The solo switches on
the panel enable the player to make
either register somewhat louder than
the other so that a melody may be made
to predominate over an accompaniment,
The vibrato switches select either a
light.  (small-amplitude) or heavy
(large-amplitude) frequeney variation
at about 6 cycles per second.

The tones selected with the stop
switches pass to the amplifier located
in the tone cabinet. There is a preset
volume control between two of the am-
plifier stages; and between two other
stages is a second potentiometer-type
volume control, the leads of which are
brought to the control panel. This is
the expression control, operated by a
knee lever.

Tone generators
The heart of the Organo is the tone-
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Fig. 4—Basic master-oscillator and frequency-divider chain, producing five oc-
taves. Twelve of these units are used in the Organo to cover its full tonal range.

‘ TABLE |

H Values For Fig. 4.

" NOTE Rr1 R2 R3 R4-R11 Rr12 R13 R14 c1

c 220,000 | 330,000 | 8.2 meg | 820,000 | 2.7 meg | 560,000 | 1meg | .039
cw 220,000 | 330,000 | 8.2 meg | 820,000 | 2.7 meg | 560,000 | 1meg | .039

b 220,000 | 330,000 | 8.2 meg | 820,000 | 2.7 meg | 560,000 | 1 meg | .033
Dx | 220,000 | 330,000 | 8.2 meg | 680.000 | 2.7 meg | 560,000 | 1meg | .033
E 150,000 | 220,000 | 5.6 meg | 680,000 | 1.8 meg | 560,000 | 820,000 | .027
F 150,000 | 220,000 | 5.6 meg | 680,000 | 1.8 meg | 560,000 | 820,000 | .027
Fx 150,000 | 220,000 | 5.6 meg | 470,000 | 1.8 mea | 560,000 | 820,000 | .027
G 150,000 | 220,000 | 5.6 meg | 470,000 | 1.8 meg | 560,000 | 820,000 | .027
G# 100,000 | 150,000 | 3.9 meg | 470,000 | 1 meg 470,000 | 680,000 | .022
A 100,000 | 150,000 | 3.9 meg | 470,000 | 1 meg 470,000 | 680,000 | .022
Aw 100,000 | 150,000 | 3.9 meg | 470,000 | 1 meg 470,000 | 680,000 | .018
B 100,000 | 150,000 | 3.9 meg | 470,000 | 1 meg 470,000 | 680,000 | .018 |

generator system with its 60 tubes and
12 chassis. Each note, A through G
sharp, is generated in the third octave
above middle C by an inductively tuned
master oscillator. A typical generator
string is shown in Fig. 4, with the
master oscillator the second triode of
the 12AX7. The oscillator may be tuned
by adjusting the slug within the coil
form.

Each of the following twin-triode
12AU7’s is a multivibrator with the
customary cross-connected plates and
grids. The first multivibrator is syn-
chronized to the master-oscillator fre-
quency by the capacitive connection be-
tween the oscillator plate and the
resistive network in the multivibrator
plate. The remaining multivibrators are
synchronized, each by the preceding
one, in a similar way. The unmarked
values on the schematic diagram of Fig.
4 differ according to the notes gener-
ated by the various strings. Table I
shows the missing values.

The master oscillator and each multi-
vibrator furnish an output lead, the five
outputs being separated by an octave
each. Each output is taken from a
plate through a capacitor and resis-
tor. These outputs are not single-fre-
quency tones, however. Each of the
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lower (1 through 4) stages borrows
some tone from the stage above it

through resistors R2, R14, and the
others similarly placed. In addition,
each of the higher four stages (2

through 5) borrows some tone from the
one below it through R3, R12, and so
on. Thus each output contains princi-
pally the tone which it is supposed
nominally to supply, with the addition
of some tone an octave higher and an
octave lower.

The first triode of the 12AX7 is a
reactance tube placed across the mas-
ter-oscillator tuned circuit. The grid is
controlled by a signal from the instru-
ment’s 6-cycle vibrato oscillator. Vary-
ing the pitch of the master oscillator
varies that of all the tones in the string
because of the synchronism.

Fig. 5 is a photograph of a portion
of the key switch frame with the cover
removed. The frame is placed over the
rear of the keyboard and is fastened
down with adjustable end brackets.
Sixty small plungers project downward
and rest on sixty of the piano keys. The
shorter plungers in Fig. 5 are those
which touch the black keys.

Each switch is a single-pole, double-
throw unit, the arm of which is a small
coil spring which moves up and down
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with the plunger when the key is
pressed. The spring, connected to a
generator output, is grounded to the
topmost bus bar (see photo) when the
key is up, short-circuiting the tone to
ground. When the key is pressed, the
spring contacts the lower bus bar. The
lower bar is divided into two parts, the
lower part encompassing the first 25
notes—the lower register—and the up-
per part the remaining notes—the up-
per register. These are collector bars
on which all generator outputs switched
by the player appear.

The vibrato oscillator is shown in
Fig. 6. It is a simple phase-shift unit
located on the power-supply chassis.
The left triode of the 6SL7-GT is the
oscillator itself, with its grid connected
to the second triode which acts as an
amplifier. Output is taken from the
plate of the amplifier to modulate the
12 reactance tubes in the generator
strings.

The degree of vibrato (amplitude, not
frequency) is controlled by a pair of
switches and three resistors located in
the control panel (drawn as part of
Fig. 6 for easier understanding). With
both HEAVY VIBRATO and LIGHT VIBRATO
switches in the OFF position the ampli-
fier output goes through a voltage di-
vider consisting of the 560,000-ohm re-
sistor as one element and a total of
10,000 ohms in the switching network
as the second element, across which the
reactance-tube grids are connected. The
reduction in output voltage reduces the
vibrato effect to negligibility.

If the LIGHT VIBRATO switch is placed
in the oN position, the net resistance of
the switching network rises to 10,000
plus about 9,600 (27,000 and 15,000 in
parallel) ohms or about 20,000 ohms,
which raises the network output suf-
ficiently to obtain a moderate vibrato
effect. When the HEAVY VIBRATO switch
is on, the total in the switching net-
work is 27,000 plus 10,000 or 37,000
ohms, which raises the vibrato effect to
a large value.

Tone coloring

The key-switch upper- and lower-
register collector bars are connected to
the circuit shown in Fig. 7, the com-
ponents of which are located in the con-
trol panel. Each register goes to a
switch which either grounds the bus or
passes it on to a voltage-divider net-
work and solo switch. If both registers
are to be played at the same volume
the solo switch is in the normal posi-
tion, as the lower-register solo switch
is in Fig. 7. The upper element of the
voltage divider is the resistor from the
plate of a multivibrator tube to the
octave output terminal in Fig. 4; the
lower element, across which the output
is taken, is whatever appears between
the register switch and ground in Fig.
7. With the solo switch at normal, the
lower element is 4,700 ohms. With the
switch in solo position, it is 22,000
ohms. Thus the register selected is
louder than the other and a solo melody
may be played on it, with a softer ac-
companiment on the other. This is one
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form of “split keyboard” very often
employed on single-manual organs. The
split keyboard is common in nonelec-
tronic instruments such as the old-
fashioned harmonium, where it usually
has a separate group of stops—tone
colors—as well as different volume
level. ¥

The tones emerging from the solo-
switech network are fed to two buses,
one for each register. The buses are
brought together through 500-uuf ca-
pacitors to the first stop switch, labeled
STRING p. The small value of capaci-
tance tends to filter out low frequencies
from the complex waveform of each
note, producing pulse-tyvpe waveforms
with fairly sharp “spikes.” This sim-
ulates a string tone, which has this
character because the hairs of the bow
have comparatively rough surfaces and
pull the string in little jerks.

The buses are connected through a
second pair of capacitors with a value
of .0018 uf to the sTRING f switch. This
gives the tone a bit more body, chang-
ing the quality somewhat and in the
process allowing more of the funda-
mental to come through with an effect
of greater volume.

All horns are resonant in at least one
frequency range, as explained in the
December article on the Baldwin organ.

Organo by an L-C resonant filter com-
posed of two .0027-uf capacitors and a
24-henry inductor in series. This is the
piano or soft horn. For the forte or
loud horn one of the capacitors is in-
creased to .01 uf, with a lowering of
resonant frequency.

The principal tone is simply the nor-
mal output waveform of the generators,
with some of the higher harmonics re-
duced. The prineipal networks consist
of a pair of resistors and a capacitor
in a T configuration. The second re-
sistor value is lowered from the value
used for piano to obtain the forte vol-
une.

Each stop switeh is single-pole,
double-throw and the arm is connected
to ground for the OFF position and to an
output bus for the oN position. The bus
is connected to the amplifier.

Amplifier and other equipment

The amplifier is pictured in Fig. 8
and diagrammed in Fig. 9. Tubes V5
and V6 in the photograph are the power
supply rectifier and the vibrato oscil-
lator.

Referring to Fig. 9, the first triode
of a 6SN7-GT is grid-excited by the
output of the stop-switch bus in Fig. 7.
Between this and the second triode is a
volume control which is preset at in-

The horn effect is simulated in the stallation for the maximum volume de-
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Fig. 7—Upper and lower register mix-
ing and switching circuits of Organo.
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Left, Fig. 5—I’art of the keyhoard actu-
ating mechanism. Above, Fig. 6—Sche-
matic diagram of the vibrato oscillator.

sired in the room. The second triode is
a cathode-follower, included to obtain
a low-impedance line feeding to the
expression control. The expression con-
trol, a 2.000-ohm potentiometer, is lo-
cated in the control panel, the inside
of which appears in Fig. 10. The lever
and spring mechanism operated by the
knee-lever turns the potentiometer. The
low-impedance cathode line and the low
resistance of the potentiometer prevent
appreciable loss of treble or hum pickup
in the line between the amplifier (which
is in the tone cabinet) and the control
panel on the piano.

The next stage is a phase inverter of
the classical tapped-grid-resistor type,
except that the cathodes of the two
triodes are commoned to an unbypassed
cathode resistor for better balance. The
two plate outputs are fed to the grids
of the 6V6 output tubes through 0.1-uf
blocking capacitors. The .0047-uf ca-
pacitor across the output of the first
phase-inverter tube reduces the high-
frequency response slightly to eliminate
some noise. The loudspeaker is an elec-
trodynamic whose field coil is used as
a filter choke. The power supply is con-
ventional.

The layout of the Organo components
is simple and straightforward. The

control panel shown in Fig. 10 contains
all the tone-coloring components as well

woNT v2
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Fig. 8—Output amplifier chassis as-
sembly. See text for the full details.
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as the expression control and the
switches. The photo shows an older
model than that of Fig. 3, with the solo
switches at the ends.

Fig. 11 is a rear view of the tone
cabinet with the covers removed. The
numbered components are as follows:

1. Auxiliary power switch (there is

a switch and pilot light on the .
front of the cabinet). 20 -"’.ll 1K

2 and 18. Power and filament trans-
formers.

3 and 14. Cabinet portions.

4 and 12. Rear covers. Fig. 9—Schematic diagram of the output amplifier shown in the photo of Fig. 8.

5. Component frame. — - [ e

6. Cable for speaker, power-switch, [ ; e L
and pilot-light. H

7. Terminal board.

8. Pilot light.

9. Output transformer.

10. Speaker.

11. Generator tubes.

13. Speaker plug.

15. Power cord.

16. Rectifier tube (a pair of 6W4’s
has been included in the newer
models using 12AU7 generator
tubes instead of 12AX7 as for-
merly).

17. Filter capacitor.

All connections to and between the
various units are brought to the termi-
nal boards at the center, so that complete
accessibility to all units is provided and
removal for repairs is facilitated.

An interesting variation of the usual B
component scheme has been made avail-
able in the Janssen piano, of which the
Organo may be made an integral part.
Fig. 12 shows a piano so equipped.
There is no separate tone cabinet; all
units of the Organo are built into the
piano case. The oscillators, amplifiers,
and other heat-producing units are in-
stalled along with the speaker on the

6SN7-GT (2
A EXPRESSION CONTROL

2
Iy
5 | 47K

AAAA

Fig. 10—This interior view shows simplicity of keyboard-mounted control unit.

inside of the piano kneeboard. A venti-
lating fan is provided to keep the in-
terior cool enough to prevent damage to
the piano mechanism. The key switch
frame is placed inside the piano out of
sight toward the rear ends of the keys.

In playing an ordinary piano equipped
with an Organo attachment, striking the
piano keys with normal pressure will
actuate both mechanisms and produce
both piano and organ tones simultane-
ously. However, in experimenting with
the instrument, the writer has found
that it is possible to play the Organo
without appreciable “interference” ap-
parent from the piano strings. It is a
matter of regulating touch, since the
key switches are adjusted so that tone
will be heard when the key is depressed
about halfway. Full depression sounds
both string and organ tone, the effect
of which can be quite pleasing. How-
ever, a damper bar may be obtained
and installed in the piano. It has a lever
at the end, with which the bar can be
rotated on its axis, placing damping
material on the strings so that they do
not sound. The action then produces
only organ tones. Damper bars are not
common, however, and users do not
seem to have felt a great need for
them.

(to be continued)
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Fig. 12—A com-
mercial model of an
Organo-piano com-
bination. The key-
board actuating
mechanism is built
in. Aventilating fan
is behind one grille.

www americanradiohistorv com

Fig. 11—Inside the
speaker-amplifier
housing. Note acces-
sibility of units.
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8. SUPPLY
FILTER
CAPACITOR

| -
CARBON MICROPHONE

HIS simple switch may be used to
control a variety of circuits by
sound. For instance, it can be made
to open garage doors by the toot of
the car’s horn, and is considerably
cheaper than either a radio-controlled
or photoelectric device for the same job.

The experimenter will think of sev-
eral uses for this switch; the amateur
can use it for switching on the plate
current of his modulator and trans-
mitter when he speaks into the micro-
phone. It might be used as a Dburglar
alarm, or to signal if a baby or invalid
requires attention. The author built his
to switch on his bedside receiver when
his alarm clock sounded.

The principle of operation is that of
the well-known plate detector. A high-
mutual-conductance pentode with sharp-
cutoff characteristies is biased to some-
where near zero plate current by a fixed
bias obtained by rectifying the heater
voltage. A carbon microphone, ener-
eized from the same source, drives
(through a step-up transformer) the
grid of the 6AGbH or similar tube. When
the microphone picks up a sound, an a.f.
voltage is applied to the grid of the
tube, increasing the mean plate current
to a value which will operate the sen-
sitive relay RY. This has two sets of
contacts, one of which supplies power to
the controlled circuit. The other set
opens the ground side of the primary of
the heater transformer and also con-
nects the plate of the tube to ground
through the 22,000-ohm resistor. This
keeps the relay operated when the actu-
ating sound has stopped.

Operation of switch S1 opens the
B-supply (which is obtained by half-

BIAS SUPPLY
RECTIFIER

wave rectification of the line voltage by
a selenium rectifier), and allows the
relay to reset; if S1 is a s.p.d.t. switch
and the connection shown as a broken
line is made, the new position shunts
the switch contacts of the relay and
keeps the controlled circuit in the “on”
condition, if this is desired. Setting S1
back to its original position switches off
the controlled circuit and puts the
relay-operated switch on again.

The sensitivity of the switch is re-
markable. It is controlled by the value
of the bias applied to the tube’s grid by
the potentiometer across the bias sup-
ply. At full sensitivity this unit oper-
ates at the sound of a cough or a door
shutting!

The relay used should be fairly sensi-
tive; one that pulls in at about 2-3 ma
is suitable. The writer used a surplus
item with a coil resistance of 12,000
ohms. Naturally, such relays do not
have contacts capable of handling very
high currents; so for a controlled cir-
cuit which is to take more than average
power, another slave relay should be
used, controlled by the contacts A. The
.01-uf capacitor across these contacts is
for surge suppression, the 100-ohm
series resistor serving to protect the
capacitor when an inductive circuit is
broken by the contacts. The capacitor
across the relay is essential. Its value
may be found by trial and error for
optimum performance under any par-
ticular conditions. However, a suitable
starting value would be about 5 uf at
150 volts working. The value of the
limiting resistor in the microphone
energizing circuit will depend on the
particular microphone available. Gen-
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OPERATED
SWITCH

By JOHN RUNDO

erally it will be a few hundred ohms.
The microphone energizing voltage is
negative with respect to ground; the
100-uf electrolytic capacitors must be
connected correctly, with their shells
isolated from ground.
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Fig. 1—Schematic of the sound-qpprated
switch, Note capacitor polarities.

Materials for the sound operated switch
Resistors: 1—22,000 ohms, | watt; 1—33,000 ohms, /2
watt; 1—100 ohms, !4 watt; |—microphone current-
limiting resistor from 100 to 1,000 ohms, ' watt;
Potentiometer: |—I megohm. .
Capacitors: (Paper) Z—I-uf, 200 volts, metallized
tubular, {—.01-uf, 1,000 volts; (Electrolytic) 2—100-
uf, 12 volts, |—lé-uf, 250 volts, 1—5-to-25-uf, 50
volts, across relay coil.

Miscellaneous: |—6AGS5 tube, or similar, and socket.
|—20-ma selenium rectifier, |—500-ma copper oxide
rectifier. 1—5,000-to 12,000-chm plate relay, d.p.d.t.
contacts. |—single-button carbon microphone. |—
mike transformer, 1—é.3-volt, 0.5-ampere filament
transformer. |—s.p.d.t. power switch. |—knob, chas-
sis, and sponge rubber pad. Hardware, solder, and
wire.

—end—
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Servicing—Test Instruments

USEFUL piece of test equip-
ment around the average ham-
shack is a multirange milliam-
meter for checking operating

conditions in experimental transmitters.
The surplus market still offers good
buys in meters, and the necessary shunts
are easy to wind. Low-range movements
(0-5, 0-10 ma) naturally provide great-
er flexibility and usually cost less than
the higher ranges.

This unit was built around a 0-5-ma
movement. Using a selector switch, a
s.p.s.t. switeh, a pair of insulated jacks
and a few lengths of magnet wire we
have an instrument with which we can
measure currents: up to 500 milliam-
peres, with several useful intermediate
ranges. The 5-ma and 10-ma ranges
can be used for measuring the excita-
tion to beam tetrodes or pentodes, while
the 0-50-ma range can handle triode
grid currents. The 100- and 200-ma
ranges are useful for the plate circuits.

Perhaps the simplest way to find the
amount of wire to wind for a shunt is
to use the setup shown in Fig. 1. The
meter is connected in series with a bat-
tery (E) and an adjustable resistor
(R). Observe meter polarity. The value
of the series resistor can be found
from the simple Ohm’s law relationship
R =1,000E/I, where E is the battery
voltage and I is the full-scale reading
of the meter in milliamperes, If the bat-
tery is a 1.5-volt dry cell and the full-
scale reading of the meter is 5 ma, then
R =1,000 x 1.5/5, or 300 ohms. A 500-
ohm potentiometer would be suitable,

APRIL, 1952

Adjust the potentiometer until the
meter reads exactly full scale (in this
case 5 ma). Connect just enough wire
across the meter terminals to reduce
the reading to %2 the full-scale value.
(Start with a piece of wire several feet
long; then trim it down little by little
to the exact length required.) This is
the 10-ma shunt.

Connect the completed shunt across
the meter terminals. For the 20-ma
shunt first reduce the series resistance
to bring the pointer back to full scale.
Now try another length of wire in par-
allel with the first, and trim the second
piece until the meter again reads exact-
ly 2 full scale.

The shunts for the higher ranges are
made in the same manner, with all
shunts for the ranges below connected
in parallel across the one being made.
(NOTE: The shunts for the 50-ma and
500-ma ranges must be trimmed for a
nieter reading of 407/ of full scale.)

If a Wheatstone bridge is available,
the internal resistance of the meter
may be found by measuring the resist-
ance of the 10-ma shunt. (Do not try
to measure the resistance of the meter
itself, as it may be damaged by the
bridge current.) The value of the shunt-
ing resistance needed for any range
may then be determined from the for-

R,
i n-1
resistance to be found, R,, is the inter-
nal resistance of the meter and n is the
scale multiplying factor. When the
shunts are finished, wire the instrument

mula where R is the
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MULTIRANGE
MILLIAMMETER

By R. L. PARMENTER, W1JXF

as shown in Fig. 2.

Because of the high voltages in the
circuits where this meter may be used,
the terminals, leads and switch knobs
must be completely insulated, and con-
tact with the meter itself should be
avoided while in the circuit.

The s.p.s.t. switch is a convenience
for shorting out the meter without re-
moving connections to the equipment
under test.

The shunt coils may be soldered di-
rectly to the switch terminals as shown
in the photo. No. 28 magnet wire will
be suitable for intermittent duty.

A small wood or plastic box with a
sloping panel as shown above makes
a convenient cabinet.

—end—
0-5MA
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Fig. 1—Basic circuit for winding shunts.
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TV SERVICING with SIMPLE

Planned procedures for on-the-spot

By CHARLES G. BUSCOMBE

HE technician called to service a

television receiver in the customer’s

home cannot very well carry his

shop with him. A set of replace-
ment tubes, a v.t.v.m, and a few small
servicing aids are all that one man can
conveniently handle. However, the right
servicing aids, and an organized logical
procedure for using them, can help the
technician solve most service problems
on the spot.

The various checks and tests in the
following article were made with the
help of the TV service aid described in
the March issue of RADIO-ELECTRONICS.

Fig. 1—Half-wave tripler schematic.

However, a standard v.t.v.m. (espe-
cially if equipped with a high-voltage
probe) could probably handle most of
these problems.

B-plus circuit troubles

Possible symptoms: No raster or
sound; raster dim and of small size;
poor focus; sync instability; weak
sound (any one or combination of these
symptoms may be noted).

If tubes fail to light, the first things
to look for are an open a.c. line, a de-
fective interlock., or a blown fuse. If
tubes are lit check for presence of
normal B4. A loss of more than 10¢¢
in the B+ can cause most of the
above-mentioned troubles. For this con-
dition try substitute replacement of
rectifier tubes or selenium units. Where
sparking occurs in a rectifier, check for
a shorted input filter. If filter chokes
or resistors show signs of overheating,
check other filters and bypass capaci-
tors and investigate the possibility of
one or more tubes drawing excessive
current. This latter trouble can be veri-
fied by removing tubes one at a time,
and noting the B+ voltage changes.
Normally, pulling most of small tubes
will result in an increase in the B+ of
10 to 20 volts. Removal of power am-
plifiers (vertical, horizontal, and audio
output) will raise B4+ 50 to 100
volts, depending on the set. Where re-
moval of a tube causes a greater in-
crease than this, its circuit should be
checked for a leaky coupling capacitor,

trouble shooting save time and money

for technician and customer.

and loss of bias or screen voltage. The
tube itself may be shorted or gassy.

The low-voltage doubler or tripler

Where output from this type of sup-
ply is low or zero, it is not advisable
to start with rectifier substitution, as
a shorted filter capacitor might damage
one or more of the substitutes. Start
by disconnecting the set load at point
X in Fig. 1. Under this no-load condi-
tion, voltages at points A, B, and C
should be approximately as indicated.
If there is no voltage at any point,
check for a.c. up to the first tube via
the ballast resistor and input filter.
Output at B but not at C, indicates de-
fective V3 or C3. If there is voltage at
A but none at B, check V2 and C2.
No d.c. at A indicates V1 or C1 is at
fault.

Where selenium rectifiers are used,
follow the same procedure, making cer-
tain that substitute rectifiers have ade-
quate current capacity.

The high-voltage power supply

Symptoms: Sound O.K., no raster,
or dim raster; blooming. In receivers
using the flyback type of power supply
shown in Fig. 2, first check for pres-
ence of h.v. on the anode lead, and
measure it if possible. This should be
done at both ends of the filter resistor
under varying load conditions by ad-
justing the brightness control over its
full range, Next, touch the anode lead
to the picture tube, noting intensity of
the spark. If weak with brightness con-
trol at maximum, trouble may be a weak
picture tube, loss of anode No. 1 volt-
age, or a defect in the brightness con-
trol cireuit. If h.v. is low or nonexistent,
try to draw a corona arc from the plate
cap of the h.v, rectifier tube. If this is
0.K., trouble will be a bad rectifier,
filter capacitor, or resistor, or a
grounded anode lead. Verify by tube
substitution, disconnecting one end of
the capacitor, or shorting out the filter
resistor. If there is no corona arc or
a very weak one, cause may be over-
load conditions as above or trouble at
some prior point. Next try to draw a
corona arc from the plate of the hori-
zontal output tube or tubes. If this is
0.K., fault lies in the h.v. winding of
the transformer. Look for indications
of coil heating or a broken lead to the
rectifier plate. If the arc is absent or
very weak at the output plate, chec
the d.c. voltage at the low end of theé
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transformer primary, and back through
the fuse, linearity coil, and the cathode
and plate of the damper tube. The
boosted voltage at the transformer pri-
mary should be 75 to 150 volts higher
than the voltage at the damper plate.
If the boosted voltage is low, the
damper tube may be weak, or there may
be insufficient drive to the amplifier
grid. Absence of boost voltage may be
caused by an open fuse or linearity
coil, by shorted linearity capacitors, or
by a grounded transformer primary.
Where the boosted voltage to the out-
put tube is normal, yet corona arc at
the plate is weak or absent, check for
sawtooth drive to the grid. If this is
normal (at least 20 volts peak to peak),
try tube substitution and tests on the
cathode and screen circuits. Continued
trouble is probably due to shorted turns
in any winding of flyback transformer.
Substitution is the most reliable verifi-
cation. Insufficient sawtooth voltage at
the output grid indicates incorrect
drive adjustment, a shorted drive con-
trol, or trouble in the oscillator circuit.

R.f. high-voltage supplies

Fig. 3 shows a type of h.v. supply
used in most electrostatic receivers and
in some electromagnetic models. In elec-
trostatic sets, measure h.v. on the second
anode and at all four deflection plates.
Variations can result in an off-center
raster and are usually caused by leaky
or shorted coupling capacitors from the
sweep output circuits. Other causes of
this condition are: Plate load resistors
of the sweep amplifier-open or changed
in value; open or increased value of
the isolating resistors feeding the de-
flection plates of the picture tube; open
or changed value of a fixed or variable

Fig. 2—Typical flyback h.v. circuit.
RADIO-ELECTRONICS
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resistor in the h.v. divider network;
unequal amplification in push-pull sweep
amplifiers due to defective tubes or
their associated components, especially
grid-coupling capacitors.

If the h.v. is dead or extremely low,
try to draw a corona arc from the
rectifier plate cap. If this point is 0.K,,
the trouble is caused by a defective
rectifier, h.v. filter resistor or capacitor,
bypass capacitor in the voltage divider,
or the sweep-output coupling capaci-
tors already mentioned. In some cases
these defects can greatly reduce the
arc at the plate, so it is advisable to
check for abnormal loading by cutting
all leads loose from the rectifier fila-
ment circuit. If the intensity of the
corona arc increases greatly, continue
testing components on the load side.
If the plate arc is still weak even with
the load removed, try a substitute
power-oscillator tube, check socket volt-
ages, attempt to resonate the plate-
tank-trimmer capacitor (or adjust the
position of the capacity ring on the
rectifier). This can be done by holding
a neon bulb near the oscillator coil as
an indicator, or adjusting for smallest
raster size. After the peak is found,
detune slightly to avoid oscillator block-
ing. Where the oscillator is still weak
or dead, as indicated by neon glow test
or loss of negative grid bias, the trans-
former is suspect. A substitute replace-
ment should be tried. A good-quality
picture cannot be expected unless the
h.v. shield cage is in place, because
oscillator radiation interferes with
scanning.

Fig. 3—R.f. type high-voltage supply.
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Fig. 4—High-voltage tripler circuit.
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A typical h.v. doubler-tripler circuit
is shown in Fig. 4. If normal h.v. is not
obtained at the end of the output lead,
checks should be made at both ends of
the filter resistor. Work back to the
plate cap of V1, following the procedure
given in the section on low-voltage
doublers and triplers.

The quickest and most reliable meth-
od of testing h.v. capacitors is to charge
them from a h.v. source, conveniently
obtained from the anode lead of another
receiver. A good capacitor will hold its
charge for at least several minutes. as
evidenced by a loud crackling discharge
spark after the charging potential has
been removed.

Where severe raster blooming occurs,
check the voltage regulation of any of
the foregoing supplies. The h.v. should
not vary more than 1,000 volts as the
brightness control is varied from mini-
mum to maximum. This test must be
made with the picture tube connected
and showing a raster. Blooming is us-
ually caused by a weak rectifier or an
increase in the value of a resistor in
the h.v. section.

Picture tube circuits

Symptoms: Sound 0.K., no raster or
dim: raster; poor focus; silvery appear-
ance to certain picture elements; or a
tendency to phase reversal.

If the h.v. measures 0.K. with the
brightness control fully advanced, note
spark intensity as the anode lead is
contacted to the picture tube. If normal,
try adjusting the ion trap, or if no
raster is obtainable, check for a short
in the tube. If there is no spark or a
weak spark (discounting charging cur-
rent of the tube capacitance) test for
presence of anode No. 1 voltage. Next
check for defects in the brightness con-
trol circuit. This can be easily done by
testing the polarity and voltage vari-
ations between grid and cathode at the
picture-tube socket as the brightness
control is varied over its full range. The
grid voltage should change from zero
to 50 volts or more negative to the
cathode. Trouble here may be due to a
defective brightness control, fixed series
resistor, or leaky coupling capacitor
from the video output. Additional trou-
bles causing brightness disorders are
covered in the article on page 48. A
suspected tube should be verified finally
by substitution.

(to be continued)
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ELECTRONIC MIXER

Sometimes service technicians, when
called upon to supply sound equipment
for a local event, find that their ampli-
fiers will not handle the number of
microphones and pickups required. For
such occasions, an electronic mixer as
described in La Radio-Revue (Antwerp,
Belgium) is a useful accessory.
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The schematic. Resistors marked 2.5K
and 50K are non-critical and can be
replaced with 2.2- and 47-kilohm units.

The unit shown at a in the figure
above has two inputs each for high-
impedance microphones, phonographs,
and radios. The outputs of the tubes
and signals from the phono inpu