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A.C. Coil Assemblies available
for &6 v, 12 v., 24 v, 115 v,
D.C. Coil Assemblies available
forbv., 12v., 24v.,, 32v., 110V

Two basic parts—a coil assembly and a
contact assembly—comprise this simple, yet
versatile relay. The coil assembly consists of
the coil and field piece. The contact assembly
consists of switch blades, armature, return
spring, and mounting bracket. The coil and
contact assembly are easily aligned by two
locator pins on the back end of the contact
assembly which fit into two holes on the coil
assembly. They are then rigidly held together
with the two screws and lock washers. As-

. Contact Assemblies
Single pole double throw
‘Double pole double throw

sembly takes only a few seconds and requires

no adjustment on factory built units. SERIES 200 RELAY

On Sale ai Your Nearedl

See it today! . . . this amazing new relay with interchangeable coils.
See how you can operate it on any of nine different a-c or d-c voltages
—simply by changing the coil. Ideal for experimenters, inventors.
engineers.

4" " ‘_'qj*"
ANmw RELAY" )

TRy
piaw b

TWO CONTACT
ASSEMBLIES

The Series 200 is available witb a sin-
gle pole double throw, or a double pole
double throw contact assembly. In ad-
dition, a set of Series 200 Contact
Switch Parts, which you can buy sep:
arately, enables you to build dozens of
other combinations. Instructions in each
box.

Your jobber has this sensational new relay on sale now. Ask him about it.

ELECTRIC

Or write for descriptive bulletin,

GUARDIAN(E

NINE COIL
ASSEMBLIES

Four a-c coils and five d-¢ coils are
available. Interchangeability of coils
enables you to operate the Series 200
relay on one voltage or current and
change it over to operate on another
type simply by changing coils.

1630-B W. WALNUT STREET
A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY
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Building this

A. M, SIGNAL GENERATOR
gives you waluable experience,
Provides amplitude—modulated
signals for .est and experimen’
purposes.

RADIO SERVICING pays good money for tfull
time work. Many others make %5. $10 a week EXTRA
fixing Radios in spare time

with 6 Big Kits
of Radio Parts | Send You

Let me send vou facts about nch opportunities n
Radio. See how knowing Radio ean give vou security, a
prosperous future. Send the coupon for FREE 64-rage %‘, 1 .

ETAL YA N . - [T , 5 5
I)?ql\, Wm'Rlch Re\«mAJh in fodx_o. Rfe{ul_ how N.R.I A MEASURING INSTRUMENT
trains you at home. Read how you practice building, b |
. o : A . 4 1 . 3 you. selt eariy in the course—use it for practical
testing, repairing Radios with SINX BIG KITS of Radio Radio work on neighborhood Radios to pick up
parts I send you LEXTRA spare time money'

You buitd this
SUPERHETERODYNE

CIRCUIT that brings in local
and distant statiorns. You get
practical experience putting this
set through fascinating tests.

You build this

Future for Trained Men is Bright
in Radio, Television, Electronics

The Radio Repair business is booming NOW. There is
gzood money fixing Radios in your spare time or own full
time business. Trained Radio Technicians also find
wide-open opportunities in Police, Aviation, Marine
Radio, in Broadcasting, Radio Manufacturing, Public
Address work, ete. Think of the boom coming now that
new Radios can be made! Think of even greater oppor-
tunities when Television and Electronics are available
to the publie!

Many Beginners Soon Make $5, $10
a Week EXTRA in Spare Time

The day you enroll I start sending EXTRA MONEY
JOB SHEETS to help you make EXTRA money fixing
Radios in spare time while learning. You LEARN Radio
principles from my easy-to-grasp Lessons—PRACTICE
what you learn by building real Radio Circuits with
Radio parts I send—USE your knowledge to make extra
money in spare time.

4 PAGE B
Mail Coupon for Free Copy of Lesson 6[’80’”51":&!“?,005‘ ;REE

and 64-Page illustrated Book
| will send you FREE a sample lesson, “‘Getting Acquainted with

Sample Lesson FREE

Gives tunts on Receiver Servicing, Lo-
cating Defects, Repair of Loudspeaker.
1. . Transformer, Gang ‘[uner, Couden-
ser, etc., 31 illustrations. Study it—keep
it—use it—without oblig: mon' Mail Cou-
non NOW for your copy'

GETTING ASQUAINTED WITH
RECEVR smncmc

™ pATY prd 4
h/m Rick

Receiver Servicing,” to show you how practlcal it is to train for § MR. J. E SMITH, President, Depr. 6BR 1
ll_{va‘;ho in s;lparo time. With it I’ll send my 64-page, illustrated book, 8 NATIONAL RADIO INSTITUTE, Washington 9, D. C. :
W 5",%‘;’,;;? ;,‘:)S}t{ﬁd“} E’““,,,",’f.‘,l °3‘,§§;’,’},;’,‘,f“§§;§‘°g§3{ ! Mail me FREE, without obligation, Sample Lesson and 64- H
natlonal Radio Inshtute, PloneerHomestudyRadIOSChool, 8 page book about how to win success in Radio and Television M
Washington 9, D. C. y —Electronics. (No salesman will call. Please write plainly) '
]
P90 NRME ki ekl e it 15051 el ALET » ¥ ol b :
MY COURSE 1 5
INCLUDES I[lEVISION.[I—[CIHﬂNICS : A O TS S R 5110 1t 4 g s BT » + + Mg T AR g ing IS P 1
TRAIN‘NG IN g City L B e .Zone. .. State. . . My, 4FR :
.‘-----n---------------.-------- a
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o4 Transmitter used in the simul-
t- DAy, A s
N (] o ETOES. WAS . , taneous radio range equip-
3 . BRANCH OFFICES: NEW YORA. ASHINGTON, LOS ANGELES, TORONTO ment manufactured by the
c i - N

2 } WILLIAM B. ZIFF WA RC Al ‘°;. CAA
%, Publisher peace-time airways. eature

NG < u

of the equipment is that a
single dial telephone operates

B. G. DAVIS C. R. TIGHE GEORGE BERNER the complete equipment. Fre-
General Manager Ass’t to the Publisher Advertising Director quency of this service is be-
tween 200 to 400 kc. and has

HERMAN R. BOLLIN H. G. STRONG H. J. MORGANROTH a - service area of approxi-
Art Director Circulation Director Production Director mately 200 miles in diameter.

RADIO NEWS is published monthly by the Ziff-Davis Pubushing Company, 185 N. Wabash Ave., 3

35 cents: in Mexico, South and Central America, and U. S. Possessions, $3.00 (12 issues); in Canada $3.50 (12 issues), single copies 40 cents: in British Empire, $4.00 (12 issues):
all other foreign countries $4.00 (12 issues). Subscribers should allow at least 2 weeks for change of address. All communications about subscriptions should be addressed to: Director
of Circulation, 185 N. Wabash Ave., Chicago 1, [ll. Entered as second class matter March 9, 1938, at the Post Office, Chicago, Illinois, under the Act of March 3, 1879. Entered
as second class matter at the Post Office Dept., Ottawa, Canada. Contributors should retain a copy of contributions and include retirn postage. Contributions will be handled
with reasonable care but this ine no r bility for their safety. Accepted material is subject to whatever revisions and by-line cl that are ry
Payment, made at our current rates, covers all authors’, contributors’, or contestants’ rights, title, and interest in and to accepted material, including photos and drawings

Chicago 1, [il. Subscription Rates: n 13. S. $3.00 (12 issues), single copie-

Other Ziff-Davis Publications: Radio & Appliances, Radio-Electronic Engineering, Plastics, Flying, Popular Photography
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hallicrafters e 7
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New Béqoty and per-
fect ventilation in the
perforated steel top

By t-0

Separate electrical

bandspread with in- )
ertia flywheel tuning. 3 g ""“‘""-ﬂ-n..,
Tuning range from
540 ke to 42 Mc con-
finvous in four bands

Self-contained, shock
mounted, permanent
magnet dynamic¢
speaker

All controls logicolly —
grouped for easiest
operation. Normal
position for broad-
cost reception /
marked in fed, mak- ‘ fr o e ey A -
ing possible general Automatic noise - 3-position tone “ Standby receive - Phone jack
use by whole family. limiter -~ control - switch
S 2 . 2 %M% b s e (APPROXIMATELY)

New design, new utility in a great $ ’950
new communications receiver. .. S

Here is Hallicrafters new Model $-40. With this great communications receiver, handsomely designed,
expertly engineered, Hallicrafters points the way to-exciting new developments in amateur radio. Read
those specifications . . . it's tailor-made for hams. Look at the sheer beauty of the S-40. .. nothing like it
to be seen in the communications field. Listen to the amazing performance . . . excels anything in its price
class. See your local distributor about when you can get an 3-40.

INSIDE STUFF: Beneath the sleek exterior of the S-40 is a beautifully en-
gineered chassis. One stage of tuned radio frequency amplification, the
S S-40 uses a type 6SA7 tube as converter mixer for best signal to noise
' ratio. RF coils are of the permeability adjusted “micro-set” type identical
with those used in the most expensive Hallicrafters receivers. The high
frequency oscillator is temperature compensated for maximum stability.

From every angle the S-40 is an ideal receiver for all high frequency
applications,

hallicrafters ranio

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO
AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A.
Sole Mallicrafters Representatives in Canada: Rogers Majéstic Limited, Toronto - Montreal
February, 1946 5

COPYRIGHT 1945 THE HALLICRAFTERS COQ,

www americanradiohistorv com
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As the bright hope of the New Year

lights up the horizon, we turn our vast

facilities . . . the pent-up good will

accumulated over a quarter of a cen-

tury of radio leadership . . . to the task

of making 1946 the most spectacular

sales year in the history of FADA : Lo S)

dealers. §/ o | YEARS 0F |

FADA has d t things in th LISTENING |
as one grea ings in e | PLEAS“RE |

past. But they are only a stepping
stone to what the future will bring
And — we'il fortify this exciting line
of radio receivers with a wallop-
packed program of dealer helps that : with
will bring more and more customers
into the sales rooms of FADA .dealers.

//Zé% carn dﬁt/ay; 2oend on, ]

r

lustrated here are two more point-of-
sale helps . . . a beautiful and sturdy
stand for the display of FADA radios
ond a colorful window or store door
decalcomania designed to get imme-
diate attention. A few FADA ‘dealer
franchises are still available. We sug-
gest that you communicate with your
distributor or with us, how!

YOU CAN ALWAYS DEPEND ON
-

l FADA... FOR PERFORMANSE 1

OF THE FUTURE
Famous Scuce Groadcasting Began!

7 FADA RADIO AND ELECTRIC COMPANY, INC., LONG ISLAND CITY, N.Y.

6 RADIO NEWS



www.americanradiohistory.com

F. L. Sp-ayberry, one
of the country's fore-
most Rodio Teachers.

l SUPPLY A
FULL RADIO SET

for practical easy

LEARNING

SPRAYBERRY TRAINING GIVES YOU BOTH
TECHNICAL KNOWLEDGE—SKILLED HANDS

There’s only one right way to learn Radio
Electronics. You must get it through sim-
plified lesson study combined with aectual
“‘shop’” practice under the personal guidance
of a qualified Radio Teacher. It's exactly
this way that Sprayberry trains you . . . sup-
plying real Radio parts for learn-by-doing ex-
perience right st home. Thus, you learn
faster, your understarding is clear-cut, you
acquire the practical “’know how’’ essential to
a good-paving Radio job or a Radio business
of your own.

1'l Show You @ New, Fast Way to Test
Radio Sets Without Mfy. Equipment

The very same Radio Parts I supbly with yvour
Course for gaining pre-experience in Radio
Repair work muy be adapted through an ex-
clusive Sprayberry wiring procedure to serve
for complete, fast, aecuratea Radio Receiver
trouble-shooting. Thus, under Spravberry
methods, you do not have ome cent of outlay
for manufactured Test Equipment which is
not only expensive but scarce.

February, 1946

A RADIO SERVICE
BUSINESS OF YOUR OWN

The offer I make you here is the opportunity
of a lifetime. It’s vour big chance to get ready
for a woaderful future in the swiftly expand-
ing field of Radio-Electronics INCLUDING
Radio, Television, Frequency Modulation and
Industrial Electronics. Be wise! NOW’S the
time to start. Opportunities ahead are tre-
mendous! No previous experience is
uvecessary. The Sprayberry Course
starts right at the beginning of
Radio. You can’t get lost. It
gets the various subjects across in
" such a clear, simple way that you
Y understand and remember. And,
N you can master ry entire course
in your spare time. It will not
interfere in any way with your
present duties. Along with your
Training, you wil ECEIVQ my
tamous BUSINESS BUILDERS
which will show you how to mal\e
some nice profits while learning.

understand any Radio Set

vides the quick key to anal
Includes lrans
3 for_this
book now, and alonlg with 1t I

EF, hook descriking

yoa_another big F
my Radio-Electronic training.

DON'T PUT IT OFF!

Get the facts about my training—now! Take
the first important step toward the money-
making future of your dreams. All features
are fully explained in my big, illustrated
FREE Catalog which comes to you along with
another valuable FRELE book you'll be glad to
own. Mail Coupon AT ONCE!

Pueblo, Colorado

ATTENTION VETERANS!

The Sprayberry Radio-Electronics Home
Study Course has been tully approved for
Veterans Training under the G.I. Bill of
Rights. This is important to you! It's
your opportunity to get our complete
Radio Training through Government grant,
Find out about your eligibility AT ONCE!

and SYMBOLS.”
Name

City ...

penny postcard.

e B B N N N N N N N _§]

wwWwW americanradiohistorv com

A GOOD JOB IN RADIO &
TELEVISION BROADCASTING

NOW YOU CAN PREPARE AT HOME IN SPARE
TIME FOR AMAZING OPPORTUNITIES AHEAD IN

RADIO — ELECTRONICS —TELEVISION

JUST OUT! FREE!

‘‘How to Read Radio Diagrams and
Symbols’’

.. . a valuable new book
plains In simpile English how to read and
Diagram. Pro-
zing any
ations of

wﬂl send

SPRAYBERRY ACADEMY OF RADIO
F. L. Sprayberry, Pres.
Room 23526

Please rush my FREE copies of “HOW TO MAKE
MONEY IN RADIO, ELECTRONICS and TELEVI-
SION,” and “HOW TO READ RADIO DIAGRAMS

T Tt o o operenonenone Mors 400 o [l 0 JABER ... ..
AddAress .eceevenroruenosensnese e

srersrersreree o sermarssrseeenState oo
Tear off this coupon. mail in envelope or paste on

RADIO-ELECTRONIC
SERVICE ENGINEER

Prepares You for a Business of Your
Own Or Good Radio Job

My training will give you the broad, funda-
mental principles so necessary as a back-
ground, no matter which branch of Radio you
wish to specialize in. I make it easy for you
to learn Radio Set Repair and Installation
Work. I teach you how to install and repair
Eleetronic Equipment. In fact, you'll be a
fully qualified RADIO-ELECTRONICIAN,
equipped with the skill and knowledge to per-
form efficiently and to make a wonderful suo-
cess of yourself.

which  ex-

FREE

7
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AUDAX

RELAYED-FLUX

The Importance of

long-acknowledged technical
ekill—our “Specialization For-
mula” is probably as fully re-
sponsible for the world-re-
nowned AUDAX quality as any
other single factor.

We proudly concentrate all our
energies and resources upon
producing the BEST pick-ups
and cutters. Because we are spe-
cialists in this field, much more
is expected of us. Because the
production of fine instruments
like MICRODYNE is a full time
job, it stands to reason that we
could not afford to jeopardize
our reputation—EVER—by
making pick-ups a side-line.

Now that Victory is ours, you
may expect AUDAX improve-
ments, refinements . . . master-
touches to heighten the marvel-
ous facsimile realism of AUDAX
reproduction.

Creators of Fine Electronic-
Acoustical Apparatus Since 1915

Send for complimentary copy of our
fnformative

EPICK-UP FACTS”

X BUY
WAR BONDS

SPECIALIZATION

Aside from outstanding and |

AUDAK COMPANY

500-N Fifth Ave., New York 18, N.Y.!

HE confidence implied by letters

we are receiving from hundreds of
our ex-fighting men readers asking
for advice in solving their problem
of reconversion to civilian life is flat-
tering but frightening. We have com-
ing across our desk a reflection of the
high hopes of our American youth
combined with a puzzlement created
by the fact they are staring reality
in the face without fully recognizing
it.

To be perfectly frank, we too are
bafffed. We know the radio industry
is rich in potentialities. Engineering,
manufacturing, selling, distributing,
retailing, servicing—all branches of
our great industry will need the same
inspired effort in peacetime which
made us the electronic masters of war-
fare. The question is how, where, and
when will the individual ex-soldier fit
into the gigantic pattern. For us to
answer these questions at this writing
date would require the wisdom of a
Solomon. Why? The industry is at
a standstill, frozen to a full stop by
the bleak situation which engulfs the
major portion of our entire national
economy. No parts to assemble, cum-
bersome pricing formulae, labor prob-
lems, are all factors which are con-
tributing to the reconversion stale-
mate.

To you who are eager to get into
the harness of peacetime radio ac-
tivity, we can only recommend that
you spend your time, until the indus-
trial log jam breaks, studying all sec-
tions of the industry in relation to
your own ambitions and capabilities.

Here’s a suggestion for organizing
your thinking and developing a cam-
paign. Get lots of paper and plenty
of pencils. Jot down all the jobs you
think you might be able to handle
based on your training. Now check
off those you’d most like to have. Do
you want to work with a manufac-
turer in production work, or in re-
search work, or in sales work?
Maybe you’'d like to get into sales
engineering. This is a tough job be-
cause you’re always in the middle.
You have to prove to customers that
your company’s product is right with-
out arousing the customer’s ire by
inferring that his product is wrong.
If you find your company is wrong,
you have to convince them without
angering your own engineering or
production people.

We heard some statistics the other
day which were astounding to us. At
one army separation center of 20,000
men only 18 expressed a desire to get
into sales work. This condition is
almost incredible as it is an estab-
lished fact that the need for good
salesmen is an eternal want of indus-

www americanradiohistorv com

THE EDITOR
try and the rewards are rich for those
who succeed.

Perhaps you’d like to work with a
distributor selling or servicing? It
could be that retailing appeals to you
because you like direct contact with
the public? Here again you may
either sell or service or combine both
activities. After you have made your
selections and set your objectives,
make a list of companies where you
think you’d like to work. If possible,
find out the name of the executive in
charge of the department or division
where you’d like to land. Write him
a letter or, better yet, if he’s nearby
call him on the phone. When you
write or call him, don’t tell him you're
looking for a job. Tell him, or his sec-
retary, you've been given to under-
stand that he might be willing to give
business advice to a veteran consid-
ering the radio industry as a life work.
Tell him that you know he’s busy and
have no intention of taking more than
five or ten minutes of his time and “by
the way I'm not taking any jobs until
I've had the opportunity of talking
with a number of executives like your-
self.”

Don’t get ‘discouraged. Keep on
seeking interviews with as many ex-
ecutives as possible. Don’t let a few
rebuffs dishearten you. These men
are all caught in the log jam. They
may not intend to be cold or impolite,
but business pressures have made
many jittery. You will find, on the
average, the business executive who
is really a big man mentally will spare
the time to advise you.

This process of investigation will
familiarize you with the many aspects
of the industry and if you'll review
your findings calmly and analytically,
it may change your whole idea of what
you'd like to do. You may even be
offered a job. Don’t turn it down just
because it does not pay much. Make
your decision to accept or reject it on
how well you like the atmosphere of
the company and the character of the
man who offers it to you. Many busi-
ness executives will offer low pay to
test your metal. Advancements usu-
ally come rapidly to the fellow who
devotes his best brain power and
physical power to the task at hand
without wasting energy on trying to
get a raise.

We hope the thoughts we have set
forth here will help some of you to
clarify your thinking. We are all
feeling our way in a mist ‘of uncer-
tainties these days. These mists will
lift in the next few months and we
can but hope that our compass setting
will have steered you to the harbor
of a successful future in the radio in-
CMSEAY% 000000 000000000000000 G0 O. R.
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ORDER YOUR NEW

OMMUNICATIONS RECEIVER

NOW from ALLIED .. 7o Earlicst Delivery

HALLICRAFTERS
$-36A

Hallicrafters’ most ad-
vanced development in
very « high - frequency,
high-fidelity receivers.
Combines AM, FM, and
CW reception. Frequen-
cy range 27.8 Mc. to 143
Mec, continuous in 3
bands. Covers old and
new FM bands. RF stage
with acorn tube. Push-
pull high fidelity output
stage. Four position tone control with bass boost. Sharp-broad selec-
tivity switch, Dual purpose 'S’ and tuning meter. Oscillator com-
pensated for frequency drifc. Hermetically sealed transformers and
reactors. Beat frequency oscillator, pitch variable from panel. Designed

for service in any climace. Net $415
PM23 Speaker, Net.. .. $15.00
HALLICRAFTERS

$X-28A

Famous Super Sky-Rider.
Frequency range 550 ke.
to 42 Mc. continuous in
6 bands. Main ctuning
dial accurately calibraced
in megacycles. Separate
calibrated bardspread
dial. Two r.f. stages.
Lamb type 3 stage ad-
justable  noise himuter.
Six position i.f. and crystal filter sclectivity switch. Oscillator tem-
perature compensated for frequency drift, Inertia flywhecl tuning and
pre-loaded gear drive on main and bandspread dials. Push-pull 8 watt
output stage. Net..... s . $223

PM23 Speaker, nec...... .$15.00

ECHOPHONE
EC-1A

Popular 1ow-cost communications-
type short-wave and broadcast re-
cetver, with many new features.
overs entire tuning range from
550 kc. to 30 Mc. in 3 bands.
For 115-125 volts AC-DC. Elec-
trical bandspread on all bands
with scparate tuning control and
dial. Dial calibrated in mega-
. cycles. Beat frequency oscillator
for CW reception. Automatic noise limiter. Built-in PM dynamic
speaker. Headphones or speaker selected by panel switch. lloused in
metal cabinet with gray wrinkle haked-on finish. Net $29.50

Other well-known receivers such as:
Hallicrafters $X-25 . $ 94.50

Hallicrafters $-20R . 60.00
Hallicrafters $-22R . 74.50
Hallicrafters $-39 .. 110.00
National! HRO 197.70
PM23 Speaker 15.00

Net, F.O.B. Chicazo
(All trices subject to possible change)

ALLIED RADIO

Everything in Radio and Electronics
833 W. Jackson Blvd. e

Chicage 7, Wlinois

1946

NATIONAL
NC-2-40C
One of National's top
receivers. 490 kc. to 30
Mc. range in 6 tuning
bands. Definite, accurate
calibration for all bands.

Actual single dial control.
Scable high frequency circuits. Frequency drifc reduction to a negligible

value by temperature compensation. Automatic voltage stabilization.
Wide range adjustable series-valve-noise limiter. Flexible crystal filter.
Phonograph or high level microphone pick-up jack. Special r.f. coup-
ling circuits maintain full sensitivity. Net e $225

Speaker in matching cabinet, net..... $15.00

HAMMARLUND
HQ-129X

Designed to meet thg
most critical demands of

Full range .54 to 31 Mc.,
accurately calibrated. 4
calibrated Ham bands
and one arbitrary scale.
Variable selectivity cry-
stal filter. Low -drift beat
oscillator for code and
locating stations. Antenna compensator. Voltuge regulation. Compen-
sated oscillator to reduce drift during warm-up. Automatic noise
limiter. Earphone jack. 3 i.f. amplifier stages. 2 audio stages. For
phone or CW. NeCum i $129
$10.50

Speaker, net...

SEND. YOUR .ORDER TODAY ‘FOR' EARLIEST [3

ALLIED RADIO CORP., L. M. Dezettel W9SFW
833 West Jackson Blvd., Dept. 1-BB-6

|
i
| cChicage 7, lllinois

| Date..
|

|

{

[] Please enter order for

e Model

e [] Full Payment
[ Part Payment (Balance C.0.D.)
[J Please send full information on Communications Receivers and
Time Payment Plan, withour obligation.

[J Enclosed §& ...

IN AN C B suiammssse oo sk - ey R ey —— e~

Address.... oo

City.... S Zoue. .. State. .o

wWWW americanradiohistorv com
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DON'T SETTLE FOR LESS THAN:

When you must service any and all models of
radio sets, only Rider Manuals can fill the need.

For sixteen years Rider Manuals have been
furnishing complete and authentic servicing
data on American radio receivers. Today they
represent the only single source upon which
you can depend for all the information you
need on such vital material as voltage data,
alignment data, resistance values, chassis lay-
outs and wiring, trimmer connections—in fact
all the things that lead to a quick diagnosis of
troubles in ailing receivers.

—And they're complete! Since the publication
of Volume | over 42,000 models have been
covered —only Rider Manuals contain wiring
diugrams on Scott receivers. (These diagrams
were received officially from the E. H. Scott
Radio Labs., Inc.)

A moni‘\‘y
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man. Free

There are good reasons why better servicing
shops have waited during the war until they
could get their Rider Manuals. There are better
reasons today why you should not settle for
less than “The Best.” For, the flow of Rider
Manuals is again approaching normal.

—
—
—
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Anﬂﬁ%
oy /

STATE

See your jobber and place your order today
to guarantee fastest possible delivery.

YOU MUST STUDY TO KEEP UP TO DATE

RIDER MANUALS (14 VOLUMES) Frequency Modulation Automatic Frequency Control Systems
Volumes XIV to Vil $12.50 each volume Gives principles of FM_ radic . . . $2.00 —also automatic tuning systems . . $1.75
Volumes Vitolll . . . 9.50cachvolume  >°puong by Signol Tracing 400  A-C Colculation Charts
. g - % Two to five times as fast as slide rule . 7.50
Abridged Manuals 1 to V The Meter at Work
(Ivolume) . . . . . . . . .. $15.00 An elementary text on meters . . . 2.00 Hour-A-Day-with-Rider Series—

Automatic Record Changers and The Oscillator at Work ‘On "Alternating Currents in Radio Receivers’’
Recorders . . . . . . . . 750 How ta use, test and repair. . . . 2,50 On ““Resonance & Alignment’’

The Cathode Ray Tube at Work Vacuum Tube Voltmeters On Auvtomatic Volume Control’’
Accepted authority on subject . . . 4.00 Both theory and practice . . . . . 2.50 On "'D-C Voltage Distribution” . 1.25 each

JOHN F. RIDER PUBLISHER, INC. 404 FOURTH AVE., N.Y. 16, N.Y.

Export Division: Rocke-International Electric Corp. 13 E. 40th Street, New York Cable: ARLAB

“5sr RIDER MANUALS =%

They Provide Schematics and Essentiol Servicing Doto on American Made Radie Rececivers.

RADIO NEWS
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TYPE 162-C
Rider Chanalyst

RCA CHANAI.YS T helps

You fest radios fqster

THE RCA Type 162-C simplifies and speed's
up many types of radio trouble-shooting,
testing, and repair jobs—saves worry, work,
and time. '

Because it analyzes the signal itself in any
part of a radio receiver, the same method of
analysis can be used with @// receivers, old
or new, simple or complicated. You can lo-
cate quickly and without guesswork the pre-
cise stage where distortion, hum, noise, low
sensitivity and other defects first appear.

This: instrument even helps to solve the

\PEST AND MEASURING EQUIPMENT

RADIO CORPORATION
of AMERICA

ENGINEERING PRODUCTS DIVISION. CAMDEN. N.J.

February, 1916

problem of intermittent troubles by indicat-
ing how far the signal has passed through
the receiver when the intermittent develops.
All tests can be made without introducing
distortion or otherwise interfering with the
operation of the set.

Service records show that several months’
use more than pays for the cost of this labor-
and money-saving instrument. Be sure to
get your name on your RCA Distributor’s
reservation list so that you will be
among the first to get one of the
Chanalysts now in production.

Radio Corporation of America
Test and Measuring Equipment Section
8ox 708, Camden, New Jersey

Please send me your publication on the RCA
162-C Chanalyst which tells what this instrument

Name

Street Address

' does and how to use it.
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04000 Series

Transmitting Condensers

A new ber of the ""Desi d for Appli-
cation” series of transmilting variable air
capacitors is the 04000 series with peak
voltage ratings of 3000, 6000, and %000
volis. Right angle drive, 1/1 ratio. Adjustable
drive shaft angle for either vertical or sloping
panels. Sturdy construction, thick, round-
adged, polished aluminum plates with 134"
radivs. Constant impedance, heavy current,
multiple finger rotor contactor of new de-
sign. Available in all normal capocities.

JAMES MILLEN
MFG. CO., INC.

MAIN OFFICE AND FACTORY

MALDEN
MASSACHUSETTS

M

* Presenting latest informmation on the Radio Industry.

By F. D. WALKER

Washington Reporter

THE FEDERAL COMMUNICA-
TIONS COMMISSION made radio
history early in December when it au-
thorized Garwood Irrigation Company
of Texas to construct a radio system
for use in the operation of irrigation
networks serving 100,000 acres of rice
and other crops. It was the first such
application filed with FCC.

The company operates 200 miles of
canals and many miles of irrigating
ditches for the benefit of approxi-
mately 100 ranches, and without these
waterways no crops could be raised
in that section of Texas. The radio
system will be substituted for the
present methods of communication—
messengers traveling on horseback or
by automobile. These methods are
so slow that much damage can be done
to crops by either too much or too little
water. ’

Currently, three men continuously
patrol the entire system in cars. Canal
riders must be in touch with each
other and with the pumping plants,
so the plants know how much water
to pump and the canal riders know
how to distribute it. For years, the
only way a canal rider could commu-
nicate with the plants, another canal
rider, or a water patrol was to drive
until he could meet the person he
sought. All that will be changed when
the shift to radio is made. The FCC
authorization permits the Garwood
company to build a land station and
two 50-watt portable and mobile units
and four 35-watt mobile units. The
frequency assigned is 35.46 mc., and
the equipment is FM Link, Model 50,
UFS.

OFPA HAD ADVANCED early in De-
cember to a fairly satisfactory pricing
program for the reconversion period,
and the first of a series of weekly re-
ports on specific retail price tags for
radio sets and portable phonographs
was issued three weeks before Christ-
mas. The price approvals are handled
through the OPA’s housewares and
accessories price branch.

Few sets reached the Christmas holi-
day buying market, and R. C. Cos-
grove, president of Radio Manufac-
turers’ Association, predicted that ra-
dio sets would not be in “free supply”
before the middle or latter part of
1946. He attributed the delay to “in-
excusable” OPA delays in ironing out

| the pricing problem which could have

www americanradiohistorv com

been solved more than three months
ago. He accused OPA of failing to
make “a determined effort to arrive
at an equitable solution.”

But Cosgrove is optimistic, as this
statement proves: “There never has
been in the past any handicap that
hasn’t been overcome. While many
handicaps have faced the industry,
this last one has been man-made and
is, therefore, inexcusable. However, 1
have yet to find the manufacturer who
isn’t aggressively swinging with both
fists, and determined to move up in
this industry and get a larger share of
the business than he received before;
and I have yet to find a manufacturer
who doesn’t confidently believe he will
make and sell a great deal more prod-
ucts than ever before.”

His optimism is shared by the Civil-
ian Production Administration, which
estimates that employment in the ra-
dio manufacturing industry by June,
1946, will reach a peace-time peak al-
most 2% times above the 1939 level
and only 20 per-cent lower than the
first quarter of 1945, when it rose to
550,000.

FCC HAS REORGANIZED its engi-
neering department to help expedite
its sharply increased postwar load. The
broadcast division has been re-named
the broadcast branch and it is headed
by John A. Willoughby, who had been
assistant chief engineer in charge of
the broadcast division. The broadcast
branch will comprise three divisions
as follows: standard broadcast divi-
sion, James A. Barr, acting chief; FM
division, Cyril M. Braum, acting chief;
television division, Curtis B. Plummer,
acting chief.

There are to be three other branches
in the engineering department: safety
and special services branch, consisting
of the marine and general mobiliza-
tion division, aviation division, emer-
gency, and miscellaneous division; field
and research branch, consisting of the
field and monitoring division, technical
information division, frequency alloca-
tion division and laboratory division;
common carrier branch, consisting of
the domestic division, international
division, rate division, and the field
division.

Charles A. Ellert has been appointed
chief of the laboratory division and
Paul D. Miles is chief of the allocation
division of the field and research
branch.

RADIO NEWS
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Finer in Performance AND NOW — Smarter in Appearance with

INTERCHANGEABLE COLORED FLANGES

ROUND OR SQUARE... AT NO EXTRA CHARGE

Marion Glass-to-Metal Trly Hermetically Sealed
2%" and 3%" Electrical Indicating Instruments

Smart styling, sleek lines, more cclor are invading the radio and electronic industry ... bulky
packaging and drab blacks and grays are no louger in step with the times...appearance
now takes equal rank with performance in consumer demand.

Sensing this important trend, we here ot Marion present a “beauty treatment” for radio and
electronic equipment in our new and attractive interchangeable colored flanges. There are 12
different iridescent shades, including blue, red, green, silver, gold and others—in both round

and square shapes.

Manufacturers who specify Marion hermetically sealed instruments will find that the eye-
appeal of these new flanges will give added sales value to their products. Amateur radio
operators and experimenters will especially welcome tke idea because the interchangeability
feature will help reduce instrument costs by permitting universal applicaiion of Marion
“hermetics” when building or modernizing their equipment.

Marion “hermetics” sell for no more than most competitive unsealed
instruments ... and theyTe being delivered in ever-increasing quantities.
Write for our 12 - page brochure.

MARION ELECTRICAL INSTRUMENT (0.

MAMCHESTEF, NEW HAMPSHIRE

EXPORT MMVISION 458 BROADWAY - MEW VORK 13, N.Y. U.$. A
CABLE ADIRESS: MOR-ANEX

February, 1946
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SPINTITE SET.
Chuck Type Handle with
Reamawl, 3 Screw Drivers,
7 SPINTITES, Insulated
Neutralizing Alignment
Wrench, and 2 Pliers, all
in a Leatherette Roll. . . .
A Positive need in every
RADIO, HOME and
ELECTRICAL sHoOP.
A Fascinating, Fast-Moving
Item for thousands of stores.
Your good jobber has it... ¢
WALDEN

WORCESTER

td

K

Send for Catalog No
141 picturing a full hne
of Automobile, Aircraft
and Radw Tools

STEVENS \H‘AI.IIII. INC.
468 SHREWSBURY STREET

WORCESTER, MASSACHUSETTS
14

S POT

George P. Adair, chief engineer of
the commission, pointed out that the
need of meeting unprecedented expan-
sion in all phases of electrical com-
munications is throwing a tremendous
burden on the engineering department
and the lack of staff is retarding the
processing of applications.

In the broadcasting field alone, the
commission has on file 463 applications
for new standard stations, 211 applica-
tions for changes in existing standard
stations, 707 FM applications, and 142
television applications. In addition, the
commission is receiving many applica-
tions for experimental authorizations,
all of which will definitely require
careful study.

Of the AM applications on file, FCC
has designated 231 for hearings in 61
consolidated proceedings, and consoli-
dated nine more applications requir-
ing four additional hearings. Because
of the heavy load, hearing dates for
these cases have been set on a stag-
gered basis over a period of four
months. Late in November, the com-
mission placed in the pending files an-
other group of 18 AM applications
involving breakdowns of existing clear
channels and notified the interested
parties that their applications would
not be further processed until after
the clear channel hearing, starting
Jan. 14, has been concluded.

Among the AM applications on
which no action has yet been taken,
a considerable number probably can
be granted without a hearing. Where
it develops, however, upon a detailed
examination that a hearing is neces-
sary, an effort will be made to sand-

‘wich the hearing dates in among the

groups to be heard during the next
four months. The commission has
made 174 conditional FM grants and
designated 11 FM applications for
hearing. The remaining 522 applica-
tions for FM stations will be processed
rapidly.

MANY FM APPLICANTS and other
members of the public have asked
FCC for information on the cost of
entering the FM industry. Because
of this interest, FCC has addressed
telegrams to equipment manufactur-
ers to determine the probable cost of
FM equipment.

From replies to the telegrams, the
commission hopes to be able to furnish
more reliable estimates of the cost
of building an FM station. In the
absence of price quotations on equip-
ment to operate in the 88-108 mc. band,
FM applicants necessarily have been
forced to use cost estimates made dur-
ing the war and based on prewar prices
for equipment built to operate in the
42-50 mc. band.

ACCORDING TO AN FCC AN-
NOUNCEMENT, tests by its engi-
neering laboratory- at Laurel, Md.,
have established the exact opposite of
the Zenith Radio Corporation claim
that FM operation in the higher band
allocated requires substantially more

www americanradiohistorvy com
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power. Excerpts from the FCC report
follow:

“Field intensity measurements of a
low-band FM station and a high-band
FM station of comparable power, both
located in Washington, D. C., showed
negligible difference in signal strength
at the FCC laboratory, a distance of
approximately 20 miles, in spite of the
fact that the low-band station W3XO
(43.2 mc.) enjoys a distinct advantage
in having an antenna more than 200
feet higher than W3XL (99.8 mc.).
The commission engineers are of the
opinion that if the two antennas were
of the same height, the field strength
of the station operating in the new
high FM band would exceed that of
the old low FM band station.

“It is recognized that neither the
commission tests nor the Zenith tests
are conclusive on the question of
power. Subsequent tests may estab-
lish that somewhat higher power
might be desirable in the new band.
However, there is no warrant for any
such conclusion on the basis of the
limited data now available. From
what is known today, it appears that
the power requirements for the new
band will be substantially the same as
requirements for the old band.

“The FCC tests show that the con-
clusions which have been drawn from
the Zenith tests are not sound. More-
over, it is misleading to discuss only
one phase of the problem, namely,
power, which can be greatly reduced
if antenna structures are designed for
high gain and placed at high locations.
For example, a New York station
whose antenna is located on the top of
the Empire State building need only
use 1.6 kilowatts of power to render
service comparable to that of a 20
kilowatt transmitter feeding an an-
tenna at a height of 500 feet.”

The commission stressed that its
reason for moving FM broadcasting
from the 40 to 100 mc. region was to
minimize sky-wave interference. The
important point is that no sporadic E
interference of the type found in the
old band has been observed in the new
FM band. This will benefit listeners,
particularly in rural areas.

VARIABLE CONDENSER MANU-
FACTURERS have won their fight
for a higher price increase factor. The
OPA, which on Oct. 11, established 13.5
per-cent as the increase factor on such
radio condensers, early in December
upped the figure to 16.5 per-cent. Rea-
son for the change is that when in-
crease factors for other radio parts
were set, makers of variable condens-
ers had not furnished satisfactory cost
data to OPA.

MANUFACTURERS OF RADIO
SETS are overwhelmingly in favor of
using the FCC channel number desig-
nations, rather than frequency wave-
lengths, on dials of new FM radio re-
ceivers. The FCC adopted the new sys-
tem of numbering channels after a con-
(Continued on page 130)

RADIO NEWS
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YOU CAN BUILD .
FASCINATING EXPERIMENTS

S ALL OF THESE
RADIO PARTS

)
L ’\'

. FASTER-EASIER
AT HOME

See how DeForcest’s fascmatmg SHOP METHOD Radio

e aaet b e

At home—in your spare time—you get real Radio experience
from these many inferchangeable Radio parts and sub-assem-
blies. DeForest’s handy “Block System” eliminates unnecessary
mechanical work; the convenient spring clip connections save a
great deal of time. You quickly build Radio mrcuts that work.
You experiment with Phcto-Electric Cell “Magic” ..a 5 tude
Superheterodyne Receiver . . a Radio Telephone, and scores of
other fascinating projects. thtle wonder learning Radio at home
is so practical . . effectlve and real fun—with DeForest’s mod-
ern ‘Home Laboratory

YOU USE “LEARN-BY-SEEING”
MOVIES!

for

NESS

VETERANS!

Bir things ere hap-
peaing at DeForest’s
veterans! See
how we can prepare
you WITHOUT
COST for a GOOD
JCB or a BUSI-

OWN in the vast
Radio-Electrenic op-
pertunity field.

Training at home can help you toward a good start in the
Billion Dollar Radio-Electronic Field. Write for DeForest’s
BIG FREE book, “VICTORY FOR YOU!” that has helped
many to good pay jobs. You'll be surprised at the oppor-
tunities ahead in F.M. Radio, Aviation Radio, Broadcast
Radio, a Profitable Business of Your Own, Motion Picture
Sound Equipment, Llectronics—plus the exciting future
possibilities ahead of Television, Radar, ete.
YOU Get “ALL THREE” With DeFOREST’S
Where else can you get such a combination of PROVED
MAJOR training features as—(A) modern loose-leaf lessons
prepared under the supervmlon of Dr. Lee DeForest, often
called the “Father of Radio;” (B) the use of “Learn by See-

OF YOUR

Think of the pleasure, as well as help §
you get from the use of this DEVRY
Motion Picture Projector and exciting
“movie”” TRAINING FILMS. You
will be surprised how much faster . . .
easier . . . Home Movies help you un-
derstand Radio-Electronic
fundamentals, Here’s a pre-
ferred training method of to-
morrow— yours today. See
the principles of what you're §
learning—in motion . . W
ANIMATED! See circuit ao—
tions otherwise hidden from
the eye. You get this big Radio home
training advantage—exclusively with
DeFOREST’S. So act now! Mail
coupon for complete detzils.

DeFOREST'S

TRAINING, INC.

ILLINOIS

CHICAGO,
¥ebruary, 1946

WA Ty PR Zout IEEN WD S s G ONEN VRN

ing” home movie films and a genuine 16 mm. DeVRY
MOVIE PROJECTOR—and (C) eight big kits of
“Home Laboratory” Radio parts to give you val-
uable practical Radio experience—at home.

You Also Get EFFECTIVE EMPLOYMENT
SERVICE . . . to help you get started toward a Radio-
Electronic ]ob or a business of your own. Residential
training in our Chicago laboratories also available!
DEFOREST'S TRAINING INCLUDES INSTRUCTION
IN MOTION PICTURE SOUND EQUIPMENT, FM
RADIO AND TELEVISION . . .

/

DeFOREST’S TRAINING, INC., Dept. RN-C2
2535-41 N. Ashland Ave., Chicago 14, Illinois, U.S.A.

Send—FREE and WITHOUT OBLIGATION—illustrated book,
“VICTORY FOR YOU” and KIT SUPPLEMENT, showing how
Home Movies and Home Laboratory can speed my preparation for
a place in the Radio-Electronics industry.

Name Age
Address.
City Zone State

O If under 16, check here for special information.
OIfa d.lscharged veteran of World War I, check here.

www americanradiohistorv com
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HOW WE “ADVERTISED”
in JAPAN

Shown here are only 333 of the 9,675
Copacitor and *Koolohm Resistor types
engineered by Sprague and produced
in 1944 —most of them for war re-
quirements of the most exacting sort.

FROM RADAR TO THE ATOM BOMB AND VT FUZE

How good are Sprague Capacitors and *Koolohm Resistors?
Ask the Germans! Ask the Japs! From radar to the atom bomb
and VT (radio-controlled) fuze, those nations got the most
convincing evidence of electronic component quality the world
has ever seen. And were they convinced!

Today with Sprague Capacitors and *Koolohm Resistors coming
back on the civilian market in goodly quantities you’ll also be
convinced—but in a much more pleasant way. Every Sprague
unit you now buy brings you full benefit of a wartime engineering
record unsurpassed in the entire component field. Sprague
Capacitors and *Koolohm Resistors are “tops”— because an
unparalleled program of engineering makes them that way.
*Trademark Reg. U. S, Pat. OFf,

SPRAGUE PRODUCTS COMPANY, North Adams, Mass.

(Jobbing Distributing Organization for Products of the Sprague Electric Co.)

G

CAPACITORS FOR EVERY SERVICE, AMATEUR AND EXPERIMENTAL NEED

16 RADIO NEWS
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Get Immediate Deliveries of All Types for
Standard Radio and Other Replacements

Now you can bring many thousands of good, serviceable battery-
powered radio sets back o life. Portables—Farm Radios—"carry-
about” sets! Here are the batteries you need to bring in this flood
of profitable service and parts business. Order now and #// your
customers to come on the run for the batteries they need.

In batteries as in other products, N. U. quality helps you build
for the future. The patented construction of N. U. Batreries
permits more active materials—more service hours per dollar.
Every N. U. Battery is engineered to the highest initial equip-
men: standards and is designed for universal replacement.

PLACE YOUR BATTERY ORDER TODAY—with YOUR N. U. DISTRIBUTOR

Renew with N. U. . .. the quality line that brings
repeat sales at full profit to radio service men!

NATIONAL UNION RADIO CORPCRATION, Newark 2, New Jersey

NATIONAL UNION

RADIO TUBES AND PARTS

February, 1946 L
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Newly designed in every detail . . . magnets, hous-
ings, magnetic structures, voice coils and cones . . . and
incorporating the new and powerful AUMEO 5 magnet

material, this new family of PM speakers will add an imposing
and important series of speakers to the JENSEN line.
These new models are now being tooled for production and, when

ready, complete specifications and prices will be issued to the trade
in Data Sheet TD-133. . . . Waich for other postwar innovations

soon to come from the JENSEN laboratories.

JENSEN RADIO MANUFACTURING COMPANY, 6617 S. Laramie Ave., Chicago 38, Ul
IN CANADA: Copper Wire Products, Lid., 138 Oxford $i., Guelph, Ont.

SPEAKERS WITH

'ensen

RADIO NEWS
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eliy strikes a
happy note-

Felix has his share of worries, just like every other
radio man . . . work piling up, parts hard to get; over-
head mounting, hours shrinking into minutes. In fact,
when you think about it, this should be a picture of a
. well-disgruntled service man.

Then, what's the smile for? Last month Felix read
about the C-D Capacitor and straight *way bad his
name added to our mailing list. (Didn’t cost him a
cent). Now look at him, after reading only one issue!
What did he discover? A practical service story that
opened his eyes to a quick, easy way of cracking a
tough-nut problem. What a break!

Maybe you’d like to join our bappy family of Capacitor
readers? Then do as he did. Write to “The Capacitor”,
Cornell-Dubilier Electric. Corporation, South Plain-
field, New Jersey.

COLOR-CODE CHARTS FOR YOU! DO YOU HAVE THIS CATALOG?

Another C-D belp. These
charts are available in two
useful sizes; one for your wall
and one for your pockel. Both
include Army - Navy coding
and RMA standards, Ask
your local jobber for a set.

Here at your fingertips is all
the information you need on
capacitors., Smart servicer's
remember only one line . . .
one name for their capacitor
needs: Cornell-Dubilier. Send
for Catalog #195.

STOUT HEARTED BEAVERS

Small in physical dimensions;
giants in quality. Even when
you wuse them in hbeat and
bigh bumidity, these little
Blue Beavers are “all there”.
They're Jobnny-in-the-spot
for small space mounting,
too.Ask your jobber.

MICA * DYKANOL PAPER ¢ ELECTROLYTICS

JOBBER DIVISION: NEW BEDFORD, MASS. Other plants at So. Plainfield, N. J., Worcéster, Mass. and Providence, R. I.
February, 1946 9

G
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in any equipment when the fr
source is a BLILEY CRYSTAL

Anyone familiar with radio fre-
quency applications knows that
the name Bliley on a crystal means
original engineering for a specific
job. True—Bliley builds crystals
by the million—but Bliley crafts-
manship was never gained through
mass production.

Fifteen years of interpreting the
needs of communications engi-
neers, personalized attention to
their individual problems, has
provided the engineering back-
ground and experience that has

CRYSTALS

‘Crystals all that proved good in

'{3&'[’?1/ |

_CRYSTAL

o : 1
mberarunt. sTABI

ver; AN 1o

ency

made possible consistent quality
production.
In the current line of Bliley

wartime models has been retained,
with Important refinements for
peacetime applications. New
types have been added—more are
on the way.

Make it.a habit to consult Bliley
engineers on all of your frequency
control problems. You will benefit : :")::sm_ ek H
from this mark of quality in your i )

Suiey eecrric” company, srie. P
- V.S A
equipment.

Bliley
CRYSTAL

TEMPERATURE STABILIZER

TYPE TC91—This new Temperature Stabi-
lizer is just one of many products described
in a new Bliley bulletin. Write for your copy.

Ask for Bulletin gN.27

BLILEY ELECTRIC COMPANY . UNION STATION BUILDING, ERIE, PENNSYLVANIA

20

RADIO NEWS
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To measvure is 1o know

Twenty-five years ago, one standard of
sound power was the ticking of a watch,
another was the clicking of two coins;
and the measure was how far away the
tick or the click could be heard. That
test was made in measuring people’s
hearing, a field of interest to the Bell
System scientists because the ear is the
end-point of every talking circuit.

Accustomed to exact measurements,
Bell scientists proceeded to develop a
method of measuring hearing-sensi-
tivity in terms which could be precisely

Hearing was first measured reliably
by engineers in tha Bell Teleghone
Laboratories

BELL TELEPHONE

For good reception, program loud-
ness must stay within certain limits.
Volume-meters help to hold it there

defined and reproduced. After plotting
hundreds of runs like those above, they
decided on a particular sound intensity,
representing an average “threshold of
hearing,” as a starting point.

The sounds delivered by a telephone
line had previously been evaluated by
listeners who compared their loudness
with that of a standard source. There
were wide variations in ears, as the
chart shows, so the engineers replaced
them by electrical instruments. When
later their associates developed the

Western Electric radio and public
address systems, the necessary measur-
ingcircuitswere promptly forthcoming.
Addition of a standard microphone
made a noise. meter, widely used in
quieting airplanes and automobiles.

“Through measurement to knowl-
edge,” said a famous Netherlands
scientist. The principle finds wide ap-
plication in Bell Laboratories, whether
the quest be for a way to measure
sound, a new kind of insulation, or
more economical telephone service.

From the throat of th
raid siren comes the
tained sound ever

LABORAT

is mighty air-  Visible Speech, result of telephone

loudest sus-  research, turns sound into “/pictures’’
produced that the deaf can read
ORIES

Exploring and inventing, devising and perfecting for continved improvements and economies in telephone service

February, 1946
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Get Ready for
POSTWAR

RADIO

ELECTRONICS AND

TELEVISIONVOW/

with modern

Great strides of progress have been made
during the war. New equipment, methods, uses
have been developed. Keep in the lead yourself

SHOP METHOD HOME TRAINING

BY A GREAT ESTABLISHED RESIDENT SCHOOL

NATIONAL SCHOOLS
HAS BEEN BRINGING OP-
PORTUNITY TO AMBI-

TIOUS MEN FOR MORE
THAN A THIRD OF A
CENTURY. Above and to
the right are two depart-
ments in this great school
where modern developments
are analyzed to provide Na-
tional students with first-
hand knowledge of short
cuts and trade secrets. For
full details fill out the
coupon.

The very essence of National
Shop Method Home Training is
EXPERIENCE. You get to know

first-hand knowledge of
bow instruments work
by a sound analysis and
construction system.
You build a beauti-
fully toned, high fidel-
ity, long distance mod-
ern superheterodyne re-

tronic progress.

tional institution.
page for complete details.
bring you this type of training for only National
has the shops, equipment and experimental labo-
ratories for the development and extension of the
system.

Take your place in the forefront of Radio, Television and Elec-
Get your share of the NEW business.
tions and improvements—walkie-talkies, radar, aircraft control
and communications—will quickly be adapted to civilian use. F.M.
is winning almost universal acceptance and use.

Everywhere you turn new and important changes in the field of
Radio are being put into operatlon every day. Television is rap-
idly being perfected. Electronies is being applied to industry and
better living. The successful technician MUST KEEP UP WITH
PROGRESS if he is going to be sure of his job—GET AHEAD IN
BUSINESS.

National Schools presents a Radio and Elec-
tronic training system geared to the rapid ad-
vancement of the industry itself. Here is an ex-
clusive home training system based on the shop
methods as practiced in one of the World’s fore-
most vocational education centers—the actual
shops and experimental laboratories of this Na-
Send the coupon on the next

War inven-

Only National can

ceiver from the parts
furnished with your
course. In this way you
have a thorough under-
standing of the super-
heterodyne principle.

Use This Modern Electronic Laboratory

signal generation by
building yourself a
small, operating radio
transmitter with Na-
tional parts. You get

to know and understand
the process of creating

audible signals by elec-
tronic means by con-
ducting experiments
with a National Audio
Oscillator.

You conduect cathode
ray experiments to gain
a first-hand knowledge
of the operation, repair
and maintenance of
Television equipment.
Hundreds of experi-
ments may be per-
formed to gain first-
hand experience with

Radio and Television circuits by You learn modula- your National labora-
building them yourself. You get tion, beat frequency and tory equipment.
22 RADIO NEWS
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New Equipment

Every day you learn of new
types of radios and improved
television—new electronic de-
vices. Fac-simile, F.M., Radar,
Sonor—all present new prob-
lems of manufacture, operation
and maintenance that demand
training and experience. Con-
sider your advantages if you
have the necessary preparation

Think what all this great progress in Ra-
dio, Electronic power and control and Tele-
vision means to YOU PERSONALLY—you
who are already in Radio or have a natural
inclination toward it. The greatest oppor-
tunity of a lifetime is right within your
grasp.

Compare the job you now have or expect
to get when you are out of service or your
present war job with the great future pre-
sented you by the broad field of Electronics.

Literally tens-of-thousands of technicians are

needed in Radio and Television stations and com-
munications companies all over the country—to

operate, maintain and repair equipment. The man .

who knows modern methods and equipment is wel-
come almost at his own price.

Latest figures show that Radio represents a
S-billion dollar industry and, in the opinion of ex-
perts, it is a secure, well established, basic type
of business offering steady employment. Tele-
vision, according to authorities, offers half a mil-
lion openings right at the start. The man trained

to tackle this work. 5

NEW OPPORTUNITIES B33

New Fields

Electronics is already & most
important fector in industry.
Many manufacturing processes
depend on elzctronic controls—
employ electronic processes. In
medicine and agriculture too,
electronies is being used exten-
sively. Are you ready to cash
in on this development in a field
that is so clese to radio?

New Hook-Ups

The relatively simple wiring
of the radio receiver of a few
years ago is as out-of-date today
as one of the first automobiles.
The new Radio and Television
set3, and Electronic devices de-
mand a thorough knowledge of
new principles. National brings
its students the results ¢f con-
tinuous research and improved
methods.

in modern Electronics CAN CHOOSE THE KIND E
OF INDUSTRY HE WANTS-—THE PART OF THE L

COUNTRY HE PREFERS AND THE KIND OF PO-
SITION MOST SUITABLE.

You Want Action

With this amazing speed-up training you can
progress just az quickly as you wish—start tak-
ing advantage of your new found knowledge and
experience in a very short time. Send the coupon
below and learr the facts about this great edu-
cational development. Try out the FREE SAMPLE
LESSON and see for yourself what you can accom-
plish so quickly and easily with the remarkable
SHOP METHOD HOME TRAINING.

In a few months—perhaps only weeks——you
may start making good money; maybe accept a
BIG PAY JOB in industry-——GET INTO A PROF-
ITABLE, LIFETIME BUSINESS OF YOUR OWN,
with little or nc capital investment.

Take the first step now. Fill out and mail the
coupon below.

National Shop Method Home
Tratning wins good jobs, in-
dependence and secur: quick-
1y. Take the word of Na-
tional men who have estab-
lished records in their favorite
Radio. Television, or other
tranches of Eiectronics:

endorsement:

2ood work.’"
[ & Joseph Grumich,

Here Are Some Samples of Success
in Radio by National Graduates

From O. K. Ivey,
Washington,
D. C.. comes this

believe National
offers the best

course to be had )
. Keep up the

Here is an inter-

esting forecast of the
future of Radio and
the opportunities pres-
ent for you in this, and
allied fields right now.
It is profusely illus-
trated and describes the
jobs waiting for trained
men everywhere. Send
the coupon below for
your copy.

oy

LOS ANGELES 37, CALIFORNIA E£ST7.1905

Lake Hlawatha. Robert  Adamsen
New Jersegy Kearney, Nebras-
writes: My lat- ka, National grad
est offer was $5,- uate, has two ra- ]
& 800.00 as Radio dioc fobs — makea 1 r ste
Photo Engineer donble N I Nationa| Schools, Dept. RN-2 (Mail in envelope or past (]
- t I'm radio  instruetor 4000 South Figueroa Street, Los Angeles 37, California on penny post card)
doing well where and as engineer l Mail me FREK the two books Mentioned in vour ad including a samPle lesson of your course. I
i am now engaged. I am at Station KGFW.  understund no salesman will call on me.
deeply indebted to Nattonal.’ He writes: “I am proud ot l
my National training and ap. I
Here's a state. preciate the cooperative I
ment from R. R. <pirit.”” I ~ame ... a6 Tt 5 s T e VR VYT T T TR G T A e 3 AGEN e ars 08 2T ¥
Wwright, Black- '
foot, Idaho: ““Due l
to my training st flead what hundreds of other
National I was enthusiastic students have I ADDRESS eoumiervntuir s tr it ne s s s s s e e e e e [ ]
selected to In- written about Nationat Train.
etruct in the lab- ing. Send in your coupon I
oratory work of today. I T STATE
Navv and Marines.*’ CITY e seeneancnasicsassosncrcssonevnssnavassesoasasass STATE.. .o esnesnseiooans
I Include your zone number I
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professional receivé} is un-oufsfundmg ‘value. 1t is
built by craftsmen who specialize in communication

Frequency
31—-.54
Megacycles equipment. The HQ-129-X has endless improvements
which are fully described in an eight-page booklet ..
Write today for complete technical information.
'«.‘,\G‘ 004(,
E =
'\
et e THE HAMMARLUND MFG. CO., INC., 360 W. 34™ ST., NEW YORK 1, N.Y.
MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT
RADIO .\'E““S
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Fig. 1. TWA electrcnic specialists ex-
amine the first of v.b.i. transmitter and
receiver units that are to be installed
over its transcontinertal rout: to form
a nationwide commaunication network.

ecquipment and personnel.

/e

v

ELECTRONICS
in AVIATION

Aviation industry opens up a rapidly expanding field for eleetronie

Aunthors discuss the various applications

of the innumerable wartime electronic developments in this field.

been contributed as a result of

wartime accelerated research
programs and it is not possible in a
single article to do more than review
the highlights of this fertile field.

In commercial operations, as well
as in private planes, the radio set is
a considerably more important piece
of equipment than it is in the field of
entertainment. In aviation it is an
instrument upon which life itself de-
pends. If civilian flying expands to
the extent anticipated, traflic control
at airports will be a serious problem
and constant communication with
every ship will be vital. For this rea-

lNNUMERABLE new devices have

February, 1916

By
JOHN D. GOODELL
and
DONALD J. COLEMAN

son, airborne radio equipment should
never be permitted to enter into a
price competitive situation that will
lead to undependable construction.
It should be the concern of federal
lawmakers, insurance companies, and
the entire radio industry to see that
action is taken along the lines of li-
censing the manufacturers in accord-
ance with established specifications.

The C.A.A. Approved Type Certifcate
issued to manufacturers whose equip-
ment has been tested by that organi-
zation is an excellent basis for a rigid
program, but the people who think in
terms of immediate  profits can be
controlled only by legal restraint.

It is important that designers pro-
vide convenient methods of rapid
servicing. Flying is a means of ac-
celerated travel; the emphasis is
constantly on speed, and commercial
schedules are bound to become more
intense under increased competition.
Private flyers will inevitably become
careless of the upkeep of their equip-
ment, precisely as they are of the

25
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Fig. 2. A Honeywell test pilot in

the cockpit of a B-17 airplane. He is
shown making adjustments on the con-
trol panel of the electronic Autopilot.

brakes on their automobiles. In the
development of radio and radar sets
for the armed forces, a great deal of
pressure has been applied to secure
convenient servicing arrangements.
A little consideration of these prob-
lems in the physical layout of com-
ponents and the deliberate introduc-
tion of standard test points will save

Fig. 3.

Honeywell Formation Stick. as installed in a B-24.

endless hours of wasted effort in main-
tenance work. The intelligent place-
ment of a shorting switch to check
specific circuits, the installation of
hinged chassis compartments for ease
of inspection, and plug-in‘design of
complete circuits are examples of the
approach to these problems. It is ob-
vious that a convenient test will be
made more often than a laborious one.
Preventive maintenance is the most
important program of the aircraft
radio technician.

Radar

With regard to the application of
this highly publicized field of elec-
tronics in peacetime practice, it is
worthy of mention that many aspects
that are invaluable for warfare would
be an inefficient approach to problems
of commercial and private flying. In
devices developed primarily for com-
bat conditions, the entire purpose is
to locate and destroy enemy ships that
are doing everything possible to evade
detection. This involves intricate cir-
cuits and equipment that is physically
large and heavy, as well as costly. The
economic factor is of little conse-
quence if even a small advantage over
the enemy is gained, but considera-
tions of extreme accuracy are not
likely to be of equal importance in the
postwar use of similar devices. Com-
mercial and private planes flying in
peacetime are not trying to evade de-
tection. On the contrary, they may
be equipped with simple transmitting
devices that will automatically make
their presence known.

This does not mean that radar will
not play an important part in peace-
time aviation programs. It is intended
only to indicate that the problems are
very different and that the planning
must be in different terms.

It is

a one-hand. electronically operated control device enabling the

pilot to maintain closer flight formation with less fatigue.

26
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Certainly it is true that devices
developed on radar principles for de-
tecting the presence of obstacles, par-
ticularly in mountainous regions, will
have the same value in flying under
conditions of poor visibility as they
will have in maritime navigation. Ra-
dar equipment at airports will prob-
ably be required by law for purposes
of traffic control, even under condi-
tions of excellent visibility. By no
other means would it be possible for
a traffic control supervisor to be pre-
sented with so complete and accurate
a dynamic picture of events.

However, some of the projects that
have been publicized as future radar
possibilities are as ridiculous as Billie
Burke’s comment in a recent radio
program that she planned to have
radar control over the soap in her
postwar bathtub.

Cabin Temperature Control

The initial use of electronics by
Minneapolis-Honeywell was, quite log-
ically, in the field of temperature con-
trol. It was their interest in the
development of cabin temperature
controls that led to the many develop-
ments they have since pioneered in
other applications of electronics. One
type of cabin temperature control now
in use is installed on Douglas DC-3’s
in connection with heating systems
that use an exhaust heated boiler as-
sociated with a steam radiator in the
ventilating air duct. Originally these
systems were controlled by a damper
adjusted manually from a panel in
the front of the cabin. To enable
such a system to follow the rapid
changes in temperature to which an
airplane is subjected at various alti-
tudes would require the full-time
services of an operator. The auto-
matic Honeywell control system not
only readjusts the damper continu-
ously but actually makes the adjust-
ments required by outside temperature
changes before the effect of these
changes is felt inside the cabin.

This system operates on the tem-
perature coefficient of special alloy
resistance wire. The temperature
sensitive components are connected
so as to balance fixed resistors (of
zero temperature coefficient) in a
Wheatstone bridge with an amplifier
connected across the bridge. If the
resistance of the control elements in-
creases, the output of the amplifier
drives a motor that operates the
damper in a closing direction until a
balancing potentiometer restores the
bridge to balance. The reverse op-
erations take place if the resistance
of the control elements is less than
normal. The temperature sensitive
resistances are placed in a Cabinstat
and two Ductstats. The Cabinstat is
affected by the temperature of the air
in the cabin; one Ductstat is operated
by the temperature of the outside air
entering the heater, and the other by
the heated air as it enters the cabin.
These components are connected in
an interrelated manner so that the
damper is continuously adjusted to

RADIO NEWS
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produce the correct balance between
the outside air temperature and the
temperature of the air fed into the
cabin so that cabin temperatures will
be held constant. The accurate con-
struction of the temperature sensitive
devices and the high sensitivity of the
amplifier contribute to maintaining
the cabin temperature to within one
degree of the value for which the ap-
paratus is set by a selector control.

Autopilots

Automatic devices for accomplish-
ing the task of a pilot during flight
have been in use for a number of
years. The early instruments em-
ployed mechanical, hydraulic, and
pneumatic drives of various types, all
of which had disadvantages. It was
not until the introduction of electronic
controls, developed and manufactured
by Minneapolis-Honeywell, that the
Autopilot became an instrument ca-
pable of more accurate control of flight
than a human pilot.

The location of various components
is illustrated in Fig. 6. The horizontal
(directional stabilizer) gyro, which
functions to provide intelligence re-
garding left and right deviations from
the course, is mounted in the bom-
bardier’s compartment. The vertical-
flight gyro develops information with
respect to pitch and roll around the
longitudinal and lateral axes. Both
gyros are so mounted that their en-
closures move with the plane while
their rotors maintain themselves level
at all times. When an angle of the
plane deviates from normal, the arm of
a potentiometer fixed to the rotor of
the gyro, corresponding to the axes of
motion, acts to unbalance the elec-
trical control system. This unbalance
is fed through an amplifier to the cor-
responding servo motors. The servo
motors operate the cable drums, and
the cables adjust the necessary control
surfaces to compensate for the shift
from level flight. The electrical rela-
tionships in this circuit consist of a
Wheatstone bridge arrangement, and
the servo motors also operate poten-
tiometers to equalize the unbalance
produced by the gyro system. Thus
the amount of correction applied
through the control cables auto-
matically follows the electrical un-
balance of the gyro systems, which is
a function of the displacement of the
gyro enclosures from their normal re-
lationship to the rotors. As the plane
returns to level flight, the gyro po-
tentiometers gradually return to their
initial setting and this intelligence,
transmitted to the servo motors,
causes readjustment of the entire sys-
tem, including the control surfaces,
back to normal.

The foregoing is, of course, a sim-
plified description of the basic op-
eration. The system is capable of
operating rapidly enough to make a
correction in less than one-fifth of a
second. This instrument is not sub-
ject to emotional reactions or lapses
in reflex time, as is a human pilot;
furthermore, it doesn’t get tired.

KFebruary, 1916
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Fig. 4. Typical electronic de-icer timer.
This control unit may be adjusted to auto-
matically operate the de-icer boots in
cycles, timed 1o suit vcrious conditions
of ice formation and flight altitudes.
The de-icer boots are periodically in-
flated and deflated to break up the ice.

Actually it is capable of far more
consistently accurate control of flight
than any human pilot and, conse-
quently, is used during bombing runs
where the success of the bombardier’s
aim is dependent on the precision
with which flight control is accom-
plished. The Norden Bombsight and
stabilizer are associated with the Au-
topilot in such a manrer that during
bombing runs the bombardier’'s ad-
justment of the bombsight applies
electrical signals to acjust the Auto-
pilot controls in accordance with his
tracking of the target.

The control panel for the Autopilot
includes facilities for making auto-
matic turns, and asscciated devices

Fig. 5. Units of the electronic gasoline
gauge. Tube at right is the tank unit
which is mounted within a fuel cell and
immersed in the gasoline. Depth of gaso-
line is electronically measured and trans-
mitted to the gauge at left, which is
mounted on the plane’s instrument panel.

produce the degree of bank appropri-
ate to the sharpness of the turn.

The value of the electronic Auto-
pilot in peacetime applications in-
cludes relief for pilots from fatigue
and strain, and considerably greater
comfort for passengers because of the
constant correction for pitch and roll.

Eleetronie Formation Stick

The most recent addition to the fa-
cilities associated with the electronic
Autopilot is the Minneapolis-Honey-
well electronic control stick. This
pistol grip formation stick is shown
in Fig. 3 mounted in a Consolidated
Liberator B-24. 1t has subsequently
been installed in the B-29 Superfor-

Fig. 6. How autopilot units control airplane. With the development of this
electronically operated instrument, it is possible that the flight of a plane

can be more accurately controlled than if a human pilot were in charge.

Draw-

ing shows: (1) directional stabilizer. (2) p.d.i. pot. (3) dash pot. (4) direc-
tional panel, (5) banking pot, (6) rudder pick-up pot. (7) p.d.i.. (8) autopilot
control panel, (9) turn control, (10) vertical flight gyro. (11) elevator pick-
up pot. {12) aileron pick-up pot. (13) skid pot, (14) up-elevator pot, (15) aileron

servo, (16) amplifier, {17) rotary inverter, (18) rudder servo, {19) elevator servo.
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Fig. 7. Test bench set-up in the maintenance shop of one of our major air lines.

tress and other large aircraft. This
device is fully automatic and is so
designed that the Awutopilot accepts
intelligence from the motion of the
stick and acts to adjust the proper
control surfaces. The greatest ad-
vantage of this method is that the
pilot is no longer called upon to exert
great strength in order to move and
hold the controls under difficult flight
conditions. A one-pound pull with
one hand accomplishes tasks that pre-
viously required a force of approx-
imately 100 pounds exerted with
hands and feet. By reducing pilot
fatigue and increasing the sensitivity
of control, this method should result
in greater safety during peacetime op-
eration of large transport planes.

One of the important considerations
in close formation flying is the in-
creased turbulence of the air and the
consequent difficulty of maintaining
accurate flight control. It is some-
times necessary to maintain forma-

Fig. 8.
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Airplane engine, showing detonation pick-up unit
which can be attached to cylinders without piercing walls.

tions so compact that the wing tips
of the planes are almost in contact.
This involves conditions that may re-
quire the full strength of both pilot
and co-pilot to hold their proper for-
mation position, with the result that
they arrive over the target in a state
of fatigue and are unable to function
with full efficiency.

The electronic control stick and its
associated components are so designed
that only a few minor wiring changes
are necessary.to make installations on
any aircraft already equipped with
the Autopilot. An interesting feature
of the design includes a mechanism
to provide the necessary physical reac-
tion to the pilot so that he can feel
the action of the controls.

Ceilometer

It is interesting to note that elec-
tronics is an art that may be thought
of as a sort of problem solver for
other sciences. The Ceilometer (Fig.

Fig. 9. G.E.
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“Novalux”
used to determine cloud heights with extreme accuracy.

9) which is used to determine cloud
heights accurately for the information
of pilots, is an excellent example.
Previously, cloud heights were deter-
mined at night by training a search-
light vertically to produce a bright
spot of light on the clouds. Then an
observation was made at a known
distance from the searchlight to ob-
tain the angle necessary to solve for
the height by simple triangulation.
In daytime the background light ob-
scures the image and the method is
useless. In the Ceilometer the ingen-
ious application of electronic circuits
has solved the problem while retain-
ing the same basic principles.

A beam of light approximating 32
million candlepower is produced from
a mercury arc quartz tube of cigarette
dimensions in a special projector pro-
vided with forced air-cooling nozzles.
This narrow beam of light, modulated
over 90% at 120 cycles-per-second, is
projected straight upward. A thou-
sand feet away the Ceilometer is lo-
cated and operated so that it scans
the light beam vertically. When the
light beam is reflected from a cloud,
a portion of its modulated energy is
received by the photoelectric cell in
the Ceilometer. The total output
from the photocell includes the volt-
ages generated as a result of the day-
light as well as the 120-cycle signal
energy. All of this is fed through a
pre-amplifier to an amplifier with a
100-cycle bandwidth. The amplified
output is then applied to a discrimi-
nator circuit that functions as an elec-
tronic commutator by chopping the
total input into pulses that are syn-
chronized with the positive half of the
120-cycle component. This means
that all other components retain a
negative and positive swing. An RC
circuit with a long time constant in-
tegrates the 120-cycle component
while the interference, which averages

(Continued on page 131)

Ceilometer. This instrument is
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ypotting and Repeating

RECORD PLAYER

A simple, low-cost combination word
spotter—record player is now ready

for the nation’s schools and colleges.

By R. 11. BAILEY

Fairchild Camera & Instr. Corp.

HIS new classroom teaching ac-

I cessory, known as the Language

Master, is basically a record-
player with a device that permits ac-
curate spotting and repeating of any
desired passages on a record for analy-
sis. Thereby it eliminates playing en-
tire records through.

For classroom, library, or private
study use, it can, if desired, be used
with a pair of crystal headphones
without amplifier, so as not to disturb
other occupants of the room. It can
also be plugged into a radio without
any re-wiring necessary, for record-
playing.

The record player comes complete
with synchronous motor driving the
turntable at 78 r.p.m., standard crys-
tal pick-up, spotfing mechanism, 3-
tube amplifier, and 5-inch permanent
magnet dynamic speaker. The ampli-
fier is optional.

Its design was conceived shortly be-
fore the war by Dr. Wentworth D.
Fling, then a young professor of ro-
manee languages at Hamilton College.
In teaching his students, he made ex-
tensive use of sound recordings. These
foreign language records, he found,
enabled the pupils to play back in-
tricate phrases and sentences again
and again until mastered. Nothing
startlingly new, this method is an in-
valuable short-cut in obtaining aural
education in the languages being
studied.

Unfortunately, however, his students
were forced to waste time, when play-
ing the records, in searching for dif-
ficult passages they needed to play
often. They naturally could not hit
the exact grooves they wanted on the
records without considerable trial and
error. Frequently they had to repeat
an entire record two or three times
before they were successful. Eventu-
ally the college’s valuable collection
of foreign language records became
exceedingly scratched and worn.

February, 1946

This record player features a 78 r.p.m.
synchronous motor. standard crystal pick-
up, three-tube amplifier. and a five inch
permanent magnet dynamic speaker.

This annoyed Dr. Fling, so he began
investigating the market for a so-
called word-spotter that would mark
out the desired portions on a record,
enabling the student to quickly and
accurately play them. The only de-
vices of this kind, he soon discovered,
were costly, highly elaborate machines
so cumbersome and unwieldy they
were impractical for classroom use.

Being of an inventive turn of mind,
and knowing the general principles of
radio and phonograph construction,
Dr. Fling decided to build a word-
spotter of his own. After months of
work and experiment, he rigged up a
simple combination of record player
plus spotting mechanism that evolved
into the present commercial model.

Besides his initial model for his stu-
dents’ use, Dr. Fling has built several
such record players, adding improve-
ments from time to time, and these
home-made units are in use at such
institutions as Columbia University
and the Hill School, Pottstown, Pa.,
where they have been of help in lan-
guage and music classes since. Word
rapidly got around that here was an
unusual and practical teaching device.

The war interrupted Dr. Fling’s am-
bitious plan to manufacture his device
commercially, even though it had be-
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gun to sell at an accelerated rate.
But the record player was never for-
gotten, even though material short-
ages prohibited its manufacture.

While at Hamilton, Fling conducted
several interesting experiments with
his invention. Making use of the col-
lege’s extensive record library, he in-
dexed all passages he especially
wanted his students to note through-
out each semester. This was a time-
saver. When lecturing before his
classes, he was able to place the rec-
ord on the turntable and, by means of
the spotting device on the record
player, to pick out the specific sections
he wanted to comment on. Eventu-
ally the students used the same tech-
nique by tabulating any additional
passages they needed to brush up on
occasionally.

When he was able to build several
record players for his own classroom,
Dr. Fling constructed them so that all
were uniform, in that tabulations ap-
plying to grooves on a record used on
one specific machine would apply
equally accurately on a second and
a third machine. This interchangeable
feature remains in this record player’s
design.

By use of records and the spotting

(Continued on page 127)
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By

Lt. HUGH LINEBACK,
USNR

A Writing

ig. 1. Nlustrating the clearness of
the writing as it appears on the cen-
ter of the cathode-ray oscilloscope.

Although nevel, this writing cathode-

ray tube helps in teaching students

the development of *scope patterns.

CATHODE-RAY TUBE

VEN though many pieces of
E equipment using the cathode-

ray tube do not require that the
operators have technical training, it
is helpful for the user to understand
how the patterns on his ’scope are
formed. For demonstrating this tube
to operator’s classes, the apparatus
described here gives an effective pres-
entation. After an introduction cov-
ering briefly the construction and

Fig. 2. Circuit used in the operation of the photoelectric cells.

theory of these tubes, the electron spot
is shown on an oscilloscope and move-
ment by changing voltages demon-
strated. Then suddenly what appear
to be random motions on the screen
begin to make sense by tracing out a
word—in handwriting. This novel
presentation has a bit of theatrical at-
mosphere and never fails to bring
forth exclamations of surprise from
the class. Fig. 1 is a photograph of

A regulator

tube is provided to maintain a constant voltage on the photoelectric cells.
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such a pattern. The writing appears
fuzzy here because of voltage changes
during the exposure.

Fig. 5 shows the device for providing
just the proper voltages to the proper
plates at the proper times. It consists
of a rotating transparent disc carrying
two sound tracks which are scanned
by light beams. Photoelectric cells
cause voltage variations which cor-
respond to the vertical and horizontal
components of the written word.

Plotting the tracks for the record is
the most tedious part of building the
apparatus. First the word is written
in fairly large letters on squared
paper. Points about half an inch
apart are marked off along the trace
and numbered consecutively, as in
Fig. 3A. On a large circle, a section
of which is illustrated in Fig. 3B, two
bands several inches wide are laid out
and the width of each band divided
into tenths. The circumference is then
divided into equal parts to give as
many segments as there are points on
the original graph. Each one of these
points has a certain value for its

RADIO NEWS
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height and another value for its dis-
tance from the left edge. All of the
horizontal components are plotted in
one track and the vertical in the other.
For example, the horizontal compo-
nent of the starting point in Fig. 3A
has a value of 1. On the circular band
of Fig. 3B this point would be plotted
at the start of the divisions and its
distance from the edge would be 1
unit. In the same manner, point num-
ber 1 would be plotted on the first
division line of the circle and its value
would be 1.2 units. Point 2 would be
1.4 units out on the second division
line, and so on for each point.

The second band is used for the ver-
tical components and the plot should
be started 180 degrees from the begin-
ning of the horizontal track, since the
photoelectric cells are mounted dia-
metricaly opposite. The vertical value
for the starting point in Fig. 3A is
7.8; for point 1 it is 7.3; and for point
2 it is 6.7.

When all the points are plotted, and
the points in each band connected with
smooth lines, one side of each plot is
inked in solid black. A completed cir-
cular graph is shown in Fig. 4. With
the guide lines erased, the circle is
photographed in reduced size, so that
the track width is not over 3 of an
inch. The film is mounted between
clear plastic discs on the shaft of a
small motor. Several circles drawn
around the center of the plot will aid
in mounting the film accurately. A
motor speed of 1800 r.p.m. was used,
and this speed gives a flickerless trace.

Fig. 2 shows the circuit used on this
particular model. As 120 volt d.c.
mains were available, a separate
power supply was unnecessary. The
regulator tube gives a constant volt-
age for the cells and the condensers
bypass the ripple of the d.c. line.
Small 115 volt lamps were used for
the light source and, since the photo-
electric cells are sensitive to red, the
lamps were connected in series to re-
duce the heat in the enclosure. The
width of the slit for scanning the track
was not found to be critical. The wider
the slit, the greater the output and a
sixteenth of an inch seemed to give as
sharp a reproduction as narrower
beams. For an a.c. line a power sup-
ply could be used for the photoelectric
cell voltages, with a battery for the
exciter lights. Automobile bulbs or
some types of dial lamps might be
used, the filaments being aligned with
the slits.

In this model, the amplifiers in the
oscilloscope were used. If preampli-
fiers are used at the photoelectric cells
the load resistors would have to be
moved to the other side of the cells or
the writing would appear backwards.

On a large ’scope it might be desired
to write more than one word. A third
track and photoelectric cell would
provide for blanking out the spaces.
Fig. 6 is a circuit which includes this
feature.

When most observers see this dis-
play they begin speculating on some

(Continued on page 126)
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Fig. 3. (A) All letters are first plotted on squared paper and properly numbered.

(B) In plotting the tracks for the final *

‘record,” two large circles are employed.

This is the most tedious part of the work. Photoelectric cells are then used to
apply proper voltages to the horizontal and vertical sweeps of the ‘scope.

Fig. 4. Completed circular graph of the
word “Loran” after guide lines are erased.
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Fig. 5. Motor is used to rotate trans-
parent disc in the final scanning process.
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TEST INSTRUMENT

Fig. 1. This new improved v.t.v.m. provides
fifty-one total ranges of d.c. and a.c. volts
to above 100 mec., ohms through 2000
megohms, current from 1.2 ma. through
12 amperes, db. from —10 through 450,

HE known history of mankind

I reveals his increasing mastery of

the elements. The price of such
increasing mastery has been an ac-
companying increase in complexity of
life. Radio receivers alone illustrate
this point effectively. Thirty years ago
the best imaginaktle receiver consisted
of a one-tube regenerative detector
followed by two stages of audio fre-
quency amplification. The components
were so few, their functions so free of
interactive effects, that trouble shoot-
ing in such a receiver was simple. Re-
placement of dry “B” and recharging
of storage “A” batteries, substitution
of new tubes for old, and a cursory
knowledge of operation of a few sim-
ple circuits was all the service techni-
cian needed to set up shop.

Receivers of immediately prewar
vintage were a far cry from such sim-
plicity, not to mention the even more
marked simplicity of precedent “one-
slide tuning coil and crystal detector”
days. A typical high-quality 1940/1
broadcast receiver might include one
or more stages of r.f. amplification, a
first detector or mixer, a heterodyne
oscillator, one or more stages of i.f.
amplification, an a.v.c. system linking
most of the above circuits, a second or
audio detector, one or more stages of
a.f. voltage amplification, a push-pull
a.f. power amplifier, a power supply
rectifier and filter system, and a dy-
namic loudspeaker with separate sig-
nal and field-energization circuits. Ten
or more substantially different yet
closely inter-linked and inter-related
circuits, each with a multiplicity of
coils, condensers, resistors, switches,
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This versatile instrument

enables service technicians

to measure every voltage in
AM, FM, and television

receivers.

Fig. 2. These basic meter scales cover 39 of 51 possible ranges.. The remain-
ing 12 high-voltage d.c. ranges are read by multiplying center scales by 2.5.

and tubes confronted the service tech-
nician. An FM receiver might include,
in addition, limiter, discriminator, and
de-emphasis circuits — while a.f.c.,
amplified a.v.c,, and volume-expander
circuits were not infrequently encoun-
tered. Television receivers were, and
will be, even more complex.

It seems safe to state that with the
increasing complexity in receiver con-
struction necessary to yield the im-
provements in performance expected
in postwar receivers, be they AM, FM,
television, facsimile, or combinations
thereof, prewar service techniques and
instruments will be inadequate. The
old methods of interchanging tubes,
measuring a few power-supply and
heater voltages, possibly checking
alignment, must of necessity give
place to a thorough understanding of
circuit conformation, interlinkage and
functioning, and test instruments ade-
quate to localize troubles, reveal their
character, and so permit repair.

Specializing in receiver design and

www americanradiohistorvy com

production since the crystal detector
days of long ago, the writer has
watched the progressive development
of more and more complex receivers
with horrified fascination at the in-
creasing burden such development has
placed upon the service technician and
his equipment. Long ago he recog-
‘nized the inadequacy of available test
equipment and techniques to cope with
the situation in a logical manner. In
the design laboratory, where cost of
equipment is of quite secondary im-
portance and time was not invariably
of the essence, techniques direct and
effective when applied by skilled en-
gineers possessed of long training were
developed and successfully applied.
These involved investigation of the be-
havior of each individual circuit mak-
ing up one of many cascaded and
inter-linked sections in a receiver.
Equipment necessary to such analysis
was costly, complicated, and difficult of
operation due to inherent instability
which had to be compensated for by

RADIO NEWS
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frequent check and calibration of the
test equipment itself against even
more costly and complicated funda-
mental equipment standards.

The signal is the common denomina-
tor of the majority of circuits in every
radio receiver. Signal voltage should
appear in amplified form in each suc-
cessive circuit of a properly function-
ing receiver. Detectors do not usually
amplify the signal, but rather convert
it to a new frequency. They may be
checked by observing the amplitude of
the converted signal in terms of gain
or loss at their output. It is apparent
that if the service technician could
apply the laboratory technique of
measuring signal voltages, plus every
other voltage present in a receiver, he
would be provided with a rapid and al-
most infallible system of servicing. Re-
sistance, and occasionally capacitance,
measurements would also be neces-

sary, plus alignment of ganged or
cascaded tuned circuits. Alignment is
possible using a signal generator and
output meter. It is also possible to
obtain alignment by employing signals
at today’s broadcast stations which
are, in many cases, even more stable
in frequency than the usual signal
generator. The matter of providing
for complete measurement of every
significant voltage found in radio re-
ceivers has proved much more difficult
of practical, everyday solution. Yet, if
servicing and maintenance of complex
multi-circuit receivers is to be rapid,
simple, and modern, it must presup-
pose as a fundamental requirement the
ability to measure every type and
magnitude of voltage encountered in
postwar receivers.

In the course of over six years de-
voted to direction and supervision of
design, development, and production

of a wide variety of military radio
equipments, the writer was early
driven face-to-face with this basic
need of accurate and complete voltage
measurements.

Ordinary volt-ohm-milliammeters
leave much to be desired. Their d.c.
input resistance can seldom practi-
cally exceed 20,000 ohms/volt, while
the usual practice of employing cop-
per-oxide rectifiers to convert a.c. volt-
ages into d.c. for actuation of the
usual d.c. meter movement results in
even lower meter resistance. Such low
meter resistances automatically elim-
inate any possibility of measuring sig-
nal voltages, or even d.c. vacuum tube
operating voltages directly, since such
voltages are almost invariably applied
to tube elements through high resis-
tance circuits. Copper-oxide rectifiers
are practically useless above relatively
low audio frequencies, and become in-

Fig. 3. Employing only four tubes, this instrument in its entirety has been based on latest commercial design principles.
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Ry—20 megohm, +5%, Y4 w. carbon res.
*R;, Re—7.5 megohm, Vo w. metalized res.
*Ry—1.5 megohm, Vo w. metalized res.

*Ri, Ryy—750,000 ohm, V5 w. metalized res.
*Rs—250,000 ohm, V5 w. metalized res.

*Rq, Ry, Re—37.5 megohm, V5 w. metalized res.
*Ry—3.75 megohms, Y5 w. metalized res.
*R15—375,000 ohm, V5 w. metalized res.

R15—125,000 ohm, Y5 w. metalized res.

Ry—10 ohm, 1%, V5 w., w.w. res.
*Rys—100 ohm, V5 w. metalized res.
*Re—1000 ohm, V2 w. metalized res.
*R1+—10,000 ohm, V5 w. metalized res.
*R,g—100,000 ohm, Vs w. metalized res.

Riyg—10 megohm, V5 w. metalized res.

Ry, Ry, Ry—5.1 megohm, +5%, Vo w. metalized
res.

Roz, Rog, Rag, Ros, Roy—3000 ohm w.w. pot.

Ryr—258.4 ohm, +1% w.w. res.

Rog—1.758 ohm, +1% w.w. res.

Rog—.423 ohm, +1% w.w. res.

Rag—.161 ohm, +1% w.w. res.

Ryy—.028 ohm, +1% w.w. res.

Ryr—~—Set experimentally to give 12 ampere range

R3ys—10,000 ohm, w.w. pot with s.p.s.t. sw.

Rgy—3000 ohm w.w. pot.

Ry, Rgs, Rsr, Ry—43,000 obm, 5%, 2 w. metal-
ized res.

Rsg, Reyg—4300 ohm, +5%, Vo w. metalized res.

Ry—10 megohm pot.

C1—.0005 pfd, silver-mica cond.

N

V4

_.E_ TO ALL NEATERS§

Co—.001 pfd. mica cond.

Cy—.03 ufd. 3000 ». tub. oil cond.

C—.005 ufd. mica cond.

Cs, Co—8 ufd. 350 v. elec. cond.

8;—35 pos., 6 circuit, 3 section ceramic sw.

So—5 circuit, 6 pos., 5 section ceramic sw. (front
section shorting)

Sg—S.p.s.t. sw. on Ra,.

T—Power trans; 115 v. primary, 5 v.; 2 amp; 6.3
v.; 1.6 amp; 650 ».. 40 ma.

Vi, Via—6ALS dual diode

VoVia, Va-Via—6SN7GT dual triodes

V,—z)'i)’BGT rectifier (or optionally SW4GT or
524

M—0-1 d.c. ma.
(*Pairs of res. matched in series to give specified
values)
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Fig. 4. Unusual construction is employed for maximum
efficiency and ruggedness, without customary chassis.

creasingly inaccurate as frequency s
raised above usual power line values.

The use of vacuum tubes as coupling
agents between a.c., d.c, or r.f. volt-
ages present in high resistance circuits
and low resistance power consuming
meter movements is an obvious solu-
tion at first glance. Yet, anyone fa-
miliar with the instability, undependa-
bility, and general untrustworthiness
of vacuum-tube voltmeters, heretofore
available, has shunned all but the
most expensive laboratory types or
had to be content with an approxima-
tion of desired performance. All were
of decidedly limited utility in their in-
ability to provide accurately all re-
quired voltage measurements. The un-
solved problem, as it appeared to the
writer, was the inability to produce a
universal test instrument capable of
high accuracy and truly negligible cir-
cuit loading when functioning as a
voltmeter over the full range of volt-
age and frequency essential to modern
receiver design and servicing, as well
as ability to function accurately as a
power output meter, milliammeter,
and ammeter (as for auto radio input
currents) and to provide accurate re-
sistance measurements over the great
range required in postwar radio serv-
icing.

It is believed that the instrument
herein described and illustrated fully
satisfies these heretofore unsatisfied
requirements. It is a perfected vac-
uum-tube volt-ohm-db.-ma.-ammeter
possessing practically the absolute sta-
bility and dependability of the meter
movement and associated multiplier/
shunt resistors. Product of years of
research and development,
been accomplished that end so essen-
tial to universal satisfaction—the
practically complete divorcement of
the inescapable vagaries of vacuum
tubes from affecting operational ac-
curacy. This has been accomplished
not at the expense of meter resistance
but with what is believed to be the
highest effective meter gesistance, d.c.,
a.c., and signal tracing r.f. yet obtained
in any stable instrument.
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in it has-

Stemming out of the laboratory type
of v.t.v.m. described in the September,
1943 issue of Rapio News, this new in-
strument goes far beyond predecessor
types to provide some 31 ranges and
functions—more than heretofore avail-
able in any equally compact meter,
and of truly extraordinary dependa-
bility and accuracy. Six d.c. voltage
ranges of 3, 12, 30, 120, 300, and 1200
volts are provided at 50 megohms in-
put resistance, plus the same six in re-
verse polarity at the turn of a knob.
Six more dc. ranges at 125 megohms
input resistance, of 7.5, 30, 75, 300, 750,
and 3000 volts full-scale, are also
doubled by the polarity reversing
switch. Six a.c. ranges at 6.6 meg-
ohms effective input resistance are
had at 3, 12, 30, 120, 300, and 1200
volts full scale. Wlthdrawmg the r.f.
diode probe from the instrument panel,
as for diréct contacting without inter-
vening connecting leads to r.f./i.f. cir-
cuits for voltage measurément up

- through over-100 megacycles, gives the

same ranges in r.f. at 6.6 megohms
effective input loading shunted by ap-
proximately 8 uufd. (The detuning due
to this shunt capacitance is eliminated
in r.f./if. voltage measurements by
momentary retuning of the circuit un-
der measurement.) Three of the a.c.
ranges are calibrated in decibels (0
db. =1 milliwatt in 600 ohms). Six
direct-reading, zero-left vacuum- -tube
resistance ranges have ' full-scale
values of 2000, 20,000, 200,000 ohms
and 2, 20, and 2000 megohms. Six
direct current ranges of 1.2, 30, 120,
300, 1200 ma., and 12 amperes com-
plete a total of 51 useful ranges—
enough to service almost any conceiv-
able type.of -radio receiver in terms of
every voltage from antenna input
right on through the heretofore almost-
impossible-of - accurate. - measurement
a.v.c., a.f.c., limiter, dlscmmmator "and
plate and grld voltages in resistance-
coupled amplifier,_ stages,_ on through
power output and even a.c. power in-
put.”

The effects of varlatlon in the a.c.
line voltage used to power the instru-
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ment are almost completely washed
out by balanced circuit design. The
variation in the behavior of any one
vacuum tube due to line voltage varia-
tion is balanced out by an equal and
opposite effect produced by its comple-
mentary balancing tube. The effects
of diode contact potential (generated
within a diode when its cathode is
heated for electron emission) are
balanced out by a companion diode
and new circuit arrangement. The
usual diode meter reading error at low
frequencies is eliminated by auto-
matic substitution of an input capa-
citor large enough to prevent low-fre-
quency attenuation. This capacitor
is replaced by a low-inductance, silver-
mica unit for r.f. usage equally
automatically. The effects of change
in vacuum tube characteristics with
aging and use is washed .out practi-
cally 100% by degeneration in each
circuit so heavy as to actually permit
exchange of an old tube for a new
tube with negligible effect upon meter
calibration! Burn out of meter
through 1000-times overload is elim-
inated in all but current ranges. The
meter is completely protected by so
designing its actuating circuits that
total meter current.in the presence of
overload is limited to a value insuffi-
cient to burn out the meter movement.

Grid and Gas Current Errors
Eliminated

Grid current, the besetting sin of
practically all v.t.v.m.s, is completely
eliminated. The importance of this
feature cannot be overlooked. It is
what causes the usual v.t.v.m. to read
higher than zero when its input jacks
are open, fall to zero when they are
short-circuited—as the instructions al-
most invariably require the operator
to do to set zero. This is all right if
the voltage source to be measured is of
low resistance. If it is of high resis-
tance, the usual case in radio recewvers
for all except power circuit measure-
ments, then removal of the input
short-circuit lets the meter read above
zero once again when a not easily pre-
dictable amount of this error will add
to the voltage to be measured if it ig
present in the usual high resistance
grid, plate, or a.v.c. circuit.

The importance of the complete
elimination of grid current effects
(caused with ordinary vacuum tubes
whenever the grid circuit resistance
is high, hence the manufacturers’ spec-
ifications of maximum permissible
grid resistance for tube types which
may be damaged thereby) cannot be
emphasized too much. It is the source
of error and inaccuracy invalidating
any attempt at precise measurements
with any v.t.v.m. which will not hold
the same zero reading with input
either open or short-circuited. It is the
limitation upon the maximum value
of input resistance which may be at-
tained; and the only reason for using

. vacuum tubes is to obtain an input

resistance so high as not to affect cir-

cuits which must be measured. Only

when grid current effects, plus the
(Continued on page 104)
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*ITH the official eyes of the
“/ nation on the future, it would
not be out of step to look
critically at the radio repair industry
and try to resolve, if possible, the
problems of the future. “Why?” you
may ask. For the very simple reason
that the time has come for major
changes.

We are anxious to make the radio
repairman think and, in that way,
pave the way for the action which
must follow. No doubt some who read
these lines will say alarmist or fear
psychologist. If such be the reaction,
we’ll accept the indictment. We are
bent upon rousing men deep in leth-
argy. Our fervent hope is that enough
men in this nation, even if comprised
of only small groups in the various
communities, will heed the warning
and take the necessary steps to lead
the rest. Entirely tco many repair-
men in this nation have been lulled
into a false sense of security by a
condition which obviously is un-
healthy. We are speaking about the
three years of profitable servicing dur-
ing the war days and the anticipated
two more years of like activity in the
immediate future.

Making money in the radio repair
business during war days was no trick.
It was wholly a seller’s market. The
public pleaded to have its sets re-
paired. War hysteria combined with
a shortage of replacement merchan-
dise and high war wages made money
plentiful. The picnic is still on and
will be for about two more years. It
will take about this much time for
radio receiver manufacturers to pro-
duce sufficient new receivers as re-
placements for old equipment, which
will have an effect upon repair ac-
tivity.

Normally, one would say that two
years is a long time. Whether it is
or -not depends upon what must be
accomplished and the time available
to complete the job. According to our
reasoning, two years is not too much
time, for less than a total of five years
is available for the required transfor-
mation of the radio repair industry.
It is, indeed, fortunate that these two
years of fairly secure prosperity will
be available, for it will provide the
luxury of time needed to place this
vital plan into operation. To be suc-
cessful it must be in full operation
within five years, and since it took a
war to create the approaching favor-
able two years, the opportunity cannot
be missed by the repair group. If the
world’s efforts tc set up a peace ma-
chine will bear fruit, never again will
such a beneficial opportunity for a
required change present itself. If
those who, by all rights of sufferance,
are entitled to be the eleetronic main-
tenance industry of the approaching
generation of electronics, miss this op-
portune period and think only of mak-
ing money with a total disregard of
all else, it will be a sure road to non-
existence in the future.

* Lt. Col. USA (ret’d)

February, 1916

By JOHN RIDER-

Let’s Look to the Future
of RADIO SERVICING

Without meaning to criticize past
effort, we cannot help but say that the
repair industry made only half-
hearted attempts, during the decade
prior to the war, to solidify its posi-
tion. Just why this happened is not
important now. It made the mistake
once; it should not repeat it a second
time. A complete change is required
in the repair industry. It must be-
come technically competent to deal
with commercial applications or the
technological development of the war,
and remain so; it must establish trust
in the mind of the public; it must de-
velop cooperation within the industry;
and last, but not least, it must remain
a financially successful institution.
The creation of this complete state is
no mean task. It is deep within the
realm of possibility but will require
constancy of purpose, steadfastness of
pursuit, and, above all, cooperation
and understanding among the men.

We admit that in the light of the
multitude of quotations about pros-
perity which are making the front
pages of the press, our prophecy of
dire possibilities seems very much out
of place. At the same time, it is wise
not to overlook the condition that a
nation as a whole can be prosperous
for years, and not be affected by
changes in a minor industry, or by
the transposition of an activity from
one group of people to another which
becomes better suited to carry on the
effort under the existing conditions.
Stated differently, although not fully

at the moment, it is not inconceivable
that the operations of the independent
radio repair shops will be taken over
by the established radio set dealers
or even local representatives of the
manufacturers. Which of these it
would be would depend to a large
measure upon the type of equipment
involved.

This type of threat to the welfare
of the radio repairman existed prior
to the war, although it never materi-
alized into anything definite. Neither
did the program at that time have
as much weight behind it as it has
today, nor were the conditions then
as conducive to the change as they
are at present. To build hopes upon
a foundation of past performance is
not very healthy business practice.
To be optimistic is a good trait, but
to be optimistic with total abandon
of common sense as a limiting agency
is, to say the least, very dangerous.
It is granted that nothing but im-
pairment of the national economy can
stop the swelling of the coffers of the
radio repair industry during 1946 and
1947. Major reduction of the national
income does not loom in the offing, so
that a temporary state of security is
assured.

What gave rise to the conditions we
say must be changed? This, in itself,
is a long story which cannot be cov-
ered in one article. For that matter,
maybe it is best not to resurrect the
past in all its detail. Let it suffice to
say that it is a combination of short-

sightedness and the

“The Radio man said it was the only way he knew
to stop interference when we listen to a program!”’

war. About the for-
mer we intend say-
ing very little;
about the latter, a
great deal. To lay
the blame for lack
of foresight by the
repair industry in
the lap of its indi-
viduals only would
not be fair. All who
had dealings in any
formwiththat
group of men can
shoulder part of the
responsibilityinthat
all contributed to
the meager empha-
sis placed upon the
need for advance-
ment in technical
understanding. The
accent was placed
upon the sales
rather than the
(Cont. on page 118)
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EASURING the wavelength
M of u.h.f. energy above 1000

megacycles is extremely dif-
ficult with most conventional means
of high-frequency measurement, such
as open-rod Lecher or coaxial lines.
But recent developments of the wave
guide as a means of energy transmis-
sion have also brought about some-
what of a new philosophy of u.h.(f.
measurement: the use of resonant
sections of wave guides. And this
measuring method produces some
startling results!

Fundamental theory of all u.h.f.
measurement is based on the reflec-
tion of these microwaves by certain
known lengths of transmission line.
Procedure consists simply of measur-
ing the distance d between positions
of a movable short-circuit on a trans-
mission line for successive maximum
readings of an indicator loosely coup-
led to the transmission line.

Length of the wave is then deter-
mined by:

A = Zd[l + (5%)2] ................ 1)

where d = distance between points of
successive maximum readings
R = total resistance per wunit
length of transmission line,
measured in: ohms X cm.1
L = inductance per unit length
of transmission line, measured
in: henrys X cm.?
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Differing only in that it is cyclindrical in
shape. this cavity resonator with coaxial
feed has extremely high “Q”. In all
other respects it is identical to the rectan.
gular type illustrated on opposite page.

In the region of u.n.i. operation
above 1000 megacycles, however, the
only efficient type of transmission line
is the wave guide. Energy traveling
within these guides may have any of
various types of electromagnetic field
configurations or modes. But in other
respects, particularly since there is no
center conductor, wave propagation is
considerably simplified. As for these
wavelengths of 30 centimeters or less,
equation (1) also is simplified. Effects
of resistance and inductance (per unit
length of wave guide) are so minute,
the equation becomes:

N=2d. .o (2)

where d = distance between points of
successive maximum readings.
Analogous to similar use of Lecher
and coaxial lines, a short section of
wave guide can be made to resonate
when both ends are closed or parti-
tioned in such a manner that reflec-
tions occur within the device. When
u.h.f. energy is introduced into one
end of a closed section of wave guide,
standing waves will be set up within
the guide whenever it is terminated
in an impedance differing from its
characteristic impedance. If this ter-
mination can be made variable-—by
use of a moving partition, or plunger
arrangement — the interior of the
wave guide section can be made to res-
onate at any value within a consid-
erable range of ultra-high frequen-
cies. In this way, the section of
wave guide becomes a resonant cavity.
When a suitable indicator is added

www americanradiohistorv com

ring eentimeter wavelengths.

By
JORDAN McQUAY

for determining the points of maxi-
mum energy at resonance, the section
of wave guide is known as a resonant-
cavity wavemeter.

A fundamental — but typical — res-
onant-cavity wavemeter is shown in
Fig. 1. Cross-section and plan views
are shown in Fig. 2.

Energy of unknown ultra-high fre-
quency is introduced into the wave-
meter by means of a coaxial cable and
a small coupling loop. Then, if the
length L—from input to plunger—is
not equal to a whole number of half
waves of the unknown frequency,
standing waves will not be established
within the cavity, because reflected
waves from the plunger will cancel
the incoming waves. This condition
of mom-resonance will be evident by
the absence of a bright glow from the
neon lamp, regardless of its position
along its narrow, rectangular slot.

However, if the tuning plunger is
moved back and forth slowly, a posi-
tion will be found where resonance
takes place inside the wave guide.
There is a condition of resonance only
when the length L is equal to a half
wave or a whole number of half waves
of the unknown frequency-—when the
energy waves reflected by the plunger
aid the incoming u.h.f. waves instead
of cancelling them. This optimum
position of the tuning plunger is indi-
cated by a glow from the neon lamp,
regardless of the position of the lamp
along its narrow slot.

After finding the optimum position
of the plunger, however, the position
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of the neon lamp may be varied, when
desired, to obtain a brighter glow.
Lamp will be brightest when it's lo-
cated about one-quarter wavelength
from the input —measured at reso-
nance, on the inside of the guide. But
this distance is not critical and will
not greatly influence relative meas-
urements.

The desired length d of the unknown
wave within the guide can be deter-
mined by actual measurement of the
physical distance between points of
successive maximum indications of the
neon Jamp as the tuning plunger is
moved back and forth. Or, for very
short wavelengths, the plunger may
remain fixed at resonance and the po-
sition of the neon lamp varied to
determine points of successive maxi-
mum energy. These maximum points
require hair-splitting adjustment of
the plunger, and, unless a good deal
of care is taken, they may be passed
over casily.

A calibrated scale, in centimeters,
can be applied to one side of the ser-
rated tuning arm. Wave measurement
can thus be obtained directly and
quickly. If the movable neon lamp is
to be used to measure very short wave-
lengths, a centimeter calibration
should also be appended alongside the
lamp's rectangular slot.

Within the wave guide section, a
very low-resistance contact must be
maintained between the plunger and
the inner surface of the guide. Often
the plunger may be operated in a re-
gion of maximum voltage where con-
tact resistance can be more easily
broken down. To solve this problem,
it's generally desirable to construct a
low-loss multiple-spring contact sleeve
around the plunger and extending into
the cavity about one-half inch beyond
the face of the plunger.

Total length D of the wavemeter is,
of course, largely dependent upon the
range of centimeter waves to be in-
vestigated. Length is rarely more than
the value of four wave lengths of the
longest microwave likely to be meas-
ured.

Other dimensions of the wavemeter
are also dependent upon the longest
and shortest centimeter waves to be
measured. Selecting an average wave-
length from the proposed operating
range, width A of the wave guide
should be slightly less than one-half
wavelength, and height B should be
slightly less than one-fifth of the av-
erage wavelength.

Although the neon lamp gives satis-
factory and critical definition in meas-
urement, greater accuracy can be
achievec by substituting an r.f. volt-
meter mounted on a similar sliding
base—so that it can be moved back
and forth along the rectangular block.
A tiny probe extends down through the
meter base for coupling out of the
guide a small amount of u.h.f. energy.

In this arrangement, maximum
points of the standing wave due to the
electric field at resonance can be de-
termined with greater precision. The
distance d between any two successive
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TRANSMITTER
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Fig. 1. External view of a rectangular type resonant-cavity wavemeter.

points of maximum r.f.-voltage indi-
cates the length of a half wave within
the guide.

The meter can be visualized as a
high-impedance device. Therefore,
maximum deflection will take place
when the meter probe is located one-
quarter wavelength from the cavity
input.

It’s important to note that these
measurements are made of u.h.f. waves
when they are within the resonant
section of wave guide. Their behavior
in a resonant cavity differs from their
behavior in free space. Measurement
results are often hard to believe be-
cause it appears that waves inside a
resonant wave guide travel faster than
the speed of light!

Assume the existence of a centi-
meter wave, having a known length.
When this energy is applied to a res-
onant-cavity wavemeter, careful and
precise measurement of the wave indi-
cates an increase in length of about
20 per-cent. In other words, for a
given ultra-high frequency, the meas-
ured length of a half wave in the

resonant wave guide appears to be
greater than the length of a half wave
in space.

Velocity of radio waves is approxi-
mately 300,000,000 meters-per-second,
or the speed of light. For a given ra-
dio wave, the relation between fre-
quency and wave length is expressed
by the familiar equation:

velocity

A (in meters) = A i)

which can also be stated as:
Velocity = f (in cycles) X A (in meters) .. (4)

Thus, when a wave of fixed fre-
quency is measured by a resonant-
cavity wavemeter and found to have
increased about 20 per-cent in length,
it would appear (from equation 4) that
the velocity of the wave increased
within the resonant section of wave-
guide. This would mean that the
velocity of a wave in a resonant guide
exceeded the velocity of light, thus
stubbornly contradicting laws of phys-
ics which state that neither matter

(Continued on page T4)

Fig. 2. Cross-sectional view showing mechanical construction of wavemeter.

1 {SIDE VIEW)
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Selsyn generator
mounted on 60 hp. 230
volt d.c. kiln motor.
Part of kiln feed syn-
chronizing equipment
manufactured by GE.

ITH the invasion of elec-
tronics into many fields of
industry, there is a concur-

rent increase in the need for transmit-
ting, by electrical means, a signal that
may be represented by angular posi-
tion. Industrial electronic devices
have been developed to indicate in-
formation which is read on a dial and
it is often necessary to repeat this
information simultaneously in another
room or even in another building. One
of the simplest and most efficient meth-
ods of communicating these dial read-
ings to a central board or control head-
quarters is by a self-synchronous
transmission system.

Self-Synehronous

TRANSMINSION
SYNTEM

By
ERIK HANSEN

Although selsyn motors are widely used

industrially, they will find many amateur

applications, particularly in rotating highly

directional antennas to a predetermined position.

The transmitting unit of the system
has been called a selsyn (self-syn-
chronous), teletorque, autosyn, or syn-
chro, but all mean the same thing—
a generator. The receiving unit—a
motor—is similarly named with the
word repeater or follower added. The
system thus becomes the familiar
motor-generator set but of a special
sort which will be explained later.

The electrical operation of all types
of synchros is the same although man-
ufacturers vary as to mechanical de-
tails. There are, in general, two types
of rotors, the more common being the
salient pole or dumbbell type used in
most transmitters and repeaters. It

Fig. 1. (A) Magnet turns to 0° position. (B) Magnet moves
from 60° to 0° as voltage between S. and S; is increased.

e i
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has a machine wound, single-phase
spool winding, the synchro primary,
with two slip rings associated with it.
The other type has a cylindrical rotor
commonly called a wound rotor, slotted
and laminated, carrying either a sin-
gle or three-phase winding with two
or three slip rings respectively. Stators
are cylindrical, slotted, laminated
structures with a distributed 3-phase Y
connected winding which is the sec-
ondary of the synchro. The winding
is not three phase, in the usual sense,
as all induced voltages are in phase
with each other. The three circuits
of the stator .winding, however, are
displaced 120 degrees from each other
similar to the conventional 3-phase
winding.

The operation of a synchro or selsyn
motor is based on the control of shaft
position by varying a voltage as shown
in Fig.1A. Recalling the fundamentals
of electrical solenoids, a study of the
diagram makes it obvious that the
magnet in the center will point to S.
or zero position. Likewise, the mag-
net will rotate to a fixed position
pointing to 8; or S, when S:-S; or S.-S:
are connected to the negative terminal
with the positive voltage applied to
the remaining open S lead:

If the circuit is changed slightly to
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that in Fig. 1B, it is evident that the
magnet in the center will rotate as the
voltage between 8. and 8, is increased
from 0 to maximum. In other words,
the magnet points to the left at sixty
degrees with no voltage between S:
and S, but turns clockwise to zero
when the two voltages are equal. Thus,
it is possible to make the magnet ro-
tate to any position merely by adjust-
ing the voltages applied to the three
coil leads. e

Since in practice, alternating cur-
rent is supplied to the motor, it now
becomes necessary to understand what
happens to the center magnet or rotor
under a.c. conditions shown in Fig. 3A.
The rotor coil can be considered as
rotating around an axis with the ar-
row pointing to its electrical position.
This position is determined by the
phase relationship of the rotor to the
stator coils. From the figure, it is evi-
dent that the rotor is in phase with
coil 2, and the R, end of the rotor is
strongly attracted to the lower end of
coil 2; the R. end is attracted equally
to the upper end of coils 1 and 3, and
the resultant magnetic force turns the
rotor to zero.

It has been explained how a varia-
tion of d.c. voltage will change angular
position and this principle still holds
when a.c. is used (Fig. 3B). Here a
fixed voltage between 8; and 8. is in
phase with the rotor coil voltage since
both are from the same a.c. source. A
variable tap permits another in-phase
voltage to be applied between 8. and
8., and this can be decreased from the
a.c. source potential to zero. The
rotor points to sixty degrees with no
voltage between S. and 8. and turns
to zero when the voltage between S:
and 8, reaches that from 8. to 8.

To obtain the proper voltages re-
quired to position the motor shaft, a
synchro generator is used. This unit
is almost identical to the motor in con-
struction except that no inertia
damper is needed, this being provided
by mechanically coupling the gen-
erator to its source of shaft motion.
Both motor and generator leads are
marked in the same way, that is, R,
and R. are the rotor leads; 8, S: and
S, are the stator leads. Coil windings
are similar in the two units and elec-
trical zero for the generator is shown
in Fig. 2. The maximum voltage is
induced in coil 2 since the rotor coil is
in line with it. This value is 52 volts
on a 115 volt a.c. system as the turns
ratio between rotor and any one
stator coil of a synchro generator is a
little more than two to one. Values of
26 volts, in the other two stator coils,
result since the voltages induced in
these are one half maximum. This, of
course, is due to the rotor not being
lined up with these coils.

The vectorial addition of the volt-
ages results in values needed to posi-
tion a motor to electrical zero as was
shown in Fig. 3A. By connecting the
rotor and stator leads of the two units,
a simple synchro transmission system
results (Fig. 4). Here it must be re-
membered that since motor and gen-
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erator are electrically similar, the
former also induces a voltage in its
stator coils. However, the voltages
are in opposite phase and, by tracing
the circuit, it is evident that no ‘cur-
rent flows through the motor stator
windings and both rotors are posi-
tioned electrically at zero. If we now
move the generator rotor 30 degrees
counterclockwise, different voltages
appear and current flows in all three
stator leads. This current produces a
turning torque on the motor shaft and
brings it around to the 30 degree po-
sition of the generator. In other
words, the motor follows the generator
due to voltage unbalance and a syn-
chro repeating system results.

Selsyns are usually energized by 60
cycle, 115 volt single-phase alternating
current and draw but little power
from the line. Although designed for
continuous excitation, a limiting factor
is the allowable temperature rise in
the wunit. The displacement angle
must never exceed 20 degrees for very
long as excessive heating with a re-
sulting burned out coil may follow.
Torque requirements should thus be
carefully studied in applying selsyn
systems. For instance, in the case of
a compass repeater the load on the
motor must be very small and the
impedance of the windings and con-
necting wires must be kept to a min-
imum. In this case the repeating
accuracy is usually about one half a
degree either way.

A generator can operate several mo-
tors in parallel, provided it can supply

. a sufficient current without too much

voltage drop. The motor shafts
should, of course, be free to turn so
that the stator current is relatively
low. The amount of current available
to make each motor turn depends on
the impedance of the generator and
the current used by the motors.

Although no adjustments are made
to selsyns themselves, it is necessary
to adjust the unit with respect to the
instrument in which it is mounted.
The generator rotor must be set at
electrical zero although this may not
mean the zero position on the dial at-
tached to the shaft. The reading de-
pends on the function of the unit in
the instrument.

TG R ST

Totally enclosed single-phase selsyn motor.

Selsyn transmitter to drive scanning mech-
anism of textile weft straightening control.

%’3“‘3
FevEERICE IS

AR
xisvso_'_vmc.

R2 5

Fig. 2. Showing voltages induced in stator
windings when R, and R. are connected
across a 115 volt a.c. power supply.

The electrical zero position of a mo-
tor or generator is the position of the
rotor relative to the stator when the
unit is connected, as in Fig. 5. If the
unit is rated at 100 volts, 87 volts
should be impressed across the stator;
if rated at 90 volts the proper im-
pressed voltage is 78 volts. These
should be obtained from an auto-

(Continued on page 142)

Fig. 3. (A) The R, end of the rotor is attracted to the lower end of coil
2. The R. end is attracted equally to the upper ends of coil 1 and coil 3.

Hence. the rotor turns to 0°.
rotor turns to 60°.

(B} With no voltage between S. and S;. the
Increasing the voltage causes the R. end of the rotor

to be attracted more and more toward coil 3. The R, end reaches the
zero position when the voltage from S to S, equals that from S. to S..
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By LT. COL.
BYRON E. HARGROVE
AUS, WILFU

Complete construction
details for a combined
superregenerative receiver
for 112 me. and a 14, 21,

28, and 530 me. converter.

AVING an excellent communi-
l‘l cations receiver whose upper

frequency range is 20 mega-
cycles, the author desired a converter
that would provide superlative per-
formance at the higher frequencies.

A superregenerative receiver for 112
me. was added as an afterthought and
may be omitted, if desired. However,
the cost of such a receiver is consid-
erably reduced due to saving in power
supply, chassis, dial, cabinet, etc.

The following specifications were
adopted as musts for the converter:

1. Extreme sensitivity with high
signal-to-noise ratio.

2. No images, no spurious signals
in the amateur bands.

3. Good stability.

4. Ease of operation.

In order to provide maximum sensi-
tivity with minimum noise, it was de-
cided to take advantage of the new
tubes developed during the war. Ac-
cordingly, a 6AK5 was selected as the
r.f. amplifier and another as a mixer.
These tubes when operated with 180
volts on the plate, 120 volts on the
screen, and a bias resistor of 200 ohms,
have a transconductance of 5100. Also,
they handle as easily at 50 mc. as a
6K7 does in the broadcast band. A
corresponding miniature triode, the
6C4, was chosen as the oscillator tube
and results proved that the choice was
a good one.

In order to be absolutely sure there
would be no images, it was decided to
use a high intermediate freguency.
Any frequency above 7 megacycles

40

Front panel view of the completed unit. The controls from left to right are
antenna changeover switch S., regenerative control Ry, and ., band set con-
denser C,s. filament switch S., and r.f.-mixer condenser C,. C.. Main knob con-
trols tuning of oscillator condenser C.: and superregenerative condenser Ci.

would probably have been satisfactory
but since there was a complete set of
FM intermediate frequency trans-
formers for 12 me. in my junk box and
the possibility of using the converter
as the front end of an FFM receiver was
rather attractive, 12 mc. was chosen
as the intermediate frequency. Since
the receiver with which the converter
is to be used has an i.f. of 465 kc. this
means that the h.f. oscillator is on 12,-
465 ke. when the receiver is tuned to
12 me. Checking the various harmon-
ics of the receiver h.f. oscillator
showed that they would always fall
outside the amateur bands. If another
i.f. is chosen, a check should be made
to determine that the harmonics of

EDITOR’S NOTE: Many amateurs have
receivers giving excellent performance
at frequencies up to about 20 mc. dut
which either do not cover the higher
frequencies or do not perform as well
on the higher bands. This involves no
criticism on the part of the manufac-
turers but is rather the natural result
when a receiver is called upon to cover
too wide a frequency range. Also, the
proposal to include 21-21.5 mc. as a
new amateur band leaves many ama-
teurs with receivers providing band-
spread on 80, 40, 20, and 10 meters
but which either do not cover 21-21.5
mece. or else provide only general cover-
age with no means of spreading this
narrow band. The converter described
adequately surmounts any-of the diffi-
culties mentioned.
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the receiver h.f. oscillator will not fall
in the amateur bands.

In order to insure good stability,
care was taken to make the assembly
mechanically rigid. To minimize drift,
the power transformer, rectifier tube,
and voltage regulator tube were
placed well away from the oscillator
components. The voltage regulator
tube holds the voltage on the oscilla-
tor plate constant at 150 volts. Very
light loading of the oscillator is ac-
complished by using a very small cou-
pling condenser C¢ to the mixer tube.
Actually C. consists of about %” in-
sulated hookup wire soldered to the
grid of the 6AKS mixer and two turns
of a similar piece of wire twisted
around it and then soldered to the grid
end of the oscillator coil.

In order to obtain ease of operation,
and at the same time obtain maximum
performance, the oscillator tuning
condenser is not ganged to those of
the mixer and r.f. stages. This makes
it quite easy to get all circuits work-
ing on the nose. Actually the r.f.-
mixer control is tuned for the middle
of the band in use and then peaked for
weak signals only. The r.f. and mixer
condensers are ganged. Tracking can
be checked by tuning in a signal, then
slowly rotating the r.f. and mixer tun-
ing condensers for maximum signal,
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then checking to see if there is an-
other point of maximum signal. This
process is easily accomplished if the
receiver has an B meter or tuning eye.
If there are two points, the r.f. and
mixer are not tuning to resonance at
the same point and turns on one of the
coils should be altered accordingly.
The mixer tunes the sharpest and
causes the greatest change in signal
when detuned. This makes it easy to
determine which coil needs changing.
For example, suppose after tuning the
main control C.Cs to a signal, C.Cs is
rotated from minimum toward maxi-
mum capacity and a rise in signal
strength is found. Then on continu-
ing the rotation, a second setting is
found which gives a more pronounced
rise in signal strength, and which
tunes more sharply than the first.
This indicates that the first setting
was resonance for the rif. stage and
the second for the mixer. The cure
is to add more turns to the mixer coil
or remove turns from the r.f. coil. The
first is the preferred solution since the
lower the C and the higher the L, the
more gain.

In this connection, it was found that
the 21 me. coils would also tune to 14
me. and the 28 mec. to 21 mc. How-
ever, even this small increase in the
amount of C in the circuit makes a
substantial difference in the perform-
ance so that separate coils for each
band are strongly recommended.

Incidentally, the oscillator always
works on the high frequency side of
the incoming signal. Since the com-
paratively large band-set condenser,
used on the oscillator for stability pur-
poses, enables it to be set on either the
high or low frequency side on some
bands, care should be taken to see
that it is always set on the high fre-
quency side, if the dial calibration is
to be maintained. Otherwise the os-
cillator may be used on either side of
the incoming signal.

The 9002-6C5 superregenerative re-
ceiver for 112 me. (or 144 mc. after
the band is moved) is straightforward.
The 9002 tuning condenser is ganged
to C... The antenna connections are
two small Fahenstock clips mounted
on the tuning condenser C. bracket.

In construction, a 7”"x9”x2"” chassis
of heavy gauge should be chosen in
order to insure good rigidity. If the
layout shown in the illustrations is
followed no trouble should be had with
oscillations in the r.f. and mixer
stages. If the layout has been fol-
lowed and the r.f. does oscillate, in-
crease the number of turns in L,. If
this fails, increase R: to 30,000 ohms.
It should be noted in this connection
that the 14 mec. coils can be tuned to
the intermediate frequency of 12 mec.
If so, a violent oscillation takes place.
(This is normal and the cure is to
avoid tuning to the intermediate fre-
quency.) This layout allows extremely
short r.f. leads, the lead to the oscil-
lator band spread condenser and that
from the oscillator to the mixer for
coupling being the only leads more
than 1” long.
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wound at|{wound

Band L, L, L, L, Ly l Ls
l4mec.| 8 t. No. 22|14t No.22|10t. No. 22 |17t No. 22 |2 t. No. 22| 334 t. No.
enamel close | enamel close | enamel close | enamel close | enamelclose | 18 d. c. c.

wound at

wound|wound at| close wound

bottom of|spaced Y;" | bottom of|spaced Y4;”| bottom of | 14" above
form. from L,. form. from L,. form. L;. Tap 1
turn from

grid end.
21mc.[6 t. No. 22| 15t. No. 22| 614 t. No. |16t No. 2217 t. No.|34" t. No.
enamelclose|enamel|22 enamel|enamel 24 d. c. c.[18 bare,
wound at |space wound | close wound | space wound | close wound | space wound
bottom of|to 34", bot-| at bottom of | to 34", bot- | at bottom of | to 14", be-
form. | tom turn be- | form. tom turn be- | form. ginning 35"
ginning 45" ginning 4" from L;. Tap
from L,. from L;. 154" of turn
from grid

end.

28me.| 6 t. No. 22914 1t.No.22 | 614 t. No. |11t No.22 134 t. No.|3 t. No. 18
enamelclose|enamel|22 enamel [enamel|24 d. c. c. |bare, space

wound at |spacewound | close wound | space wound | close wound | wound to
bottom of |to 94", bot- | at bottom of | to 34", bot- | at bottom of | 34", begin-
form. tom turn be- | form. tom turn be- | form. ning 34"
ginning Y5” ginning " from L;. Tap

from L. from L. at grid end.

50mc. 4 T No. 22 |5t No. 18 414 t. No. 5 t. No. 18| 174 t. No. | 13{ t. No.
enamel close | d.c.c. space | 22 enamel | d.c.c. space |24 d. c. c. |18, space
wound at|wound to | close wound | wound to | close wound | wound to
bottom of| 34" bottom | at bottom of | 345", bottom [ at bottom of | 14", begin-
form. turn begin- | form. turn begin- ! form. ning 3"
ning NHs” ning Y” from L;. Tap

from Li. from L,. at grid end.

Coil data for converter.

All wiring to the r.f. and mixer
sockets must be made before mount-
ing C.Cs which is a dual 25 «u#fd. mid-
get. The 6AKS5 tubes have two cath-
ode connections. All grounds from
the grid circuit should be made to one
of these connections and those from
the plate circuit to the other as shown
in the schematic diagram. The chas-
sis should not be depended on for
ground in any r.f. circuit. Leads of
about two inches in length are sol-
dered to the grid of the 6AKS5 r.f. and
6AK5 mixer. Then C.Cs; is mounted,
the leads soldered in place, and the

All coils are wound on %", 5.prong polystyrene forms.

excess clipped off. A vertical shield
about 3"x4"”, separates the r.f. coil
from the other coils.

The oscillator band spread con-
denser C;;, is made by removing all
but one rotor and one stator plate
from a Hammarlund MC type midget,
and is tapped down on coil L, to give
the desired band spread.

It is best to wind coils for the 14 mec.
band first even though the receiver
covers this band with good perform-
ance. By comparing the converter-
receiver performance with that of the
receiver itself on this band, an idea

Top view of the completed receiver. The entire assembly is mechanically
rigid and all stages are well shielded to prevent any interstage coupling.
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can be obtained as to how well the
combination is working. Actually this
receiver was checked on the 15 mc.
broadcast band, which is easily reached
with the 14 mec. coils by resetting the
oscillator band set condenser. In this
case, employing a receiver widely used,
both by commercial services and the
military, generally acknowledged as
one of the finest receivers available
and having a measured sensitivity of
about 1.4 microvolts per meter at 15
mc., the converter-receiver combina-
tion gives about one R point better
performance than the receiver alone,
and with an accompanying worthwhile
improvement in the signal-to-noise ra-
tio.

The coils are wound on %” diam-
eter, 5 prong, polystyrene coil forms.
Extreme care must be used in solder-
ing to the prongs as excessive heat
will cause the form to soften and the
prong to bend over out of line. If
held in place by a pair of pliers, how-
ever, the form soon hardens and is as
good as ever. Slightly roughen the
ends of the prongs with a file and ap-
ply the solder with a pointed iron for

Schematic diagram of the complete unit.

just long enough to flow the solder.
Be sure a good connection is made,
however, as a poor connection will re-
sult in erratic operation or a failure
of the high frequency oscillator to os-
cillate at all.

Connections to the coil sockets
should be made with consideration for
the shortest possible leads and the
coils wound accordingly. The an-
tenna changeover switch is a 4-pole,
double-throw type which permits con-
necting the antenna to the receiver or
to the converter.

Small coaxial cable, if available,
should be used to make connections
from the doublet antenna terminals to
the antenna changeover switch, from
the switch to L,, from L, to the switch,
from the switch to the output termi-
nals, and thence to the receiver or 12
me. intermediate frequency amplifier.
However, if coax is not available,
twisted hook-up wire will do and was
actually used in the construction of
this converter.

To operate the converter, first be
sure that each tube is seated properly
in its socket. Then insert the set of

coils for the desired band. (It is best
to begin with the 14 mc. set because
of the abundance of signals always
available in this range). Throw &8,
(first control on left) so that the an-
tenna is connected to the converter.
Throw 8. (second control from right)
so that the converter tube filaments
are connected to T:. Turn 8: (second
control from left) until it just clicks.
Set C;: (main dial) to about half scale.
Rotate Ci; (center control) until a sig-
nal is heard. Then peak the signal
with C:Cs (first control on the right).
C.Cs may be used as a voelume control
on extremely strong signals. Usually
this is done with the controls on the
receiver.

To operate the superregenerative
receiver, merely throw S; so that the
receiver filaments are connected to Th.
S, and R. are combined into a single
unit (the second control from the
left). R, should be advanced until
the oscillator breaks into oscillation.
The band is spotted by adjusting Cis
with a screwdriver and then all tun-
ing is done with the main tuning dial.

(Continued on page 140)

The converter employs two 6AK5 tubes and a 6C4. The power supply employs an 80 and a

VR-150. The 112 mc. receiver is made up of two tubes, a 6C5 and a 9002. The VR-150 prevents any change in the 150 v. “B” supply.

Ri—200 ohm, 1 w. res.

Ry, Re—15,000 ohm, 1 w. res.

Rg, Ry, Re—2000 ohm, 1 w. res.

R—-50,000 ohm, 1 w. res.

Rg—1000 ohm, 25 w. adjustable res.
to give 180 v. at output of Lg.

Ry—2000 ohm, 25 w., w.w. semi-var. res. Ad-
just to maximum resistance that permits the
VR-150 to glow at all times. (About 1250
ohm)

Ri—10 megohms, 1 w. res.

Ry —2500 ohm, 1 w. res.

Rioy Rig—.1 megohm, 1 w. res.

R1—50,000 var. pot. with sw.

Cy, Cs—Dual 25 ppfd. midget var. cond.

Adjust

ks

Cy Co, Cy Cq Cs, Cyg, Coo—.005 pfd. mica
cond.

Ce—2 turns twisted hookup wire (see text).

Co—.01 ufd. mica cond.

C10—140 pufd. midget var. cond.

C1;—.0001 pfd. mica cond.

Cir—About 10upfd., Hammarlund MC type
midget with all but 2 plates removed.

Cy3—100 ppfd. midget var. cond.

Cy4—.001 ufd. mica cond.

Cis, C16—20 pfd. @ 450 v. elec. cond.

Cy—Two plate var. cond. (National UM-15
with all but 2 plates removed.)

C15—3-30 ufd. mica trimmer cond., ceramic
insulation.

“NUMBERS ON TUBE SYMBOLS
INDICATE SOCKET TERMINALS®

ANTENNA

Y —

Ll

el {s3)
ANTENNA
SWITCHING

el ARRANGEMENT

LE

e

RECEIVER

Cyx—.01 paper cond.

Cop—10 pfd., 40 v. elec. cond.

Ly, Ly, Ly, Ly, L;, Lc—See coil table.

Lg—10 ¢t. No. 20 d.c.c. on V4" form, 34" long.

Le—3 t. No. 20 d.c.c. at “cold” end of Ls.

Ls—30 hy. 40 ma. choke.

8;—On-off switch (on Ry in superregenator).

So—S.p.d.1. toggle sw.

Sg—4 pole, d.t. for antenna switching.

T,—210-0-210 power trans. @ 40 ma.,, 5 v.
@ 2 amp., 6.3 v. @ 2 amp.

RFC,—25 t. No. 24 d.cc., close wound 4"
diam. choke.

RFCy—8 mh. radio freq. choke.
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Compiled by KENNETH R. BOORD

HIS month our congratulations

and best wishes go to Director

William W. “Bill” Harris and his
capable staff of The West Indian Ra-
dio Newspaper which on February 1,
1946, marked its third anniversary.

Sponsored by the Anglo-American
Caribbean Commission, this thirty-
minute broadcast beamed to the Car-
ibbean area has taken to the airwaves
each evening at 5:15-5:45 p.m.! since
February 1, 1942, over the Boston fa-
cilities of the World Wide Broadcast-
ing Foundation, through powerful
transmitters WRUW, 11.73 in the 25-
meter band and WRUL, 15.29 in the
19-meter band.

The Newspaper, presented in Eng-
lish, originates in Washington, D. C,,
is sent by wire line direct to Boston
where it flashes out into the ether
from transmitters beamed in a V-an-
gle to blanket completely the Carib-
bean area. Yet, with the wide and
sometimes uncontrollable range of
short-wave radio signals, the West In-
dian Radio Newspaper is heard clearly
in Europe, Africa, South America, the
Pacific, Central America, the United
States, and Canada. The fame of the
West Indies and the work of the An-
glo-American Caribbean Commission
is thus spreading daily to the far cor-
ners of the world through this me-
dium.

Station ZFY, 6.000, Georgetown,
British Guiana, relays the broadcasts
daily except Saturday; Re-Diffusion,
Port-of-Spain, Trinidad, relays the
broadcasts daily except Tuesday and
Sunday; and Radio Distribution,
Bridgetown, Barbados, rebroadcasts
the Newspaper daily except Thursday,
Saturday, and Sunday. ZNS, Nassau,
the Bahamas (640 kc. and 6.090 on
short-wave), has rebroadcast the
Newspaper intermittently, and ZQI,
4.700, Kingston, Jamaica, has been
given the green light to rebroadcast
the radiations when diversity of re-
ceiving equipment has been made
available.

The West Indian Radio Newspaper
was established as “a method for the
carrying out of the cultural and edu-
cational opportunities for the initia-
tion and successful accomplishment of
projects dealing with the welfare of
the territories and colonies of the
United States and Great Britain in

i:.srll‘{nless otherwise indicated, all time herein is
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the Caribbean area,” through a half-
hour international short-wave radio
program designed especially for the
peoples in the lands of the Caribbean.
The Newspaper devotes itself purely
and simply to items of essential in-
terest to the Caribbean area, primar-
ily the British West Indies, the col-
onies of British Honduras and British
Guiana, and the territories of Puerto
Rico and the Virgin Islands of the
United States.

The West Indian Radio Newspaper
is, as its name implies, a newspaper
of the air. In order to give flexibility
in programing, the Commission de-
cided to produce the broadcast in the
format of a newspaper, starting with
the headline news of the world and
continuing through the radio news-
paper with such feature pages as were
applicable to the programs, such as
the editorial page, music, travel,
sports, entertainment, women’s world,
and others. The name of the broad-
cast has proved itself so realistic in
construction that listeners have writ-
ten in asking for subscription rates!

While programs are subject to
change without notice, typical fea-
tures include Sunday, West Indian
Story Page, Caribbean Newsletter,
Concert Gems; Monday, Creole Cook,
Story of Great Composers; Tuesday,
Caribbean Quiz; Wednesday, Letters

from the West Indies, World of Post-
age Stamps; Thursday, Caribbean
Theater of the Air; Friday, This is
Puerto Rico, ATS Guest; and Satur-
day, Once Upon a Time (15-minute
program). In addition to these fea-
tures, each program contains musical
selections and closes with a Review of
the News of the Caribbean.

The most popular feature of the
Newspaper, according to mail response
and a recent survey of that area, is
the Caribbean News Page which
broadcasts the latest news of all the
lands of that region, thus providing
the peoples with information on inter-
island happenings. Such information
tends to break down insular barriers
and prejudices.

Special wartime campaigns were
carried on extensively and success-
fully by the Newspaper, such as
“Grow More Food,” through ‘“The
Victory Gardener,” “The Creole Cook,”
and ‘“The Livestock Farmer.”

“Bill” Harris, who has so ably di-
rected these fine broadcasts, tells me
that plans have been made to carry
on for an indefinite period. “We will
elaborate upon our program to the ex-
tent of international forums and pro-
grams of a broader nature that dis-
play Anglo-American cooperation, and
perhaps we’ll do a series of dramatic

(Continued on page T8)

Recent photo of the staff of the West Indian Radio Newspaper. which re-
cently observed its third anniversary. Seated (left to right): Gerard de Freitas,
Caribbean News Commentator; Jean Russ Kemn, Dramatic Script Writer:
Peggy Boyd. The Creole Cook: Jane Hart, Actress-Writer; Jack Lawrence.

Announcer.

Standing (left to right): Warren Matts. Master of Ceremonies:

Frank Randall. Announcer; William Harris, Director; Arnold Low. Producer.
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VELOCITY
MODULATION

By

JAMES E. KAUKE

Fig. 1. A reflex klystron in current use. Tuning of
the cavity is accomplished by turning the tuning
probes.
cavity inside. Five tuning probes are visible around
the periphery of the cavity. Since only the internal

These are threaded rods that short the

shape of the cavity is important. the outside is
fitted with mounting feet for efficient assembly.

With the opening of higher frequency bands to the amateurs,

advantage must be taken of radically different types of

tubes—one of these, the Eklystron, is covered in this text.

HE action that goes on inside of

a velocity-modulated type of os-

cillator is not difficult to under-
stand if the analogy of traffic-control
is used. Velocity modulation makes
use of the transit time of the electron
stream—the same transit time that
formerly prohibited the investigation
of the centimeter frequencies.
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Initially, the klystron oscillator con-
sisted of two cavity-resonators,  sep-
arated by a field-free drift space, and
coupled together magnetically. The
reflex klystron evolved from the orig-
inal, and is essentially the same with
the exception that the second cavity,
called the catcher, is eliminated be-
cause the electron stream is turned
back upon itself and lands on the same
cavity, thus eliminating the need for
the catcher cavity.

The cavities in a klystron are called
rhumbatrons because the word rhum-
ba is the Greek word for rhythm. In
Fig. 2, the double cavity klystron, the
lower cavity is the buncher rhumba-
tron and the top cavity is called the
catcher rhumbatron.

The analogy to traffic control is as
follows: While the stop-light is red,
cars coming up the street at a regular
pace will slow down and wait at the
intersection. When the light turns

i
Fig. 2. Schematic of double-cavity
klystron. The stream of arrows indi-
cates the electron-flow through the
elements of the tube. The coupling
link is a properly-terminated concen-
tric line inductively coupling the two
cavities. The probe takes the output of
the driven cavity to external circuits.

www americanradiohistorv com

green, these cars will move past the
intersection, but since they were either
stopped or slowing, (the last few cars
will be arriving just as the light
changes and may not come to a com-
plete stop) they will move slower than
those arriving when the light is full
green. The last few cars, knowing
that the light is about to change to
red, will speed up, ending with that
last fellow who races through with
the light snapping red as he crosses
the mark. The slower speed of the
first cars require them to take longer
to reach the next street. The higher
speed cars, coming later, will catch up.
If their speeds are right, and the dis-
tance is correct, there will be a large
bunch of cars arriving at the next
intersection. The spaces between
bunches will be regular and relatively
free of traffic.

It is the hope of traffic control that
car-bunching will occur. Once such
bunching takes place, the flow of cars
from one end of the street to the other
will be regular, with the cars not stop-
ping; with each street stop-light
changing to green as the bunch ap-
proaches. That is what they hope
when they say traffic timed to 24 m.p.h.

With such bunching, the intersec-
tion four miles down the road will re-
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ceive or catch bunches with the same
frequency as the initial buncher. Any
individual car will require ten minutes
to cover the four miles, though the
lights may be set at thirty-second in-
tervals.

The rhumbatron is a sort of elec-
tronic traffic control. It will speed
up or slow down the velocity of an
electron, depending upon the instant
of passage. Since the cavity resonator
is nothing more than a specialized
type of resonant circuit (Fig. 4), the
voltage across the cavity will be a
sine wave at resonance—the frequency
of which is equal to the resonant fre-
quency of the cavity.

Electrons flowing from the cathode
are accelerated by the voltage be-
tween the cathode and the bottom
grid of the buncher cavity. Since this
bottom grid is maintained at a con-
stant voltage with respect to the
cathode, the electron velocity will be
constant throughout this space. In
some Kklystrons, a smoother grid is
placed between them, acting as a sort
of sifting screen that smoothes out
minor irregularities in the electron
stream.

In Fig. 5, the slope of any line is a
measure of velocity, since it shows
the distance moved (upward) for ‘a
given interval of time (horizontal
from start to instant). From cathode
to the bottom grid the velocity is con-
stant, hence the slopes are all parallel.

The buncher, however, is resonat-
ing. Therefore, the space across the
two grids will develop an alternating
voltage in synchronism with the res-
onant frequency of the cavity.

Since the bottom grid is maintained
at a constant voltage with respect to
the cathode, the top grid will oscillate
above and below the voltage of the
bottom grid.

The electron stream passes through
these grids and enters the drift space
between the cavities.

An electron crossing the gap be-
tween the top and bottom grids of the
cavity is acted upon by the instantane-
ous voltage across the cavity. An
electron arriving when the voltage is
positive will be accelerated. An elec-
tron arriving when the cavity voltage
is negative will be retarded. And, of
course, when the voltage across the
cavity is crossing the line no field acts
upon the electron and so its velocity
is unchanged.

The sine wave voltage across the
cavity is shown along the dotted line
of Fig. 5. The slope or velocity of the
electrons changes across this space.

Electrons passing when the cavity
is negative are retarded and, at some
distance above the cavity, they are
joined by electrons passing later when
the cavity voltage has risen to zero.
As time goes on, the cavity voltage
increases and the electron velocity
also increases, and the electrons all
bunch together at some distance above
the cavity. Those passing first are
slowed, and those passing later are
speeded up by enough to make up for
the time between passages.
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They arrive at the upper cavity, or
catcher rhumbatron in bunches. The
frequency of arrival is the same as the
resonant frequency of the cavity, and
so if the catcher rhumbatron is tuned
to the same frequency, these heavy
densities of electrons will excite the
catcher rhumbatron into oscillation.

In Fig. 5, the catcher grid is shown
below the position of the best bunch-
ing. However, if this best position
were used, the phase of the catcher
rhumbatron would be such that the
coupling of its oscillation to the bunch-
er would not be correct and no oscil-
lation would result. By a change in
the main accelerating voltage between
the bottom grid and cathode, the initial
velocity can be adjusted so that the
best bunching would occur right at
the catcher grid. This is a problem
in design, as is the proper spacing of
the cavities. It is possible to arrive
at secondary bunching, in which an
accelerated electron from cycle one
will catch up with the unaffected elec-
tron from cycle two, and simultane-
ously be met by the electron retarded
from cycle three. In terminology,
these periods of operation are known
as modes. Mode 1 is the single bunch-
ing; mode 2 is double bunching, and
so forth. The higher the mode, the
less efficient is the oscillator, and so
the initial mode is normally used.

The twin-cavity klystron requires
careful tuning of the cavities to the
same frequency. To eliminate this
difficulty, the reflex klystron was de-
veloped. A diagram of this is shown
in Fig. 6. The plate above the cavity
is the repeller plate and it operates
at a negative voltage with respect to
the cathode. It, therefore, repels the
electron stream, which returns to the
top grid of the cavity.

The bunching diagram of the reflex
klystron is shown in Fig. 7. Since the
field between the top grid and the
repeller plate is constant, the effect
of the individual electron is similar
to a baseball thrown upward. The
harder it is thrown, the higher it will
go and the longer it will take to re-
turn. The total journey may be con-

(Continued on page 72)

Fig. 5. Graph of electronflow with “time” plotted against “distance.”
Note that the sine wave indicating voltage is taken from

the effect of “bunching.”

Fig. 3. A reflex klystron. Turning the nut
between the struts spreads them apart,
drawing the top of the tube down along
the “shell.” This oil-canning of the tube-
top changes the electrical dimensions of
the cavity, permitting the setting of the
resonant frequency of the cavity to that
desired. The top cap. which is barely
visible, is connected to the repeller plate:
the pins below are filament. cathode, and
cavity as shown in Fig. 6. The probe is
a concentric line coupled to the cavity.

EEr]

Fig. 4. The resonance-voltage rela-
tions across a cavity show that it is
similar to a more conventional in-
ductance-capacitance tuned circuit.

* - -

This shows

where the time-distance or “velocity’ lines cross the heavy lines indicating the grid. A
slight lag in coupling is due to phase-differences that prevail along the coupling link.
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TELEVISION Must

By RICHARD HUBBELL*
Crosley Corp.

Richard Hubbell, television consultant and production mana-
ger of the Crosley Corporation, Broadcasting Division. who
has charge of the program end of their television developments.

AVE you taken even a slight
H look at television recently? If

so, you cannot help but have
noticed that present-day studios are
somewhat less than perfect. In fact,
they often are cramped, ill-ventilated,
poorly lighted, and range from acous-
tical monstrosities up to a low medi-
ocre.

Such studios have been a major
handicap to pioneer television produc-
ers. The reasons for these lamentable
facilities include the fact (publicity
releases to the contrary) that there
has never been a really serious at-
tempt to develop commercial television
broadcasting. This cannot be blamed
entirely on wartime necessities. Part
of the blame rests on prewar bickering
within the industry, artificial restric-
tions of one sort or another, and a
general lethargy induced by a highly
profitable status quo in old-fashioned,
blind radio.

Only one company built a real tele-
vision studio, Don Lee in Hollywood.
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This studio—a highly attractive layout
on top of a mountain—was not com-
pleted when the war broke out. All
the other television broadcasters took
halfway measures, adapted portions
of existing structures to their needs.
That in itself was reasonable, since
no one knew what a television studio
should be. Unfortunately these
adapted buildings left much to be de-
sired and that situation has placed
producers squarely behind the eight
ball.

New and spacious studios must be
built before any serious attempt to
promote television can be expected to
succeed. They must be designed, not
only by engineers and builders but
also by practical production experts.
A studio plant may be a gorgeous
item architecturally and electroni-
cally, and may also be sales-promo-
tion-wise, but unless it meets the needs
of the program producers it will prove
an expensive white elephant. And
don’t think this hasn’t happened!

www americanradiohistorv com

Sound Right

Many fallacies in studio

design and equipment must be
'\ corrected before commereial

television broadeasting can

reach its ultimate goal.

In designing these new studios,
broadcasters are bound to be pre-oc-

" cupied with the problems of lighting,

video equipment, and providing for
maximum mobility and flexibility in
camera dollies. They are likely to
put less thought on the problems of
the audio—the sound. This has been
the case in television studios to date.

A parallel is found in early talking
pictures. Hollywood film companies
were $0 absorbed with the problems
of introducing talkies that they forgot
a lot of what had been learned in silent
movies. Result—the first talkies were
not too good. As we begin to get tele-
vision moving, let’s hope that broad-
casters do not forget too much of what
has been learned in aural radio.

For these reasons, it might not be
a bad idea to take a quick survey of
some of the basic audio problems and
procedures in television.

In a radio studio, designed for sound
pickups only, the microphone is placed
in the best acoustical position, and the
cast is grouped around it without re-
gard for visual considerations. Every-
thing is balanced for sound. In a
television studio, as in a motion-picture
sound stage, the visual aspects, set-
ting, and position of cast are dictated
by the camera requirements. The cast
must act visually as well as aurally.
It is hardly desirable to have each
actor saying his lines into one or more
microphones standing in the middle of
a set.

To be invisible, the microphone must
be placed outside the frame area of
the camera. It is difficult to get the
best possible pickup, and exclude back-
ground noise and echoes, since the
actors move about, and it is necessary

*# Mr. Hubbell is the author of ‘‘Television Pro-
gramming and Production” and ‘4000 Years of
Television.”
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to follow them with the microphone
as well as with the camera.

The primary problem of the audio
is, therefore, to get a good pickup at
all times without dropping the micro-
phone into view. The microphone not
only must be kept out of the picture,
but it also must not get in between
lights and visible objects and thus cast
shadows. This is not as simple as it
might seem at first glance, for many
productions use three, four, or more
cameras viewing from different angles.
There is also a battery of lights shoot-
ing from various positions. The mi-
crophone, mounted on the end of a
long, telescopic boom, is moved from
character to character and from one
side of the set to the other. Inevitably
it casts shadows somewhere. The trick
is to make sure they are not cast
squarely across the heroine’s face, the
sponsor’s product, or some equally
vital point.

On rare occasions, the problem can
be eliminated by hiding microphones
inside lamp shades or bowls of flowers,
or behind some books close to the
actors—provided the actors are going
to remain rooted in one spot for some
length of time. Usually, however,
actors will be moving about and will
get out of range of a microphone.

The type of sound system presents
another problem; the television studio
is monaural—all sounds going through
a single sound system and coming out
of one source, the loud-speaker. Un-
like the human hearing system, the
microphone cannot be exposed to a
number of different sounds and yet
focus only on the desired sound.
Therefore, unwanted noises must be
eliminated before the microphone
makes its pickup.

The two classifications of unwanted
sound are extraneous and reverberant.

Extraneous noises are those which
have nothing whatever to do with the
program content. By way of provid-
ing a check list for studio builders,
thesg may be divided into two groups
—noises originating within the studio
and those leaking in from the outside.

The latter group, external noises,
are by far the easier to control, They
include the rumble of nearby ma-
chinery, trains, trolley cars, airplanes,
storms, and particularly fire engine
sirens if your studio is located next to
a busy street.

Noise is also created by the opening
and closing of the entrances to the
studio. A sound lock is essential, but
it must be big enough to permit the
passage of large pieces of scenery.

Extraneous noises originating in, or
heard inside of, the studio include the
hiss of air conditioning, the splutter
or hum of lighting equipment and the
hum of current in power cables, the
sounds caused by the moving of props,
scenery, lights, cameras, microphone
booms, in addition to the general noise
level created by the moving and
breathing of many people.

All of this leads to the inevitable
conclusion that the walls and ceiling
of a television studio should be com-
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pletely dead, acoustically speaking.
This is necessary in order to soak up
as much as possible of the inevitable
background noise level. Acoustics of
each given program can be controlled
by the scenery or by synthetic means.

Control of reverberant or echo sound
is more complex. A certain amount
is desirable according to the require-
ments of the particular scene. If there
is no reverberation, the sound will
seem dead and lifeless, particularly in
the case of music. If there is too
much, the sound may become con-
fused and unintelligible, especially in
the case of speech.

Because of the loss of focusing pow-
ers in monaural hearing, echo is much
more noticeable than in binaural hear-
ing. This can be illustrated by placing
two people in an empty, live room
with bare walls and no rug. They
can converse without difficulty and can
understand what is being said. But,
put a nondirectional microphone be-
tween them, listen on a loud-speaker,
and you will find it a strain to follow
the conversation because of the exces-
sive reverberation.

The further a microphone is from a
source of sound, the greater is the ra-
tio of reverberant or reflected sound
to direct sound. Direct sound is that
which comes direct from the source to
the microphone without being reflected
one or more times from the walls, or
floor, or ceiling, or properties. If
sound is reflected, successful sound
waves reach the microphone a fraction
of a second later than the direct sound
wave. This time lag produces an echo.

The microphone shown in this setting has
a broad pickup beam on its “live” side.
It will pick up, without frequency distortion,
the four characters at the right. The char-
acter sitting at extreme left is on the ““dead”
side of the microphone; the side facing the
camera is “dead” over an angle of about
130 degrees. This suppresses unwanted
noises caused by camera movements and
the like. However, should the character at
extreme left speak, he probably would be
heard softly. There are. however, enough
hard, reflective surfaces in the scenery and
on the floor to “bounce” his voice around
and intc the “live” side of the microphone.

When many varying echoes—of dif-
ferent pitches and with different time
lags—go into a microphane, they pro-
duce a reverberant effect. (Reverber-
ation may be defined as the persistence
of sound, caused by repeated and va-
ried reflections.)
(Continued on page 135)

Note the position of the two microphones in this photograph. Microphone at left,
mounted on mobile, telescoping boom, is used to pick up ensemble. Its broad, 150
degree beam more than covers spread of the choir. Microphone hanging at right.
in a fixed position, is used to pick up soleist who will not be moving around.
Closeness of soloist to microphone will put him in an acoustical “closeup” in com-
parison with voices of ensemble. Lights overhead cre of the Birdseye type, used in
some prewar studios. Because of their extreme heat and undesirable color tempera-
ture (predominance of red and infra.red) they are unlikely to be extensively

used in the future.

Camera at lower right is a prewar type. RCA Iconoscope,

mounted on an “ironman” stand. Only semi-mobile, this type of mount does not
permit the operator to “dolly”” the camera across the floor while he is “on the air.”
However, it does permit camera to be raised and lowered on the air, in addition to
pans and tilts. Camera is painted silver color to reduce absorption of heat from lights.

www americanradiohistory com
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OPERATORS

Ry CARL COLEMAN

OMMODORE E. M. WEBSTER,

" chief of the Communications Di-
vision of the U. S. Coast Guard, spoke
at the American Merchant Marine
Conference held in New York during
mid-October, on the general subject
of Postwar Navigational and Rescue
Networks, and said:

“Coast Guard Headquarters Iis
charged with the direction of a system
of communication devices, a major
function of which is the promotion of
safety at sea and the assistance of per-
sons in distress, in addition to serving
the communication needs of the rescue
organization itself. Included in the
facilities which we operate is a net-
work of primary and secondary radio
stations, a land line organization link-
ing the various activities of the Coast
Guard and connecting them with
Army, Navy, and commercial facili-
ties, and strategically located nets of
medium-frequency and high-frequency
direction-finder stations. The reason
for the existence of all these facilities
and the conduct of all these activities
is the promotion of safety at sea and
in the air.

“In this connection I should mention

the development in the field of high-
frequency direction
finding. Of course,

ground-wave is employed necessitates
the application of judgment to the
plotting of bearings, which must be
based on extensive training. For
this reason and because of the large
size of this equipment which has to be
used to get accurate results, shipboard
direction finding in high-frequency
range is not very practical at present.

“The Coast Guard is now operating
several networks of these stations. We
have one in the Atlantic (really con-
sisting of several nets) which, to-
gether with the' Canadian network
with which it is integrated, extends
from Greenland to Brazil. In addition
there is a Gulf net, a West Coast net
extending from California to the Aleu-
tian Islands, and several nets not yet
permanently organized in the Pacific.
Because of the great range at which
these stations can take bearings, these
networks will be able to give substan-
tially one hundred per-cent coverage
in the Atlantic and Pacific shipping
and flight lanes. These stations are,
at present, guarding 8280 kilocycles,
which has been used during the war
as a high-frequency distress channel,
and are connected by teletype with
rescue centers, as well as with each

the use of direction
finders in the high
frequencies is not a
new thing. How-
ever, the war has
given us equipment
which, for the first
time, has been suffi-
ciently dependable
and accurate to jus-
tify the organiza-
tion of large nets
of these stations for
use as a navigation-
al and rescue aid.
“The development
has been primarily
in the field of shore-
based direction find-
ers which can
supply bearings on
positions to ships
and aircraft. While
improvements have
been made in ship-
board devices in
this connection, the
fact that a sky-
wave rather than a

“Place your left hand on the bible. your right in the air:
now tell me what was wrong with my radio?”

“olaAan
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o
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other, by teletype and radio circuits
so that they are prepared to switch
on notice to any other frequency that
a distressed ship or aircraft may be
employing. While, at present, their
activities are confined largely to dis-
tress generally and to potential dis-
tress of lost aircraft, it is expected
that eventually their services will be
extended to the supplying of general
navigational assistance. In connection
with this, we are working on the prep-
aration of new procedures for the use
of these stations as a navigational aid,
which will be incorporated in the new
communications convention.

“With the development of this sys-
tem, the loran system, and other
navigational devices, it is my present
opinion that the medium-frequency
direction-finder net will fail to serve
a need sufficiently great to justify its
continued existence. We have not
made a final decision in this matter
and are naturally interested in any
comments which may be made by
those who might make use of it.”

JOSEPH MILLER shipped out of

Boston aboard a collier recently
... Ed Donnelly is up and about
again and ready to ship out ...
George Dill growing pumpkins down
east on his Maine farm. George has
been pounding brass as a marine
operator for twenty-eight years . .
Robert Mayhew is back again after
his rush to the hospital down in Aus-
tralia . . . Charlie Hollision, former
instructor at Gallups Island, was ex-
pecting to return to sea at the last
report . . . Louis Pinkerton, Jack
Naughton, Joe Konrad, and John Yan-
ik were all in Baltimore recently.
Joe has already shipped out again . . .
Arne Hanson and Van Ordstrand both
back from trips down through the In-
dian Ocean and both disgusted with
that part of the world ... Dave
Cintron married recently, congrats . . .
Al Pierce, another oldtimer, is now
around again after a long spell in the
hospital . . . Mort Grove back from a
South America jaunt.

. C. (BILL) SIMON of TRT and

VWOA, noted recently that it
might be well to point out that the men
returning from the armed forces who
are intending to get into marine radio,
either as marine radio oprs. or as
shore servicemen, must have an FCC
license. It is necessary that you hold
a 2nd-class radiotelegraph license or
higher for this type of work . .. In-
cidentally, at this writing, really ex-
perienced men in the marine service
field are few and far between. If you
are just out of the armed forces and
interested in marine radio, get after
that ticket; it’s the first thing you will
be asked for when seeking employment
in the seagoing or shore berths. ‘

FRED HOWE, general secretary-

treasurer of ROU, sends along a

copy of the ROU-Pan American-Grace
(Continued on page 129)
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Fig. 1. Two views of the
completed instrument. Note,
in the under-chassis view,
the screw-driver-tuned rheo-
stats and large R, resistor.

HERE is no question that a

I small-sized, multi-range d.c. mil-

liammeter separate from the
regular volt-ohm-milliammeter is very
useful in shop, station, and laboratory.
The uses of such an instrument are
many and varied. Familiar applica-
tions include checking current and
tuning in grid and plate circuits of
transmitters; drain checking and load
measurements in test instruments,
power supplies, and industrial elec-
tronic gear; and substitution for dam-
aged milliammeters. The common
multi-range milliammeter consists
simply of a low-range instrument, such
as a 0-1 ma. model, with some arrar.ge-
ment for switching shunt resistors
across the meter to change its range.

That more experimenters and serv-
icemen do not build multi-range mil-
liammeters from spare parts is due
chiefly to difficulties arising (or ex-
pected) from switch contact resistance
and to the hard-to-get odd resistor
values required.

In order to get a bird's-eye view of
the conventional arrangement, see Fig.
2. This circuit is based upon the com-
mon 0-1 d.c. milliammeter. The value
of each shunt is equal to R, = Rn/f-1.

February, 1916

R, is the internal resistance of the
meter and f is the factor whereby the
basic 0-1 scale is to be multiplied. R.
will have a value between 30 and 110
ohms for 0-1 d.c. milliammeters, the
exact value depending upon the make
and type of meter. R. for a particular
model may be obtained with sufficient
accuracy from the manufacturer’s
catalogue. As an illustrative exam-
ple; if R. equals 100, the shunts for
the several ranges shown in Fig. 2
will have the following values: R,
1111, R, 1.01, and R; 0.100 ohms. For
a 60-ohm meter movement, these
values become: R, 6.666, R-
0.606, and R; 0.060 ohms. And for a
30-ohm value of R», the shunt values
are: R, 3.333, R. 0.303, and R. 0.030
ohms. Resistors having these values
are difficult to obtain unless the builder
is willing to invest in precision instru-
ment shunt resistors or make his own
from resistance wire, with the aid of
a precision Wheatstone bridge. When
such resistors are home-made they
usually have a poor temperature co-
efficient unless extraordinary precau-
tions are taken. A further disad-
vantage of the conventional circuit, as
given in Fig. 2, is the fact that the

www americanradiohistorvy com

Multi-
MILLIAMMETER

low-resistance shunis.

Range

By RUFUS P. TURNER

Consulting Eng., RADIO NEWS

This practical 0-1-10-100-1000
d.c. milliammeter can be home
constructed from junk-box parts.

All hard-to=-obtain, odd-sized,

so often

used, are purposely eliminated.

switch contacts are in series with the
shunt resistor and meter. While con-
tact resistance is extremely low in
ohmage, it becomes of concern when it
is in series with resistances as low as
those employed as meter shunts. Con-
sider the effect of switch contact re-
sistance in series with the .06- and
.1-ohm shunts. The only remedy in
the conventional circuit is to employ
an expensive, low-resistance instru-
ment-type switch.

The arrangement in Fig. 3A makes
it possible to use standard resistors
and a common rotary selector switch
in a multi-range milliammeter. Here,
the unknown current flows through a
resistor, R;, across which it develops a
voltage drop. The meter then is con-
nected (as a voltmeter) across R,
through a suitable multiplier resistor,

(Continued on page 141)

Fig. 2. Conventional type multi-
range d.c. milliammeter circuit.

——O INPUT ['e S—
7 TERMINALS
1MA,
)
R 10 MA,
RANGE SWITCH
R2 100 MA, 1
e AV W@
0-1 D.C.MA.
+ \ -
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Novel new trend in plastic radio receiver
design. This one-piece cabinet with built-in
handle and dust-proof enclosed back will be
the first of Bendix Aviation Corporation's
radios to be made available to the public.

N

By
ALFRED A. GHIRARDI

Part 41. Analysis of the various causes of driit

in the resonance frequency of tuned circuits and

in the frequency of the superheterodyne oscillator.

PRELIMINARY discussion of

the frequency, and frequency

stability of vacuum tube o0s-
cillators was presented in an earlier
chapter! in this series and should be
reviewed at this point, if possible.

Any oscillator circuit component
whose capacitive, inductive, or resist-
ive characteristics change even slight-
ly with:

1. Change of temperature

2. Change of humidity

3. Change of operating voltage

4. Shock or vibration

5. Age
contributes to drift of the oscillator
frequency; likewise, for the effect of
any component in the i.f. amplifier
tuning circuits, upon the resonance
frequency of the i.f. amplifier.

The subject of frequency drift as-
sumed great importance in the design
of the various types of radio equip-
ment that had to be perfected for
military use under especially difficult
operating conditions in all parts of the
world. Such equipment had to be

1 Page 120 of Part 33 of Practical Radio
Course which appeared in the April, 1945,
issue of RapIio NEws.
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constructed to operate satisfactorily
under ambient temperature conditions
ranging from the arctic to the tropical
—from approximately —40 degrees
Centigrade to 485 degrees Centigrade.
It often had to function in humidity
up to 100 per-cent and at unprece-
dentedly high altitudes. It had to
withstand the severe mechanical vi-
bration incidental to operation in air-
craft, tanks, and other vehicles, and
the repeated shock and rough han-
dling encountered in combat condi-
tions. The large amount of research
that was directed toward solution of

Fig. 1. Curves illustrate the effect of
coil form material upon frequency drift.
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the many difficult problems involved
in the design of stable equipment in-
tended for operation under such severe
conditions has thrown much light on
the causes and magnitudes of fre-
quency drift caused by various com-
ponents, as well as practical methods
for effectively reducing it to negligible
values.

Causes of Temperature Changes
in Receivers

In home and auto-radio receivers
the effects of temperature variations
are usually of greatest importance
since they are present under all op-
erating conditions of the receiver. In
some receiver applications they as-
sume extreme importance. For ex-
ample, some services (military air-
craft, etc.) require working under
ambient temperatures which may vary
as much as 100° C. during a relatively
short period of time.

Temperature changes that affect
the components of a receiver result
from two causes:

(1) Changes in temperature of the
receiver’s surroundings.

(2) Rise in temperature caused by
the heat produced by the various
tubes, resistors, transformers, and
other heat-generating components in
the receiver and by the flow of current
through the critical components them-
selves during normal operation.

Cause (1) is most likely to be a
fairly limited day-to-day, or even
season-to-season, temperature varia-
tion for fixed receivers operated un-

RADIO NEWS
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der sheltered conditions indoors. Con-
trasted to this are, of course, the cases
of portable receivers operated both in-
doors and outdoors, and the various
types of mobile receivers operated in
vehicles, aircraft, boats, etc.—all un-
der widely varying temperature and
humidity conditions. For example,
air temperature at an altitude of 42,000
ft. is reasonably constant at about
—55° C. The rate of temperature
change experienced by descending air-
craft may be as high as 5° C. per-
minute, but the actual rate of tem-
perature change of apparatus is lower,
possibly from 2° C. to 3° C. per-
minute.

Cause (2) needs no explanation be-
cause the receiver chassis with its
accompanying oscillator and i.f. am-
plifier circuit components go through
a fairly wide temperature change
that starts the moment the receiver
is switched on. A rapid rise in tem-
perature occurs during the first fifteen
or twenty minutes; after that the in-
crease proceeds more slowly until a
state of some stability is reached after
an hour or so. It is not at all uncom-
mon for the ambient temperature in
an ordinary home receiver to rise as
much as 30° C. or more during the
first fifteen minutes after the receiver
is switched on. In the smaller, ex-
tremely compact types of a.c.-d.c.
table-model receivers the tuning coils
and capacitors must necessarily be
mounted so close to heat-generating
tubes, voltage-dropping resistors, etc.,
and ventilation is so restricted, that
temperature increases much greater
than this frequently occur in them.

Effects of Temperature Changes
on the Tuning Coils and
Capacitors
A complete list of all the tempera-
ture-initiated causes that tend to make
the inductance of the oscillator and
i.f. amplifier tuning coils and the
capacitance of all the tuning capac-
itors associated with them change in
value, would include dozens of items
and probably would make the reader
wonder how a signal of any steady
carrier frequency can be continuously
received at all. Fortunately, since
many of the effects of these changes
have opposing trends, and so intro-
duce some compensation, it is possible
for the receiver designer to assist by
taking advantage of every expedient
that will make unavoidable drift ef-

fects tend to cancel.

Effects of Temperature Changes
Upon Tuning Inductors

Changes of temperature produce va-
riations in the inductance, resistance,
and self-capacitance of a coil. How-
ever, under ordinary conditions of
operation of home receivers, the last
two are not large enough to be im-
portant in comparison with the change
produced in the inductance.

Increase of temperature causes the
copper wire comprising each turn of
the coil to expand, so the length of the
winding increases and the radius of
the coil also increases. The relative

February, 1946

amounts of these two increases de-
pends upon many factors, among
which are the tension at which the
wire was originally wound, expansion
rate of the coil-form material, thick-
ness and expansion rate of the wax
impregnation on the coil, etc. Review
of the formula for the inductance of
a solenoid-type winding indicates that
increase of winding length decreases
the inductance in almost simple ratio,
whereas increase of radius increases
the inductance in square ratio. The
net result then is an increase in coil
inductance as the temperature is
raised. Designing the coil so it has
suitably different rates of radial and
axial expansion is a possible means
of reducing the temperature effect.
However, because of the unavoidable
commercial variations in the materials
being dealt with, it is difficult to
achieve zero coefficient of inductance
with temperature by this method in
quantity production.

Another effect is present in multi-
layer coils; the radius of the first few
layers of the winding may be influ-
enced by the expansion of the form,
but that of the rest of the layers de-
pends on the expansion rate of the
copper.

When coil windings are impregnated
with wax, the length of the winding
after heating depends on the expan-
sion of the wax, while the diameter
depends largely on the expansion of
the copper. Also, the expansion rate
changes appreciably if a thin impreg-
nation is used instead of a thick one.

The material used for the coil form
assumes importance from two view-
points. First, its expansion coefficient
affects the radial and axial expansions
of the coil. Also, the change of its
dielectric constant with temperature
affects the self-capacitance of the coil.

In general, unless special design
tricks have been resorted to, the over-
all effect of increasing the tempera-
ture of a coil is to increase its induct-
ance. By controlling the various con-
tributing factors already reviewed
here it 1is possible to control the
amount of this increase. In fact, it
actually is possible to produce coils
whose inductance decreases with in-
crease in temperature. For example,
if the temperature of a powdered-iron
core type tuning coil is increased, the
different rates of expansion of the
coil-form material and the material of
the screw mounting the core slug will

POLYSTYRENE,
COIL FORM

a——MAGNETIC CORE SLUG

bt 4= GOl

MAGNETIC CORE SLUG— bt
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Fig. 2. Powdered-iron core type tun-
ing coils. Winding and core arranged
for (A) positive temperature coeffi-
cient of inductance and (B) negative
temperature coefficient of inductance.
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Fig. 3. Standard oscillator and prese-
lector tuning circuits used in manual
ly tuned superheterodyne receivers.
The circuit shows inductors, adjust-
able trimmers. and fixed capacitors
employed. All of these components
can affect the frequency stability.

cause the core slug to move relative
to the coil winding by an amount de-
pending on the difference between
these two expansion rates. If the coil
and core are so arranged that increase
of temperature causes the two to
move toward each other, the induct-
ance will increase with rise of tem-

Fig. 4. Various types of commonly used capacitors. (A) Cross-section of a fixed
ceramic capacitor. (B} Commercial uninsulated capacitor. (C) Insulated type capacitor.

Courtesy Erie Resistor Corp.
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Fig. 5. Illustrating how rubber shock mountings are used on all aircraft receivers.

perature. If they are arranged so they
move apart, the inductance will de-
crease with rise of temperature. In
the coil arrangement illustrated at
(4) of Fig. 2 the core slug moves in
accordance with the expansion rate of
the brass screw, but the winding
moves at a greater rate, in accordance
with the expansion rate of the poly-
styrene coil form. Hence, temperature
increase causes them to move toward
each other, and the inductance in-
creases. In the arrangement illus-
trated at (B) the greater rate of ex-
pansion of the polystyrene coil form
causes them to move apart, so the in-
ductance decreases.

It is frequently found that the vari-
ation of coil inductance with tempera-
ture is non-cyclical, i.e., if the coil un-
dergoes temperature change cycles
the inductance will not follow the
temperature changes exactly but will
vary irregularly and will not return
to its initial value when the tempera-
ture returns to normal. This is ap-
parently the result of mechanical

changes such as result from slippage
of the wire over the coil form and per-
manent changes in physical dimen-
sions occasioned by the relieving of
initial stresses and strains in the wind-
ing and coil form.

As illustrated in Fig. 1, the use of a
ceramic coil form results in less in-
ductance drift due to temperature
changes than when a similar coil
wound on a phenolic form is employed.
This is due to the smaller coefficient
of expansion of ceramics and the fact
that the distributed capacitance of the
coil is smaller and less affected by
temperature when the ceramic form
is used than it is when a higher-loss
phenolic type material is employed.

Effect of Temperature Change on
Air-Dielectrie Tuning Capacitors

The principal factors that may
cause the capacitance of an air-dielec-
tric tuning capacitor to change with
temperature are:

1. Differential expansion of differ-
ent portions of the capacitor; partic-

Fig. 6. Construction detdils of one of the many ceramic variable trimmer ca-
pacitors. This particular type may be adjusted by means of a screwdriver.

Courtesy Centralab
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ularly those effects that cause twist-
ing and bending of the plates.
2. Linear expansion that causes

changes in electrode surface areas,
ete.
3. Changes in dimensions and di-

electric constant of the insulation used
for mounting the stator plate assem-
bly.

4. Changes in residual stress with
temperature that give rise to defor-
mations.

Depending upon their design, the
temperature coefficient of capacitance
of ordinary air-dielectric tuning ca-
pacitors may vary over as wide a
range as from +150 to —65 parts per
million per deg. C. Unless precautions
are observed in the design, the capaci-
tance variation may be non-cyclic, i.e.,
the capacitance may not return to its
original value when the temperature
comes back to normal. However, air-
dielectric tuning capacitors with very
small positive temperature coefficients
(capacitance increases with increase
of temperature) and cyclic behavior
can be realized by proper design. The
air gap between rotor and stator
plates should be relatively large so
the capacitance will not be affected
greatly by small deformations in the
plates. One way of controlling the
exact temperature coefficient of such
capacitors is by controlling the axial
position of the rotating plate assem-
bly with respect to the fixed plate as-
sembly by means of metal rods of a
second material having a suitably dif-
ferent coefficient of expansion. In this
way, it is possible to obtain zero tem-
perature coefficient of capacitance; or
one can even obtain either a positive
or a negative temperature coefficient,
as desired, by using a greater or less
displacement from the initial position
than that required for zero coefficient.
In general, the per-cent frequency in-
stability caused by variable tuning ca-
pacitors of the air-dielectric type in
receivers is negligible, provided good
electrical and mechanical design has
been followed.

Effect of Temperature Changes on
Fixed Mica Capacitors

Fixed capacitors of the mica-dielec-
tric type have been used in the oscil-
lator tuning circuits of manually-
tuned superhets mainly for the pur-
pose of providing a lumped padder
capacitance 'C, (Fig. 3) across which
an adjustable trimmer is shunted.
Such mica capacitors contain minute
air pockets between their plates and
the mica dielectric. Increase of tem-
perature causes expansion of the ma-
terials, resulting in greater pressure
that tends to force the metal plates
into more intimate relationship with
the layers of mica. This causes the
capacitance to increase.

The Silvered-mica Fixed
Capaciter

This effect has been greatly de-
creased by a special method of capac-
itor construction. Instead of employ-

(Continued on page 88)
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’rHE time has come in the affairs
of most servicemen to become
very objective in the operation
of their businesses.” We now can defi-
nitely see an end to the enormous
amount of service work which has
been created by the lack of sets avail-
able during the war. In short, the
honeymoon is over. I see a distinct
threat to the independent serviceman,
as such, in conditions which will pre-
vail in the radio industry, unless he
takes steps to protect himself.

First and foremost, the trend of
business will definitely be away from
the independent serviceman who does
not sell sets, due to the obvious fact
that the average dealer who employs
a serviceman will be getting more and
more of the independent customers
now that new sets are becoming avail-
able. The dealer, by his comprehensive
advertising and sales techniques and
backed up by his set distributor and
manufacturer, is going to make an
unprecedented drive for new business.
This, coupled with the fact that many
people are only waiting until sets are
available before they buy, will nat-
urally bring them to the outlet where
sets are being displayed. Industry ana-
lysts have estimated that it will be
necessary for the average retail outlet
to sell at least twice, and in many
cases four times, as much merchandise
as has originally been sold by them in
order that the enormous demand may
be satisfied.

The two types of competition which
the independent serviceman faces are
a combination from the standard radio
and appliance retail stores and other
outlets who handle radio as a depart-
ment of a large natioral operation.
These little department stores in the
specialty field are definitely sales-
minded and are determined to get
their share of the business. The third
type, and probably the one which will
make its effect felt on the independent
more actively than the others, is the
operation by oil and gasoline com-
panies which will sell radios and serv-
ice directly to customers who will
drive into stations for oil and gasoline.
This will be a very hard type of com-
petition to combat as far as the av-
.erage small serviceman is concerned,
due to the fact that these gasoline sta-
tions have the advantage of tremen-
dous traffic from which to draw their
customers. It requires no master
mind to see the effect on Mrs. Jones
when the gas station attendant, in-
stead of saying, “May I check your
0il?” will be saying, “May I check
your radio?” or, “How is your radio
performing?” And it is only a step
February, 1946
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further to have Mrs. Jones bring in all
sorts of radios for repair to these sta-
tions.

The fourth reason that the trend is
away from the independent service-
man, is the fact that new services,
such as FM and television, require
quite a bit more in the way of servic-
ing equipment than the independent
has heretofore been called upon to
provide. For that reason alone, many
dealers cannot afford to be without a
serviceman and, therefore, must main-
tain a service department. In addition,
many large manufacturers are refus-
ing to enfranchise dealers as retail
sales outlets unless they can prove
they do have an adequate service de-
partment, and they can install and
maintain the new equipment that is
coming on the market.

All of the above add up to just one
thing—if the independent serviceman
is to survive, he must become sales-
minded; he must, by all means, ar-
range to become a seller of radios and
prepare himself technically and other-
wise to perform better service jobs.

The time to do some very hard
thinking is now. It is well to plan
three years in advance. In order to
do this, you will first have to take

"Defective Radar Beam! Didn’t reflect!”
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stock of yourself, and please do not
hesitate to be brutally honest. Your
entire customer list should be gone
over and a segregation made of those
customers whom you feel you can de-
pend upon for service in the next year
or so. All customers about which
you are doubtful should be contacted
immediately and you should sell your-
self over again to these doubtful ones.
New customers should be continually
added to the list from whatever source
you get your prospects. If you have
committed the many sins which have
been laid at the serviceman'’s door dur-
ing the war, such as over-charges, “the
customer is always wrong” attitude,
and other business errors, please make
a complete confession to yourself at
once and take whatever steps are nec-
essary to rectify these business killers.

There has been a great shift in pop-
ulations in practically all communities
in the United States, due to the war.
Therefore, one of the first things you
should do is to analyze your commu-
nity figures to find out if the popula-
tion has increased or decreased, if such
changes are permanent, and what
steps it will be necessary for you to
take in order that you can shift your
position or take advantage of the new
situation which has arisen. It might
be well to canvass the various indus-
tries in your area to see whether or
not they have any peace-time chances
of prosperous operation. Many new
industries have been created as a re-
sult of the war and the tendency of
most manufacturers is to locate in
smaller towns and cities, wherever
possible. This, of course, means more
people employed and, therefore, more
potential customers for you. A check-
up with your Chamber of Commerce
or other local business group will en:
able you to know what is expected to
happen in your community within the
next year. All of these factors should
be taken into consideration in plan-
ning your operation. Bear in mind
that if there has been an increase in
manufacturing facilities in your
neighborhood as well as an increase
in population, the large chain outfits,
as well as the other merchandising
factors, are well aware of this and are
moving at this time to take advantage
of it. A third way in which you should
immediately move is along technical
lines. As all of you know, the servic-
ing and installation of high frequency

(Continued on page 128)
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Fig. 223

ACUUM tube development on
Vthe Continent during World War

I was carried on chiefly in France
and Germany, although the Dutch and
Russians were also active. The work
in France, as has previously been men-
tioned, was done almost entirely by
the French Military Telegraphic Serv-
ice under the able guidance of Colonel
(later General) Ferrie.

Early in the war, the French real-
jzed the manifold advantages of wire-
less telegraphy as a medium of com-
munication in military work. Since
military stations, of necessity, must be
portable, the transmitters and receiv-
ers must be light weight, which neces-
sitates a minimum of power consump-
tion. The need for reliable commu-
nication under all conditions could be
met by using high power transmitters
and relatively low sensitivity receiv-
ers. Since the weight and bulk of
transmitting equipment increases rap-
idly with the requirements for radi-
ated power, this solution was not a
satisfactory one. The use of low or
medium power transmitters in con-
junction with high sensitivity receiv-
ers was much more desirable, even
necessary. To increase receiver sen-
sitivity some form of amplifying de-
vice must be used. The three elec-
trode vacuum tube was, by far, the
best device available.

In August, 1914, the French Mili-
tary Telegraphic Service instituted an
intensive development program with
a view to obtaining a vacuum tube
suitable for military applications.

54

VACUUM

Part 21. Vacuum tube developments that were carried

While development of a number of
types was followed, problems of sup-
ply and distribution dictated the pro-
vision of a universal tube, one which
could be used as high or low frequency
amplifier, detector, or oscillator.

The design of such a tube was set-
tled upon early in the program and
quantity production was undertaken
in 1915-1916.301 It was a hard tube,
known usually as the French tube, al-
though it was also designated as the
Type S tube. There were minor vari-
ations in construction, depending on
the manufacturer.

Fig. 224 shows one of these tubes.

1)

~on in France and Germany during the first World War.

By GERALD F. J. TYNE
Research Eng.. New York

The element assembly was of the con-
centric cylindrical type, mounted with
the axis of the assembly horizontal.
The anode was a cylinder of sheet
nickel, .59 inch long and .39 inch in
diameter. The filament was of pure
tungsten about .83 inch long and
when operated at the normal voltage
of 4 volts ran at a temperature of
about 2400° K. The variations in con-
struction of models, made by different
manufacturers, were chiefly in the
helical grid structure. In the Lampe
Fotos, the grid was of .008 inch molyb-
denum wire, wound with a pitch of
051 inch and of 12 turns, the total

% A _— Fig. 224
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length being .63 inch. Its diameter
was about .18 inch. In the Lampe
Metal, the grid was of .011 inch diam-
eter nickel wire wound with a pitch
of .067 inch and had 11 turns, with a
total length of .75 inch. The diameter
of the helix was about .16 inch.30? The
base was usually of sheet metal with
a ceramic insert which carried the
pins. The fastening arrangement for
the pins was not a very secure one,
and they frequently worked loose in
the base. The bulb was about 2.2
inches in diameter.

This tube was operated for receiv-
ing applications at its normal filament
voltage of 4 volts, and filament cur-
rent of .6 to .8 ampere. When used
for transmitting purposes, the fila-
ment voltage was increased to 5 or 5.5
volts with consequent increase in out-
put and reduction in operating life.
The maximum perinissible anode volt-
age, when used for transmitting, was
400 volts, while anode voltages of 15
to 50 were used in receiving.

When attempts were made to uti-
lize this tube in a multistage radio
frequency amplifier, difficulties were
encountered. The amplifiers used at
that time were of the resistance-ca-
pacitance coupled type and the high
input capacitance (15 wuufd.) of this
tube limited its use to frequencies be-
low about 600 kc. This upper limit
was extended to about 1500 kc. by the
use of a modification of this tube
known to the French as the Lampe
aux cornes, and to others as the
-horned valve or Kamerad valve.’od
One of these tubes is shown in Fig.
223. The grid and anode are sup-
ported from wires which are em-
bedded into projections on the press,
and the electrical connections are
brought to caps on the top of the bulb,
separated by a considerable distance.
This construction considerably re-
duced the tubes input capacitance.

(A)

3
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Fig. 226.

There were also a number of other
and higher-powered tubes of this same
general construction developed for
military transmitter applications. One
of these is the 50-watt output trans-
mitting tube shown in Fig. 225.

In Germany, the first attempts at
the use of tubes for radio work were
conducted with the von Lieben-Reisz-
Strauss tube known as the LRS Re-
lay, which was described in a preced-
ing article. The LRS Relay was em-
ployed both as an oscillator and as a
high-frequency amplifier in addition
to its originally intended use, that of
an audio-frequency amplifier. Fig. 226
shows the general arrangement for us-
ing this tube as a high-frequency am-
plifier and Fig. 227 shows a close-up
of the assembly with some of the box
covers removed.

' Fig. 228.
(B) <
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Fig. 227.

The first German high-vacuum tubes
were developed shortly before the be-
ginning of World War I and their re-
finement and improvement were
greatly accelerated by military neces-
sity. One of the first uses to which
they were put was that of listening-in
devices used to pick up enemy conver-
sations. The first of these tubes,
known as the Siemens & Halske Type
A, is shown in Fig. 228 in its various
stages of development.3?+ It followed,
in general, the construction of the de
Forest Audion and like it was a very
inefficient device. Unlike its progen-
itor however, it was quite free from
noise and microphonic action, chiefly
because of its mechanical construc-
tion. The circular disk anode and
spiral grid were held rigidly in place
by means of glass spacers into which

(D)
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the elements were pressed. The bowed
filament operated with .52 ampere at
about 2.2 volts; the tube had an am-
plification factor of about 15 and an
anode resistance of about 120,000
ohms. It had the advantage of taking
a very small anode current, so that
the anode batteries could be small and
light.

While Fig. 228A shows the earli-
est stage of development, the tube as
actually used in field equipment, even
at this stage, was fitted with end
mountings similar to those shown in
Fig. 228B.80s

Fig. 228B shows the second stage
(attained in 1916) in the evolution of
this tube. In it is shown the first step
toward the punched grid which was
finally used. The grid has been
changed from spiral to zig-zag, still
mounted in glass supports; the anode
is rectangular to conform to the
changed shape of the grid, and the fila-
ment has been changed to one parallel
with the plane of the grid and equipped
with a tensioning spring. The next
step, shown in Fig. 228C, which was
attained in 1917, utilizes a punched
grid to replace the zig-zag wire. The
final stage in this series is shown in
Fig. 228D, in which the tube has
been changed to single-ended con-
struction with a single press, and a
conventional 4-pin base employed.

Another early type, made by A.E.G.
(Allegemeine Elektricitats Gesell-
schaft), followed more closely the de-

sign of the original de Forest Audion.
It too was double-ended and had end
fittings similar to the Siemens & Hal-
ske Type A. In the A.E.G. tube the
hairpin shaped filament was sur-
rounded by a zig-zag grid wound on
formed glass arbors, and both filament
and grid were supported from the bot-
tom press. The anode was shaped like
an inverted U, was supported from the
upper press, and fitted rather closely
over the filament-grid assembly. This
tube was identified as the A.E.G. K3
tube, and was used in the final stages
of the A.E.G. K4 Amplifier, shown in
Fig. 229.306

The Telefunken laboratories, as dis-
tinguished from those of Siemens &
Halske and A4.E.G., had been working
on high-vacuum tubes since about the
middle of 1913 and by early 1914 had
standardized on the use of the high-
vacuum tube for radio reception.30?

These tubes had a construction sim-
ilar to the Siemens & Halske tube de-
scribed above; that is, plane anode,
spiral grid, and bowed filament, in this
case of helically wound tungsten wire.
The EVN129 was provided with metal
plates on each side of the filament in
order to prevent the emitted electrons
from reaching the walls of the tube,
to which they might be impelled by
the magnetic field resulting from the
filament current.308

The first application of the EVN94
was in the EV89 Amplifier shown in
Fig. 230. This amplifier was first pro-
duced in July 1914302 The EVN129
was originally developed for use as a
heterodyne oscillator but was also
used as a low-powered transmitting
tube in sets of the type shown in Fig.
231, which were first made in June of
1915. The designation EVN indicates
that the tube was intended for use in
a receiver (E = Empfanger) as an
amplifier (V = Verstdrker) at low
frequencies (N — Niederfrequenz).310

Another tube also iritended for use
in low-frequency amplifiers was the
EVN171, shown in Fig. 232. This tube
operated with a filament current of .5
to .55 ampere at 2.7 volts and used 80-
100 volts on the anode. It had an am-
plification factor of about 10, a mu-

Fig. 230.
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tual conductance of about 100 mi-
cromhos, and an internal resistance of
about 100,000 ohms.311

By 1914 the Telefunken engineers
had decided to change over to a cylin-
drical element assembly and one of
the first of the new type tubes, in-
tended for use in the EVE211 Ampli-
fier, was designated EVE173. This
tube is shown in Fig. 233. It was in-
tended to duplicate the characteristics
of the EVN171 and, for a time, both
tubes were made, eventually the EVN
171 being abandoned. Like its prede-
cessors, the earlier EVE173s used
nickel in the anode and the grid. The
grid was of thin nickel ribbon with a
stiffening rib applied longitudinally.
Later production of this tube, about
1918, influenced by the shortages of
material which had developed in Ger-
many by that time, had anodes of cop-
per, and sometimes grids of copper as
well. The copper used was chemically
treated to eliminate surface impuri-
ties and make the tubes uniform in
their operating characteristics.

CAPTIONS FOR JLLUSTRATIONS

Fig. 223. French Kamerad type, in
display socket. Photograph courtesy
Bell Telephone Laboratories.

Fig. 224. French Type “S” made by
Fotos. Photograph courtesy Radio
Corporation of America.

Fig. 225. 50 watt transmitting tube
of the Horned type. Photograph cour-
tesy R. McV. Weston and Electric
Communication. '

Fig. 226. High-frequency amplifier
using LRS Relay. Reproduced from
“Handbuch der drahtlosen Telegraph-
ie und Telephonie” by Eugen Nesper.

Fig. 227. Close-up of LRS Relay
used as a high frequency amplifier
showing interior of apparatus. Photo-
graph courtesy Clark Historical Li-
brary.

Fig. 228. Development series of Sie-
mens & Halske Type “A” Tube. Re-
produced from “Veroffentlichungen
aus dem Gebiete der Hachrichtentech-
nik”—1935.

Fig. 229. A.E.Q. Type K} Amplifier,
showing use of type K3 tubes in last
stages. Reproduced from Zenneck-
Rukop “Lehrbuch der drahtlosen Tel-
egraphie”—1925.

Fig. 230. Telefunken EVNS89 Am-
plifier using EVN94 tubes. Repro-
duced from Zenneck-Rukop “Lehr-
buch der drahtlosen Telegraphie”—
1925.

Fig. 231. Telefunken transmitter
made in 1915, using EVN129 tube. Re-
produced from Zenneck-Rukop “Lehr-
buch der drahtlosen Telegraphie”—
1925.

Fig. 232. EVN171 tube. Reproduced
from Telefunken Festschrift—1928.

Fig. 233. EVE173 tube. Reproduced
from Telefunken Festschrift—1928.
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PHASE INVERTERS

A thorough discussion of the design and operation of many

types of phase inverters.

Most of the circunits discussed

are widely used while others are quite novel in operation.

of a push-pull audio amplifier are

such that it is necessary to excite
each grid, or bank of grids, with the
same amount of audio voltage, but the
voltage on one side of the balanced
amplifier must be opposite in phase to
that on the other side of the amplifier,
if the voltages from each side of the
amplifier are to mix properly in the
plate transformer. That is, the volt-
age applied to one grid or bank of
grids, must reach its positive peak in
the a.c. cycle at the same instant that
the voltage applied to the other grid
or bank of grids reaches its negative
peak in the a.c. cycle.

A brief glance at the action of the
output transformer will reveal why
this action is necessary. If the grid
voltages were in phase, the plate cur-
rent through the two tubes would
rise or drop simultaneously, and their
effects would cancel in the output
transformer, resulting in no output.
However, if the grid voltages were
180° out of phase, the current in one
tube would be rising while that in the
other tube would be falling, with the
result that the induced voltage in the
secondary of the output transformer
would be twice that for one tube.

A good interstage transformer, with
a center-tapped secondary, is the sim-
plest and best method of obtaining this
excitation voltage, since the voltages
at the opposite ends of this secondary
winding are 180° out of phase. How-
ever, good transformers are too ex-
pensive, as well as too large, for use
in the modern midget receivers and
the low powered sound systems and,
since the coming of high fidelity trans-
missions some ten or twelve years ago,
most manufacturers have reverted to
resistance-coupled phase inversion.
This electronic method of satisfying
the excitation requirements of push-
pull audio amplifiers was chosen for
several reasons. The fidelity of the
resistance-coupled phase inverter is as
good as, if not better than, that of most
transformers. The space that a phase
inverter consumes is only one-third to
one-half as great as that of a trans-
former. The original cost is a great
deal less, since it is made up of a tube
and a few inexpensive resistors and
condensers whose electrical values are
not too critical. Furthermore, it is
possible to attain a higher frequency
response and, in some circuits, a higher
voltage step-up than it is possible to
get from low price interstage trans-
formers. A good transformer has the

THE grid excitation requirements
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advantage that it has much higher in-
herent stability than the phase in-
verter and, for this reason, it is used
in commercial communications work.
Another advantage of a good trans-
former is that the impedance in the
grid circuits following the driver can
be high while the d.c. resistance can
be kept low, and this condition is al-
most necessary in the case of a class-A
prime amplifier where grid current
flows over a portion of the cycle. Itis
necessary to keep the next stage grid
resistors comparatively high when us-
ing a phase inverter, in order to pre-
vent loading of the inverter, which
would cause unbalance because of
changes in the excitation voltage to
the inverter tube grid. Also, it would

By
HAROLD A. BUSTARD

seriously impair the frequency re-
sponse at the higher frequencies.
The purpose of the phase inverter,
then, is to provide two voltages which
are equal in magnitude and 180° out
of phase, which can be utilized to drive
a push-pull amplifier. There are nu-
merous methods of accomplishing this
but the basis of operation of the major-
ity of the systems is that a small por-
tion of the output voltage from either
the driver stage or the output stage
is coupled to a similar driver tube,
or to the grid of the other output tube,
through a suitable coupling arrange-
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Fig. 1. Phase inversion takes place in the output stage. This system hqs
the advantage of not requiring an inverter tube or additional transformers.

Fig. 2. Similar in operation to Fig. 1, with the exception that advantage is
taken of changes in the screen grid current in order to obtain phase inversion.
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Fig. 3. A 6AD7 triode-pentode is used as an output tube. The pentode section
is used for push-pull operation and the triode section is used as an inverter.
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Fig. 4. The 180° phase shift, necessary for proper phase inversion, is obtained by
taking advantage of the signal voltage on the cathode of the 8]5 triode tube.

Fig. 5. Similar in operation to Fig. 4, with the exception that the 6]5 is now
self-biased which will eliminate the addition of a bias voliage source.
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ment to provide the necessary excita-
tion voltage for the push-pull tubes.

The systems where the phase inver-
sion takes place in the output stage
itself are perhaps the most simple and
are all adaptable for use in the serv-
ice shop where it is necessary to get
around shortages of inverter tubes
and transformers.

One of the first phase inversion sys-
tems ever used was of this type and
is shown in Fig. 1. Two resistors, R
and R, are connected in series across
the first half of the output transformer
primary. The grid voltage for the
second output tube is taken from the
junction of these two resistors and
fed to the grid of the second tube
through coupling condenser C. whose
value is generally .01 #fd. and is al-
ways the same as that of C.. When
first looking at the circuit, it is diffi-
cult to see how such an arrangement
can satisfy the requirements of a
phase inverter. However, the voltage
developed across R, and R, is 180° out
of phase with that developed across
R, because of the 180° phase shift in
V., and the size of R, and R. are ad-
justed so that the magnitude of the
voltage fed to the grid of V. is the
same as that appearing at the grid of
V. 'Thus, the two grid voltages are
equal in magnitude and 180° out of
phase. In Fig. 1, it is assumed that
V. has a gain of 15, so R: and R, are
so proportioned that one-fifteenth of
the output voltage of V, is fed to V..

Other values of resistors could be
used proportionately. However, we
find that if the total resistance is
very far below a critical value of fifty
thousand ohms, the transformer will
be loaded with a resultant reduction
in power and fidelity, while, if the
total resistance is much higher, the
balance will be affected on high fre-
quencies due to the effects of stray
capacities in wiring, transformer dis-
tributed capacities, and the output
and input capacities of the tubes. The
values of R, and R, are standard for
the type of tubes used and, of course,
they should both have the same value.
The parts values are not very critical,
and, as in the case of most electronic
equipment, a tolerance of ten per-
cent is allowable which gives one a
chance to use standard replacement
parts if the exact size is not available.
The small mismatch that could be
caused with this tolerance is easily
balanced out in the output trans-
former with no ill effects other than
a slight reduction in the output volt-
age, which will be less than five volts
in most cases. This circuit is almost
entirely independent of tube charac-
teristics in that, if the excitation volt-
age to VT, drops or if the emission
in VT, drops, there will be a similar
reduction in the voltage drop across
R,. Therefore, the excitation voltage
to VT. will be reduced accordingly.
Under these conditions, only the char-
acteristics of VT. can really greatly
affect the fidelity of the amplifier.

The circuit has the definite advan-
tage that it is simple and uses only
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the regular output tubes, so no addi-
tional space is consumed. Its disad-
vantages are slight and may be ne-
glected in most receivers; the re-
sistors across the transformer primary
have a loading effect on the trans-
former, regardless of their value, and
they take part of the power off of the
first half of the transformer. This
loading effect reduces the output
slightly (less than ten per-cent) and
hinders the fidelity. It seems to flat-
ten the high frequencies and the cut-
off point for low frequencies is around
100 c.p.s. The circuit is however,
adaptable to all types of output tubes,
whether they are triodes, pentodes, or
tetrodes.

In Fig. 2, we have a similar circuit,
but here we have taken advantage of
the changes in the screen grid current
which are similar to the plate current
changes and we have placed a resistor
in the screen grid circuit of VT.. The
voltage drop across this resistor is 180°
out of phase with the input voltage
and is proper for the excitation of
VT. The value of resistor used de-
pends, of course, on the tubes used.
Each tube, of course, has slightly dif-
ferent screen grid current variations
when the tube is working. What is
meant is that the screen current in
one tube may rise from 10 ma., no sig-
nal value, to 15 ma., peak signal value,
while another type may have a 20 ma.
no signal value, and will rise to 40 ma.
on peaks. This information can usu-
ally be found in the manufacturers’
data, as can the following necessary
conditions. The peak grid volts nec-
essary for the tube to work at full otit-
put is usually equal to the manufac-
turers’ grid bias voltage rating. The
peak a.c. voltage drop across R; will
be equal to this grid voltage. The exact
value of resistor R, can then be calcu-
lated from Ohm’s law, remembering
that the changes .in current corre-
sponding to the audio signal will be
the only current changes that will de-
velop an a.c. voltage which is needed.
Therefore, if the manufacturers’ data
shows the no signal current as 10 ma.
and the peak current as 15 ma., the
difference between the two will be the
value to use in calculating the value
of R..

In the event that you cannot find
this data, approximate values of R,
for the two popular classes of output
pentodes and tetrodes are for 41, 6KS6,
7B5, and others requiring high exci-
tation values on the order of twenty
volts, use a resistor of 3800 to 4000
ohms. For tubes such as the 42, 6F6,
6V6, and 7C5 whose amplification fac-
tor is higher and grid voltage lower, a
resistor of 3500 ohms will be found to
work satisfactorily.

As in the case of all push-pull am-
plifiers, any small amount of unbal-
ance will be unnoticeable, since it will
be balanced out in the output trans-
former at a slight loss of power. Small
differences may be made up by proper
choice of coupling condensers, but this
is slightly out of the technician’s field
and, as differences in coupling con-
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/ / sign line for antenna fo receiver con-
nection. /

/ e Exploded view of all parts\on directiony

she?f facilitates easy, propear assem}7y’.

/ \\\
\

Amphenol Aptenna
Equipment Pdckagedl as
¢ 10%-114 Dipole Al

AT, Cablef and Connectors o Conduit o Fittings
Connectorg (A-N, U. H. F., Biatish) e Cable Assengblies

Radio Parts e Antengas e Plastics for Industry
Bracket (When

Side Mounting) 7 / /
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denser values also tend to reduce the
fidelity of the amplifier, it is suggested
that small unbalances be left up to the
output transformer which will take
care of them very adequately.

Another method of phase inversion
in the output stage is shown in Fig.
3. In this circuit, a 6AD7 triode-pen-
tode is used as one output tube. The
pentode section of the 6ADT7 is iden-
tical to a 6F6 and is used in conjunc-
tion with one in a push-pull amplifier.
The triode section is used as an in-
verter, and gets its grid voltage from
a voltage dividing arrangement, R:
and R. in the pentode section grid cir-
cuit. The resistors in the voltage di-
vider are so proportioned that, when
used with resistor R; the voltage on
the 6F6 grid is equal in magnitude but
opposite in phase to that which is on
the grid of the pentode section of the
6AD7. Since the characteristics of the
pentode section of the 6AD7 and the
6F6 are identical, if the excitation
voltages are.equal, the output will be
well balanced and fidelity very high.
The output of the amplifier is entirely
dependent on the emission of the 6AD7
because, as the emission of the 6AD7
drops, the excitation voltage on the
grid of the 6F6 will fall accordingly
with the result that the output from
the 6F6 will always be equal to that
of the 6AD7. Since the 6AD7 is the
only tube of its kind, the parts and
tubes are standard and should be ad-
hered to whenever possible. A toler-
ance of ten per-cent is permissible
when necessary. This circuit is found
in several popular radios.

The foregoing have been circuits
that can be used in low power ampli-
fiers such as are found in small re-
ceivers. All are simple and can be
hooked up in a few minutes in the
average service shop. Therefore, they
are very handy for servicemen who
have to get around a tube shortage
problem or can’t find a replacement
interstage transformer. Following are
circuits that are adaptable to higher
powered amplifiers. In these systems,
the phase inversion takes place in the
driver stage. In most instances, a sep-
arate or special inverter tube is used.
Therefore, more voltage is generally
available for the push-pull grids that
follow and the circuits are far more
sensitive.

In Fig. 4, we have what is probably
the simplest of these inverter-driver
systems. A simple triode such as a
6C5, 6J5, or 76 is used. The plate and
cathode resistors are made equal.
When a signal is applied to the grid
of the tube, over the positive half of
the a.c. cycle, the current in both re-
sistors, R. and R, increases. This in-
crease in current naturally causes an
increase in voltage drop across these
resistors. As a result, the voltage at
the plate of the tube becomes more
negative with respect to ground and
the voltage at the cathode becomes
more positive with respect to ground.
When the two resistors are of equal
value, the peak negative voltage at

(Continued on page 98)
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ENCLOSURES FOR ELECTRICAL
COMPONENTS
Electrical Industries, Inc., is now

offering a new line of enclosures for
electrical components including re-
lays, coils, transformers, etc.

Round or square cans are available
with or without equipment mounting
bridges attached to the can interior

iy

and terminals are brought out through
sealed headers in the base. The head-
ers can be supplied for plug-in use.
Round cans can have any number of
contacts up to a maximum of eight,
and square cans have a maximum of
fourteen leads.

These new enclosures offer a com-
pact, economical and efficient method
of encasing components. Units so
housed are easily replaced or serviced
and complete protection from dust,
dirt, and moisture, as well as mechan-
ical damage, is afforded.

Details of these enclosures may be
had upon request to Electrical Indus-
tries, Inc., 42 Summer Avenue, New-
ark 4, New Jersey.

MEGOHM METER

A new model 1500 Megohm Meter
with a range from 400,000 ohms to
100,000 megohms in five ranges on
single-scale, four-inch meter has been
developed by Communication Meas-
urements Laboratory.

Weighing only eight pounds, this
new unit has a wide variety of appli-
cations including measuring of leak-

St e

age resistance of insulation materials,
condensers, coaxial cables, wiring har-

ness, motor, and transformer wind-
ings. Model 1500 may also be used
64

for determination of moisture content
of wood, paper board, plastics, textiles,
and other materials in which elec-
trical resistance is a function of mois-
ture content.

This new Megohm Meter has a line
voltage of 115 volts, 60 cycles and is
available for immediate delivery with-
out priorities. Descriptive bulletins
are available from the Meter Division,
Communication Measurements Labor-

atory, 120 Greenwich Street, New
York 6, N. Y.
“LITTLE DEVIL" RESISTORS
Ohmite Manufacturing Company

has announced a new series of small
size, insulated, fixed composition re-
sistors known as “Little Devils.” They
are full % watt, 1 watt, and 2 watt
resistors, yet the size of the % watt
is only 3” long x 9/64” diameter; the
1 watt, only 9/16” long x 7/32” di-
ameter; the 2 watt, 11/16” long x5/16”
diameter. X

Ratings for maximum continuous
r.m.s. voltage drop are high: 500 volts
for the % watt unit, 1000 volts for the
1 watt unit, and 3500 volts for the 2
watt unit. They are completely sealed
and insulated by their molded plastic

construction. Leads are soft copper
wire, hardened immediately adjacent
to the resistor body, strongly an-
chored, and hot solder coated. All
these resistors are color coded and
available from stock in RMA standard
values (10% tolerance) from 10 ohms
to 22 megohms and can be used for
regular replacement or for special ap-
plications even in the smallest equip-
ment.

For complete information, write for
Bulletin No. 127 to Ohmite Manu-
facturing Company, 4835 Flournoy
Street, Chicago 44, Illinois.

VOLTAGE REGULATORS
R-B-M Manufacturing Company, di-
vision of Essex Wire Corporation,
Logansport, Indiana is now producing
improved 3-unit, vibrating type, heavy-
duty voltage regulators for low volt-

age d.c. generator application.
These regulators are compactly de-

www americanradiohistorv com

signed, sturdily constructed, and are
especially suitable for stationary or
mobile gas engine or motor driven
generators.

All three units (reverse

current relay, voltage control, and
current limiter) are designed to work
in any position and withstand external
vibration and shock normally encoun-
tered in mobile apparatus.

These voltage regulators are avail-
able in maximum capacities of 30 am-
peres at 6 to 32 volts and 45 amperes
at 6 to 12 volts d.c. Maximum field
current rating, 3 amperes at 6 volts;
.5 amperes at 32 volts d.c. Approxi-
mate dimensions are; width, 73%”;
depth, 4”; height, 3%”. Average
weight, 3.25 lbs.

In order to secure detailed informa-
tion regarding definite applications,
it is necessary to consult the engineer-
ing department of the R-B-M Manu-
facturing Company as these voltage
regulators must be calibrated as to
settings and resistance values to
match generator specifications.

MICROPHONE JACKS AND PLUGS

Two new, completely redesigned
microphone jacks and plugs have been
issued by Kings Electronics Company
of New York.

Model M-150, now available in quan-
tities for immediate delivery, is a
standard jack, heavily nickel plated
with silver plated contact pins. Model
M-151, now in production, is an im-
proved microphone jack and plug com-
bination. This combination has solid
contact pins, heavily silver plated, and
can be soldered to the cable while
assembling. This is a precision con-
nector in which all noise and vibra-
tion, due to wear on the soldered con-
tact, is eliminated.

Kings Electronics Company is lo-
cated at 372 Classon Avenue, New
York.

THYRATRON ELECTRONIC TUBE
General Electric Company has an-
nounced a new all-metal “midget”
thyratron electronic tube, GL-502 A,

having a net weight of two ounces.
The GL-502 A is an inert-gas-filled,
double-grid thyratron with negative
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The curtain is rising on a remarkcble "new era” develop-
ment for the "hams” and potential hams of the world! It’s
so logical... so ingenious, in its use of advanced electronics
and ultra-modern principles of design that we have kept
the secret for showings in all parts of the country, at
the same time. Dealers will be ready soon. Don’t miss
their KLUGE “Premieres” ... It won't be long!
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control characteristics.

Wl
i . W .

The control

characteristic of this tube is inde-

% pendent of ambient temperature over

//////////// ), // a wide range. It has high sensitivity

///, characteristics because the grid cur-

// rent is low enough to permit the use

% /// of a high resistance in the grid cir-

// % . cuit. ‘Because of its low grid-anode
”//

capacitance, the thyratron is relatively
unaffected by line-voltage surges

/ 7/// . _Fur(‘lther technitca}cl (iaalta tmax,‘r t;epog-
“ TO YOUR INSTRUMENT | R

7 b | Gnlsgs g comeeny
%/ PROBL EMS i e

/ Machlett Laboratories, Inc., of
ol U -

Springdale, Conn., has produced ex-
perimentally a new x-ray tube which
emits x-radiation from a hemispher-

=

Bt

ical window throughout the entire 180°
solid angle, with an intensity in excess
of five million roentgen units per
minute.

A smaller version of the tube, pro-
viding over two million roentgen units,
is already commercially available.

VOLT-OHM-MILLIAMMETER

A new model 2405 Volt-Ohm-Milliam-
meter with d.c. volt ranges at 25,000
ohms-per-volt has been announced by
The Triplett FElectrical Instrument
Company.

This unit will provide for voltage,
current, and resistance analysis where
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