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The need for maximum dependability in transformer
products has swung UTC production into high gear
on Hermetic designs. Work at our Varick Street plant,

for example, is now 98% Hermetic.

=

May we cooperate with you on design savings for your applications...war or postwar?
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To fulfill Long Life

is the goal of every

Tohe Capactior

even under extreme
temperature conditions
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Long Life and Tob
interchangeable trademark
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SPECIFICATIONS OF JUST ONE TYPE OF THE MANY TOBE OIL-IMPREGNATED
AND OIL-FILLED PAPER CAPACITORS. .. ’
OD*-CAPACITORS
RATINGS : GROUNO TEST . . . . . . . 2,500 Volts DC
600 YOC Single Units .05, 0.1, .25 Mfd. OPERATING TEMPERATURE . . . 559F. to 1859F.
Dual Units .05, 0.1, "
Triple Units .05,0.1, » SHUNT RESISTANCE :
.05 to 0.1 Mfd.—20,000 Megohms
1,000 VOC  Single Units .05, 0.1 Mfd. .25 Mfd. —12,000 Megohms
ual Units .05, 0.1 7
Triple Units .05 b POWER FACTOR . . 1,000 cycles—.002 to .005
STANDARD CAPACITANCE TOLERANCE CONTAINER SIZE:
plus or minus 20.%** Width9/16;'length 1-11/16, height 1-17/32"

TEST VOLTAGE . . . . . twice DC rating 'MOUNTING HOLE CENTERS . . . . . . 2-1/8" *Data sheets showing complete code
number for units having a specific capaci-
tance value and voltage ratings available

Iliustration shows capacitor with bottom terminals. Capacitors also available with top terminals. on request. **Other tolerances available.

A SMALL PART IN VICTORY TODAY — A BIG PART IN INDUSTRY TOMORROW
2 March 1945 — ELECTRONICS
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REG. U. S, PAT, OFF,

TRACING CLOTH

T's moisture-proofing that makes PHOENIX Tracing Cloth
I resist damp hands and arms. It will even stand up to ten
minutes immersion in water. That's why it’s proof against
moisture ghosts — the ghosts that haunt prints made from
tracing cloths that show perspiration stains.

Besides, PHOENIX is smudge ghost-proof. You can use
harder pencils and still get solid, opaque lines. They’ll smudge
less.

And erasure ghost-proof too. Erasing leaves less scars on
PHOENIX. Redrawn pencil lines are smooth. Ink won’t feather.

For the full story and a sample, write on your letterhead to
Keuffel & Esser Co., Hoboken, N. J.

KEUFFEL & ESSER CO.

EST, 1867

Drafiing, Reproduction, Surveying Equipment
and Materials. Slide Rules. Meainring Tapes.
*

CHICAGO + NEW YORK + HOBOKEN « DETROIT
ST. LOUIS « SAN FRANCISCO . LOS ANGELES « MONTREAL

ELECTRONICS — March 1945
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84.9% of
electrical Failures T
can be avoided
by better insu-

lations.

.From o Recent
MICA
. '
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RECEIVERS WHOSE USEFUL LIFE

oN Yrselalior

WILL DEPEND

From the moment tomorrow’s television
receivers start rolling down assembly
lines, twenty years of previous radio
manufacturing experience will become
history. And there’ll be thirty million
customers anxious to discard outmoded
“sets” to buy the unit that will bring
both sight and sound into America’s
living room.

In this highly competitive market,
the manufacturer who builds extra long
life as well as high fidelity reception
into his receivers will have a keener
~dge on the sales tools he employs to
fashion his market.

To the problem of the insulation of

- A

o

electrical and electronic equipment of
all kinds, the Mica Insulator Company
brings fifty years of experience in the
manufacture and marketing of a wide
range of insulating materials. And today
offers to manufacturers a single supply
source . . . an undivided responsibility
in the fabrication of specialized insu-
lating forms.

Engineers of the Mica Insulator
Company will be glad to work with

your staff to solve any specific design

requirement.

COMPANY

MAIN OFFICES:
200 Varick Street, New York 14, New York
Factory : Schenectady, N. Y.

Sales Offices:
Boston ¢ Chlcage ¢ Cincinnati » Cleveland - Detroit - Houston
Los Angeles < New York « San Francisco ¢ Seatile

ELECTRONICS — March 1945 5
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when returning froxr} a sortie.
As one of our DFC boys puts it:
‘““Going on twenty-five missions is a-tough job—
but it’§ getting back to the base that counts.?’

©
. . . Super-Pros are on the job every minute with the AACS,

"/ THE HAMMARLUND WFE. CO. INC. 160 W.34" ST WL

ESTABLISHED 1910 -
MANUFACTURERS OF PRECISION COMMUNICATIOMS EQUIPMENT

March 1945 — ELECTRONICS




In the production of Amperex tubes every
construction step is carefully watched to in-
sure greater operating efficiency and lower
operating costs. Welding, for instance, is done
in an inert or reducing atmosphere in specially
designed apparatus. This “Amperextra” means
that there is no oxidation of metal parts. As a
consequence, there is much less liberation of
gas later on in the life of the tube, and a more
consistent hard vacuum is maintained.

More than 70% of all electro-medical apparatus
.in this country is equipped with Amperex tubes.
More than 40% of the nation’s broadcasting
stations also specify our products as standard
components. There’s an Amperex type for every
application in every field using transmitting
and rectifying tubes. Your inquiries, for pres-
ent or peacetime assignments, receive prompt
attention

NOTE: Many of our standard tube types are now avail-
able through leading radio equipment distributors.

AMPEREX ELECTRONIC CORPORATION

79 WASHINGTON STREEY + - - - + BROOKLYN I, N, V.
Export Division: 13 E. 40th St., New York 16, N. Y., Cables: “Arlab™

NOW 1S THE TIME WHEN YOUR DOLLARS COUNT PLEASE SUPPORT THE RED CROSS WAR FUND
ELECTRONICS — March 1945 7
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NOW WE (AN SERVE YOU
...FOR DELIVERY NOW

We Solicit
Your Inquiries . . .
for Engineering or Production

SUPER ELECTRIC
PRODUCTS CORP.

1057 Summit Avenue
Jersey City, N. J.

March 1945 — ELECTRONICS
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“Qur Business, Like Yours,

BUS[NESSI‘IS. like people, usually have distinct, in-
dividual personalities. The sinaller the business. the
more clearly it will reflect the character of the man who
built it.

In 1895, when the clectrical industry was in its in-
fancy, James G. Biddle went into business as a manu-
facturer’s agent, selling electrical measuring instruments
and scientific apparatus. One of his basic aims in the
conduct of the business was 1o be more than a mere
source of supply. 1e decided to provide a service that
was oulstanding by reasont ol its alert, interested. per-

sonal character. This aim has never been changed by

is Deffenent!”

A few comments based on
the first 50 years of the
JAMES G. BIDDLE COMPANY

Mr. Biddie or his associates during the last half centurv.
Lt will continue to be an important factor in the policies
of the Jaumes G. Biddle Company in the years to come.

We are comitted to this.

In celebration of our 50th anniversary. we have prepared a
brief booklet entitled “*Report ar Mid-Contury.” It touches
upon interesting points regarding the growth and advance-
ments of the elecrrical field in general ond owr husiness
in particular. We would be pleased o send vouw a copy

upon request.

JAMES G. BIDDLE CO..1211-13 ARCH STREET - PHILADELPHIA 7, PENNA.

“"MEGGER"* INSULATION TESTERS,

GROUND TESTERS AND OHMMETERS -

"“"FRAHM”” TACHOMETERS AND

FREQUENCY METERS « "JAGABI"' RHEOSTATS « INDICATING HAND TACHOMETERS « SCIENTIFIC APPARATUS

*TRADE MARK REG. U. S. PAT. OFF.

ELECTRONICS — March 1945
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BRASS -

10

It zeeesz be right

The non-ferrous metals made in Western
mills are held as rigidly to the specifications
as an apothecary’s prescription. At Western,
we take specifications literally. There can be
no deviation, any more than a druggist can
deviate from his prescribed number of grams.

That degree of exactitude is common
practice here in producing brass and
other copper base alloys. If your special
requirements call for extremely close
tolerances and exacting tempers or fin-

WESTERN BRrRASS MILLS

BRONZE -

PHOSPHOR BRONZE

ishes, the metal will be made that way—
custom made to exactly suit the part it is to
play in your production plans.

Western mills at East Alton, Ill., and New
Haven, Conn., are supplying copper and re-
lated alloys in stamped parts, sheet, strip and
long coils—highest quality metals that meet
every requirement. Much of our large capacity
1s devoted to war needs but it is pos-
sible we can serve you and will welcome
the opportunity. Western Brass Mills,
East Alton, Ill., Division of Olin
Industries, Inc.

- NICKEL SILVER - COPPER

Morch 1945 — ELECTRONICS
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To build BIG tubes
takes BIG experience

G-E “know-how” is your safeguard when
buying heavy-duty, high-power amplifiers

TYPES GL-86%-A AND GL-898-A
PRICE $750 EACH

These 3-electrode, water-cooled power tubes, for use as:
radio-frequency ampliders, oscillators, or Class F

1he moders 50-kw hroadcast station requires powerful tubes
1.ke the water-cooled husky at the right. These large triodes
represent a substantial investment— must be dependable,

fully efficient.

Y
The water-cooled transmitting tube
with tungsten filament and copper
anode was pioneered by G-E in
1919—one of an impressive group of
General Electric electronic “firsts.”
Since that time the record has been
one cf continuous development and
progress. At one time 500 to 1,000
hours was the average life of a high-
power transmitting tube. T'oday this
term is but a fraction of what may
be expected in period of service.
Numerous technicalimprovements
have punctuated the years since
these large tubes were developed.
Some of the most significant apply
to the current models GL-862-A and

ELECTRONICS — March 1945

GL-898-A as against their prede-
cessors. One such important advance-
ment is the self-supporting filament
and grid structure,which obviates the
need of internal insulators, as well as
helps do away with the problem of
“transients’’ such as temporary over-
voltage. GL-862-A and GL-898-A
also are much easier to ‘“break
in.”” Despite improvements of this
nature constantly being introduced,
new G-E production methods and
equipment made possible by large
demand have brought about sub-
stantial cost savings, by reason of
which the price of these tubes re-
cently has been lowered from $1,650

modulators, also are widely employed industrially in
high-frequency heating. They will dissipate 50 to 100
kw, depending on the t=pe of service. Filament voltage
for both tubes is 33 v; current is 207 amp for 862-A,
and 70 amp for each of the three filament sections of
898-A. Maximum plate ratings for both tubes in Class
C service are 20,000 v and 10 amp. Frequency at
maximum ratings, 1.6 megacycles.

to $750—a drop of more than one-
half!

Telephone your nearest G-E office
or distributor for information on
high-power transmitting tubes or
any other type included in the com-
plete G-E line. Prices, ratings, per-
formance charts, and other descrip-
tive data will be furnished you
promptly. Or write direct . . . to
Electronics Dept., General Electric,
Schenectady 5, N. Y.

Hear the G-F radio programs: “The World
Today™™ news, Monday through Friday, 6:45
p.m., EWT, CBS. “The G-E All-Girl Orches-
tra,” Sunday 10 p.m JEWT,NBC. “The G-E
House Party,”” Monday through Friday 4 p.m.,
EWT, CBS.

GENERAL @) ELECTRIC
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More than double the Dynamic Range

A vast new program naturalness for your listeners

Dynamic Range — the infinite contrasts
ofysound intensities from soft to loud—
give hearing its perspective. Match in
true magnitude the sounds of a whisper,
the full orchestra, the lion’s roar and
you have dynamic range that provides
reception in all its glorious realism.

FM captures shades of sound that vastly
widen dynamic range. It removes the
unreality of artificially controlled sound
levels that compress the fortissimo—for
an FM broadcast transmitter requires no
limiting of audio pcaks in a program
pick-up. It eliminates the unnaturalness
of the expanded pianissimo that AM
needs to over-ride high background
noise levels—for an FM receiver does
away with background noise that nor-
mally masks AM reception, particularly
at low sound levels.

Consider the reasons why an FM broad-
cast program is able to provide over
twice the dynamic range ofan AM broad-
cast program. The intensities of ordinary
sounds range from the threshold of hear-
ing at 0 decibels to the crash of thunder
at 110 decibels. In this range, AM is
capable of reproducing soundintensities
from the average minimum noise level
of a typical AM receiver at 40 decibels to
its maximum audio sound-handling
ability at 70 decibels—a dynamic range
of 30 decibels. Compare this limited
range with that of FM which is capable
of reproducing faithfully sound inten-
sities from the minimum noise level of a

typical FM receiver at about 20 decibels
to its maximum audio sound-handling
ability at approximately 80 decibels—a
dynamic range of 60 decibels! FM’s
ability to handle a greater range of sound
intensities will bring a new dimension
to your program reception, increase
listener interest, and provide a better
service for your advertisers.

When you plan your FM station, look to
General Electric. G.E. is the one radio
manufacturer with experience in design-
ing and building complete FM broad-
cast systems—from transmitters to re-
ceivers. G.E. has designed and built
more FM broadcast transmitters than
any other manufacturer. G.E. built the
first FM home receivers and has fur-
nished a large percentage of the half
million now in use. Today, the six studio-
transmitter FM relay links now operat-
ing in the 340-megacycle band are all
G.E.—with thousands of hours of regular
operation to their credit. And at Schenec-
tady, G.E. operates its own FM proving-
ground station, WGFM. For information
on General Electric FM broadcast equip-
ment, write Electronics Department,
General Electric, Schenectady 5, N. Y.

Establish a priority on delivery of your FM
equipment. Write for your copy of the “G-E
Equipment Reservation Plan” which ex.
plains General Electric’s plan to help you
obtain early delivery of transmitters and
associated equipment.

NOISE OF
NIAGARA
FALLS

FULL
ORCHESTRA

_80—

VERY SOFT

WHISPER ——----

THRESHOLD___
OF HEARING f_

I SOUND INTENSITY FROM
LOUDSPEAKER (DECIBELS)

50 FM BROADCAST
STATIONS ARE ON
THE AIR; OVER 370
APPLICATIONS
ARE PENDING.

GENERAL @) ELECTRIC
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AXIMUM SJUND HANDLING ABILITY

“=DYNAMIC RANGE=

INIMUM 3ACKGRCUMD NCISE LEVEL

AM

AM broacccst programs lack realism
bexause tz2 range of natural sound

'inknsjﬁes is artificially- limited.

The G-E pre-war
50-kw FM transmitter

General Electric’s new frequency-modulated
equipment will include gevolutionary circuit
developments, new component designs, and

improved layout features,

JAROMLM SOUMD FANDLING ABIL T”

WINIAUM BACKGEOUND NOISE _EYVEL

=M broadcest, Iograms have giori-
sus wealjsm. beocuse” sound intansities
,Azhizve “truer proportion,

FM DOES IT—

® PM gives your audience pregrams with virtually no
mam-made ncise or static. ® FM multiplies your effec-
tive coverage day and night. ¢ FM minimizes station
interference. ® FM gives your programs vivid natural-
ness with greater dynamic sound range. « FM con-
tributes to the economy of a broadeast system.

Hear the G-E radio programs: “The World
Toclay” news, Monday threugh Friday, 6:45 p.m.,
EWT, CBS. “The G-E All-Gir! Orchestra,” Sun-
day 10 p.m., EWT, NBC. *“The G-E House Party,”
Monday through Friday. 4 p. m., EW'T, CBS.




ONE OF A SERIES EXPLAINING HOW ELECTRONIC TUBES CAN BE USED TO IMPROVE EQUIPMENT DESIGN

Current reciification and motor
control by the THYRATRON

Two of the chief applications of electronic tubes in equipment design may be
named as (1) to rectify electrical current without the use of rotating equipment,
(2) to provide automatic regulation of speeds, temperature, etc. In the thyratron
—most versatile of tubes—these functions are efficiently combined.

Thyratron equipment is employed to operate small d-c motors from an a-c power
source, and at the same time keep these motors running at the proper speed,
regardless of varying loads. The thyratron is a gas-filled tube with one or more
grids to control power with split-second precision. Pioneered by General Electric,
it performs numerous valuable functions in industry with which design engineers
may profitably acquaint themselves.

The many advantages of electronic-tube applications of various types justify a
thoroughgoing study of such applications in every case where a design is on your
boards for development. General Electric will be glad to cooperate in this study,
by providing engineering advice on which you may safely base final construction
plans. For general or specific information about G-E electronic tubes and their
industrial applications, consult your nearest G-E office or distributor. Also ask
for the illustrated book on “How Electronic Tubes Work.” It is filled with facts
about the way tubes operate, how they are classified by design and function,
and the many difficult tasks you may turn over to them with confidence.
Electronics Department, General Electric, Schenectady 5, N. Y.

TUNE IN General Electric’s “The World Today’” and hear the news from the men who see it

happen, every evening except Sunday at 6:45 E.W.T. over CBS network. On Sunday evening listen
to the G-E “All Girl Orchestra’ at 10 E.W.T. over NBC.

THYRATRON GL-3C23
PRICE $9

This widely used thyratron is a rectifier-
regulator, 3-electrode tube of medium
output—1,250 v (peak inverse) and 1.5
amp (average). The coated-filament
cathode is a quick-heating type; only 15
seconds are required. Exemplifying an
important industrial use of the thyratron
group, type GL-3C23 is especially appli-
cable to motor control circuits. Singly it
can be used for motors of Y5 to %2 hp,
and in pairs for larger motors up to 3 hp
where 3 amp is required.

The gas mixture of argon and mercury
vapor helps to provide constancy over
an exceptionally wide temperature range
—from —40 to +80 C—which is impor-
tant where motors must be started in sub-
zero weather or function at high tem-
perature levels. Another feature is uni-
formity of electrical characteristics. This
gives assurance of successful operation
to the design engineer who includes the
GL-3C23 in his circuits.

G. E. HAS MADE MORE BASIC ELECTRONIC-TUBE DEVELOPMENTS THAN ANY OTHER MANUFACTURER

GENERAL @ ELECTRIC
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Buy Bonde

speec vicTory/

SNIP IT, SEAL IT, SHIP IT!
b Traco 79U-Scze” Bage
Tubular Form—1000 Foot Reels

Make quickly in your' own plant TITE-SEAL Cellophane Bags of any size that
seal out dust, air, water. and moisture-vapor. They protect military supplies
from damage in transport or storage.

Acceptable for Methods I and 1A, type I packaging . . . available in
3, 4, 6 and 8 inch widths under proper priority . . . 1000 feet to the reel. Saves
stocking large quantitics of special-sized bags. (Stock Bags also available in
above widths.)

“All-Size” Containers and custom made bags can be furnished plain or
printed in any widths or lengths desired on special orders of sufficient quantity.

Heavy foil-lined laminated bags meet every requirement of Methods I,
IA and Il Milicary Packaging. LOXTITE Partitions give crash protection to
fuses, rations, and delicate or fragile items.

Reasoﬁably prompt shipment can be made on government orders bearing

end use,

TRAVER CORPORATION

Dept. ET35 ¢ 358-368 West Ontario Street * Chicago 10, lllinois

BOX PARTITION DIVISION
404 N. Sacramente Bivd,, Chicage 12

BLECTRONICS — March 1945 I8
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Each available in
countless coil combinations

1327 ARCH STREET, PHILADELPHIA 7, PA.

DISTRICT ENGINEERING OFFICES: ATLANTA e BALTIMORE ¢ BOSTON e BUFFALO e CHICAGO e CINCINNATI e CLEVELAND
DALLAS e DENVER e DETROIT e HARTFORD ¢ INDIANAPOLIS e LOS ANGELES e MINNEAPOLIS ¢ MONTREAL
NEW YORK e PITTSBURGH o ST. LOUIS e SAN FRANCISCO o SEATTLE e SYRACUSE e TORONTO e WASHINGTON

March 1945 — ELECTRONICS
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i YOUR PROBLEMS?

Scanthislist—then take a minute toread whyso many
alert manufacturers employ dag dispersions of

colloidal graphite to help solve problems like these:

e

e,

Dag colloidal graphite is versatile.
Dispersed in numerous liquids, this
unique material is trouble-shooting
over a wide range of industry. Ap-
plications include high and low tem-
perature lubrication, conductive
films, parting compounds, and sur-
face coatings.

Even though you now use dag
colloidal graphite in some phase of

{ colloidal graphite ©

ACHESON COLLOIDS CORPORATION, Port

* Registered trade marks of Acheson Colloids Corporation

1O GET THESE J

These new bulletins on specific applications for
dag colloidal graphite are yours for the asking

n9| dag colloidal graphite as a
422 PARTING COMPOUND

Q4q3| dag cclloidal graphite as a
1 e HIGH TEMPERATURE LUBRICANT

31 ‘ dag colloidal graphite for

8

'~

432 dag colioidal graphite in the

FIELD OF ELECTRONICS

4MN l dag colioidal graphite for ASSEMBLING
= AND RUNNING - IN ENGINES AND MACHINERY

IMPREGNATION AND SURFACE COATINGS

~Just fill in and clip the con ient p pposite ’

i

PORT HURON. MICHIGAN

letins checked below:

No. 421 [ | name
No. 422 [ ] rosiion
No. 423 D FIRM _
No. 431 [ | appress

No. 432 [ | ciry
OUR PRESENT OIL SUPPLIER IS

MAIL THIS
® ®© & 06 0 6 &6 06 0 0 0 & 0 0 0 O 00 00 0 O OO

ACHESON COLLOIDS CORPORATION
DEPT. 5-C

Please send me, without obligatian, your general booklet
on dag colloidal graphite, and also free copies of the specific bul-

(Lubricants containing dag colloidal graphite are available from
major oil companies.)

@ Carbonizing Grids and Plates.
® Lubrication of Radio Parts.

©® Production of Special Electrodes—
lonization Chambers, Geiger-Mueller
Tubes, Light-Sensitive Cells, Cathode —
Ray Tubes, Insulation Tests, etc.

your business, take this opportunity
to send for the new products list and
the booklet, ’Dag Colloidal Graph-
ite—lts Importance to Modern Indus-
try.”” This free literature may suggest
new applications for dag graphite
dispersions which may prove to be
even more valuable to you than the
benefits you are now deriving from
colloidal —

graphite, 5% )
' dnlgy)

‘/{ 7 i ﬁ/tﬁ”

”\.‘."'“'u.

Huron, Michigan

ZONE No. STATE
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For years, RCA broadcast transmitters and RCA studio equipment have heen known as
the finest. This reputation for quality, plus the outstanding engineering and design features
of these equipments, have made them the undisputed first choice of broadcast stations for
the past decade.

During this ten-year period, most of the major advances in transmitter design have
appeared first in RCA transmitters—including high-level Class B modulation, air-cooled.
Ligh-power tubes, front-of-panel access and many others. Postwar, RCA transmitters will

ey

o

1. MICROPHONES — RCA microphones 2. TRANSCRIPTION TURNTABLES — The 3. RECORDERS — The RCA 73-B high-

of these three types—the 44-B for
high-quality, studio pickups, the
T7-C for special, directional pickups
and the 88-A for field use—are the
symbols of the industry.

RCA 70-C Turntable — with com-
bination vertical and lateral pickup
head—is the standard to which
others are compared, over a thou-
sand in use.

quality recording equipment is the
finest broadcast-type recorder pro-
duced today. The OR-1A portable
recorder and the 72-D recording at-
tachment are also popular.

AUDIO AMPLIFIERS — The individual
units of deluxe, RCA, audio equip-
ments are also available separately.
There are special units for use as
pre-amplifiers, line amplifiers, mon-
itoring amplifiers, etc. Also racks,
shelves, ete.

13. MONITORING EQUIPMENT—RCA

modulation monitors, frequency
monitors and phase monitors are
standard units, designed specifically
for broadcast use and built to match
other RCA broadcast units.

14,

LOW POWER TRANSMITTERS — Mod-.
ern-styled, RCA transmitters of
proven performance and reliability
are available in all powers. The unit
above is the 1 KW (the left-hand
section alone is a complete 250 watt
transmitter).

*'.u:\‘ -

g

FIELD INTENSITY METER — The RCA,
308-A Broadcast Field Intensity
Meter, designed for field or mobile
use, is the standard measuring in-
strument used by most consultants
and station engineers.

wWwWw americanradiohistorv com

5/10 KW TRANSMITTER — RCA engi-
neers developed the first air-cooled 5
KW transmitter a number of years
ago and have been constantly im-
proving on it ever since. The 5E/10E,
latest model in this series is shown
here at WMCA.

e

ATy

2

15. MEASURING EQUIPMENT —The RCA,

68-B Audio Oscillator and the RCA,
69-C Distortion Meter are uni-
versally used for determining the
frequency response and distortion
characteristics of broadcast instal-
lations.



AN Broadeast Stations

embody new features developed from the unequalled experience of RCA engineers in
building the most advanced types of electronic equipment for the military services.
Moreover, it is worthy of note that only RCA actually builds all of the equipment
items—microphones, turntables, amplifiers, transmitters, antennas, etc.—which are required
in a modern broadcast station. These equipments are designed to work together and thus
provide maximum convenience, efficiency and performance. Most important, they are.

praven units which RCA has built in the past and is building today.

e
4. PORTABLE EQUIPMENT This is the S. STUDIO CONSOLETTE — The RCA 76- 6, DELUXE STUDIO CONSOLES—Custom-
RCA OP-6 portable pickup equip- B2 Studio Consolette is a complete built RCA consoles and rack as-
ment. A companion unit, the OP-7, speech-input equipment for small semblies — such as this one at
provides a four-position, high-level and medium-sized stations. Pro- WFBR—represent the very finest in
mixing system also suitable for out- vides the advantages of RCA quality broadcast studio equipments. In use
side use, in a ‘“package” unit. in many network studios.
- TEE
L4

10, 50 KW TRANSMITTER — The RCA,

50-E Transmitter, shown here, is
also air-cooled. It uses the high-
level, high-efficiency, Class B modu-
lation circuit first introduced to
broadecasting in RCA transmitters.

16. MONITORING ASSEMBLIES — RCA,

custom:built assemblies of audio and
monitoring units for the transmitter
station represent the most advanced
and finest type of equipment for the
purpose,

11,

ANTENNA PHASING EQUIPMENT —
RCA custom-built antenna coupling
and phasing units (for both direc-
tional and nondirectional systems)
are another industry standard. Built
in several sizes and cabinet models.

12. ANIENNAS

After the war, RCA
will offer AM antenna towers in
several designs, thereby bringing to
broadcast stations' the full advan-
tages of overall, RCA engineering
and responsibility.

| RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION .. CAMDEN, N. J.
in Canada, RCA VICTOR COMPANY liMIfED, Montreal

www.americanradiohistorv.com
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How many places can you use
this VERSATILE CERAMIC?

ANTENNA SPREADERS

ENTRANCE
BUSHINGS

e

CO-AXIAL GAS-FILLED
ANTENNA ASSEMBLIES

-

¥

-——= ( Q000000

COUPLING INSULATORS

Illustration from Westinghouse book B-3244

NEW HIGH-STRENGTH ZIRCON PRESTITE IMPROVES
INSULATION ON EVERY TYPE OF
COMMUNICATIONS PRODUCT

This new, strong Zircon Prestite created by
Westinghouse brings many advantages to designers
and manufacturers of every type and size of communi-
cations equipment.

Zircon Prestite is a low-loss ceramic with excep-
tionally high resistance to thermal and mechanical
shock (see table). Combined with the exclusive
Westinghouse Solder-Seal process, it provides a gas-
tight hermetic seal that excludes dirt; moisture and
corrosive atmospheres permanently and maintains
dielectric characteristics of enclosed gases regardless
of temperature, humidity and pressure cycles.

Your nearest Westinghouse office can give you
complete information on the many uses of this versa-
tile Zircon Prestite for modern communications and
electronics equipment. Or write Westinghouse Electric
& Mfg. Co.; P.O. Box 868, Pittsburgh 30, Pa. J-94660

20

BASES

/

/4

JUBE
pold 9349

POWEF SUPPLY

| r—‘ b
BUSHINGS

| % :

i

‘

TERMINAL
BOARD

/

g

VIBRATOR

SOLDER SEAL
CAPACITOR BUSHINGS

TRANSFORMER
BUSHINGS

&

L
L™

How ZIRCON PRESTITE compares

Property

—
Specxﬁc Gravxty ..........
Water Absorption in %
Dye Penetration. . ..........

**Linear Coeff. of Thermal Expan: on (20

to 700 deg C) per deg C
Tensile Strength, 1bs per sq in
Compressive Strength, Ibs per

Transverse Strength, lbs per sq 1n. ..
Impact Resxstance (modlﬁed Charpy

method) in gm per sq cm.

*Approved as L-4 material by the Army-Navy Electronics Standards

Agency.

**Thxs is one of the characteristics that gives Zircon Prestite its
remarkable thermal shock properties and warrants comparison with

*Zircon
Prestite

3.68
0.00
None
. 4.9 x 10-6

Sq in.

17,800

other low-loss, high-frequency ceramic materials,

I

High-
Tension
Porcelain

2.4
0.00
None

5.3 x 10-6
,000

48,000
11,000

6,000

www.americanradiohistorv.com
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....one of many Westinghouse

contributions to improve
electronic and communication
design

Zircon Prestite is just one of many Westing-
house developments to improve modern elec-
tronic and communications design.

Weight reduction, high altitude and humidity

resistance, greater strength and sensitive

A QUICK CHECK LIST OF WESTINGHOUSE COMMUNICATIONS PRODUCTS

Hipersil...

Hipersil cores—made of new electrical steel
with 1/3 greater flux-carrying capacity—elimi-
nate time-wasting stacking of tissue-thin core
laminations by hand. Available in 3 types for
low to very high frequencies, pre-assembled
Hipersil cores are delivered in two ready-to-
assemble pieces for each core. (B-3223-A)

Dynamotors...

Smooth, functional design gives Westinghouse
dynamotors high flexibility for radio equipment
where space is precious. Lightweight and com-
pact, these long-lived dynamotors are supplied
for input ratings from 12 to 28 volts. (B-3242)

Capacitors...

Light weight, small volume and high reliability
are advantages of Westinghouse Inerteen Ca-
pacitors for d-c service at 400 to 250,000 volts,

o .

EQUIPMENT FOR THE
COMMUNICATIONS INDUSTRY

e S

ELECTRONICS — March 1945

measurement are typigal of the problems solved
by these new Westinghouse developments.

Here is a quick check list of these important
products . . . what they are, where to use them,
what they will do. Like Zircon Prestite, each
possesses characteristics giving designers greater
freedom in design. .

Your nearest Westinghcuse office can give
complete data on any of these exceptional com-
munications products. Ask for the book number
shown in parentheses on each item.

Aluminum foil electrodes, noninflammable.
Inerteen and Westinghouse Solder-Sealing
give these capacitors outstanding perform-
ance values. (B-3300)

Insulating Materials...

Westinghouse ““Tuffernell” Insulating Ma-
terials will supply the right grade needed
for numberless communications jobs. Backed
by more than 50 years of field tests, these
materials are adequately tested and proved
for every application. (B-3322)

Electronic Tubes...,

Uniform, trouble-free, long-life service of
electronics equipment depends to a high
degree on the tube itself. Westinghouse
electronic tubes are made with complete
quality control in every stage of production
for the complete Westinghouse line . . .
Pliotrons, Kenotrons, Phototubes, Thyra-
trons and Ignitrons.

Instruments...

Westinghouse instruments range in sizes
‘and types from miniature panel instruments
to 4-foot boiler room indicators for all types
of mountings—round, wide-flange; round,
narrow-flange; rectangular; and American
War Standard. (B-3283)

wWwWw americanradiohistorv com
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£y A new star has been added

e

fly with Pun American

Bliley acid eiched* crystals persist-
ently show up wherever there is an
important communications job to be
done such as the combination two-
way telephone and telegraph and
range finder systems of Pan Amer-
ican World Airways. In peace and
in war Bliley crystals have flown
millions of world-wide miles with
their famous Clippers.

Bliley crystals are pre-conditioned
for just such rugged assignments. In

there is a large section where Bliley

CRYSTALS

BLILEY ELECTRIC COMPANY

22

+ UNION STATION BUILDING

www americanradiohistorv com

the Bliley Electric Company plant

acid etched* crystals receive their
pedigree. Here each crystal gets
“the works”. Its activity and fre-
quency are proved under tough labo-
ratory created service conditions of
altitude, humidity, temperature, im-
mersion, shock and vibration.

But licking tough assignments is a
tradition with Bliley engineers and
craftsmen. This background of re-
search and skill has been responsible
for the distinguished record of Bliley
Crystals in every field of radio com-
munication. Whatever your crystal
problem may be—specify Bliley.

*Acid etching quartz crystals to fre-
quency is a patented Bliley process.
United States Patent No. 2,364,501

Do more than before . . .

buy extra War Bonds

ERIE - PENNSYLVANIA

March 1945 — ELECTRONICS
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DEPEND ON

When time is of the utmost importance the ease and precision
with which Mykroy can be fabricated into insulator parts makes
it exceptionally useful to electronic and electrical engineers.

A representative group of parts fabricated in Mykray to
’ customer’s specifications in aur own plont. We have
‘Make those design changes on the spot . . . make them quickly complete facilities ta produce such parts in any quan-
tities on rapid delivery schedules. Send vs your speci-
ficatians.,

and economically with Mykroy, for, here is a ceramic which can
be worked in your own shop. Just transfer your design to the
Mykroy sheet . . . then using conventional shop tools . . . pro-
duce the desired part by simple cutting, grinding, drilling, tap-
ping and polishing techniques.

L - DER
MODULUS OF RUPTURE............ccu..e 18000-21000psi

HARDNESS ,

. . . . Mohs Scale 3-4 BHN. BHN 500 K9 Load, 63-74
Because it has high structural strength and physical stability IMPACT STRENGTH....... ASTM Charpy .34-.41 fi. Ibs.
. . COMPRESSION STRENGTH............. ueere82000 psi
Mykroy can be machined to critical tolerances more readily than SPECIFIC GRAVITY. 2.75-3.8
. . . - o THERMAL EXPANSION....... 000006 per Degree Fahr.
other types of ceramics. In addition, its electrical characteristics APPEARANCE....... - Brownish G’::; o Light Tan

are of the highest order and do not shift under any conditlons ELECTRICAL PROPERTIES*
: . - . DIELECTRIC CONSTANT 6.5-7
short of actual destruction of the insulation DIELECTRIC STRENGTH (7471630 Vits per Mil
itself. This, plus excellent chemical and POWER FACTOR...........001-.002 (Mects AWS,L-4)

*THESE VALUES COVER THE VARIOUS
GRADES ' OF MYKROY
GRADE 8. Best forlow loss requirements.
GRADE 38, Best for low loss combined with high me-
chanicd strength.
GRADE 51. Best for molding applications.
Special formulas compounded for specibl requirements.

physical properties, makes it one of the best
insuldting materials ever developed for
general dand high frequency applications.

Get the full facts about this versotile dielectriz now.
Ask for a copy of the new MYKROY BULLETIN 102

which describes the new larger (19%"” x 293/") sheet 024 ” L1 1] il
now available and call upon our engineers to help o2 11
with your problems. é o1l .9\.‘ TH“

£ .00 ' : L

MADE EXCLUSIVELY BY “ [ ]
g w08 !
- E l ;l‘
002!
70 CLIFTON BLVD., CLIFTON, N. J. Y 3 0. 00|
MEGACYCLES AT 70° F l

CHICAGO 47: 1917 N Springfield Ave., Tel. Albany 4310

EXPORT OFFICE: 89 Broad Street, New York 4, New York Based on Power Factor Measurements made by
Boonton Radlo Corp. on standard Mykroy. stock.

FAYKROY IS- SUPPLIED. IN SHEETS” AND-RODS — MACHINED ‘OR MOLDED .TO SPECHICATIONS

ELECTRONICS — March 1945 23
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TRADE #r; gy 7 o0 MARK

Increased production facilities
make possible early delivery on
additional orders for the follow-
ing insulations — which continue
to be essential to the war effort.

VARNISHED CAMBRIC AND
TAPE

VARNISHED FIBERGLAS

ALTERNATES FOR VARNISHED
SILK

VARNISHED PAPERS
SLOT INSULATIONS
INSULATING PUNCHINGS

VARNISHED TUBINGS AND
SATURATED SLEEVINGS

EXTRUDED PLASTIC TUBINGS
WIRE MARKERS

FIBRON PLASTIC TAPES
INSULATING VARNISHES

For information, write Department 106

l

© 0o 000 O o
00% 0 ¢g o o0 ©

-

w .

IRVINGTON VARNISH & INSULATOR COMPANY

IRVINGTON 11, NEW JERSEY
PLANTS IN IRVINGTON, NEW JERSEY AND HAMILTON, ONTARIO, CANADA

@ 7184
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BROADCAST STATION EQUIPMENT

The Army and Navy have found Temco to be a de-

pendable source for the development and production Ay AN G| (GROEND
of technically advanced communication equipment. iR EQU[PMENT
Because Tamco is one of the very few organizations
endowed with that rare combinaticn . . . engineering
versatility — production flexibility plus peerless stand-
ards of craftsmcnship, our war contribution has sta-
tioned us at the forefront of advancec radio communi-

cation researckh.

Radio is no longer simple! As a result of war-born
Radar requirements which have introduced mechanical
and electrical complexities of the highest standards—
Temco post wer equipment will reflect and incorporate

MUNICIFAL SERVICES
CENTRAL STATIDONS

great technical achievements.

: : 3 < ABORATORY
d As rapidly as our war program draws to completior. e S i T
% 1EST EQUIPMENT
) Neg: -

our efforts care turning to peacetime production. New
types of Temco communication equipment are under

way—will be ready for delivery at an zarly date. MARINE EADIG TELEPHONES
Watch our edvartisements for anncuncements about LB
/ —
. new mocels r
TRy
T

RADIO COMMUNICATION EQUIPMENT

MARINE RADID
BEACONS

TRANSMITTER EQUIPMENT MFG. CO., INC.
“&i\ 345 Hudson Stre=t, New York 14, N. Y.

MUNICIPAL MOBILE COMMUNICATIONS
www.americanradiohistorv.com
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SMALLEST PAPER

CAPACITOR - - -
yet 100%

MOISTUREPROOF

FEATURES

. Bakelite Resinoid Ends. Lead wire cemnot
pull out, even under hot conditions,

. Non-Inductive.

. Excellent Temperature Coefficient.
. Very high leakage Resistance.

. Fine Power-Factor.

. Range from 20 MMFD to .25 MFD.
From 150 volts to 600 volts.

. Types P4N, PSN for 100% humidity opera-
tion.

. Types P4, P5 for 95% humidity operation.
Samples and price list on Request

8UY EXTRA WAR BONDS . . .
'TIL THE WAR IS OVER

DUMONT

ELECTRIC CO.

MFR'S OF
CAPACITORS FOR EVERY REQUIREMENT

34 HUBERT STREET NEW YORK, N. Y.

March 1945 — ELECTRONICS




A((UN(Y p|US Sp@ﬂd in Cathode-Ray Tube Production Tests

® Designed to chack 3", 5, 7" magnetic type
focus aond deflection Cathode-Ray Tubes.

¢ Can be modified to check 2”7, 3”, 57, 7" electro-
static type deflection Cathode-Ray Tubes.

e Designed to cover .all phases of safety.

This Sherron Model

- ® Readi f It d t t
C-2 hasbeen conceived eadings of voltages and currents on meters

located on front panel accelerate production tests.

to inspect Cathode-Ray

" ® This unit can ba equipped with automatic
tubes for the followmg: ejector to remove tube at completion of test.

o ELECTRICAL SHORTS BETWEEN ELEMENTS The performance of the Cathode-Ray Tube in the

o PRE-HEATING FOR INSPECTION OF TUBE wartime scheme of things presages an extraordinary
o HEATER CURRENT range of applications in the peacetime future.
o ANODE CURRENT We foresee quality control as a factor of ever-

: 53:““ BREAKDOWNS : increasing significance. With an eye to tube

o GRID CUT-OFF ol 4
« LEAKAGE: GRID A1, GRID #2 projecting our model C-2 to anticipate their

SCREEN QUALITY requirements. This Sherron unit will be
LIGHT OUTPUT OF SCREEN available on a custom-built basis. It will be

FOCUSING CURRENT (AMPERE TURNS) . . ]
t to th

SPOT POSITION AND DISPLACEMENT manufactured to the individual manufacturer’s

BEAM CURRENT

LINE WIDTHS

manufacturers’ high quality standards, we are

specifications. It can be manufactured to check the
persistenicy of the different type screens used
S he rron in Cathode-Ray Tubes, classified or unclassified.

Electronics SHERRON ELECTRONICS COMPANY

Division of Sherron Metallic Corporation

1201 FLUSHING AVENUE, BROOKLYN 6, N. Y.

ELECTRONICS — March 1945




(Uhat are the uses of
Carbonyl [ron Powders ?

The examples illustrated may suggest more specific
applications of G.A.F. Carbonyl'Iron Powders to many
electrical design engineers. Other members of the pro-
fession, however, may desire a more detailed description
of these powders. This is given below.

G.AF. Carbonyl Iron Powders are obtained by ther-
mal decomposition of iron penta-carbonyl. There are
five different grades in production, which are designated
as “L? “C? “E? “TH? and “SF” Powder. Each of these

five types of iron powder is obtained by special process

methods and has its special field of application.

(¥4

L Powder

S

1" Type Powdérused in
wpres for permeobility
"V"""QA

The particles making up the powders “E “TH? and
“SF; are spherical with a characteristic structure of con-
centric shells. The particles of “L” and “C” are made up
of homogenous spheres and agglomerates.

The chemical analysis, the weight-average particle -
size, the “tap density” (ie. the density of the powder
after a container is filled with loose powder has been
tapped in a prescribed manner), and the apparent den-
sity or bulking factor as determined in a Scott Volumeter

~are given in the following table for the five different

grades:

Spectroscopic analysis shows that other elements, if
any, are present in traces only,

28 "

Carbonyl Iron Powders are primarily useful as elec-
tromagnetic material over the entire communication
frequency spectrum.

March 1945 — ELECTRONICS
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CARBONYL IRON POWDERS AND SOME OF THEIR PRESENT USES

The different grades of CARBONYL IRON POWDERS as seen in the microscope

- -~ -

\
\
/

” ~
7 N

/
/4
]
1
\
\\
\ /

\\\_—’/ PN TR

C Powder £ Powder TH Powder SF Powder

s 1

.
P

7/
\’/
€' Yype Powder for for antenna coils, B “TH"’ Type Powder is em- One use of "SE;_" Yype
E-cores in filter coils. Type Poawder used in ployed for ¢up shields in Powder is in high fre-

cores coils quency choke cores {with

seqafed-in Jwods).

/ ,
\

Table 2 bélow gives relative 364"Va"riies"('quéllity fac- data were not obtained at optimum conditions, the Q
tors) and effective permeabilities for the different grades  values as expressed in percentage of the best core give
of carbonyl iron powder. The wvalues given in the table  an indication of the useful frequency ranges for the dif-
are derived from measurements on straight cylindrical ferent powder grades.
cores placed in simple solenoidal coils. Although the “L” and “C” powders are also used as powder metal-

lurgical material because of their low sintering tempera- Further information can be obtained from the Spe-
tures, high tensile strengths, and other very desirable cial Products Sales Dept., General Aniline & Film Cor-
qualities. (Sintering begins below 500°C and tensile poration 435 Hudson Street, New York 14, N. Y.
strengths reach 150,000 psi.)

2 CARBONYL /RON POWODERS
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CONTROL F

llied has\been foremost in enginedring and design
f relays for special applications. If your product re-
quires electrical control we yecommend that you specify

) .\Allied.

< ALLIED CONTROL COMPANY, INC.

2 EAST END AVENUE (AT 79th STREET) . NEW YORK 21, N. Y.
FACTORIES: NEW YORK CITY « PLANTSYILLE, CONN. + CHICAGO, ILL. « LOS ANGELES, CALIF.

30 March 1945 — ELECTRONICS.
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If you want the job done right —

A group of Hytron engineers decided in
1938 that to get those ideal tubes for “*ham’’
radio — they must build them themselves.
Combining years of experience in tube
manufacture with exact knowledge of the
tube characteristics desired, they went to
work. _

First they concentrated their efforts.
Low and medium power types were most
needed by the majority of hams. Hytron
was equipped to make them. Gradually
the engineers translated ideals into a com-
prehensive line—v-h-ftriodes and pentodes,
low and medium mu triodes, instant-heat-
ing r.1. beam tetrodes, and sub-miniatures.

Hams themselves, the engineers knew
their brain children would be given the
works. They built the tubes rugged; rated
them conservatively. And did the amateur
go for them! The v-h-f types — HY7S5,
HY114B, HY615 — soon became accepted
standards. Today's WERS operators use
them almost exclusively,

Performance in the proving ground of
amateur radio was the proof of the pudding.
You will find Hytron transmitting and

special purpose tubes in war and civiliah

jobs of all kinds. Like the BANTAM GT
and BANTAM ]R., they are popular be-
cause they are built right for the job.

BUY ANOTHER WAR BOND

ELECTRONICS — March 1945
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Available on rated orders

FOR COMPLETE INFORMATION
Use The Coupon

Test & Measuring Equipment

Dept. 140¢

Radio Corporation of America,
Camden, New Jersey

Please send me complete informa-
tion about the new RCA 170-A
Audio Chanalyst.

Name.

‘Company.

Street...m

City

State.

.63 110

32

-

o o —————— v ———— —

® With the 170-A you can
systematically test any sound
system completely for failure
to operate, weak output, in-
terrupted operation, and dis-
torted or noisy output.

® You can check the pres-
ence, absence, or character of
a signal throughout its path—
from source to load.

tsRoBATE AN GAS

B
*e e
s

e e

= @ @

e

® You can check gains or
losses, measure component
values, and test the voltages
of any item supporting or
controlling the signal.

® You can narrow down poor
performance to its cause, and
locate the defective part in an
amazingly short time,

BUY MORE WAR BONDS

RADIO CORPORATION OF AMERICA

@® You can use it to solve
signal-interruption problems
by multi-channel monitoring.

® In an emergency, you can
use the RCA Audio Chanalyst
to substitute for defective am-
plifiers by bridging the signal
through it, and thus around
the defect.

RCA VICTOR DIVISION « CAMDEN, N. J.
L3
in Canada, RCA VICTOR COMPANY LIMITED, Montreal

www.americanradiohistorv.com
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V" “The Only Ticket 1 Get
| For High=-Speed Driving

. . . is the Inspector’s
OK Tag!”

\ ...and he’s making faster
. fastenings every day with
AMERICAN PHILLIPS SCREWS

The slowest workers become highly efficient when you equip them
with American Phillips Screws and power drivers. They’re no
longer slowed down by frequent fumbling and dropping, by crooked driving, or by
screws with broken heads that must be backed out and replaced. :
And the driving process itself is far faster, with American Phillips Screws. For the
driving bit and screw align themselves into one straight driving unit . . . can’t twist
apart... don’t have to be held in line by main strength. This permits the use of power
drivers, multiplies man power, and gives maximum return on sctew-driving costs, to
small users as well as large.
The American brand of Phillips Recessed Head Screws is made under rigid labora-
tory check, and a unique system of piece inspection. Delivery service is maintained
by high-speed production. And engineering service is at your service on any problem.

AMERICAN SCREW COMPANY

PROVIDENCE 1, RHODE ISLAND
Chicago 11: 589 E. lllinois Street Detroit 2: 502 Stephenson Building

—
Put the Screws .. -“&

PHILLIPS

on the Japs g —
BUY a;:ps 3 ? ;
] " PATENTS MAKE JOBS
ELECTRONICS — March 1945 13
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WiLco
Now EQUIPPED

for large scale production of e
JACKETED By e

WILCO wire, tubing and other producis are used in various electronic applicaticns for the
Army and Navy. In response to the wartime demand for these various products, the H. A.
Wilson Company has enlarged its plant, increased its manufacturing facilities, added essen-
tial new equipment and developed new products and techniques. Both present and future
customers will find these new WILCO developments of great advantage.

The H. A. Wilson Company manufactures and is interested in receiving inquiries regard-
ing the following typical products—

WILCO JACKETED WIRE WILCO JACKETED TUBING

Silver (Fine, Sterling or Coin) Silver Tubing (Fine. Sterling or Coin)

Gold Tubing (any Color or Karat)

Silver Jackeied Brass or Bronze (one or hoth sides)
Gold Jacketed Silver {one or hoth sides)

Gold Jacketed Brass or Bronze (one or both sides)

Silver Jackeled Copper
Silver Jacketed Invar
Silver Jacketed Brass
Silver Jacketed Steel

Gold Jacketed Silver (Fine, Sterling, Coin) WILCO STRIP MATERIAL

Gold Jacketed Brass or Bronze Silver (Fine, Sterling or Coin) on Brass or Bronze (Inlav or Overlay)
Copper Jacketed Monel Gold on Silver (any Karat on I'ine, Sterling or Coin)

Nickel Jacketed Copper Gold on Brass or Bronze

Other WILCO products include Electrical Contacts—

Silver, Platinum, Tungsten, Alloys, Powder Melal. Thermostatic Bimetal (High and Low Tem
perature with new high temperature deflection rates.) Precious Metal Collector Rings——For Rotalin
controls. Silver Clad Steel. Rolled Gold Plate. Special Materials.

34

Let us unalyze your problems.

THE H. A. WILSON COMPANY W’M

105 Chestnut Street, Newark 5, N. J.
Branches: Detroit *+ Chicago

March 1945 — ELECTRONICS
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TELEVISION
Oﬂ Your Mind

T

MANY enterprising individuals will

make fortunes in the operation of
television stations—and have a barrel of fun
doing it. Right now, some of these people
are asking if there’s enough cost data avail-
able to discuss economics and television

potentials in the same breath.

We think we have most of the answers—
gained through DuMont’s: 1—design and
construction of 3 of the nation’s 9 televi-
sion stations (more than any other com-

pany) ; 2—experimental operation of our

own pioneer television station, WABD
New York, for more than 4 years, and

3—development of commercial program-

. -

N

ming techniques in collaboration with lead-
ing advertisers and advertising agencies.
DuMont's television economics are strongly
weighted by the low operating cost, ex-
treme flexibility and rugged dependability

of DuMont station equipment.

It is important that prospective station
operatots arrange 70w for early postwar
delivery of station equipment...and an-
ticipate needs in trained operating person-
nel. Both are assuted through the DuMont
Equipment Reservation Plan. Our aid, too,
will be given gladly in preparing applica-
tions to the Federal Communications Com-

mission. Call, write or telegraph today.

Copyright 1945, Allen B. DuMont Laboratories, Inc.

ALLEN B. DUMONT LABORATORIES, INC., GENERAL OFFICES, 2 MAIN AVE., PASSAIC, N. J.
TELEVISION STUDIOS AND STATION WABD, 515 MADISON AVENUE, NEW YORK 22, N. Y.

ELECTRONICS — March 1945
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INCLUDE BRIDGEPORT IN YOUR POSTWAR PLANS!

N
Bridgeport Manufacturing Company 2 4 8
is your logical supplier for R. F. coils ¢ ;
and chokes, I. F. transformers and *
transmitting coils and chokz=s. Right Z
now we’re turning out sea~ch coils rh':—\)
and variometers by the carload for

the Armed Forces. After V-day, the .

same facilities now devoted to this Bridgeport’s location, near the
big job and the same personnel that populationfce:xtfr t;i Af_merica. as-
are meeting the most rigid military (RS SAAM BRI, 1 L8 B BT
specifications will be available for ﬁ’g{%’ 25 yf,;‘;{,??‘;f;f;";‘ﬁ‘;:&;’i
your job. delivery.

BRIDGEPORT

MANUFACTURING COMPANY
Bridgeport, lllinois
R. F. Coils « R.F.Chokes.» |..F.-Transformers
Transmitting Coils « Transmitting Chokes

March 1945 — ELECTRONICS




THE NEW MULTIRANGE FLUXMETER

MODEL F

FOR THE
MEASUREMENT OF
MAGNETIC CIRCUIT
CONDITIONS
AND
ASSOCIATED TESTS

ACCURACY V2%

RANGE
5 LINES PER $SQ. CM.
" ot TO

- , 30,000,000 LINES PER $Q. CM.

SEARCH COIL RESISTANCE
INCREASED TO 15 OHMS.

THIS NEW DESIGN REPRESENTS THE FIRST MAJOR IMPROVEMENT IN THIS TYPE OF INSTRUMENT
IN THE PAST 25 YEARS. A COMPLETE TECHNICAL BULLETIN WILL BE GLADLY SENT ON REQUEST.

IRIEXIEAIRl[ZIHI

COMPANY

" SENSITIVE 3

INSTRUMENT

9-11 ELM AVE. \(%
p Elecliical. Instuments, B of Precislon sine. 1927 H_J

ELECTRONICS — March 1945 37
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Il SORENSON FEATHERWEIGHT

STAMFORD  CONN~

! ce AUT TRANSTORMER .
sl vouce o TR Variable Voltage Auto-Transformers

We here at Sorensen are just a little proud of our ability
to clip the weight on airborne electronic equipment.

If your company is faced with such a problem in
electro-mechanics —where it is necessary to have light
servo-equipment to follow an electrical function, please
feel free to write us,

INpUT Y
M' [

g .uvu(usuc pins CHY
VARIABLE VOLTAGE

AUTO -TRANSFORMER

WicightZiths L0} Surface Mounted 500 to V.A.

The adjustment dial is’Shake-
Proof’’ and positive locking. A
twirl of the fingers locks it se-

The transformer illustrated to the left is designed for an
input of 115 volts and an output of O to 130 Volts—3.85

curely. Surface is knurled for amperes maximum. Frequency range 350 to' 2400 cycles.

better gripping. Case is
stamped aluminum with non-
glare, baked black wrinkle
finish. Dial markers in white

It is furnished with an A.N. connector to fit automatic
circuit disconnect plug. Overall size, &' x 473" x 2%".
Total weight two pounds four ounces.

for easy reading. Full specifications will be sent on request.

WL f
Y ey
THE IR 7

i/

SORENSEN & COMPANY

AIRBORNE ELECTRONICS » » » STAMFORD, CONN.

38 March 1945 — ELECTRONICS
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5 YEARS AHEAD OF ITS TIME

hallicrafters Model 5-36

XACTLY five years ago —in 1940 — Hallicrafters introduced a very high
frequency communications receiver with a range of 27.8 to 143 Mc. This
model was clearly five years ahead of its time in its anticipation of new and
exciting possibilities for superior performance on the higher frequencies.
Today Model S-36 stands by itself as the only commercially built receiver cov-
ering this range. It is outstanding for sensitivity, stability, high fidelity. With its
extraordinary VHE versatility it is ready for immediate application in the ever
widening fields of FM and higher frequency development work. Engineering
imagination at Hallicrafters is reaching out beyond the next five years, beyond
the present known limits of radio technique so that Hallicrafters equipment will

continue to be always ahead of its time, above and beyond ycur best expectations.
8UY A WAR BOND TODAY!

hallicrafters rapio

THE HALLICRAFTERS COMPANY, MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A.

ELECTRONICS — March 1945 39
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RAYTHEON VOLTAGE STABILIZERS

X
i '}“'\n:

CONTROL VARYING

LINE VOLTAGES

TO 115 VOLTIS + X %

Ordinary A.C.line voltages as taken fromsupply
mains often vary as much as from 95 to 130
volts. This impairs the precision cperation of
electrical equipment.

A Raytheon Voltage Stabilizer, built into new
products or incorporated into equipment al-

ready in use, overcomes the disadvantage of

fluctuating voltages by providing an accu-
rately controlled source of power to =159,

Here's what a Raytheon Stabilizer does—
stabilizes varying input voltage from 95 to 130
volts to 115 volts =157, within 2 cycles.

Rcyfheor‘?Volfcge Stabilizers are entirely auto-
matic. They require no adjustments or repeated
maintenance. No moving parts assure long life.
Write for bulletin DL 48-537.

=

Devoted 10 research and manufacture of complete electronic equipment ; receiving, transmitting and hearing aid tuhes; transformers; and voltage stabilizers.

Electtical Equipment Division

190 WILLOW STREET, WALTHAM, MASS,

EFFECT OF VARIABLE FREQUENCY

Since partial resonance is a requisite design
feature, these devices are sensitive to fre-
quency changes. The output voltage will vary
in the same direction and 1.4 times the per-
centage change in frequency, over a range of
5%, of the normal frequency.

Stabilization, however, will be within = 159 at
the output voltage which is established by the
frequency.

e mamSSauEsusmans
Y o =
TYPE VR 2 - 41_1 = jaaam
INPUT VS QUTPUT VOLTAGE  Ewrf /44 e
FOR VARIOUS FREQUENCIES E“:t EmaEERRESRES:
Sy T 1
%7 idimaasussaEazsas:
1] T
il TETLYT
AL ks A e
st voutace

RAYTHEON

MANUFACTURING COMPANY

The coveted Army-Navy “‘E,”" for
Excellence in the manufacture of
war equipment and tubes, flies
over all four Raytheon Plants
where over 16,000 men and wom-
en are producing for VICTORY.

March 1945 — ELECTRONICS
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For the fifth consecutive time, the men and women of American Lava
have earned the Army-Navy “E” Award “for continued excellence in
quantity and quality of essential war production.” All of us are very
thankful that the necessary knowledge, experience and skill were available
at American Lava to maintain the high standard of quality of ALSIMAG

products, while meeting production schedules that once seemed incredible.

AMER’CA" '.AVA CORPORAT’ON o Chattanooga 5, Tennessee

43RD YEAR OF CERAMIC LEADERSHIP

wWwWw americanradiohistorv com

CERAMIC INSULATORS

For:ur;e in:

Electronic Devices

Electrical Gircuits and
Appliances

Gas ond Oil Heating
Avtomotive Equipment
Chemical Processes



That SOLA CONSTANT VOLTAGE TRANSFORMER,
built into our equipment, will eliminate a

majority of our most critical field problems

Every sales manager of electrical
equipment knows the number of ex-¢
pensive service calls, the number of
complaints of sub-standard perform-
ance that can be traced directly to
unstable line voltages.

A majority of them can be avoided
by simply specifying “‘Sora Constant
Voltage Transformers’ while the
equipment is still on the drafting
board.

The inclusion of Sora Constant
Voltage Transformers in the basic

design can generally be accomplished
at an actual savingsn cost. Their use
frequently eliminates the need for
other component parts whose only
function is to provide superfluous
manual control over the equipment.

Sor.a Constant Voltage Transform-
ersrequire no supervision. They have
no moving parts or delicate networks
to get out of order. They react in-
stantly and automatically to line
voltage disturbances, correct fluc-
tuations as great as 30% to the safe

e

[3

operating limits called foron thelabel.

"They protect both themselves and

the equipment against short circuit.

To Manufacturers:
Built-in voltage control guaran-
tees the voltage called for on your
label. Consult our engineers on
details of design specifications.

Ask for Baletin DCV-162

Transformers fors Constant Voltage * Cold Cathode Lighting » Mercury Lamps « Series Lighting * Fluorescent Lighting * X-Ray Equipment + Luminous Tube Signs
Qil Burner Ignition * Radio » Power » Controls » Signal Systems » Door Bells and Chimes  etc. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago 14, 1Il..

«Q

www.americanradiohistorv.com

March 1945 — ELECTRONICS



These are the reasons

Heintz and Kaufman endorses

TUBE STANDARDIZATION

STANDARDIZATION 1S A
WARTIME NECESSITY

Colonel C. C. Irwin, commanding oflicer of the
Signal Corps Standards Agency, recently stated that
a majority of Signal Corps contractors are heartily
cooperating with the standardization program
sponsored by his agency to the end that approved
component parts and materials are used wherever
possible in equipment supplied to the Signal Corps.

“However, there are some.” Colonel Irwin said,
“fortunately onlv a few, who view this program as
an attempt to put an unsonnd theory into practice.
Such is, of course, not the case. Standardization is
vitally necessary, not only to relieve bottlenecks in
production and distribution; to facilitale mainte-
nance by providing interchangeability of parts: but
‘more important, 1o reduce equipment failures in
the field.

“There is no theory in a Gold Star.

“If the reasons behind the laconic phrases ‘killed
in action, ‘missing,’” and “plane failed to return’
could be explained, it is (uite probable that equip-
ment failures would bulk large among the reasons.

*“It is not expected that the use of approved
standard component parts will eliminate equipment
failures, but it most certainly will reduce them.”

EQUALLY ADVANTAGEOUS IN
THE POSTWAR PERIOD ,

Joint Army and Navy Specifications (“Jan-1A
specs”) have already established standards of elec-
trical similarity and physical dimensions for vacuum
tubes. Heintz and Kaufman will voluntarily con-
tinue to apply these engineering standards to post-
war Gammatrons as the benefits are so obvious that
we believe the designers of communications equip-
ment will insist upon their continuation:

1. Standardization of specifications will facilitate
equipment design and production, since it assures

ELECTRONICS — March 1945

the designer that there will be no physical or elec-
trical changes made in the tube type he has selected.
Often such changes have necessitated extiensive re-
design of equipment.

2. It will assure performance where performance
is vital...in air transport and marine¢ communica-
tions, in navigation and direction finding.

3. By establishing rigid electrical and physieal
requirements and tests, tube failures will be mate-
rially reduced. Such failures often reflect on the
manufacturer of equipment, and must be guarded
against just as care ully in peacetime as in war.

STANDARDIZATION DOES NOT
LIMIT NEW DESIGN

Standardization of the specifications for current
Gammatron tube types will not restrict the develop-
ment of additional types to meet future needs. (Next
month we will list here the Gammatron tubes which
will be available indefinitely under our voluntary
standardization program.)

Have you written for
data on the HK-257B
(JAN. 4E27)?

HEINTZ ano KAUFMAN v7o.

SOUTH SAN FRANCISCO « CALIFORNIA

KEEP BUYING \% WAR BONDS

43
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WATCHFUL EYES T1u;s ideally arranged Mica Inspection Depart-
Yment is equipped with most modern facilities so that accuracy beyond a
doubt is at all times possible. Fach inspector is highly trained in this impor-
tant job of inspection. Mica Capacitors play a vital part in the correct

functioning of many types of equipment. Thus, expert inspection must be
maintained constantly.

-t ey
and oftention o ﬂm %l‘

of SanEAmS < e of mice

nt vigilance

o Consta i are pdi
facturing Aot L @ ing © €OmP ost crificd
manv 4 manufac confidence 3 Ty
. def_ig'j::: which merit eyPIAL IS ok ‘T: s W :4]
capast of copocitor®: . 7 ) |‘:|:':’- ] H._ it
yser =10y I

ESTABLISHED 1898 . .. MICA
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CAPACITORS

Long trouble-frec life of mica capacitors is
cntirely dependent upon the quality of the
mica dielectric used in the capacitor. Care-
ful. splitting, precision gauging, accurate
sorting. and clean punching of mica sheets,
contribute 1o long trouble-free life of fin-

ished capacitors. Every piece of mica must

be carelully inspected before it is assembled
into a capacitor unit. Such inspection is

necessary to assure fr‘eedom from all flaws:

such as fractures, cracks, air bubbles, pin-

holes, or the inclusion of metallic or other !}

extraneous material, .

The slightest fracture at the edge of a
mica film will tend. to run when the capaci-
tor is moulded and will ultimately result
in dielectric breakdown of the entire unit.
Ultimate failure of the dielectric may also
be expected when air bubbles are present.
The inclusion of impurities in mica result
in higher losses and, in many. cases, in ulti-
mate failure of the capacitor.

The keen eyes of alert, well trained opera-
tors are quick to detect the slightest imper-
fections of the punched mica sheets, so that
only mica films free from flaws are passed to
be used in the final assembly operations.

™

ELECTRONICS — March 1945
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It y/citr VARIABLE

RESISTOR /¢l tems...

F

NO. 352

NO. GC-552

NO. GC-252

Perhaps you didn't realize that you had any "variable
resistor problems.” It frequently hoppens that way.
That is why, years ago, Chicago Telephone Supply
established the practice of submitting a sample when-
ever a customer orders variable resistors made to new

specifications.

Before starting production on such an order, CTS just
wants to make certain that no unforeseen problems

- 5
(z o

ELKHART « INDIANA

VARIABLE RESISTORS
PLUGS AND JACKS
SWITCHES, RINGERS

TELEPHONE GENERATQRS

NO. GC-45

exist. And in tHe course of many years' experience, the
soundness of this practice has been demonstrated time
and time again. It has saved many o manufacturer
untold grief and very.considerable sums of money.
Chicago Telephone Supply Company is a specialist.in
the field of variable resistors. As such, they feel obli-
gated to do more than merely fill orders. They do their
utmost to make sure that their variable resistors will
do the job they are meant for.

REPRESENTATIVES
R. W. Farrls Co.

406 West Thirty-fourth Street
Kansas City 2, Missouri
Phone: Logan 7495
Frank A. Emmet Co.
2837 West Pico Boulevard
Los Angeles 6, California
Phore: Rochester 9111

BRANCH OFFICES

S. J. Hutchinson, Jr

401 North Broad Street
Philadelphia 8; Pennsylvania

Phone: Walnut 5369

IN CANADA

C. C. Meredith & Co
Streetsville, Ontario

March 1945 — ELECTRONICS
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ELECTRONICS -

: ﬂN THE Internaticnal Bureau in Seviés, France,
thercisa pémliarly shaped rod, a dicture of which
is shown above. Thar rod :s the internationally
accepted length of <he meter, the basic unit o the
‘thetric system. Its length determined mathemat-
ically zs a part of the terrestrial meridian contained
between the north pole and the egquator, its shape
develeped after much experimentation and its
compoesition 4 spedial-platinum and iridium alloy,

THE WARD-PRODUCTS CORPORATION,

- March 1945

it is a s:andard of quality to which the whole

3523 'f,

ER T Lt N - L

world refers .. - In ‘Fe “udging of any product,
 :';"_:'5 the qualily hat zeurts. ;

lr the antenna field, ~HE WARD PRODUCTS CORPORA-
; :llah is anationaliy krewr manufactuzer of quahty

products. WARD sectiomal and one- pxc't'c antennas.

aie _he workmacsaip of Zraftsmen usxrg modern

equpment unde: _deal cenditions . . For qLal:ty

antenaas for all nPF—IIaUOHS look to WARD.

?f' .
45TH STREZT,

=
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Curve showing insertion loss of

The Solution to “WHAT T0 DO
WITH ANTI-RESONANT FREQUENCIES ?"

Conventional methods of getting rid of vibrator “hash” usually call for the
use of a by-pass capacitor, shunted by a mica capacitor. This system, however,
has at least one anti-resonant frequency. Of course the engineer juggles his
constants so that this anti-resonant frequency comes where it causes the least
trouble—BUT, in today’s all-wave devices, there just isn't any such place!

The New Sprague Method is simply to utilize the Sprague HYPASS Capac-
itor. Technically, this is a 3-terminal network which, at low frequencies,
“looks” like a capacitor in respect to its capacity, voltage rating, and size.
At high frequencies—well, the above diagram tells the story. Although accu-
rate measurements of their performance at the very high end of the spectrum
are difficult to obrain as yer, qualitative indications show that HYPASS
units do the job at 100 megacycles and more—so much so that, if you have
a “hash” problem, we’d welcome an opportunity to stack them against it

SPRAGUE ELECTRIC COMPANY, North Adams, Mass.

(Formerly Sprague Specialties Co.) *T. M. REG. U. 5. PAT. OFFICE

March 1945 — ELECTRONICS
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WHO< MADE IT?

Pardon us, if we presume to insert the “first,” but in casting about
tor suppliers you've asked that question, perhaps hundreds of times.

Users of ceramic sockets will recognize the types illustrated. The
No. 267 was the first ceramic miniature socket — still widely used, and
formed the basic design for the later types with cylindrical metal shield
base. (Yes, Johnson makes them too, our No. 277B.)

The No. 228 octal is one of a series of oval ceramic wafer sockets
originated 7 years ago. Engineering improvements then made over ex-
isting types (such as mounting bosses, countersunk rivet heads, “non-
turning” contacts, etc.) established it a favorite for Signal Corps and
Navy equipment.

Almost equally familiar is the basic square design of the No. 247,
a series started 6 years ago, embodying essential features of the smaller
Johnson sockets.

But to get back to the first question, “Who (first) made it?"* when
you're looking for original parts, tube sockets, or other components why
not avail yourself of our kind of engineering and production experience?

Ask for catalog 968(D)

Breciadisls

CONDENSERS
INSULATORS
SOCKETS
PLUGS

® INDUCTORS
® CHOKES

® COUPLINGS

® ANTENNA PHASING
UNITS

F. JOHNSON COMPANY . WASECA

ELECTRONICS — March 1945
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“LEXEL" is a registered

The Dobeckmun Company.

The values of Lexel insulation tape for

low tension circuits have been proved in
many military applications. If your prod-
ucts call for insulation with any or all
of the following characteristics, consider
Lexel tape in vour planning:

Perfect centering of the conductor
within the helically-wound. heat-
sealed tape.

Saves about 25% weight and bulk
in. primary insulation.

High dielectric strength and insulo-

tion resistance.

Noncorrosive . low moisture

absorption.
Ask for detailed information and samples.
Dobeckmun engineers will help you test
Lexel tape for future use, or for present
products with necessary priorities.

* - * * - -

CUSTOM-MADE INSULATION

As a regular service, Dobeckmun engineers also
develop laminated insulation products, custom-
made to special purpose specifications, such as
slot cell and phase insulation for motors, insu-
lation for shipboard cables and other uses. If
vour requirements are unusual, call on us.

MADE BY THE MAKERS OF “DOBAR” LAMINATED PAPER INSULATION

DOREEKHON-

INDUSTRIAL PRODUCTS DIVISION * CLEVELAND 13, OHIO
WESTERN SALES HEADQUARTERS ¢ SAN FRANCISCO 4, CALIF.

March 1945 — ELECTRONICS
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CoLLiNs 1000-C MULTI-CHANNEL TRANSMITTER

Smart engineering design halves the cost per channel

IN THIS 2500 watter, Collins engineering has struck an ingenious balance of quality,
efficiency and economy.

The right hand cabinet contains tivo vertical rf sections. Through application of the
principles of quick shift (less than 2. seconds) each section can be used interchangeably on
two channels, such as may be called for by day and night transmission. These channels
are not limited to the pass band of the rf circuits but may be located anywhere within the
tuning range of the equipment—d& to 20 mc.

The cost per section is comparable to that of conventional single channel sections. The-

Available: Additional

actual cost per channel is thus.cut approximately in half. af-modulator and rf
In addition, relays permit selection of three crystals per channel (six per vertical section) multi-channel sections . . .

d within 29, of th t hal ter fi Twelve £ A theref Supplemental Collins Autotung
spaced within 279, of the nominal center requency. Twelve frequencies are therefore o section o« w Ereqdeneyishit
available in a single cabinety arranged as needed within the four channels. keying . . . Complete remote

In the equipment illustrated above, the left hand cabinet contains the af and modulator control, built to your

A q . i ts.
sections. The power supply cabinet is in the center. All sections are of highly advanced el

design, and are of the vertical chassis type.
We shall be glad to discuss applications of this rugged, versatile

equipment to suit your operating requirements. \
Collins Radio Company, Cedar Rapids, Iowa.
"'"_______- o —
| oomme— e —
‘/
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Here, the moisture-permeability
of a synthetic is tested, over a

time period, under conditions

equivalent to years of difhcult

service...one of a multitude of

separate explorations.

Lt




How most effectively to use the new materials? Which
synthetic polymer is best for insulation in dampness?
How improve the vulcanization of butyl rubber ?
How get both high tensile strength and low temper-
ature flexibility in Buna S?...In the General Cable
Research Laboratory, most completely equipped and
manned institution in the world devoted exclusively
to wires and cables, a tireless group of scientists is
seeking and finding the answers to a host of urgent,
practical questions. The work being done opens new

vistas of product serviceability in many fields.

GENERAL CABLE
CORPORATION

Manufacturers of Bare and Insulated Wires and Cables
for Every Electrical Purpose

www.americanradiohistorv.com
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THAT MEANS
PERFECT
HERMETIC SEALING

IMMERSION VACUUM TEST of each unit—
not just random units — after final assem-
bly, is standard procedure at AmerTran.
Quality control of hermetic sealing is thus
rigidly maintained.

INDUCTION SOLDERING insures quality
sealing of all case seams enabling the unit
to withstand vibration ond severe air

pressure changes.

VACUUM IMPREGNATION with varnish
removes moisture from coil and provides

excellent turn, layer and section insula-

tion, resulting in long trouble-free life.

; like infra-red preheating
of cores and coils before compound filling, torque-
gauging ond resilient gaskets to prdtect ceramic
terminals provide full protection against moisture, tem-
perature changes, and pressures encountered in airborne
service. Yet AmerTran Hermetically Sealed Trans-
formers are designed to minimum weight and dimen-
sions. Write for complete details.

THE AMERICAN TRANSFORMER CO0., 178 Emmet St., Newark 5,N.).

54

MANUFACTYRING DINCE 1901 AT miwaRx

Merch 1945 — ELECTRONICS




BACKGROUND FOR

on Transmyission e

for Televist

Back in 1927, Beil labs and Western Electric
transmitted black and white images ove¥ wire
cireuits and also by radio.

In 1929, tiie ifirst public. demonstration of full-
cofor television marked another advance by
Bell Labs and Western Electric,

g T T

... count on

Western Elecfric
equipment to lead the way!

Just as soon as final Victory opens the door to post-war progress in television, ... . . fenned out section of the latest type

Western Electric plans an active progiam of development work as well as manu-  of Western Electric coaxial cablo—destined

for an important place in television networks.

facture of television transmitters. In this field, as in sound broadcasting, you
can be sure of advanced design and highest quality equipment engineered by
Bell Telephone Laboratories and made by Western Electric.

\ e Development work by scientists of Bell labs
= will lead to more pianeering advances im

Buy all the War Bonds you can. .. and keep all you buy! television for fomorrow.
ELECTRONIGS — Merch 1945 [
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PRINTING
DIE CUTTING
CEMENTING

Wide experience by all known
processes in the application of
printing, engraving, silk screen-
ing, die cutting and cementing
of oll thermoplastics.

FORMING

Specialists in deep drawing radio
dial windows, embossing, swag-
ing and bending in Acetate,
Vinylite and Acrylics.

MACHINING

Precision threading, strew ma-
chine, milling, drilling, turning
of Polystyrene, Acrylics, Pheno-
lics, nylon Tenite sheets, tubes
and rods; through spindle capac-
ity up to 212" rod.

ASSEMBLY

Our engineers can assist you in
problems of design and assembly
of your plashc units.

93 Mercer Street

New York 12, N. Y.

www.americanradiohistorv.com
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UTAH'S "PRECISION PLUS" MANUFACTURE

= Vitreous enam-
el resistors, plugs,
switches, and other
component parts for
electronic applications.

eo o SPEAKS FOR ITSELF!

Utalins* at work . . . welding . . . and proud
as punch at the technique they’ve devel-
oped. They know welding is just one of sev-
eral steps in the production of Utah’s radio
parts and electronic devices. But they give
it that ““precision plus’’ accuracy that Utah
demands all the way.

Every phase of manufacture donein Utah’s

own factory is to perfection standards.

_ RADIO PRODUCTS COMPANY
& - CMICAGO. IUINOIS -

First comes the careful purchase of qual-
ity raw materials. Then Utalins make the
tools that make the Utah products. The
modern methods of production, the testing,
the supervision, even the infinite care in
shipping all add up to Utah’s comprehen-
sive process—an infallible system of manu-
facture that enables Utah—and you—to be
proud of the finished products.

Utah products finally become hidden
parts of your radio, and the world listens—
with pleasure—as Utah performance speaks

for itself!

*Utalins—Utah’s helpers

Utah Radio Products Co., 820 Orleans St.,Chicago 10,111.
Utah Products (Canada) Ltd., 300 Chambly Rd., Longueuil, Montreal (23) P. Q.

www.americanradiohistorv.com
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Federal Télephone and Rilfo. ¢ orporation

INDUSTRIAL ELECTRONICS DIVISION New::rk 1. N.J.
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This precision instrunient checks finished enameled fine
wire and instantly registers iusulation defects should any
be present. I'his 1s but one of many rigid tests to which
NoORELCO enameled fine wire is subjected.

This microphoto shows “heady™
enamel due to poor wire-coating
technique and process control.
Magnification 10N\

Enamel-coated fine wire is judged chiefly for its insula-
tion qualities. Uneven coating, a high percentage of pin
holes, a tendsney of the enamel to erack or peel, non-
uniform resistance makes wire useless for precision
electronic applications.

The drawing and coating of high quality fine wire with
rigid requirements of close tolerance, perfect roundness
and faultless surlace condition, are exacting processes in
which the North American Philips Company have long
been specialists, Aside from the advanced techniques
developed by our engincers for producing high quality
cmunc} coating, the finished product is subjected to rigid
voltage, pin hole, resistance and bead tests that meet all
customers specifications.

North American Philips manufacture fine wire below
003" diameter in sily er, copper, nickel chrome, alaminum
alloy and other metal alloys. We plate many types of
wire, silver, tungsten, wolyhdenum and alloys up to
010 with gold, copper or other metals. Manulacturers

Send for NORELCO
Fine Wire Booklet
on your letterhead,
It containsvaluable
conversion tables
for ready reference
of buyers and de-
sign engineers.

o,'e/co ELECTRONIC PRODUCTS by

Reg. U. S. Pat. Off.

NORTH AMERIGAN PHILIPS GOMPANY, INC.

Executive Offices: 100 East 42nd Street, New York 17, N. Y

Factories in Dobbs Ferry, N: Y.; Mount Vernon, N, Y. (Metalix Division); Lewiston,‘ Maine (Etmet Division)

ELECTRONIZS — March 1945

Enamel-Coated
FINE WIRE to
meet your

specifications

Microphato of the even enamel
eonating on NORELCO fine wire, the
result of advaneed coating tech-
niques and rigid proecess control,
Magnification X,

Where NORELCO Fine Wires Are Used in the
Electronics Field — Precision wire-wound resis-
tors: hearing aids; radio headphone i
recording and indicating meters: sensitive relays:
electronic tube grids and filaments; fractional
horsepower motors: and hundreds of other uses
wherever fine wire is required,

have found our nnmsual skill of great value in helping
them meet wartime production schedules. North Anterican
Philips have the knowledge ol processes and techniques
developed by an organization with a background of over
half a century in the electrical field. Call on our specialized
engineering service whenever vou have a fine-wire problem.

Otner Propucts: In addition 1o fine wire and diamond dies
for our own drawing, we make: Tungsten and Molybdeaum
produets; Quartz Oscillator Plates; Amplifier, Transmirtting,
Rectifier and Cathode Ray Tubes: Scarchray (Industrial
X-ray) Equipment; X-ray Diffraction Apparatus: Medical
A-ray Equipment, Tubes and Aceessories. When in New
York, be sure to visit our Industrial Electronics Showroom,

P ——————— e e
North American Philips Company, Inc.
100 East 42nd Street, New York 17, N. Y.

Gentlemen:
Please send me a copy of your booklet

“Norelco Fine Wire”,

Name

Title

Company_ _

Address
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Ideal General Purpose Condensers
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STYLE A
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STYLE F

STYLE L

When Erie Resistor introduced the first silvered ceramic
condensers in this country several years ago, engineers
were provided with a simple method of compensating for
frequency drift in other components.

Expanded war time demand for condensers has defi-
nitely proved that Ceramicons are also superior as general
purpose condensers in circuits where some moderate de-
gree of capacity change with temperature is permissible.
For example, Ceramicons make excellent coupling con-
densers, particularly plate-to-grid, where high insulation
resistance is of paramount importance.

When specitying Ceramicons under JAN-C-20 for
general purpose use, temperature coetficient characteristic
“SL'" should be given. If Erie designations are used, specity
“any temperature coefficient between P100 and N750.”
The temperature coefficient of these Ceramicons will be
between + 150 and —870 parts/million/°C, as determined
by measurement at 25°C and 85°C. Particularly in the low
capacity ranges, this temperature coefficient limit will, in
many cases, permit us to ship quickly from stock, since the
Ceramicons can be selected from any one of the 10 stand-

g‘ / o D. o . |
ERIE RESISTOR CORP., ERIE, PA. |

% Ceramicon is the registered
trade name of silvered ce-
ramic condensers made by
Erie Resistor Corporation.

LONDON, ENGLAND

60

ard temperature coefficients between P120 and N750. The
capacity range for equivalent physical size is given in the
table below.

May we submit samples of Erie Ceramicons to you
for your general purpose applications?

CHARACTERISTICS
CAPACITY RANGE JAN-C-20 ERIE MAXIMUM DVERALL
IN MME STILE STYLE DIMENSIONS
; |
T~ ccz0 A 200 x 400
1 to 51 c¢2i K .250x_.562
CC25 B 200 x 656
52 to 110 CC26 L 250 x 812 |
CC35 c .265 x 1.125
| 111 to 360 CC36 | M | .340x 1.328 _
361 to 510 cc40 D 375 x 1.110 |
511 to 820 ccas _E | .375x1560 |
821 to 1100 ccas | 3 | .375 x 2.00

FOR HIGH ACHIEVEMENT
(N WAR PRODUCTION

CANADA

TORONTO,

March 1945 — ELECTRONICS
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Increased Output from

RAYTHEON
OZ4 and OZ4G Tubes

Many manufacturers realize the advantages of small ionically
heated cathode gas rectifiers which require no heater power, can be
used under any atmospheric condition, and yet operate with very low
internal power losses. Convincing evidence is the widespread use of
such tubes in automobile radios and other equipment where maxi-
mum performance must be obtained with minimum power input.

Millions of Raytheon OZ4 and OZ4G tubes have given reliable and
efficient service in such equipment . . . service which will prompt
engineers to incorporate them in numerous postwar products.

First developed by Raytheon as a refinement of the BH to obtain
internal drops comparable to the larger directly heated cathode
types, these tubes ate now further improved to the point where the
output rating has been increased from 75 ma to 90 ma when
functioning as a full wave rectifier. Hence, it can be used to
advantage in supplying the extra “B” drain imposed by larger
receivers or low-power mobile transmitters.

The OZ4 and OZ4G are examples of Raytheon’s ability to design
and produce better tubes . . . tubes which will be in great demand

in the postwar radio and electronics industry.

RAYTHEON

RADIO RECEIVING TUBE DIVISION

New York . Chicago + Atlanta

Newton, Mass. « Los Angeles .

4

ANS

=\

Specifications of OZ4 & 0Z4G

014 0Z4G
Maximum Overall Length 2-5/8 in. 2.5/8 in.
Maximum Seated Height 2-1/16in. 2-1/16 in.
Maximum Diameter 1-5/16 in.  1-3/64 in.

Typical Operation Ratings as a Full Wave
Condenser Input Rectifier:
Heater Power None

Minimum DC Output Current 30 ma
Maximum DC Output Current 90 ma
Maximum Peak Anode Current 270 ma
Minimum Starting Voltage—

Peak [P to K} 320 volts
Average Dynomic Voltage Drop 24 volts
Maximum Peak Inverse Voltage 880 volts

|

e\ T o

All Four Divisions
Have Been Awarded
Army-Navy “'E"’

Listen to

Coost-to-Coost

with Stars 181 Stations

“MEET YOUR NAVY"
Every Saturdoy Night
ENTIRE BLUE NETWORK

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICS

ELECTRONICS — March 1945
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One of a se:izs of Electro-Voice advertisements explaining in detail
the applications and specifications of Electro-Voice microphones

THE RED CROSS

ASKS YOUR HELP
. .. GIVE GENEROUSLY

62

. .. a general-purpose dynamic microphone with an
exceptionally wide and flat frequency response—for
both indoor and outdoor speech and music pick-up
—is required . . .

Eleclic)ores MODEL 630

This versatile, moderately priced microphone is excellent for public address, all
types of dispatching and call systems, paging systems, churches, auditoriums,
hotels, recording studios and broadcast remote pick-ups. Though somewhat
lighter in weight, it is a sturdy mierophone, built with typical Electro-Voice
care to serve satistactorily over a long period of time. Attractively styled, it is
finished in lustrous chromium. The Model 630 is unusually flai through lower
and middle register, rising 5 db on upper frequencies for added crispness of
speech. Operates efficiently in salt air and humidity.

TRANSFORMER CORE: Nickel alloy: hydrogen an-
nealed, low capacity windings

DIAPHRAGM: Fine quality, heat-treated duralumin;
corrosion-inhibited for use in salt air and humidity.

CONDUCTOR CABLE: 20-[t well shielded cable
and connector, low impedance balanced to ground

HI-Z (DIRECT TO GRID) or 50, 200, 250 and 500

OUTPUT LEVEL: Power ratings: 54 db below 6
milliwatts for 10 bar pressure. Voltage rating
(high impedance) 7 db above .001 volt/bar, open
circuit oltage developed by normal speech (10
bars): 0224 volt.

FREQUENCY RESPONSE: 40-8000 c¢.p.s., with
slightly rising characterjstics.

WEIGHT: 11/; pounds.

TILTABLE HEAD: 90° tiltable head for directional
or non-directional operation.

CABLE CONNECTOR: Built-in cable connector per-
mits movement! of head without moving the cable.

CASE: Built of highest quality, high impact pres-
sure cast metal

ohms.

SCIENTIFICALLY DESIGNED GRILLE: Reduces

wind noise

ON-OFF SWITCH: Standard % "—27 stand coupler
MAGNETIC CIRCUIT: Employs Alnico V and Armco

magnetic iren.

List Price, $30.00

Contact your nearest radio parts distributor today His knowledge of Electro-Voice microphones may aid
you in selecting the appropriate type for your individual need He may also be an important factor in

speeding your order

Zofir

W gm%.cz MICROPHONES

!a_ ELECTRO-VOICE CORPORATION + 1239 SOUTH BEND AVENUE « SOUTH BEND 24, INDIANA
f Bxporh Divisian. 13 Eost 40th Streat, New York 16, N. Y., U.S. 4. Cables: Ariab

st

www.americanradiohistorv.com
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CONSIDER PEDIGREE
where QUALITY

COUNTS

glll.e“ Q

e
ahty

resistance alloy

made ONLY by Driver-Harris

45 years of continuous research devoted entirely to
the perfection of the World'’s finest resistance alloy
. that is the pedigree of NICHROME*,

_For iJst as champions are created through selective
'scienﬁﬁc breeding, so d‘o Driver-Harris Engineers, by
means of perfected melting, hot rolling and cold
finishing processes and exclusive quality controls,

succeed in producing the champion of all heat and

By o
g, o\
Pose aiovs

HARRISON,

Drviver-Harris
; COMPANY | \

NEW JERSEY

oxidation resisting alioys—NICHROME.

Although there are se\;erol excellent Nickel Chro-
mium combinations, there is only one NICHROME and

it is made only by Driver-Harris.

So put the “stamp of quofity" on your post-war
products by assuring dependable performance and
longer life with NICHROME and other D-H resist-

ance alloys.

STrade Mark Rex. U. S. Pat. 08,

e

~ .

BRANCHES: CHICAGO * DETROIT © CLEVELAND ¢ LOS ANGELES « SAN FRANCISCO e SEATTLE

¥

A oy
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@ Critical equipment designers, build-
ers and users are insuring their assem-
blies with Aerovox rating-plus capaci-
tors. That Aerovox extra safety factor
is widely recognized today. Service
records speak for themselves.

All Aerovox paper-capacitor voltage
ratings are for standard temperature,
pressure and humidity conditions,

namely, 20° C., 30 inches of mercury
(760 millimeters), and 50% relative
humidity.

Where Aerovox capacitors are in her-
metically-sealed cases, the only effect
caused by changes in standard condi-
tions will be in the external flash-over
voltage occurring at lower voliages for
conditions involving reduced pressure
and increased humidity. The capacitor
proper remains unaffected.

@ Submit your capacitance problems.
Literature on request.

AERGVOX TSRPURATION, NEW BEDFORD, MASS., U.S..

Export: 13 E£. 40 ST.. New Yorx 16, N. Y. - Cablg: ‘ARLAB® -

64
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The maximum operaling temperature
for continuous operation at rajed volt-
age is 65° C. ambient. If temperature is
greater, operﬁiing voltage must be re-
duced. Derating data will be supplied,
on request.

Yes indeed, it will pay you to look
into this matter of Aerovox rating-plus
insurance. Remember, it costs no more
but it can save you much expense and
frouble.

e TppE
r _}’
&

i

INDIVIDUALLY TESTED

SALES OFFICES IN ALL PRINCIPAL CITIES
kn Canada: AEROYOX CANADA LTD., HAMILTON, OAT.

March 1945 — CLECTRONICS
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ANNOUNCING AN ENTIRELY NEW

CERAMIC CAPACITOR DIELECTRIC
MYCALEX K

The MYCALEX CORPORATION OF AMER- MYCALEX K-10 .
ICA has developed and now has in production Grade HICSH4, in accordance with JAN-I-12
a new capacitor dielectric which embodies im- Dielectric constant ... 10.6 ]
q . Q-Factor . ............310 1 megacycle
portant new advancements in properties. Toss Factor ... .. ... 0.034
g A ‘ak 3} "aill g g Volume resistivity ....6.0 x 10'* ohms—cms.
De?lgn.ated MYCALEX I.(, this new ceran_nc Dielectric s(lreng(lyl _... 270 volts/mil (0.10” thickness)
material is unique in that it offers a selective Modulus of rupture. ... 9000 Ibs./sq.in.
g 0 Fractional decrease of
range of dielectric constants, from 8 to 15 at capacitance with tem-
one megacycle ) perature change . .... 0.0056
2 : . Fractional increase of
Engineers whose requirements call for a ma- e T el ot
. . . . erature change ..... 0.00
terna.l with a dielectric constant of 10, need only P()E)osi/t?—fﬂ() dy'iée penetration after six hours at 10,000
. - . . ./8qQ. .
SPele,y MYCALEX K-10. Ifa dlelec'trlc constant sT};le”::brn'e properties were medsured in ac-
of 8 is lﬂdlcated, MYCALEX K-8 will meet that 5 eordance with the procedures of JAN-I-12.
exact requirement. Other applications might call Smatifr g',‘a'v'i;y“jjjj_'j_'j"_'jjjog‘_lzlf s *Spericuiin
for use of MYCALEX K-11 or K-12, etc. Softening temperature . ....... 400° C.
MYCALEX K-10 already has been approved (I DiEL[EC TRIQ_CONSFANT
by the Army and Navy as Grade H1C5H4 Class — 1. 100
H material (JAN-I-12). While other Class H ma- g |
terials are available, to the best of our knowl- otood i oy
edge these are all steatite or bonded titania or s | b
titanate types, obtainable only in relatively small L_,@, | 8 o0
dimensions and subject to wide variations in tol- U \/ T
p . ; p ,
erances. MYCALEX K is available in sheets 14 o008 I srelleeReELE
x 18”7 in thicknesses of £ to 1”; in thicknesses
down to 1/32” in smaller sheets, and in rods o))
1 to 1”7 in diameter.
Of importance also is the fact that MYCALEX
K series can be molded to specifications, with TENAERATURE -°F
electrodes or metal inserts molded in. It can be a5l B2 3 8 8 § 8§ §
fabricated to close tolerances. = ] =
So far as we are aware, the MYCALEX COR- —— b 110
PORATION OF AMERICA is the exclusive de- L | ] 1 e,
veloper and only supplier of this kind of capaci- | I‘ T N I g
tor dielectric. i HTT——11 CrHHEE e g
Write today for further information to De- | Hl | Ll |3
%) 0.010 - L 1 1 L1 1880
parunent 12. ‘ I | i 1 Ii
g aoan—J‘__.ﬁ. ‘ ——— l l I |
,.‘\ . g \
Other products ; m M“E ll N }l N
¢ Mycalex Ar€’ g |11 & ]
2 most high THE INSULATOR 0004 [ 1] [ i ]
CALEX 400"““' Y- TAADL MARK REG: U. § PAT, OFF, | | | FREQUENCY-KILOCYCLES ~— |
Q
w | L1200 | 11111 T

MYCALEX CORPORATION
OF AMERICA

“"OWNERS OF 'MYCALEX'’ PATENTS"’

Plant and General Executive Offices
Offices 30 Rockefeller Plaza

avails

EX, avd!

MOLDED MYCALEL o eutar
ich mem\

Clifton, N. J. New York 20, N. Y.
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Now Auailable
-CENTR":UGAL BLOWER UN'|TS

=

AND MOTORS

MODEL J 50 A BLOWER UNIT

60 CYCLES ,
115 VOLTS £

Delivers. 10 cu. ft. per minute of free air. !
Weight 21.5 oz. Overall diameter 311",
Overall length 414",

POWERED BY MODEL J 49 C
60 CYCLES 115 VOLTS 1/300 H.P.
Weight 16 oz. Diameter 134”. Length 211"

5

EASTERN AIR DEVICES, INC.

An Affiliate of the Fred Goat Co., Inc., Est. 1893
585 DEAN STREET, BROOKLYN 17, N. Y.

March 1945 — ELECTRONICS
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Among all the miracles that hcve been talked about for a great
and glorious postwar era, here is one thing on' which you can really count:
JENZEN Speakers will be built around the wartime developed Ainro s f JENSEN naturally

pioneered in the use of this remarkable new magnet material which weighs only a _
fraction of other magnetic alloys of equal strength. Thus JENSEN postwar speakers with ¥INICO 5

will be lighter and more compact, but still as highly efficient and’ rugged as

ever. '[[ENSEN: military loud speakers are now using Alwico 5 in great quantities.
And as soon as conditions permit, ALNICo 5 will

become a feature of JEysew PM Spaakers.

CHoSiE-

Shrecialisls 1 @e&t’f)z and J(anaﬁw/uw of SHeorestic é’(/nr,,'/mnm/

JENSENARADIO MANUFACTURING COMPANY . 6601 SOUTH LARAMIE AVEMUE, CHICAGO 33, ILLINOIS

" s i e

&7
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OyTPUT RAISER!
It puts a crimp in production to drive screws by hand . . .
and then have to file off burrs. But that’s what a certain

washing machine maker had to do as long as he used
slotted screws inside his tanks.

TRAIL BLAZER/!

Besides reducing costs and speeding up production, use of
Phillips Screws also shows up in product strength and
rigidity. Screws with the Phillips Recess help designers
plan . . . and get . . . much stronger, tighter fastenings.

/fé’ P {epod - the engineered recess!

s

COST AMAZER!

But when he changed to Phillips Recessed Head Screws,
he eliminated burrs. And no longer having driver skids to
worry about, he switched to power driving . . . upped out-
put tremendously . . . and got truly amazing cost-savings.

A

COMPETITION FAZER/

Here’s the final place where Phillips Screws give you an
edge on competition. Any product with these better-look-
ing, burr-free fastenings . . . that never disfigure surfaces
or snag clothing . . . is Jus¢ that much easier to sell!

In the Phillips Recess, mechanical principles are so correctly applied
that every angle, plane, and dimension contributes fully to screw-driving

efficiency.

American Screw Co., Providence, R. 1.
Atlantic Screw Works. Hartford, Conn.
The Bristol Co., Waterbury, Conn.

Central Screw Co., Chicago, 111,

Chandler Products Corp., Cleveland, Ohio
Continental Screw Co., New Bedford, Mass.
The Corbin Screw Corp., New Britain, Conn.
General Screw Mfg, Co., Chicago. i

The H. M. Harper Ce., Chicago, (Il
International Screw Co., Detroit, Mich.

The Lamson & Sessions Co., Cleveland, Ohie
Manufacturers Serew Products, Chicago, 11l.
Milford Rivet and Machine Co., Milford, Conn,
The National Screw & Mfg. Co., Cleveland, Ohio
New England Screw Co., Keene, N. H.
Parker-Kalon Corp., New York, N. Y,

... It’s the exact pitch of the angles that eliminates driver skids.

... It’s the engineered design of the 16 planes that makes it easy to apply
full turning power — without reaming.
... It’s the “just-right” depth of recess that enables Phillips Screw Heads
to take heaviest driving pressures.

With such precise engineering, is it any wonder that Phillips Screws
speed driving as much as 50% — cut costs correspondingly?

To give workers a chance to do their best, give them faster, easier-
driving Phillips Recessed Head Screws. Plan Phillips Screws into your
product now.

PHILLIPS ~7 SCREWS

WOOD SCREWS » MACHINE SCREWS

« SELF-TAPPING SCREWS

Made in all sizes, types and head styles © o o o o o
Pawtucket Screw Co., Pawtucket, R. 1.

Pheoll Manufacturing Co., Chicago, IlI.

Reading Screw Co.. Norristown, Pa,

Scovill Manufacturing Co., Waterville, Conn.
Shakeproof Inc,, Chicago, lI.

Wolverine Bolt Co., Detroit, Mich.

March 1945 — ELECTRONICS
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Russell Burdsall & Ward Bolt & Nut Co., Port Chester, N. Y,

The Southinaton Hardware Mfg, Co., Southington, Conn.

* STOVE BOLTS



c%%ﬂm'c % s ENGINEERING AND PRODUCTION

The gadget aboveisa junctio?l box for a co-axial gas-
filled transmission line. It is one of a series of cou-
pling units, end seals and other fittings for high-
frequency transmission—designed and built by Lapp.

To this type of construction, Lapp brings several
innovations and improvements. For example, such a
line from Lapp parts is genuinely leak-proof. Every
gasket is under spring loading, so there’s no leakage
created by vibration or thermal change.

Whether or not you're interested in gas-filled
transmission lines, you ought to know about Lapp.
Here is an organization of engineers and manufac-
turers with broad basic knowledge of ceramics and
their application. With experience in hundreds upon
hundreds of special-purpose electronic parts, we
have been able countless times to improve perform-
ance, or reduce costs, or cut production time through

the application of our specialized skills to design and
manufacture of parts involving porcelain or steatite
and associated metal parts.

For quick and effictent assistance on a war produc-
tion subcontract—or for the competitive advantage
Lapp-designed and Lapp-built parts will give to you
in the postwar battle—an inquiry to Lapp now may
payyoudividends. Lapp Insulator Co., Inc., LeRoy, N. Y.

www.americanradiohistorv.com
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ave 1t Your way

The connectors in these four insulated assemblies are all different. There are

punch-press lugs and screw-machine parts. They look simple cnough but they rep-

resent Jobs that our customers wanted to have done in a certain way. Their way.
And their way, or yours, is all right with us. Uecinite is set up to handle orders

as they come. In fact we take pride in using our specialized skill and equipment to
get things done according to the customer’s specifications .
them and when he wants them,

. the way he wants

The UCINITE CO..

Specialists in RADIO & ELECTRONICS
Newtonville 60, Mass.

LAMINATED BAKELITE ASSEMBLIES

CERAMIC SOCKETS
Division of United-Carr Fastener Corp.

* BANANA PINS &
JACKS

*« PLUGS

CONNECTORS ETC.
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HOW QUICK
IS A

WINK
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Another new job for capacitors

HILE we have not yet meas-

ured the quickness of a wink
with the time-interval meter, we
know that it will do more practical
jobs like measuring the time re-
quired for a camera shutter to open,
or the time that it remains open.
This meter is also being used to
synchronize flash-bulb contacts on
camera shutters, test relay per-
formance, and measure the veloc-
ity of moving bodies.

Here’s how Pyranol* capacitors
are used in its circuit: An external
contact or a phototube, working
through the amplifier, causes the
electronic switch to close during
the time period to be measured.
While the electronic switch is
closed, one of the Pyranol capac-
itors is charged at a constant rate
through a precision resistor. Thus,
the voltage developed across the

ELECTRONICS — Morch 1945

Pvranol capacitor is a
direct measure of the
required time interval.

Four Pyranol capac-
itors and several charg-
ing resistors are used to
obtain eight full-scale
ranges (0.001, 0.003,
0.01, 0.03, 0.1, 0.3, 1,
and 3 seconds). A tap
switch on the instrument panel is
used to select the correct Pyranol
capacitor and resistor for the
desired scale range.

An inverse feed-back arrange-
ment holds the charging rate con-
stant while the Pyranol capacitor is
charging, and also corrects for leak-
age in several elements. The feed-
back principle also enables the use
of a direct indicating instrument to
measure the capacitor charge, with-
out discharging the capacitor.

The way Pyranol capacitors are

WWwW americanradiohistorv com

This sensitive electronic instrument accurately measures
time intervals as short as 1/10,000 second. It is being
used here to measure the time the man takes to react
and tutn off the lamp after it has been turned on by the
gitl. (Reaction time on this test: 175-200 milliseconds.)

used in this circuit may suggest a
better way to do some job in one
of your circuits. Remember that
the high capacitance per cubic
inch of Pyranol capacitors, their
compact, space-saving shapes, and
long life make them ideal for a wide
variety of built-in applications.

Booklets on our various lines—h-f
paper dielectric, h-f parallel plate, Lec-
trofilm, as well as Pyranol units—are
yours for the asking. General Electric,
Schenectady 5, N. Y.

*Trade-mark Reg. U.S. Pat. Ofi.

407-86-5700

ELECTRIC
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10 MICRO-AMPERES TO 10,000 AMPERES

PERMANENT characteristics and  making this method of rectification
adaptability to all types of circuits  standard in industry.

and loads solves your rectification SELENIUM rectifiers are now
problems. The unlimited life, immunity  available in quantity for prompt de-
to atmospheric changes as well as livery. Send us your specifications or

high efficiency per unit weight is fast crders today.

SEND FOR YOUR COPY OF SELENIUM'S
COMPREHENSIVE RECTIFIER CATALOG

SELENIUM CORPORATION of AMERICA

1719 WEST PICO BOULEVARD +« LOS ANGELES 15, CALIFORNIA

FOREIGN DIVISION: FRAZAR & HANSEN-301 CLAY STREET -SAN FRANCISCO 11, CALIFORNIA

IN CANADA BURLEC L T1T0 - TORONTO '3 +« ONIIARIO, CANADA
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THE DEVELOPMENT STORY OF A POTENTIO

More and more manufacturers of
electrical products are turningto the
versatility of phenolic plastics for
the answer to material problems
created in developing the imagina-
tiveideas of their product engineers.
An excellent example of this is the
DeJur-Amsco Corp., of Long Island
City, manufacturers of the potenti-
ometer case illustrated above.

This case serves as a support for
the surrounding resistance coil and
forms the inside of the unit. A
brass insert molded integrally in-
to the base serves as a guide for
the drive shaft. As you can see,
the design of this potentiometer is
unusually complex. Yet the custom
molder was able to mold the en-

| NSRS

tire job in a single operation, with
the insert an integral part of the
piece. This, in turn, made for sim-
plified assembly of the finished
product.

The plastic material used in this
case is a Durez phenolic molding
compound: The reason for the se-
lection of this compound is readily
understandable when you realize
that it possesses such versatile
properties as self-insulation, dielec-
tric strength, excellent moldability,
and resistance to acids, alkalies,
greases, water and heat.

Perhaps you are in the process of
developing a design idea and con-
sidering the use of plastics. We
suggest that first you consult your

custom molder whose wartime ac-
tivities have advanced molding
methods and processes by decades.
After this preliminary discussion,
we suggest that you benefit from
the vast experience which Durez
technicians have acquired through
active participation in successful
product development during the
past quarter century by availing
yourself of their services.

The wealth of data in our files plus
the complete cooperation of the
Durez staff are available towards
the solution of any materials prob-
lem which you may have.

Durez Plastics & Chemicals, Inc,,
323 Walck Road, North Tona-
wanda, N.Y.

| MOLDING COMPOUNDS

~_ INDUSTRIAL RESINS |

\k ol sowsi_: R!S‘INS‘A

PLASTICS THAT FIT THE JOB

ELECTRONICS — March 1945
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® For more than two decades the name
CENTRALAB on a volume control has been a
synonym for QUALITY.

The long wa'l-type resistance sector, the smooth

performance and the satisfactory operation of

these controls are in no small measure responsi-

ble for the fame cf Centralab. Whether for orig-

inal equipment or replacement always specify

CENTRALAB Radiohms

Division of GLOBE-LNION INC., Milwaukee

Produce-s of VARIA3LE RESISTORS — SELECTCR SWITCHES — CERAMIC CAPACITORS,
FIXzD AND VYARIABLE — STEATITE INSULATORS — SILVER MICA CAPACITORS
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You can tell just by looking at it—this tube is built tronic Tube, consult your nearest Westinghouse
to l-a-s-t. Oflice or write to Westinghouse Eleciric & Manu-

facturing Company, Electronic Tube Division,

This new air-cooled Westinghouse Pliotron Bloomficld, New Jersey.

No. WL473 is small, compact and designed espe-
cizlly for dielectric and induction heating. It is ex-
tremely economical in operation, having the lowest
cost per R.F. kilowatt hour of any tube in its class

on the market today. “ ‘ ; °
For technical data or any other information on the e S tlng O u S e

Pliotron No. WL473 or any Westinghouse Elec- 7 PLANTS IN 25 CITIES OFFICES EVERYWHERE

ELECTRONICS — March 1945 75
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W@"w ; ARE you WHO IS THE LIAR
IN THIS ONE
BorC?

AND WHY?

D is a missionary interviewing

three natives of a country WHO

where everyone has either
black or white feet. The white IS
fcoted ones can tell only the

truth and the black footed na- THE LIAR

tives can tell only lies. All three

natives are wearing boots: IN
Dto A ... ""Whatis the color of
your feet’’? THIS ONE
A ... mumbles incoherently, B or c ?
DtoB..." "What did A say’’?
B ..."A says he has white feet’". AN D
C...”"B lies, A says he has WHY?
black feet”

The answer to this‘one will be given in next month’s ad-

YES S’R e vertisement or in reply to your written query. But don't

give up, it's simple to solve as is-our ability to solve your
We ’ p Zz désign, fabricating, production and assembly problems.
26 M “ ’

especially if they involve design, fabrication,
production or assembly of small metal and
laminated parts. Here at Franklin you will find engineers who know how to design for efficient
coordinated production and economical use of materials . . . tool and die makers who have a back-
ground of wide experience and an enviable record for making the tools and dies right the first time

- - facilities for compression molding of bakelite parts . . . equipment for the manutfacture of plastic
parts including laminations . . . machinery for the fabrication of small metal parts . . . hot tinning . . .
plating . . . parkerizing . . . Vacuum impregnation . . . tropicalization . . . Franklin has the facilities to

do the job from the raw product to the finished part and complete assembly.

Franklin coordinated engineering, design and production assures efficient operation at low com-
petitive prices and quick certain deliveries. Bring your production problems to Franklin where their

solution is a routine matter.

CO'APONEN)
© &
n . r §
A | p RA ' . MANUFACTURING CORP. 9
o1V, 1 175 VARICK ST., NEW YORK 14, N. Y. >

SOCKETS ' -TERMINAL STRIPS. ¢ PLUGS ® SWITCHES ¢ PLASTIC FABRICATION ¢ METAL STAMPINGS e ASSEMBLIES
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No, we don't claim to be a “Jack of all trades”! Our
line is, and has been—for more than two decades—
radio components.

When Uncle Sam sounded the sos for highest-standard,
precision instruments in our specialized field we were
ready to turn them out, and ship them out, in mass quantities
to the far horizons of the war fronts of the world. This

job still claims our all-out attention.

But we will be in a strategic position when reconversion time
comes. For we shall return without undue effort or interruption
to the production of our original line of variable condensers,
tuning units, actuztors and record changers. There’ll be innovations
and improvemeats, of course—and new items, too, such as our
recently announced SPEAKER line—all obviously and logically
in our specialized realm of radio components.

We still have capacity for urgent war assignments.

CORPORATION

829 NEWARK AVENUE
ELIZABETH 3, N. J.

edustry
T Dl

wWwWw americanradiohistorv com
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XACTING characteristics are  which these bases are fired assures greater stability.

necessary for steatite bases used in the production

of electronic equipment. The bases illustrated, pro- StupakoH—mar}ufactur’ers and developers of
duced by the Stupakoff method of precision man- thousands of ceramic type {nsulators—oﬂfers spe-
ufacture, minimize production losses due to break- cific solutions to yoxr insulation problems. Modern
age and misfits in rapid assembly lines. Carefully production methods, trained personnel and com-
selected, laboratory controlled ‘'materials reflect petent engineering give assurance of sound
proper electrical characteristics into your com- ceramic service. Your inquiries will be given
pleted assemblies. The highly vitreous state to immediate consideration.

e

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.

Ceramics for the World of Electronics

“FOR GREAT
ACHIEYEMENT"

78 March 1945 — ELECTRONICS
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The new ELECTRONIC ENGI-

NEER’S REFERENCE MANUAL
now makes available to the practical
engineer all the essential up-to-the-
minute facts about eleciron tubes
and related parts. More than 900
types of Receiving, Transmitting,
Cathode-Ray and Photo Tubes are

described—with physical specifica-

tions, characteristics, typical operat-

WWW.americanradiohistorv.com

ing conditions, basing diagrams,
war-time substitution chartand other
data. All this and more in one handy
quick-reference book of 146 pages
that you can tuck in your pocket.
Note ring binding which makes the
pages lie flat when book is open.
Price $1.00. For copies wrjite
National Union Radio Corporation,
Newark 2, New Jersey.
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G-E CAPACITORS

that conform to

AMERICAN
WAR STANDARD

Fixed paper-dielectric G-E capac-
itors that conform to American
War Standard proposed JAN C-25
(superseding C-75.16—1944)
now available with characteristics

are

E and F, and with capacitance
tolerance of 10 per cent (K), in the

Some of the fixed paper-dielectric G-E capacitors that conform to American War Standard

STANDARD RATINGS

following case styles:

~ CP-50, -51, AND -52

CHARACTERISHC'F

CP-50, -51, -52, -60, -62, -64, and

[

Range of Capacitance Values in Mu f

Single Section Dual Section* Triple Section™

-70. Voltage
The CP-70 units are available ,838

05 to 1.0%
O5t0 .5

05t0 2.0
0510 1.0

D5t0 .5
Q510 .25

with B (solder lug) terminals, and e

-64 CHARACTERISTICS E AND F

with D and E (pillar insulator)

Range of Capacitance Values in Mu f

Single Section *Dual Saction

terminals. Voltage
i 600
Removable mounting brackets of s
1500

either the footed type or the screw-

0510 1.0 0510 .5
Olte .5 0lto.25
- l 011005

spade-lug type can be supplied for

CP-70 (SINGLE SECTION)

CHARACTERISTICS E AND F

mounting the CP-70 units.

Range of Capacitance Values in Mu f

B Terminals E Terminals D Terminals

Voltage

The service reliability of these 500
G-E capacitors is backed by more :ggg
than a quarter century’s experience 2000
. . 2500
in the manufacture of capacitors of 3000
. 4000

all types. For complete data, write o
for Bulletin GEA-4357. SO0
7500

10000

Buy all the BONDS you can 12500

251010
A
1

2510 10
to 15
to 15
to 15
to 12
to 6
to 4
to 4
to2
to2
to 2
to2

Dt O st ot ot st b

—and keep all you buy

*Capacitance per section of dual and triple ‘section units. Dual and
copacitance tolerance of plus 20 per cent, minus 10 per cent (V).

triple section units have

80
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Timely Highlights

TN

P |

~__on G-E Components .

=

in a little space

These thin, internal-pivot
panel instruments have high
torque, good damping, and 2
lightweight moving clement
that withstands vibration. They
respond rapidly and accurately.
They give you more instrument in less space, because the
internal-pivot construction makes the entirc clement assem-
bly 20 per cent thinner than outside-pivoted types. Ask for
details of the Type DW volemeter or ammeter—milli,
micro, or radio frequency. Bulletin GEA-4064.

TO KEEP TABS ON TIME

N For applications in which itis
& desired to keep track of the total
operating time of electronic
tubes or other electric devices,
our Type KT time meters can
provide an accurate record—in
hours, tenths of hours, or
minutes. Powered by precise,
long-lived Telechron synchro-
nous motors, thesc meters arc available for panel or conduit
mounting, and in portable form. For use on 60-, 50-, or 25-
cycle circuits of 11 to 460 volts, to match the operating
characteristics of various machines. Bulletin GEA-3299.

VOLUME-LEVEL INDICATION

via / '
vu standard

To standardize meas-
urement of sound, and
make broadcast mon-
itoring more effective,

e

GENERAL U ELCTRIC
1 e

P T

Capacitors ® Sensitive control and time-delay

relays ¢ Limit switches ® Motors, dynamotors,
amplidynes ® Motor-generator sets ¢ Alnico
magnets ® Smoll panel instrumens ¢ Formex
magnet wire® Radio transformers® Switcheftes
e Selsyns ® Chokes ® also tubes, crystals, plastics

these vu volume-level _products, insulation materials, and many others

indicators were devel- P —————
oped to meet the rigid | General Electric Compa Tt -
clectric, dynamic, and 1 gfhm“‘ad)' 5, N. Y.p oY, SecBé42-6, :
mechanical specifications formulated by NBC, Columbia, and I case send me I
Bell Telephone Laboratory enginecrs. This G-E instrument ll gEA'4357 (on fixed paper-dielectri !
employs the vu, a new standard of measurement. The zero ] ‘ Gg[‘t;gg; (on small panel instrurrr:gnct:‘,zcuors :
reference is one milliwatt in a load of 600 ohms, and the vu 1 Seloloo: GEA_H“A(O(Z;M:I meters) ) 1
unit is numerically equal to the number of decibels above I NAME volume-level indicator I
or below this reference level. Ask for Bulletin GEA-3145A. TR @00 TR - _—
COMPANY . e 'Yy ™
ADDRESS. S, .

CITY. S8 . -

ELECTRONICS — March 1945 81
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instrument goe®

qo war i ¥ =

neral-oil-impregnated. hermet-

of m y
“Z\\Y.sealed' paper capacitors.
ic

ase i vollage rating of certain ¢&
e

\nct greater factor of safety-

5 for
citors
p?

i i1orS
of mounting straps on capacitof

yion .
Pkdd‘“ breakage in transit.

gubiect '°

.gh.voltage wire in high-voltage
yse of high-vollag .

uits in place of previous standard W
a1

syion of tube clamps {0r tubes subject
asi

: loose in transit.
arning
1o ¥

ion of flange on chassis assembly 10
pad a strength against rough han:

B xtr
vide €
p‘o

4ung-

1
on of four bank supports to prever®

Type 208B
adit { banks during rough handling-

yreakeg®
¥ N . be"
¢ mechanical refinementis &
wmeto ic stop nuts, rolled bea
“r sockels: elastic stop S ihionsl

e camode-xay tube shield, a

negative rectifier from Type w

of i
C\\a“"i;_“avy preferred Type 6X5GT/G-

P Out of the rigorous trials of military service there
emerges a better Type 208 DuMont Oscillograph.

Listed herewith are some of the major design changes
and refinements effected during the past two years and cur-
B i frequency range adjustmen? rently incorporated in the Type 208B. In every instance the
ogx;?me&er in time base as a factory change or refinement has been incorporated in order to im-

b

r accurate time-base fre- . .
Qixﬂs\me“:{.‘;; prove electrical or mechanical performance.
a etting-

o trom 14-walt neon tube to ArmY’
ceferred Type 991 voltage reg¥
wavy e for greater stability.

S
aeenl {rom Type 6F8G tubes to Army- Thus an already popular oscillograph which has found
C“a“g:‘eiened Type BSN7GT. with im: the widest usage in peace times becomes a better, more
“a:.,ed pertormance. ' rugged, and more dependable instrument under the trying
A osition.Tesistors operated at’less conditions of field service.
T\ °°0% of power rating; capacitors at . .
™ gan 80% of voltage ‘rating, P Write for literature

© ALLEN B. DUMONT LABORATORIES. INC.

4 - g 3 i, = s = : -

B A i .;. — ”‘-‘L,ﬂ*ﬁ- N g N e e T e S :v-- i ”-'_"MH
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callite components are at work

ing aid, with its
midget air and bone™conduction ear
receiver, gives an acoustic output of
100 decibels in a device so smali it

fits into a vest pocket.

Designing 2 and 3-tube amplifier
circuits with an associated micro-
phone within such minute space in-
volved the developmenr of highly

"ELECTRONICS — March 1945

efficient tubes just about an inch
long.

In these tubes, Callite fine molyb-

denum and tungsten grid and fila-
ment wires are specified by Sonotone
—Callite "moly” for its excellent
working properties and complete
freedom from oxidation — Callite
thoriated tungsten wire for its rug-

WWwW americanradiohistorv com

in this pocket-size miracle

ged strength, plus required elec-
tronic emission values.

For cooperation in designing and
applying metallurgical compo-
nents, call on Callite. Our special-
ized knowled ge and experience
may save you time and morey.
Callite Tungsten Corporation, 544
Thirty-ninth St., Union City, N. |.
Branches: Chicago, Cleveland.

Hard glass leads, tungsten and molyb-
denum wire, rod, and sheet, formed pasts,
and other components for electronic tubes
and incandescent lamps.

...........

FOR 25 YEARS PIONEERS IN TUNGSTEN METALLURGY
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...SAFE FROM ITS PERFORMANCE SABOTEUR, FUNGI!

Fungi and mold, saboteurs of the tropics,
attack the many delicate parts of the fine,
factory-built precision performance you
build into communication and electrical
equipment. An insidious enemy, ever-present
at the moisture-laden tropical fighting fronts,
it interferes with the split-second timing
of mobile war’s operations, where com-
munications play such a vital part in victory.

Manufacturers of such equipment destined
for the Pacific and other tropical climates,
now safeguard their products by dipping

or brushing components as a post-assembly
procedure with Tropicalized Q-Max A-27
H.F. Lacquer. This anti-fungicidal lacquer
is so effective, that it not only prevents
infection of the surface by micro-organisms,
but actually provides a zone of inhibition
around the coated areas as well.

Write for complete details about this
factory-mixed fungicide-and-lacquer com-
bination that comes in a convenient con-
tainer—marked Tropicalized, for sure iden-
tification, on the Q-Max label.

PRODUCTS COMPANY, INC.

Q-MAX CHEMICAL DIVISION: 346 BERGEN AVENUE, JERSEY CITY 5, N. J.

Coaxial Transmission Lines & Fittings ¢ Sterling Switches + Auto Dryaire « Antenna & Radioting Systems

Tropicalized Q-Max A-27 H. F. Lacquer

Moarch 1945 — ELECTRONICS
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How to get UNIFORM Spring Performance

STILL
AVAILABLE

Thousands of copies of the
Hunter Data Bock, an orig-
inal wark on spring design
and specifications, have been
requested by product de-
signers and manufacturers.
Copies are still available
without charge if requested
an your letterhend.

T IS A safe bet that no two things have
ever been made which were exactly
alike. Ilow then is it possible to ¢btain from
two, two hundred, or twe million springs a
performance in your product which is uni-
form? Well, it isn’t possible except within
certain tolerance limits. The probability of
securing uniform performance is. however,
mathematically and actnally increased by
the application of statistical methods in
quality control. By an application of such
methods, in use for years at the IHunter
Pressed Sgeel Company, it is possible to
check and control all of the various factors
which may influence the quality character-

istics of the final product, to detect the
tendency of a job to run out of control, and
to make immediately the adjustments nec-
essary to keep it in control. Statistical
control of quality increases the probability
of securing a greater number of okay springs
in any given quantity and therefore im-
measurably increases your certainty of ob-
taining springs which will perform with a
greater degree of uniformity.

Statistical methods in quality control
are, you can be sure, here to stay. Hunter
has been a user of the seience since 1932
as well as a contributor. Is there any reason
any longer to buy guesswork springs?

CONTROLLED SPRINGS—The chances that in any baich of springs (as those below) you will secure the performance
you require, are greatly increased by the application of statistical methods in quality control. In order to establish
quality control, Hunter devised revoluticnary methods of fast inspection, details of which are still confidential.

HJNTER PRESSED STEEL COMPANY, LANSDA.E, PENNA.
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PIONEE

‘Washington National Airport—

Partial list
RADIO RECEPTOR Installations:

Floyd Bennett Field—Brooklyn, N. Y.
LaGuardia Airport—New York, N. Y.

Washington, D. C.
DuPont Airport-—Wilmington, Del.
St. Joseph's Airport—=South Bend, Ind.
State of Pa. Range & Marker Beacons
Trans-Canada Airways
Important Airports of Saviet Russia
U, S. Army Airports All Over the World

86

251

Ground-to-Air Navigation and Communica-
tions Systems and Airport Traffic Controls

RADIO RECEPTOR was cnz of the first in the world to design, develop and pro-
duze radio _ground equifment for the safety, comfort and efficiency of air
travel and transportation. Our. speciclized experiences have been extensively
employed in airports and .air highways arcund the globe where RADIO RECEPTOR
equipment is preferred far dependability, service, long life and ease of
maintenanca.

RADIO RECEPTOR eu_gareeﬂ do a complets job! Facilities for entife installa-
Hons a:yw.here. are cflerded to municipalities and pnvote air fields. Tropical
stcllations receive specul atention, RADIO RECEPTOR service engineers make
periadic check-ups, arg orovide special emergency service, all over the United
States. We are always giad to cooperate with engineers, consultants ond local

conhomors in the ccnstruction and layout of any airport—large or small.

RS
Y

P/ﬂﬂ Now ‘We are prenared o quote on complete airport traffic con-

frof im?allol’ﬁom. -md grouné-to-air navigaﬁon and communications systems.

Write far eur free guﬁ_-technimﬁ buui:lég, “HIGHWAYS OF THE AIR", Address, Dept. E-3

RADIO RECEPTOR COMPANY, I~c

WEST 19th STREET NEW YORK 11, N.Y.

SINCE 1922 IN RADIO AND ELECTRONICS

March 1945 — ELECTRONICS.
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C-D TYPE 6K MEDIUM POWER MICA CAPACITOR

Ideal for high stability tuned cir-
cuits where constant capacity is re-
quired. A compensated unit which
can be made having any temperature
coefficient between the limits of
+4.003% to —.0059, per degree C.
(tolerance *.0019% per degree C)
over a temperature range from
—40° C to +70° C, made ina wide
ranfeof capdcityandvoltageratings.

 CORNELL-DUBILIE
' CAPACITORS

ELECTRONICS — March 1945

The name Cornell-Dubilier on capacitors is more
than a 35-year old symbol of dependability.

It siands for creative capacitor engineering—the tech
nical ingenuity capable of designing and building
peak-efficiency capacitors for every application. C-D’s
engineering abilily acknowledged today, was already
recognized when Secretary of the Navy, Josephus
Daniels, wrote on March 8, 1919:

"Mr. Dubilier's improved condenser has been

of value in increasing the compactness
and reliability of radio transmitters."

William Dubilier, pioneer of modern capacitors,
set a high precedent for Cornell-Dubilier engineers.

Today, he works with them—counsels them with the
‘wisdom of a lifetime devoled to capacilor engineer-
ing. He has inspired them to further creative efforts.

. . . N 9 .
The result: Basic innovations in capacitor design,
engineering and manufacture—such as the first series-
stack mica capacitor.

We welcome the opportunity to demonstrate to you
our ability to design and build any type capacitor for
your needs. Cornell-Dubilier Eleciric Corporation,
South Plainfield, N. J. Other Planis: New Bedford,
Brookline, Worcester, Mass. and Providence, R. I.

WWW.americanradiohistorv.com
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TRIMMERS

In your plans to manufacture radios and similar electronic
equipment you must include Mica Trimmers of every type.
Therefore, this Trimmer Catalog will be of considerable help

{ t¢ you. In it we have listed and clea:rly illustrated all the
standard types. Complete specifications are given for each
type including Capacity curves and outline drawings showing
every essential dimension.

Every Design Engineer and Purchasing Agent should have
_ a copy of our Trimmer Catalog handy for ready reference.

When Civilian Production is again permissable we are
prepared to resume our position as the world’s largest Mica

Trimmer marufacturer and to continue to serve your needs % :
with R. F. and 1. F. Coils and Transformers. P a ﬁ:‘%
Q

Avromaric ===

MANUFACTURING |

COMPLETE ELECTRONIC ASSEMBLIES & COMPONENT PARTS
9§00 PASSAIC AVE. \__/ EAST NEWARK., N, J

Formerly AUTOMATIC WINDING CO., INC,
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- AMERICA WANTS COMPETITION

Only American Initiative Can Preserve Ii in World Trade

a desirable pattern of international economic rela-
‘ tionships. We want an expanding world trade, with
minimum recourse to government-imposed trade barriers
and discriminatory trading arrangements, and offering
ample scope for competitive private enterprise. Because
they are necessary to such trade, we want also stability
of exchange rates, and national currencies that are mutu-
ally convertible at least for the settlement of current
accounts. We want, too, arrangements to facilitate long-
term capital loans with security to the lender and advan-
tage to the borrower.

' Few other nations subscribe to these aims with en-
thusiastic conviction. Some reject them flatly as imprac-
tical under the conditions likely to prevail during the
postwar period, or achievable only at prohibitive cost to
their domestic economies.

Unless, therefore, we can formulate a practical and
comprehensive program to carry out our aims, and con-
vince other nations that we will take a sustained and re-
sponsible part in making it effective, the international
trade of the world surely will be conducted under a sys-
tem. of exchange controls, bilateral agreements, cartel
bargains, import quotas, and direct government purchas-
ing arrangements that are the very antithesis of the com-
petitive system that we favor.

To agree upon a concrete American program, and to
convince other nations that it is to their advantage as
well as ours to accept it, is a major task of economic
statesmanship. It entails reversing a trend which has
persisted since World War I, and which has been intensi-
fied during the depression years of the nineteen-thirties
and by the exigencies of World War II

Clearly, that is not a task to be assumed lightly. We can
hope to be successful only if (1) we have a deep convic-
tion that what we seek is fundamentally important to the
American interest, and (2) if we will take pains to under-
stand why other nations fear that such a program may
jeopardize their interests, and then make whatever ac-
commodations may be necessary to resolve their doubts.

An expansive foreign trade policy has been advocated
so vigorously and repeatedly in America recently that
The Economist (of London) comments wryly upon what
it terms the ironic circumstance that “the acceptance of
the principles of free trade by the more literate (Ameri-
can) public should come at a time when the doctrines in
their simplest nineteenth-century form have been pretty
generally emasculated in fact and repudiated in principle
by the rest of the world”.

S-MERICANS generally agree upon what constitutes

* * *

Why are we opposed to managed world trade, and for
competitive world trade?

First, we are against rigged and managed interna-
tional markets because we know that successful partici-

pation necessitates a comparable degree of control over
the domestic economy as well. There is little debate of
this fact, and these nations which accept a managed ex-
ternal trade as a necessary protective measure are gen-
erally willing to pay the price in internal regimenta-
tion. We are not. For us to do that would be as alien to
our genius as it is repugnant to our conviction.

Second, we believe that the United States will be able
to compete successfully in world markets, even though
we have, and intend to maintain, wage scales far higher
than those of the nations whose competition we must
meet.

There is impressive evidence to substantiate the sound-
ness of this conviction:

1. Wage scales, of themselves, do not determine the
competitive position. They are meaningful only
when translated into labor costs, by dividing wage
rates by units produced. A recent War Production
Board study shows that in manufacturing industries
generally, during the period immediately before the
present war, production per man kour in the United
States exceeded that in the United Kingdom, Gex-
many and Soviet Russia by a ratio of more than
21 to 1, and that of Japan by more than 4 to 1.
When comparison is made with available wage data,
it appears that our labor costs are generally on a com-
petitive plane.

2. Perhaps the best evidence of our ability to com-
pete in export markets is the record of our demon-
strated capacity to do so in the past. During the entire
period between World Wars I and II, the United
States consistently commanded a greater share of
the world’s export trade than any other nation,
although the United Kingdom took a larger percentage
of world imports.

3. We have been particularly successful in world
trade competition in the export of machinery, vehicles,
a variety of manufactured specialties, and certain
agricultural products. Except in the last-named field,
there is every evidence that we enjoy genuine com-
petitive advantage over other nations, and this advan-
tage will have been increased rather than diminished
by developments during the Second World War. It is
noteworthy that the goods in which we have been
able to compete most successfully have generally been
the products of our high wage industries rather than
those in which low wages have prevailed.

* ¥ *

It is clear that, on a price basis, we shall be able to
compete successfully in postwar markets in numerous
lines. It is equally clear that such an opportunity is by
no means of negligible importance to our own economy
as a whole. During the yeais in which the censuses
were taken between 1909 and 1939, our exports amounted
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to from 7to 16 per cent of our entire production of movable
goods. In the year 1938 our exports in each of the
following lines accounted for more than 10 per cent of
total domestic production of the particular product.

(The figures in parenthesis are the percentages of total
production exported.)

CRUDE MATERIALS: Phosphate rock (51.5), cot-
ton (30.5), tobacco (29.4).

FOODSTUFFS AND BEVERAGES: Linseed (49.4),
dried fruits (36.2), canned sardines (29.4), rice (21.0),
fresh pears (15.9), canned salmon (13.8), canned as-
paragus *(13.2), canned fruits (13.0), wheat (12.2),
lard (11.7).

SEMI-MANUFACTURES AND FINISHED MAN-
UFACTURES: Refined copper (53.1), paraffin wax
(46.3), gum turpentine (42.6), carbon black (40.8),
gum rosin (38.0), borax (35.9), crude sulphur (35.6),
aircraft and parts (26.8), office appliances (22.3),
carbons and electrodes (21.8), printing and bookbind-
ing machinery (18.2), agricultural implements and
machinery (17.0), biologic pharmaceuticals (15.3), in-
dustrial machinery (14.4), dental instruments and
supplies (14.3), automobiles (14.1), benzol (13.3), goat
and kid upper leather (12.8), refined lead (12.0), radio
apparatus (11.8), caustic soda (11.4), refined mineral
oils (10.6).

It is of major concern to all engaged in these lines of
activity and in many others that foreign markets be not
closed to us. It is particularly to our interest to have
export outlets for our war-expanded capital goods and
equipment industries. Since we undertook an important
percentage of such expansion in order to furnish muni-
tions to our Allies, it is reasonable to ask their coopera-
tion in cushioning what inevitably must be a drastic
readjustment here. The case is strengthened by the fact
that the postwar world will desperately need the equip-
ment items that we, alone, can supply.

But our demonstrated ability to compete on a price
basis will not, of itself, assure us of foreign market outlets.
Transportation costs, quality of product, marketing skill,
technical and repair service —all are basically important.
Still more important are non-discriminatory open mar-
kets and the command of dollar exchange by prospective
purchasers. Qur export potentials will surely be cramped
in a world organized on the basis of bilateral deals and
exchange controls. The availability of dollar exchange
must depend upon the level of American imports and
the volume of American capital loans.

* * *

How are we to explain the skepticism of other nations
toward an order which to us seems so clearly to represent
not only our interest but the long-range interest of the
world as well?

Soviet Russia, of course, is committed to conducting
its external trade through its central government. But
what of the United Kingdom? Why are there so many
British voices that counsel the abandonment of what has
been Britain’s traditional position for more than a cen-
tury? If we can understand that, we shall understand
the dissent from our position of most nations whose
economic positions have weakened and whose fiscal prob-
lems have multiplied during the two World Wars and
the ill-starred period between them.

Essentially, their case is this:

Partly, they were forced into managed external trade
policies by the Axis self-sufficiency programs, adopted
in preparation for aggressive war. That can be corrected
only by crushing the Axis, and by establishing a world
security system that will make self-sufficiency a less
compelling need.

But primarily, the reluctance of peaceably inclined
nations to forego restrictive controls over postwar foreign
trade stems from a deep-seated fear that is even more
difficult to resolve. They fear, on the basis of past ex-
perience, that their efforts to meet payment balances
arising from normal foreign trade would force a deflation
of their internal economies, affecting prices, credit, wages,
and finally employment. Faced with the choice, as they
see it, between making adjustments in foreign trade or
in their domestic economies, they lean toward the former
as, at worst, the lesser of two evils,

* * *

Since the kind of world trade system we seek is de-
pendent upon international arrangements to assure rea-
sonable stability of exchange rates between national
currencies, we are challenged to find a formula that both
will provide this and at the same time allay what other
nations believe are legitimate fears with respect to their
domestic economies.

But at least two major steps toward resolving such
doubts can be taken upon our own initiative without
recourse to the intricate process of international nego-
tiation.

One is the rational overhauling of our tariff system,
to provide other nations with increased opportunity to
export to us. We can, and should, do this in a way that
avoids undue cost to any segment of our economy.

The other, and probably the greatest contribution we
can make toward winning a reluctant world to our point
of view, will be to offer ample and convincing evidence
that we are ready and able to provide a high level of
employment in the United States. If we can do that, the
rest of the world will wish to expose itself to our in-
fluence rather than to insulate against it, since prosperity
here is the greatest single contributing factor to world-
wide prosperity.

Balance of payment problems are minimized in a
world of thriving trade. Britain would have little reason
to resort to exchange controls if the total of postwar
world imports and exports reaches an 80 billion dollar
level. She may well be in a desperate plight if it should
revert to the 1935 level of 40 billions.

* * *

The United States wants a world in which private
enterprise and competition play a major role. To obtain
such a world will require a wiser, more understanding
and firmer world leadership than this nation, or perhaps
any nation, ever has exerted heretofore.

President, McGraw-Hill Publishing Co., Inc.

THIS IS THE 33»0 OF A SERIES

www americanradiohistorv com



ELEVISION

Eimac 10007 tubzi in
an amplificr stage of W
W6XAO iransmiiter,

Hollywooa

At Don Lee Hollywood.
using EIMAC TU

1E

Julia Lee Wright, noted Home Economics
Director of '“The Family Circle’ magazime
being interviewed, anj telecast revealing
tricks of ber trade.

Two young comedians, Robert Sweeny and
Hal March, currently on transcontinemtal
radio show, give a preview of their talents
Jor television broadcast cver WEXAD.

Write for your copy of Electranic
Telesis —a 64 page booklet fully illus-
trated —covering the fundamentals of
Electronics and many of its important
applications. In kayman’s language.

-

; [ - e

e

o= d i

Work on television station W6XAO
(Commercial station KTSL) began in
November 1930; and thirteen months
later, Dec. 23, 1931, it was on the air
on the ultra high frequencies, the first
present day television to operate on
schedule. Today the station occupies
elaborate copper sheathed studios
which stand 1700 feet above Holly-
wood with an antenna on a 300-foot
tower.

The program log shows almost every
type of presentation. Highest in inter-
est and achievement are the remote
pick-ups and special event broadcasts
made simultaneously or recorded on
film for release later. Studio presenta-
tions, especially those directed to war
activities,have become a duration stan-
dard.

Under the direction of Harry R.
Lubcke, television station KTSL will

.. Station KTSL
BES since 1938

be in daily schedule immediately after
the war. Mr. Lubcke says: “'We have
been using Eimac tubes in our televi-
sion transmitter since about 1938...
We have found them good and reliable
performers...their design is such thata
favorable ratio of power output to tube
and circuit capacitance is obtained . ..
we look forward to using new Eimac
tubes which may be forthcoming.”
Here again is a statement from a
leader in the field, which offers clear
evidence that Eimac tubes are first
choice of leading electronic engineers
throughout the world. .

Follow the leaders to

EITEL- Mc CULLOUGH, Inc. 991 San Mateo Avenue, San Bruno, Calif.
Plants located at: San Bruno, Californio and Salt Loke City, Utah
Export Agents: Frazar & Hansen, 301 Clay St., San Francisco 11, Calif., U. 5. A.
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Make the Brains of
Your Electronic Products a

Mallory Circuit Selector Switch

OTHING makes a product more saleable than ease of operation. And nothing will make
your electrical or electronic circuits operate more easily . . . more dependably . . . over
a longer lifetime . . . than a Mallory Circuit Selector Switch.

These switches, rotary types capable of handling an almost infinite number of circuits as well
as both single and multiple push button switches, have special advantages for use in export
products. They can be fully “tropicalized” to withstand extreme humidity and high tempera-
tures and to prevent the growth of fungus. For aircraft use or export to frigid climates, special
lubricants assure efficient operation in sub-zero temperatures.

Other advantages include :
. L. B ) : Some Switch
e Better moisture-proofing for insulating sections. i
. . : . Applications
e Improved impregnation to assure high leakage resistance.
e New materials and platings for longer life. Ah}g';&[pz;;?f]e“swn
o All electrical contacts with sell-wiping silver surfaces. Laboratory Equipment
e “Hill-and-valley” indexing of rotary switches for smooth, Test Equipment
positive action. Industrial Electronic .
Equipment
A large selection of standard Mallory swilches is available from Electronic Control Devices
vour nearby Mallory Distributor. Ask him for a free copy of Medical or Df”“"‘l.Eq“‘Pmem
. ) ’ ~ v . Household Electrical
the Mallory catalog, or write us today. We’ll gladly help with Appliaiiees
circuit problems where the right switch may make your _

design “click.”

P. R. MALLORY & CO,, Inc., INDIANAPOLIS 6, INDIANA
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GROSS

» CULTURE . . . Before the present war, it was be-

“lieved rather widely that the Germans led the world
in scientific endeavor. Whatever the truth, there is no
doubt that German text books were translated into
all the languages of Europe and in this manner trans-
mitted German culture and German ideals to all the
people of that war-torn land. Even if the national
spirit- of the individual peoples into whose schools
these texts found their way appeared in the transla-
tions, the illustrations were German and showed Ger-
man apparatus. Laboratory equipment—microscopes,
electrical instruments, research tools of all kinds—was
invariably German.,

At the end of the present conflict, it is extremely
doubtful if Belgians, French, Scandinavians and other
freed nations will wish to perpetuate this situation.
Universities wrecked by the Nazis will hardly be
reequipped with Nazi instruments—provided other
apparatus is available. America has an incredibly
important opportunity in this ecircumstance. Not
only must the hated culture be removed from schools
and scientific laboratories, but it must be replaced by
one founded on more democratic ideals. Manufacturers
of measuring equipment, upon which any scientific
course of study is founded, must be prepared to engage
in international distribution to a vastly greater extent
that heretofore. Publishers of text books should
have arrangements whereby American books are
translated into the languages of Europe. The imme-
diate value in terms of business is not the only one
that will acerue by such preparedness; it is the long-
term benefits that will be most important.

» IRE . .. After many years of “living around,” first
here, then there, the Institute of Radic Engineers is
embarking on a ecampaign for funds from its members
and from its friends in industry. The funds are to
be used in purchasing a suitable headquarters in New
York City and for maintaining those headquarters.

ELECTRONICS — March 1945

TALK

This “once in a lifetime” campaign merits the sup-
port of every individual, every group which has a
stake in the future of electronics.

Since the IRE has maintained its headquarters staff
in the McGraw-Hill building for many years, oppor-
tunity has been provided for the staff of ELECTRONICS
to get acquainted with the IRE staff and to know the
difficulties under which that staff works. Cramped
into quarters much too small for the volume of work
to be done, the situation at present is critical. The
time is ripe for a move. This time the move should
be into a building owned by the Institute itself.

Since 1940 the membership of IRE has doubled; the
volume of work connected with the mere job of keep-
ing track of members so that they receive the Pro-
ceedings regularly cannot be conceived by anyone not
experienced in the publishing business. In addition,
the correspondence with Sections and with the many
important committees is heavy and is growing.

Providing proper space and equipment and man-
power for headquarters functions, however, is not the
only reason which should impel members and industry
to generously back this campaign.

No American enterprise owes more to engineering
than does electronies; and if the engineer is to assume
his rightful place in this vast new industry, he must
be backed by a strong professional society. Proper
housing is a most important step in the development
of that society.

» FCC ... The “blue” book report of the FCC giving
the proposed allocation of frequencies from 25,000 ke
to 30,000 Mc provides most stimulating reading. Re-
gardless of how individuals may feel about spceific
allocations, the overall effect of reading the report is
respect for the handling of such a tremendous job
with such foresight and courage. This report, with
subsequent modifications, will be a guidebook to the
future of radio communication.

N
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The FCC Allocation Plan

An appraisal of the technical and economic significance of the proposal. New and

expanded services in the 25 to 30,000-Mc region present many opportunities for electronic

industry expansion, in industrial as well as in communications applications

T HE REPORT of the FCC on pro-
posed allocations from 25 Mec
to 30,000 Mc, issued January 16th,
is in many ways a unique document
in the history of governmental reg-
ulation. It is unique because it is
strictly an engineering report. No-
where in evidence is the govern-
ment-vs-industry attitude which
has often characterized such re-
ports in recent years.

The report indicates that the
electronic industry is not only ex-
pected but freely invited to produce
goods required to make the alloca-
tion plan a reality, and to sell it to
waiting consumers without fear of
a sudden change of rules. The
rules are set up to protect the con-
sumer of goods and services.

The details of the proposed allo-
cations are shown in the accom-
panying chart and table. The chart
compares the FCC proposals with
the recommendations made by
Panel 2 of the Radio Technical
Planning Board and the Interde-
partment Radio Advisory Commit-
tee at the Allocations Hearing held
last October (ELECTRONICS, Decem-
ber 1944, page 92), Generally speak-
ing, the FCC has followed the
RTPB and IRAC recommendations.
The table serves as an index to the
type of service, the number of chan-
nels, and channel widths, which
cannot be shown in detail on the
chart.

F-M Shifted to 84-102 Mc

The outstanding difference be-
tween the RTPB-IRAC recommen-
dations and the FCC proposals is
the position in the spectrum of f-m
broadcasting. The FCC proposes to
allot 90 f-m channels in the region
84 to 102 Mc, rather than in the 40
to 60-Mc region suggested at the
hearings. There is little quarrel
with the proposed number of chan-
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nels (RTPB had recommended 75
channels, IRAC 60). But the shift
in frequency obsoletes all present
f-m equipment, which includes 46
licensed stations, 7 stations operat-
ing under construction permits and
some 100,000 to 500,000 receivers,
the precise number of receivers in
use being a controversial question.
Applications for 248 additional sta-
tion licenses, on file before the Com-
mission in October and based on the
old allocation, must be withdrawn,
recomputed and resubmitted as
soon as the FCC action becomes
final.

This is a serious matter to the
owners of equipment. The FCC jus-
tifies the change by citing evidence
presented at the hearing, particu-
larly that offered by Dr. K. A. Nor-
ton, a propagation specialist for-
merly on the Commission staff and
now on leave to the War Depart-
ment. Dr. Norton reported that
long-distance interference, part-
ticularly from skywaves reflected
from the E and F, layers of the
ionosphere, is much more prevalent
than had been realized when the
original allocation of 42-50 Mc was
made. He based this statement on
measurements performed by the
Interservice Radio Propagation
Laboratory at the Bureau Stand-
ards, operated for the Army and
Navy, as well as on measurements
collected, as a military measure,
from many other parts of the
world. Dr. Norton’s data had to do
mainly with F. reflections. Compu-
tations based on IRPL measure-
ments indicate that in years of
sun-spot maxima a station on 44
Mc would receive interference some
1800 hours per year from a similar
station 2500 miles away. L. P.
Wheeler of the Commission staff
also offered measurements showing
that sporadic-E interference in
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Georgia, received from the Paxton,
Mass. 44.3 Mc, 50-kw f-m station,
had caused interference at the 50
uv/m contour 12 percent of the time
in July 1944. The FCC points out
that neither of these reports was
available to RTPB and IRAC be-
fore they made their recommenda-
tions. The Commission stated that
other interference effects, notably,
the burst type of interference asso-
ciated with meteorite tracks, and
multi-path distortion, were not ad-
judged serious by the witnesses at
the hearings and had been dis-
counted in determining the posi-
tion of the f-m band.

The industry is by no means con-
vinced that the interference in the
40 to 60-Mc band is as serious as
Drs. Norton and Wheeler believe it
to be. At all events, the principal
economic objection to the change
was that facing the broadcasters.
The public investment in receivers,
mostly combination units, would
have to be largely abandoned in
any event as a result of enlarge-
ment of the band beyond its pres-
ent limits, which all agree is needed.

The 90 channels assigned to f-m
are divided three ways: 20 chan-
nels (84-88 Mc) reserved for non-
commercial educational stations;
50 channels open to present holders
of commercial f-m or standard
broadcast station licenses, as well
as existing applicants and 20 chan-
nels reserved for issue to other ap-
plicants who may not be in a posi-
tion to join the mad scramble im-
mediately after the new frequen-
cies become effective but who
should not be permanently ruled
off the boards on that account.

The bandwidth is maintained at
the value set down by Major E. H.
Armstrong in his original work,
200 kc. The reasoning of the Com-
mission follows Armstrong’s very
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closely: F-M should have fidelity
up to 15,000 cps, room should be
left for multiplex operation, and
the signal-to-noise ratio should be
at least 60 db over the major por-
tion of the service area. Argu-
ments that 10,000 cps sufficed for
the audio band were dismissed by
quoting Major Armstrong’s dictum
that “the difference between 10,000
cycles and 15,000 cycles is the dif-
ference between something which
is good and something which is
real.”

Prompt action in vacating the
44-50 Mec region as soon as the FCC
proposals become final was indi-
cated, to permit television stations
to enter that space. Existing f-m
stations in this region are to be
temporarily moved to the 42-44 Mc
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region until they are prepared to
mcve to the new higher-frequency
band. In certain cities, where the
42-44 Mc space is not sufficient for
all stations now operating, time-
sharing of the facilities will be
necessary as an interim measure.

Status Quo for Television

The biggest controversy at the
October hearings, whether commer-
cial television should continue on
the present frequencies or start
over in a new band above 400 Mec,
was decided by the Commission in
favor of the status quo. The FCC
proposes to allocate 12 channels,
each 6 Mc wide, in the regions
44-50, 54-84, and 180-216 Mc. These
eleven channels are to be shared
with mobile and fixed services, both
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government and non-government,
wherever needed, provided that the
television service can be protected
from interference. It was pointed
out that low-power transmitters
with low antennas may readily op-
erate in the alternate channels be-
tween television assignments in any
one city, and generally throughout
rural regions.

Questioned concerning the inter-
ference effects on the 40-80 Mc
channels (those which caused the
f-m move), Commissioner Jett said
the interference would be less
serious to television because of the
higher field-strengths required to
give adequate service. He also
stated that these channels were not
the permanent home of television,
in all probability, and would there-
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fore have to suffer the interference
as a temporary measure. F-M, on
the other hand, was being put into
a permanent home once and for all,
and hence must be protected.

The largest ether space, ex-
pressed as a percentage of the
center frequency, in the entire spec-
trum is that offered to television
for future experimentation. This
band comprises 440 Me, from 480
to 920 Mc. This region, the Com-

mission made plain, is looked upon ]

as the eventual final home of tele-
vision, with wideband channels,
higher definition, color, ete. No
bandwidth is specified, but the in-
dustry is urged to make full use of
the band at the earliest opportun-
ity to develop a new service. The
widest band suggested (20 Mc, by
Panel 6 of RTPB) would permit
some 22 separate allocations. This
is believed to be adequate for a na-
tional allocation, when and as the
new service comes into being as a
fully tested and economically feas-
ible system.

The ticklish question of how to
avoid obsoleting equipment, when
the time for the new system ar-
rives, was mentioned by Commis-
sioner Jett at the press conference.
Speaking for himself only and un-
officially, he said that he believed
that stations on the present chan-
nels would continue to operate
alongside the improved service un-
til the public had no further use for
them. This point of view, however
unofficial, was very heartening to
the television group, who believe
that the public must have some as-
surance of continuing utility on
present frequencies before large-
scale buying of television receivers
begins.

All Aviation Requests Granted

One of the few services to re-
ceive all the space requested was
aviation. The Commission, noting
that post-war aviation is expected
to expand far beyond pre-war levels
and that radio is a prime necessity
in high-density air traffie, proposes
to allocate some 2140 Mc in 14
bands to this service. The alloca-
tions very closely follow the recom-
mendations of RTPB and IRAC.
The space from 108 to 132 Mec is
divided into four bands, for instru-
ment approach localizers, v-h-f ra-
dio ranges, airport traffic control
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and air-ground communications.
An additional band at 225-400 Mc
is reserved for air-ground and an-
other at 1550-1650 Mc for experi-
mental air-ground work.

By far the largest assignment
goes for air navigation aids. In ad-
dition to the localizers and ranges
previously mentioned, bands are
allocated for this purpose at 170-
180 Mc and 420-450 Mc, 450-460,
508-524 (the latter to make way for
experimental television as soon as
possible), 960-1125, 1450-1550, 2300-
2500 and 2800-3900 Mec. It is no
secret that these large bands of
space are, at least in part, reserved
for navigational devices now em-
ployed by the Army and Navy,
many of which will be made avail-
able for commercial operation, pos-
sibly before the end of the war.

Mobile and Fixed Services

The large blocks of space marked
MF in the chart are assigned to
mobile and fixed services, that is,
communication between mobile
units (cars, trucks, trains, etc.) and
fixed stations of the same system.
The four most important blocks of
space so assigned are (1) 30-44 Mc,
(2) shared service on certain of
the commercial television channels
(54-78 and 192-216 Mc), (3) 156-
162 Mc, and (4) the majority of the
space above 1500 Mc. The table
shows the approximate breakdown
of this space assignment to specific
mobile-fixed services (police, fire
service, forestry, public utilities,
provisional, geophysics, motion pic-
ture, railroad, general mobile). The
channel widths are 40 kc in the
30-44 Mc region, and 60 kec in the
156-162 Mc region. Channels are
shared among several services as a
general rule. An exclusive band is
allotted to police service, between
152 and 156 Mc.

The majority of these services
are already established and are ex-
pected to continue, in expanded
form, after the war. But two cate-
gories are new insofar as FCC reg-
ulations are concerned, the railroad
radio service and the general mo-
bile service. Special hearings on
railroad radio had been held by the
Commission previous to the alloca-
tion hearings. At these hearings it
was established that carrier-cur-
rent communication (pick-up in
the induction field between rails and
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- nearby telegraph wires) in use by

railroads for some time, does not
provide a complete answer to the
problems, especially in regions
where wire lines are impracticai,
and in freight yards and terminals.
The most important use of the pro-
posed v-h-f service is the so-called
end-to-end radio, by which the con-
ductor of a freight, in the caboose,
can keep in constant touch with the
engineer, warning him of impend-
ing trouble. Train-to-train com-
munication is also envisaged, and
contact with fixed stations would be
available to report wrecks from re-
mote localities. For this service,
shared service with commercial
television will be permissible in
many parts of the country. Twenty
such channels are set up in the tele-
vision bands for terminal systems.
Thirty-three adjacent channels, 60
Mc wide, are assigned for end-to-
end, train-to-train and station-train
service in the 156-162 Mc band.
Bands above 1900 Mc open to gen-
eral mobile-fixed service will also
be available for further experimen-
tation on railroad radio equipment.

The general mobile service is in-
tended primarily as an aid to the
dispatching of buses, trucks and
taxicabs, and for emergency serv-
ice in reporting accidents from lo-
cations where telephone service is
not available. Common carrier tele-
phone service to buses and taxicabs
is also planned. The FCC allocation
sets up two categories; urban mo-
bile and land stations in the 156-
162 Mc band, and highway mobile
and land stations in the 30-44 Mc
band.

Amateur and Cifizen's Services

The amateurs lose none of their
present space above 25 Mc and gain
six new bands above 400 Mc. The
10-meter band stays as is; the 5-
meter band is shifted to 50-54 Mc;
the 2%-meter band is shifted to
144-148 Mc; the 11-meter band is
shifted to 220-225 Mc, and the 400-
401 band is shifted to 420-450. Five
other bands, ending at 21,000-22,-
000 Mc, are set up. The latter fre-
quency corresponds to 1.5 centi-
meters, a wavelength which before
the war was considered the upper
limit of the radio spectrum. The
fact that the amateurs are to be en-
couraged to play with such micro-
waves is some indication of what
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has happened, meantime, behind
the closed doors of war research.
A new service, somewhat akin to
the amateur service, is the citizens
radio communication service on
460-470 Mc. Transmitter and op-
erator licenses will be available for
this service merely upon presenting
evidence of knowledge of the com-
munications law. No technical
knowledge will be required. The
band is intended particularly for
walkie-talkie low-power point-to-
point and mobile service, and for
use by the general public for any
purpose except the carrying of toll
messages for hire. In addition to
the many short-haul uses in rural
districts (tractor-to-farm, farm-to-
farm communication) the service
will also be available for doctor’s
calling service and similar profes-
sional activity. It may be used, in
fact, for industrial and control pur-
poses, such as the opening of ga-
rage doors by a gadget carried in
the car. No bandwidth is specified,
and since simple equipment is pro-
posed, the frequency stability is not
expected to be of a high order.

Other Services

Facsimile broadcasting will be
permitted on any of the f-m chan-
nels, by station licensees, but not
simultaneously with sound pro-
grams. The restriction to simplex
operation, rather than the multi-
plex operation urged by Major
Armstrong, may be removed when
the technical feasibility of simul-
taneous transmission is demon-
strated. The band from 470 to 480
Mc is reserved for experimental,
facsimile broadcasting from which
may develop a commercial service.
Facsimile will not be permitted in
the television channels.

Three assignments are set up
for the use of scientific, industrial
and mediecal oscillators, not used for
communication but capable of caus-
ing interference, at 13.66, 27.32
and 40.98 Mc. The bands allotted
are only plus or minus 0.05 percent
of the center frequency. This im-
plies crystal control of the oscil-
lators and hence. does not provide
relief from the wandering type of
a-¢c modulated diathermy interfer-
ence. However, the setting up of
these bands is a constructive step
which will provide for many cases,
particularly those in scientific and
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PROPOSED ALLOCATIONS, BY SERVICES

Number Location Number Location
of Channel  in Spectrum of Channe!  in Spectrum
Type of Service  Channels Width (Mc) Type of Service  Channels Width (Mc)
Frequency 70 200 ke 88-102 Provisional 27 40 ke 25-28
Modulation (Petroleum) 10 40 ke 30-40
(Commercial) 9 60 ke 156-162
Frequency 20 200 ke 84-88 Geophysics 22 40 ke 25-28
Modulation (Motion Picture) 4 60 ke 156-162
(Educational) (Relay Press)
Television 12 6Mc 44-50; 54-84, | Facsimile Any FM 200 ke 84-102
(Commercial) 180-216 (Commercial)  Channel
(simplex)
Television —_ —— 480-920 g
: Facsimile - —_ 470-480
(Experimental) {Experimental)
T";"‘l’“" 12251325 | 4Ryitroad 33 60ke  156-162
(Relay) 20 44-50,
4-7
Aviation 70  200ke  108-118 1;2_;3
{Instrument
Lam:!ing and *General Mobile 12 40 ke 30-40
Radio Ranges) (Taxicabs, ete.) 12 40 ke 42~-44
7 60 ke 156-162
Aviation 20 200 ke 118-1292
(Traflic Control) *Citizens Radio = === 460-470
Communication
Aviation 50 200 ke 1292-132 (Walkie-talkie)
(Air-Ground)
*Rural Telephone _ ——  44-50, 54~78;
Auviation —_— —_— 1550-1650 1992-216
(Experimental)
*Rural Telephone — — 1900-2300;
Aviation —_ —— 170-180; (Experimental} 1900-4550,
(Navigation Aids) 420-460; 3750-7050;
508-524; 10,500-13,000,
960-1125; 16,000-18,000,
1450-1550; 26,000-30,000
2300-2500;
9700-3900 *Industrial, —  0.05% 13.66, 27.32,
Medica! 40.98
Amateur — —— 98-30; 50-54; (Scientific)
144-148;
290-295 Relay Systems —— —  1295-1325;
A 1900-2300;
e oo 3900-4550;
2500-2700; 5750-7050,
5200-5750; 10,500-13,000
10,000-10,500; 16,000-18,000
21.000-99,000 26,000-30,000
Police 47 40 ke 30-44 Fi"sed btz - ‘:g;igq 2“‘78’
60ke  152-156 Speices :
940-960;
: 1900-2300;
Police _ — 940-960 :
’ J —455
(Exp. facsimile) ;3?8_705&_
Fire Service 15 40 ke 30-40 :g’ggg:}g'ggg;
20 60 ke 156-162 26,000-30,000
Forestry 33 40 “:‘ 30‘;‘0 Coastal Ship 33 40 ke 30-44
2 [oOke  piS6SIG2 7 60ke  156-162
Electric, Gas, 15 40ke 9544 Relay Broadcast 22 40ke  95-28-
Water, Steam H 60 ke 156-162 4 60 ke 156-162
(Utilities)
Studio-Transmitter = —_— 940-960
Transit Utilities 10 40 ke 25-44 192-216
Special Emergency 4 40 ke 30-40 Development _ _ 920-960
[ 60 ke 156-162 Broadcast
* New class of service
industrial establishments where 10,500-13,000, 16,000-18,000, and

economic factors permit -crystal
control.

The use of v-h-f and u-h-f radio
for relaying signals of all types
(telegraph, telephone, facsimile,
television, etc.) in circumstances
where wirelines are impractical, is
provided in the assignment of
shared facilities in the mobile and
fixed bands, as follows: 1225-1325,
1900-2300, 3900-4550, 5750-7050,
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26,000-30,000 Mc. The Iinitial as-
signments for relaying in these
bands will be on an experimental
basis, to be followed by regular op-
eration as the need and technical
feasibility is proved. Television re-
laying will also be permitted on the
192-216 Mc and 480-920 Mc bands
until these frequencies are needed,
in a given area, for broadcast serv-
ice—D.G.F.
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A Square-Loop
F-M ANTENNA

Built around the top of an a-m tower used by WJBO rather than on a flagpole extension,
the 44.5-Mc radiator at WBRL added little weight and wind resistance. Theory, details
of construction, and tuning procedures are described

HE SIX-LAYER square-loop an-

tenna now in use at f-m sta-
tion WBRL, Baton Rouge, Louisi-
ana is of considerable interest be-
cause of its high gain, because it is
supported by one of the towers of
a-m station WJBO and, particu-
larly, because it is built around the
top of the tower rather than on an
extension,

Where, as in this instance, the
height of an existing tower is com-
parable with that of suitably-lo-
cated tall buildings or natural ter-
rain, it is of obvious advantage to

a-m stations contemplating f-m
service to utilize the tower for both
services, First of all, there is an
important saving in installation
cost because there is no need to buy
property, rent building-space or
erect a supporting structure. Sec-
ond, there is usually a saving in
operating and maintenance cost
since both transmitters may gen-
erally be located in the same build-
ing and operated by the same op-
erator.

There are also some disadvan-
tages to placing an f-m antenna on
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an a-m tower and these should be
recognized and fully considered.
First of all, there is some inconven-
ience to maintenance and operation
in that work on either the a-m or
f-m antenna will be dependent upon
the program schedule of the other.
Second, in the case of insulated
towers provision must be made for
bringing the feed line for the f-m
antenna around the base insulators.
For low-power transmitters this is
not too difficult. For higher powers
it involves fairly substantial coup-
ling equipment.

FIG. 1-—The three-tower directive system

at a-m station WJBO in Baton Rouge. A

six-layer square-loop f-m antenna was

mounted around the top of the center
tower for station WBRL

FIG. 2—The six-layer square-loop f-m an-
tenna of station WBRL, Taken from the
ground, this picture showing the antenna
500 ft up was retouched to more clearly
show the position of the radiators
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By JOHN P. TAYLOR

RCA Victor Division,
Radio Corp. of America
Camden, N. J.
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FIG. 3—Use of an antenna built around
the a-m tower at WBRL rather than one
mounted on an extension retained maxi-
mum height. It would have been neces-
sary to remove 150 ft from the top of the
tower in order to safely handle the extra
weight and wind resistance of a turnstile

The biggest disadvantage, how-
ever, is the fact that it is usually
found that the a-m tower, unless it
is specially built for the purpose,
is not well-adapted to mounting of
the f-m antenna and will not bear
the weight of a multi-layer array.
A six-bay turnstile, for operation
at 42-50 Mc, is mounted on a flag-
pole which is 64 ft high and 12
inches in diameter at the butt end.
It weighs 8,500 1b and presents con-
siderable wind-resistance, so that
the upsetting moment exerted on
the supporting structure is appre-
ciable. A four-bay circular antenna
requires a flagpole or mast of about
the same dimensions, since in this
type the layers are spaced a full
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FIG. 4—Each of the layers of the antenna consists of four half-wave radiators
arranged in a square. Phasing is provided by quarter-wave stubs which also
form the radiator supports

wavelength (as against half-wave-
length spacing in the turnstile).

The WBRL

The WBRL installation is a typ-
ical example of the problem likely
to be met. In this case it was de-
sired to mount the f-m antenna on
an existing 500-ft insulated tower
which was the center structure of
a three-tower array used by WJBO,
a 5-kw standard-band a-m station.
The three towers are pictured in
Fig. 1.

When the manufacturer of the
tower was asked how much weight
and wind resistance could be added,
it was found that 150 ft would have
to be removed from the tower in
order to make it capable of support-
ing a six-bay turnstile, This would
have reduced the daytime (non-
directive) coverage of the a-m sta-
tion and would have required recal-
culating and retuning of the direc-
tive system. It was under these
circumstances that the decision
was made to construct a special an-
tenna to fit the local requirements.

The WBRL f-m antenna as fin-
ally erected consists of six square-

Installation
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loops mounted horizontally and
spaced a half-wave apart, as pic-
tured in Fig. 2. Tt was feasible to
mount these at the top of the 500-ft
tower since their total weight, in-
cluding feed system, is less than
1000 1b and the added wind resis-
tance is very small. The result, as
compared with the alternative of
mounting a six-bay turnstile on a
350-ft tower, was a net gain of 85
ft in the height of the f-m antenna
and somewhat more in the effective
electrical height of the a-m radi-
ator. This is shown in Fig. 3.

Each of the square-loops used in
the WBRL antenna consists of four
half-wave (44.5 Mc) radiators ar-
rayed in a square and end-fed as
shown in Fig. 4. This type of an-
tenna was originated and developed
by Dr. G. H. Brown of RCA Lab-
oratories. The general 'mpunting
arrangement and the system of
lines used to feed this array were
also suggested by him.

How 1t Works

The manner in which .a square-
loop type antenna functions can
be easily understood by examining
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FIG. 5—When the radiators of a square-
loop are bent out into & straight line for
study they look like (a) and the currents
are in phase. The voltages (b) are also
in phase, But when the radiators are
formed into a square (c) the voltages on
epposite radiators are oppositely phased

Fig. 5. 1t will be noted in Fig. 5(a)
that the currents are in phase in
all fonr yadiators, this result being
accomplished by placing quarter-
wave phasing stubs bhetween each
pair of radiators. The voltages in
the four vradiators are also in
Phase when these radiators are ar-
ranged in line, as in Fig. 5(b).
However, when they are bent
aroun?d into a square, as in Fig.
5(c), fthe voltages in oppositely
placed radiators are 180 deyg out of
phase,

The yesulting field-pattern can
be vi:uyalized by noting the space
relation of these radiators in Fig.
6. Af point a, which is in the hori-
zonts] plane of the Yoops, the volt-
ages «--iving from radiating ele-
ments 3 and 3 will be in phase
(since e¢!2ment 3 is & half-wave fur-
ther avay) and hence will be addi-
tive, 'i'ne same is true at point c.
Elements 2 and 4 similarly radiate
in phase to points b and d. At other
points in the same horizontal plane
there will be voltages from all four
radiating elements. These will he
out of phase in an amount deter-
mined by the angle, but they add
up to a final signal component such

”

that the radiation is approxunately
equal in all direction:

On the other hand. &t auny powut
normal (vertical) t¢ the loop (¢
or f in Fig. 6) the distance to the
two oppositely placed radiating
elements 1 and 38 is the same. The
voltages from these arrive ouf of
phase and thereby cancel eact
other. The same is true of the volt
ages from elements 2 and 4 Thuw
the radiation upwarcd {fromw the
square-loop type antenis is theeo
retically zero. The net resulf is :
higher signal along the horizontal,
where it is wanted. and no signal
vertically, where it is «f nc use

Because the square-loop type ar
tenna has, in effect, twice as many
radiating elements as the turustile
it has a somewhat higher gain-per-
layer than the turnstile. Moreove;.
because the mutual impedance be
tween layers is relatively low, spac:
ings of one-half wavelength are
practical. As a resull, gpain-per-
height, which is the true criterion
in an antenna of this kind (where
weight and upsetting movement
are the limiting factors). is greate:
than for the circular antenna, Com-
parative gains are showy in Fig 7.

How M Is Fed

An antenna of this type can be
fed in several ways. The simplest
is to tap off, with an open-wire bal-
anced line, from one of the stubs of
a point which will reflect an imped-
ance to match the line. Irn order 1«
insure a balance of currents arounc
the loop it is better 10 feed af twe
points as shown in Fig. %(a) 1o
the case of an f-m Lroadenst ar-
tenna mounted on a tewer i be-
comes more convenient and pract:-
cal to feed the arrav witt concer
tric lines (oppositelv phased) as
shown in Fig. 8(b).

The feed arrangemen® for o sin-
¢gle layer. as actually  used u
WBRL, is shown diagramatically
in Fig. 8(b). Points on twe die-
metrically opposed stu: ure fec
power through short leupthy of
concentric lines which are tappec
on to two branch lines which rur
up through the full length of the
array. The points where these
short lines are connccted
stubs are chosen to reflect an im-
pedance of 12 ohms to the line. The
length of these short lines i such
that they are electrically » quarter-
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1o the

wave long. Thus frow the refarion
7 = NZZ, = T ohms) =ach of
these lines looks like 420 oshms at
ihe point where it joins the hranch
lines. Since there are two such
short lines coming in to *he branch
lines at each level, the impedance
reflected on the branch lines 1z 210
ohms per layer.

Six layers are spaced one hair
vave apart. The overall coune:
tiens are shown in Fig. 3. Since
cach line looks into 210 ohms per
laver, and the layers are effectively
r. parallel, the total reflected -
pedance may be considered as 21)/%
vr 33 ohms. At the bottom of th-
uwrrav, one line is connected o 2
main junction box by a quarker
wave line and the other by a threa-
yuarter-wave line, The extra half-
wavelength in the second provides
the required 180-deg phasing. Fach
Time looks like 140 ohms 1o the
junction point and (since they are
fed in parallel) like 70 ohms total
t¢ the main feed line which runs
irom this point down the towser to
*he transmitter.

Construction and Mounkting

The mechanical desigan of ant an-
1enna of the square-loop ‘vpe is

F1G. 8—The field voltages from
shely-placed radiators are additive v
points in the horizontal plane of the isop,
ia,b,c.d), but cancel at points in the Tor
fical plane {e.), thereby providing i«
'rable gain in the horizontal directior

CRJERE

ower Uenn

Height in Half- Wave 'z o*=s

FI1G. 7—Comparative gains of ihs squzce
Joop, turnstile and circular aatenaa, plos
ted against height in half-wavelength:
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FIG. 8—Feeding power to two stubs {(a) provides a more
Concentric feed lines (b) are

even current distribution.
more practical for tower installations, and

feed power to the six layers of the WBRL f-m antenna

quite a problem. Fortunately, the
inner ends of the quarter-wave
stubs are at ground potential and
hence the loop can be supported
without the use of insulators by
simply continuing these stubs in-
ward to the tower. Even so, the
supporting pieces must carry the
weight of the radiating elements
which are attached to their outer
ends like outriggers. Thus they
must be stronger, for instance, than
the elements of a turnstile antenna
which need support only their own
weight. At the same time, they
must be light in weight if the ad-
vantages are to be retained.

After a number of tests, it was
decided to make the diagonals of
11-in. lightweight steel tubing as
shown in Fig. 10. The radiators
themselves were cut from 2-in.
thin-wall steel conduit. The advan- .
tage in using copper would have
been very small. Moreover, the use
of steel allowed all joints to be
welded, thereby adding strength
and rigidity to the assembly. Each
radiator was welded to two diag-
onals, an operation which could be
performed on the ground. In ad-
dition, for each of the six layers a
welded criss-cross of tubing was
made up for center support. This
was made of heavier tubing having
an inside diameter of 1% in. so that
the ends of the diagonals would fit
in snugly.
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FIG. 9—Connections of

branch lines, with re-

flected impedance at
each junction

were used to

In erecting the array, one of the
welded criss-crosses was first
mounted on angle irons (omitted
from the drawing) attached to the
tower at each layer level. Then the
triangular sections, each consist-
ing of a radiator and two diagonals,
were hoisted and the ends of the
diagonals slid into the openings of
the criss-cross piece. The diagon-
als were then clamped to the tower
and the lines were raised into place.

The construction of the feed lines
also involved some interesting
problems. Although only 1 kw was
installed, provision was made in the
design for possible later increase to
3 kw. Hard-drawn %-in. concentric
line was used throughout. This
size line is large enough so that it
will not flash over even if pressure
is lost. Insofar as the short feeder-
lengths were concerned, these were
simply filled with dry air and sealed
off at each end, thereby reducing
the number of end seals to be made
gas-tight from some seventy-five
to less than ten. A photograph of
the feed line arrangement at each
level is shown in Fig. 11. Since the
short feed lines had to be a quarter-
wave long, while they tap on the
stubs at a point less than that out
from the tower, it. was necessary
to put elbows in them, as can be
seen. Also, one pair had to be
crossed over to maintain proper
phasing.
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The proper point for shorting
the diagonals (in order to provide
the correct length of matching
stub) was found to be 23 in. out
from the center of the tower. At
this point, therefore, a heavy brass
strap connects the diagonals to-
gether and also ties to the feed
lines in order to provide a support
for the latter. The inner conduc-
tors of the two lines are tied to the
two diagonals at a point some 15
in. further out.

Tuning

Tuning an f-m array of this type
is a matter of dimensioning. The
first step is to determine the proper
lengths of the radiating elements
and their supports; the second, to
locate the proper points for con-
necting the feed lines; and the
third, to calculate or otherwise de-
termine the proper length of the
feed-line section. All of these steps
must be taken before the antenna
is mounted in its fixed position on
the tower.

Lacking adequate information on
velocity of propagation, effect of
end seals, etc., it is almost neces-
sary to determine final dimensions
by cut-and-try methods. At WBRL
doing this was made easier by the
fact that the tower on which it was
proposed to mount the array was
being moved anyway and this for-
tuitous circumstance made it pos-
sible to borrow the top 25-ft sec-
tion for a few days. This section
was set up on the ground and used
in making tests not only of the
proper dimensions of the radiat-
ing system but also of the best
means of mounting the system on
the tower.

Three layers of the ultimate an-
tenna were erected on the 25-ft
section. Most tests were made on
the center square-loop in order to
approximate, as nearly as possible,
the conditions of final operation.
A small erystal-controlled power

source capable of providing about

10 watts at the operating fre-
quency of 44.5 Mc was used in mak-
ing the tests. The first operation
was to feed power into a phasing
stub and determine (by checking
the standing waves along the ad-
jacent radiators) the proper length
to cut the radiating elements. This
length was found to be 10 ft, 6
inches. The length of the diagonal

99



supports (7 ft, 5 in.) could then
be determined. Using this infor-
mation, the radiating elements for
the three layers were constructed
and mounted on the tower section.
Shorting bars were placed equidis-
tant on all four phasing-stubs of
each layer, Feeding power to the
center layer, the position of these
shorting bars was varied simul-
taneously until a check of stand-
ing waves indicated the proper po-
sitions. These positions are such
that the bars are 23 in. out from
the center of the tower.

The next step was to determine
the correct feed-points on the stubs.
This was done by making use of
the slotted-line method of measur-
ing impedance. A piece of concen-
tric line something over a wave-
length long was used to feed power
to the center layer of the array.
This line had holes in the outer
conductor at 3-in. intervals,
through which a vacuum-tube volt-
meter probe could be inserted. By
this means, the standing-wave
ratio on the line could be deter-
mined. A ratio of six-to-one indi-
cated the desired impedance ter-
mination. The position of the feed

'.‘__________.________;__#-‘___-__,._44_____ 06 - mmmm - =

FIG. 11—Closeup showing the feeder ar-

rangement required at each level. These

lines are set up on the ground, hence the

supporting element does not appear in
the photograph

points was, therefore, varied until
such a ratio was obtained.

The point arrived at by this pro-
cedure, 15 in. out from the short-
ing bar, was assumed to be the cor-
rect feed point and a set of lines to
fit this condition was then designed
and constructed. As mentioned
previously, the short lines had to
have an elbow in them in order to
obtain the desired electrical length.
Incidentally, it should be noted
that the physical length of these
lines (to make them act like quar-
ter-wave electrical lines) is con-

siderably less than a physical
quarter wave, not only because of
the velocity constant of the lines,
but also because the end seals add
lumped capacitance which further
reduces this length. As a result it
is desirable to determine the pro-
per length by experiment. This
can easily be done (remembering
that a true quarter-wave shorted
at the far end reflects an infinite
impedance at the near end) by
starting with a length something
over a quarter-wave, cutting off a
half-inch at a time until the sec-
tion, when shorted at the far end,
presents a maximum impedance to
a source of power at the near end.
By this means it was determined
that an overall length of 47 in. was
correct for the WBRL short lines.
After the proper dimensions of
the radiating and feed lines had
been determined in this way, all
pieces were cut and the system
erected at the top of the 500-ft.
tower. No further adjustments
were attempted, on the assump-
tion that any small improvements
that might be made when working
under such difficult conditions
would not justify the effort.

i e
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FIG. 10—Mounting arrangement at each layer.

The diagonals which support the radiat.

ing elements, and whose outer ends form the maiching stubs, are inserted into a welded

center-piece and then clamped to the tower.
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R-F feeders are shown
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FIG. 1—Work-rotating and quenching arrangement used for hardening gear
teeth. High-frequency power is obtained from the Lepel spark-gap converter
unit in the background. The work coil is water-cooled, and has flattened turns

INDUCTION

FIG. 2—Heating and quenching arrangement for
hardening the bearing surfaces of a crankshaft.
An air-core transformer

feeds the work coil

LARDENING

Rotation of work eliminates surface irregularities caused by the coil pattern when heating

steel rapidly by induction heating for shallow case hardening

OR HARDENING APPLICATIONS by
Finduction heating, the work is
generally placed within a load coil.
The clearance between the work
and coil is made small (about e
inch clearance) for shallow case
hardening. 1f the case depth is not
too critical (above & inch), a spac-
ing of 3 to fs inch is satisfactory.
With small clearances between the
work and a load coil having one or
two turns, the heat can be concen-
trated on a narrow portion of the
part which moves through the coil
at a given rate of speed. Through
high concentration of power on
such a small area, a hardening case
of 0.007 inch can easily be obtained
on diameters of § inch with 30 kw
input from the line and at a fre-
quency of 350 ke.

Such rapid and continuous heat-
ing and quenching results in very
little distortion and there is prac-
tically no scale formation on the

From a paper presented at the Confer-
ence on Induction and Dielectric Ileating,
Chicago, 1945.
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By OTTO WEITMANN

Researcl Depariment
Lepel High Frequency Labs., Inc.
New York City

part. Shafts of any length can be
hardened by this progressive
method. The shaft must; however,
rotate at a slow speed while pass-
ing through the heating coil to
eliminate any irregularities in sur-
face hardness due to cold spots pro-
duced by the coil turn pattern. A
similar rotating procedure is fol-
lowed in the heat treating of gears,
illustrated in Fig. 1.

On parts where it is impractical
to slip a coil over the surface, an
arrangement like that shown in
Fig. 2 is used. The part is slowly
rotated against a semi-circular
work coil, and quickly quenched as
soon as it has reached the desired
temperature. The quench ring is
shown in both illustrations. The
heating cycle and the quenching

WWW.americanradiohistorv.com

cycle are automatically controlled
by a timer to assure uniform re-
sults on all parts treated.

Tunable and highly flexible spark
gap converters for induction heat-
ing have been in constant use in
industry for over 17 years. Many
have operated continuously for over
20 hours daily.

Their low maintenance cost is
due primarily to improved spark
gap and circuit designs. These
units operate at unity power factor
and are provided with a power
control switch which permits a
step-by-step power output reduc-
tion of 83 percent. Normally-loaded
heating coils having one turn, with
inside diameter as large as 48
inches or as small as # inch, can be
connected to the converter output
leads without requiring any auxil-
iary equipment or expense for re-

* conversion. Starting is instantan-

eous and water consumption is low
(2 gallons per minute). Power and
water are used only while the con-
verter is in actual operation.
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Direct-Reading

Color

lensitometer

Nine-stage multiplier phototube increases sensitivity of commercial black-and-white

densitometer sufliciently for accurate measurements of modern color film at three different

wavelengths, permitting accurate checking of product quality in film manufacture

Color densitometer in use, with multiplier phototube head raised to permit placing

film in position over light-source aperture.
Power pack for amplifier tube is at right, behind meter

controls.

HE PROBLEM of density meas-
Turement on ordinary black-
and white photographic silver im-
ages has been met by the use of
reasonably straightforward opti-
cal and electronic designs. How-
ever, the sensitometric evaluation
of modern reversible color film re-
quires an enormous increase in in-
strument sensitivity because the
density of the samples must be
measured at each of three wave-
lengths for spectral density values
up to 3.0.

By using a photomultiplier tube
in conjunction with a simple log-
arithmic circuit, an instrument
having the desired sensitivity was
designed and built for routine
laboratory use on all films. Be-
fore describing the final design,
some of the problems encountered
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The five knobs are zero adjustment

in designing reliable densitometers
will be considered,

Qptical Density

In sound engineering, the decibel
is a more useful unit of measure-
ment than the voltage or current

ratio. For similar physiological
reasons optical density is more
useful in photographic practice

than transmission or opacity. Over
a remarkablyv wide range of values,
the human eye discriminates equal
changes in log B where B is the
brightness of the area examined
(Fechner’s Law). Therefore, in
opties it is customary to express

" the light-absorbing properties of

films in terms of density D = lo&
1/T, where T is the transmission.
A density of 2.0 thus corresponds
to a transmission of 1/100.
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In a sense, this expression is in-
complete because it does not specify
the spectral character of the radia-
tion nor the sensitivity of the re-
ceiver. Fortunately, ordinary
black-and-white films (silver im-
ages) are reasonably non-selective
in their spectral absorption, so that
in most circumstances once an in-
strument is properly calibrated it
will give readings which have a
broad application to ordinary pho-
tographic problems. All specimens
of modern color film, on the other
hand, are distinctly selective in
their spectral absorption. Even
areas which appear gray (color-
less) to the eye are not neutral
(non-selective with respect to spec-
tral absorption), as can be seen
from Fig. 1. The curve of integral
density shows the effective density
of all three layers of the film to-
gether as a function of wavelength.
The other curves show the spectral
absorption characteristics of the
individual layers of which the film
is composed, Y being yellow (dense
in the blue, transparent in the

Infegral
=\ spectral

y Somtsity

400 S60 600 750
Biue Green Red
Wovelength in Milhmicrons

FIG. 1—Density-wavelength relations for a
typical multi-layer emulsion of gray sample
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Weseorch Labe alory
Ansco
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preen onc red), M being magenta
(dense i1 the green, transparent in
the blue anc red) and C being cyan
(devise in the red. transparen® in
the blue and green).

The sample depicted in <his
praph appears gray to the eye and
represents the closest approach o
4 Lon-geiective specimen of which
the color process involved is canahle
at that general density level.

Analysis of Color Film

WMany problems associated with
the manufacture and use of colox
filtr mmake 1t necessary to determine
the density eontribution of each in-
dividnal layer of a given specimen,
since the color of every elemental
area of the Alm is determined by
the densities of these three dye lay -
ers. For instance, in production
control of the film itself, it is essen-
tisl to know, quantitatively, the
flensity contributed by each layer
for specimens which have been ax-
posed and processed according
specific standards.

1t s evident that if spectraily
pure density readings are made af
440, 540 and 680 millimicrons, the
relative amounts of the three ayes
present in the specimen can he esti-
mated. There will obviously be
sorme evror, small for the magenia
und cvan dves and significant in

Interiar siew af color densitometer, showing 700-volt Minimax battery pack
tor dynodes and cnode of multiplier phototube

e sase or e yellow dye evalua-
cron, bui (f he instrunrent is cali-
yrated o rend integral spectral
lengities af chese three wave-
engthy, ~he oxfent of departure
from gray  Cor  practical sensi-
ometrie specimens will ordinarily
sermif she adividual dve densities
-y be measnved directly with rea-
omable woenracy.

Tnrther  conasideration of the

problem will reveal that it is essen-
tial to use nearly pure monochro-
matic light in making the measure-
ments. With ovdinary black and
white  densitometers  unfiltered
hght (from an incandescent lanip)
15 used and the total energy inci-
dent ou the specimen may be a
thousandfold greater than that in-
cidend o it when all but a narrow
wvavelength band of radiation is
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FIG. 3—Schemotic diagramn of

black-and-white densilometer

shaswn in Fig, 2. wsing ordinury phototubae and amplifier tube
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eliminated from the system. There-
forer in the analysis of color film
the sensitivity of the instrument
must_ be greatly increased to com-
pensate for the radiation absorbed
by the isolation filters.

Uniform-Scale Black-and-White
Densitometers

Of the direct-reading densi-
tometers commercially available,
and giving an indication of the
density of the specimen immedi-
ately upon the insertion of the
sample in the photometric beam,
one which had been previously de-
veloped by Ansco' seemed capable
of adaption for use in measuring

From Richardson’s equation,
Russell’ and others have shown
that the relationship between log
grid current and grid voltage (or
plate: current) is theoretically
linear. Since D = log 1/T, this cir-
cuit arrangement permits the de-
sign of an instrument whose scale
is linear in terms of density. In
practice, however, it has been
found necessary to use a specific
plate load resistance in order to
maintain linearity of scale reading
with respect to density at high grid
currents (above 5 pa) and an ex-
tremely high grid resistor (1000
megohms) to maintain linearity at
low grid current values (0.08 pa

ifa 4
n 0-1ma

+ output meter

Electron multiplier phototube ,]
£ £

i

e

]
-

Voltage
stabilizer

4

4

el
115v. 60

1 "——-—lm ; o

FIG. 4—Schematic diuqré{m of densitometer as modified for evaluation of modern
: ‘ reversible color film B

color densities with adequate spec-
tral purity. This instrument is a
réasonably compact unit possess-
ing good stability and’ia uniform
dénsity scale over-thé entire den-
sity range of 0-3t Its operation
may be understood by referring to
Fig. 2 and 3. Light from a 15-cp
auto lamp is condensed by an
aspheric lens on an aperture (not
shown) over which the sample is
located. Light transmitted by the
sample is absorbed by the surface
of a type 929 phototube. The photo-
tube is connected in series with
the grid of the 6F5 triode so that
the grid current is common with
the phototube current for all ex-
cept extremely low current values.
A rugged 1-ma d-c meter having a
long (8%-inch) scale, indicates the
densities of the sample directly
and is calibrated in 0.02 density
per division.
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and less). Although' the plate load
resistor is effective at all density
levels the grid bias is ineffective at
grid current values corresponding
to specimen densities lower than 2.
The grid bias serves to buck out
slight gas current and residual
current from other causes which
would otherwise result in too low
an effective photo-current amplifi-
cation in the high-density range.

A small constant-voltage trans-
former serves to stabilize the volt-
ages applied to the lamp, triode and
phototube. Under proper condi-
tions an accuracy of = 0.01 may
be obtained over the whole density
range.

Use of Simple Densitometer for Color
Analysis

In connection with an investiga-
tion of the spectral characteristics
of photographic wedges® one of

WWW.americanradiohistorv.com

these instruments was equipped
with a motion picture projection
lamp (250 watt), a double-lens con-
denser, a heat-absorbing element
and color filters. Without changing
the electronic circuit, it was pos-
sible to measure the color densi-
ties of specimens over the same
0-3 density range with this system.
However, the requirements for
spectral purity are far more severe
with integral tri-pack color film
than when nearly neutral speci-
mens are to be evaluated. The in-
tegral density curve in Fig. 1
shows that even the most nearly
neutral specimens of color film have
characteristic absorption bands.

An attempt to compensate for
the absorption of monochromatic
color filters by increasing the in-
tensity of the light source to the
point that would still excite the
phototube failed. It would have
been possible to use such a system
for the green and blue spectral
regions in which the S-4 photo-
surface is quite sensitive but in
the red region this photo-surface
has negligible relative sensitivity
and the necessary phototube re-
sponse at 660 millimicrons could
not be obtained.

Method of Improving Sensitivity

For obvious reasons, it is im-
practicable to obtain increased
sensitivity by amplifying the out-
put voltage developed across the
6F5 load resistor. Improved sensi-
tivity in this type of circuit must
be developed in the photoelement
if the desirable features of the or-
iginal instrument are to be re-
tained. The substitution of a
photo-multiplier tube for the
simple phototube was considered,
but at first no satisfactory way
could be found to couple it to the
grid circuit of the 6F5. The 6F5
cannot be operated successfully at
grid currents much above 20 pa
and the grid impedance correspond-
ing to 0.02 pa (this value repre-
sents the grid current which re-
sults when a density of 3 is meas-
ured and the maximum or zero-
density grid current is 20 pa) is of
the order of 1000 megohms.

Polarity relationships demand
that the multiplier and. its power
pack be connected directly to the
grid and that its anode be tied to
the 6F5 cathode. Consequently, the
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FIG. 5—Density-wavelength relations for
the filter combinations used in the color
densitometer

entire power pack has to be in-
sulated with respect to ground, to
an impedance value of the order of
1000 megohms. This is entirely
out of the question for conventional
methods of coupling. Furthermore,
in mensuration circuits of this sort
the stability demanded of the mul-
tiplier-tube power supply is exces-
sive and the power supply circuits
recommended in the literature for
use with multiplier tubes would be
relatively cumbersome in compari-
son with the remainder of the
instrument.

In giving special attention to
the requirements for a power sup-
ply of unusual stability, it became
apparent that the recently devel-
oped miniature dry batteries in-
tended for portable radio use form
an ideal solution to this problem.
Nominally, they yield 67% volts per
battery, and actually 71 volts when
new. Other characteristics render
them suitable from the standpoint
of physical size, long life and ease
of shielding.

Ten Minimax batteries were used
in series, one for each dynode and
one for the anode, as shown in Fig.
4. Operating at 70 volts per stage
the multiplier tube gave an increase
in sensitivity of about 20,000 over
the simple phototube. The pack
measured 4 x 5 x 7 inches and was
supported on polystyrene cones for
insulation inside a shielded wooden
box. In order to minimize leakage
the multiplier tube leads are guided
by a single polystyrene bushing at
the base of the measuring arm.
Connections to the multiplier tube
were soldered to avoid the leakage
associated with a tube socket.

The stability of the battery pack
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is, of course, far better than neces-
sary. The current drain for all
dynode stages is negligible in com-
parison with the load for which
the batteries were designed. The
life is therefore the same as the
shelf life and in practice the bat-
teries can be used for up to two
years without replacement.

The 6F5, normally located in the
measuring arm, was remounted in
the interior of the instrument
case and the regular power supply
was remounted behind the instru-
ment. No difficulty had previously
been experienced with oscillation
in the production of the commercial
model of the instrument. However,
in this adaption a definite tend-

ency to oscillate exists at density

readings above 2.1 where the grid-
to-cathode impedance becomes ex-
tremely high. This was suppressed
by using a 0.01-uf capacitor be-
tween grid and ground. Although
desirable from the standpoint of
oscillation, a larger capacitor
would have made readings sluggish
at high densities.

The dark current of many com-
mercial multiplier tubes is pro-
hibitively high for use in the pres-
ent instrument. Fortunately, there
is a large individual variation and
some tubes have been found with
dark currents as low as 0.002 pa at
70 v per stage and room tempera-

ture. A dark current in excess of
0.005 pa cannot be tolerated be-
cause the dark current is inher-
ently unstable and a variation of
20 percent of the total dark current
would introduce inaccuracies in
the higher density readings if the
absolute value of dark currents
were larger than about 0.005 pa.

A similar tube-to-tube variation
exists with respect to the relative
red-to-blue sensitivity of the photo-
surface. Since a tube of the highest
possible red sensitivity is required,
tubes are selected for this charac-
teristic as well as for low dark
current.

Optical System

In order to obtain the spectrally
pure radiation necessary for valid
measurements, relatively dense
gelatin filters were used in three
special combinations. Wratten fil-
ters 36, 2A and 38A isolated the
blue and Wratten 62 and 16 the
green. A Wratten 70 and 16 filter
combination used in conjunction
with a 2-percent solution of CuCl, 1
e¢m thick isolated the red radiation.
The spectral quality of these com-
binations is shown in Fig. 5.

In Fig. 6 is a pictorial diagram
of the optical system. It will be
seen that the CuCl, filter is perman-
ently interposed in the light beam.
Since this filter has practically zero

(high

dersity) |

g4
T
115y
60~
Voltage
srabilizer

FIG. 6—Pictorial diagram of the optical control system

used in the color

densitometer
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density to green and blue radia-
tion it has no significant effect upon
the spectral character of the radia-
sion in these portions of the spec-
trum. However, in the course of
using the instrument it was dis-
covered that the solution became
more dense during normal heating
of the instrument as a whole. The
insertion of a Jena BG 17 glass
heat-absorbing filter on the source
side of the CuCl, filter largely
eliminated this difficulty with heat
from the lamp.

When the different color filter
combinations are interposed the in-
tensity of the light source must be
changed in order to maintain the
same zero density reading. A tap
switch, electrically and mechani-
cally coupled to individual poten-
tiometers and the filter dise, en-
abled the operator to set the po-
tentiometers at the proper values
and, thereafter, leave them undis-
turbed in spite of different color
filter measurements.

Calibration

Commercial phototubes ‘having
different kinds of photo-surfaces,
even though they may both be of
the vacuum type, in general have
markedly different relative illumi-
nation vs photocurrent relation-
ships (non-linear). This is true,
even at extremely low flux (and
current) levels and when all of the
special precautions advised by the
manufacturer are carefully fol-
lowed. Since this effect is very
pronounced when phototubes of
the S-2 and S-4 types are compared,
the possibility of using both types
(one where high green and blue
sensitivity is required and the
other for the red) is eliminated un-
less two scales are provided and
circuit complications are intro-
duced.

Fortunately, however, it was dis-
covered that when only a single
photosurface (at least of the S-4
type) was involved the same rela-
ive illumination vs photo-current
relationship existed for monochro-
matic radiation, even at widely
separated wavelengths, when com-
parved at identical levels of photo-
current. This circumstance made
it possible to use a single scale for
all three color density readings.

The scale was calibrated to agree
with a standardized silver wedge
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of known spectral density charac-
teristics.

In the finished instrument, the
on-off switch controls the power sup-
ply both for the 6F5 tube and the
optical system. After three or four
minutes warm-up the instrument is
ready for use. Compared with the
simpler  black-and-white densi-
tometer it is inherently somewhat
less stable and there is a greater
tendency to drift. However, it en-
ables the operator to analyze the
dye densities of large numbers of
specimens quickly and reliably. In
spite of its greater complexity it is
still far simpler to use and much

more sensitive than conventional

colorimeters and spectrophotom-
eters which would otherwise have
to be used for these measurements.

High-Density Measurements

When the filter disc is oriented
so that the beam is not intercepted
by any filter, black-and-white densi-
ties can be measured directly. Due
to the extremely high sensitivity of
the multiplier tube the meter can
be made to read zero when a den-
sity of 3.0 is interposed, by simply
readjusting the intensity of the
light source. Under these circum-
stances, the instrument will read
densities between 3.0 and 6.0; the
operator simply adds 3.0 to the
scale reading. This general pro-
cedure can be extended to the point
where a density of 7.3 reads 3.0
on the output meter scale. To pre-
vent accidental overload of the
multiplier tube when reading high
densities, a momentary-close push-
button switch is inserted in the
high-density  potentiometer as
shown in Fig. 7.

Because of the high sensitivity
of the multiplier tube to room
light, when the measuring arm is
lifted there is danger of overload-
ing the 6F5 grid. Therefore, a mer-
cury switch was mounted in the
base of the arm to open the multi-
plier anode-to-ground circuit when-
ever the arm is raised.

Other Applications

In many respects the problem of
measuring color reflection densities
is similar to that of measuring
color transmission densities., A re-
flection head has been made which
can be secured to the measuring
arm when desired. It accommo-
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dates a miniature lamp, light from
which strikes the reflection speci-
men at an angle of 45 degrees. The
vertical component of the reflected
beam is received by the photomulti-
plier cathodes. Color filters are
placed immediately in front of the
multiplier tube. In this way the
instrument has been used as a di-
rect-reading reflection color den-
sitometer in routine analysis of
reflection color print materials.

The combination of a logarith-
mic response and extremely high
sensitivity makes the instrument
useful for other purposes than
those already mentioned. For ex-
ample, it has been used to record
automatically the decay character-
istics of phosphorescent substances.
The fact that a 1-ma output meter
is used in the basic instrument to-
gether with a 25,000-ohm plate load
resistance made it unnecessary to
alter the circuit to obtain these
graphs. A standard model 1l-ma
Esterline-Angus ink recorder was
substituted for the regular output
meter and the curves were plotted
directly.

Another example where the char-
acteristics of the circuit are of
considerable advantage is in micro-
densitometry for such purposes as
the analysis of x-ray diffraction
patterns and line spectrograms.
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.ngineering Aspects of
:LEVISION PROGRAMMIN ¢

Up to thirty fixed-position television cameras per studio, all under finger-tip control of the

program director at a compact control-room console. are considered essential to provide

the frequent viewpoint changes to which moviegoers have become accustomed

By VIRGINIA M. BRADLEY

iformerly Assistant to Program Manayer
Television Station W3XE
Plhilco Radio & Television Corp.
Philadelphia, Pa.

HE OPINION is often expressed,

by those who have seen a
large number of experimental tele-
casts, that successful commercial-
ization requires more improvement
in television programs than in pic-
ture quality. On first consideration
it may seem that program produc-
tion problems are the exclusive
province of program directors.
Such a viewpoint is contrary to
good practice in other fields, where
analysis of purpose and process are
a part of the design engineer’s job.

It is difficult for design engi-
neers to apply thoroughly the prin-
ciple of performance analysis to
telecasting equipment; such analy-
sis would require a knowledge of
the complex, specialized field of pro-
gramming. Pioneering program
directors, on the other hand, are
proceeding justifiably by trial and
error methods. They are forging a
new technique by borrowing from
older arts—journalism, advertis-
ing, painting, broadcasting, motion
picture production, and 3000 years’
experience in theater arts. These
men are artists struggling with
elaborate  technical  equipment
necessary for televising the sub-
ject material they create.

A specialist in engineering can
rarely become a specialist in pro-
gramming as well, but the design
engineer must find working an-
swers to two basic questions: What
subject material is interesting
when televised? What equipment
is needed for the most effective and
inexpensive handling of material?
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This Westinghouse installation of large banks of fluorescent lamps and reflector
spotlights provides illumination flexibility which would supplement the camera
flexibility considered essential by the author

Future television programs fall
into two main groups: (1) Live
programs telecast as presented in
a studio or by remote pickup; (2’
canned programs recorded on still
or motion picture film. The table
on the following page indicates the
general types of programs available
for television use in each of these
groups.

Audiences Expect Changing Viewpoints

Regardless of subject or origina-
tion point, television equipment
must take into account the psvchol-
ogy of sight and man’s seeing hab-
its. In life the human eye is shift-
ing from particular to particular in
endless movement. This eye move-
ment pattern is so strong it is ex-
tremely difficult for man to gaze
steadily at one spot without blink-
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ing, for prolonged periods of time.

In a telecast the camera becomes
the viewer’s eyve. Its picture-frame
limits what he will see. Therefore,
if the receiving screen is to hold
his continuous attention, the cam-
era must supply the movements
which his eye cannot make. It
can do so by (1) moving toward or
away from the subject, (2) by fol-
lowing a moving subject, and (3)
by changing the viewpoint.

The first two alterations can be
made while the viewer is watching
the picture. The last requires the
use of a second camera whose pic-
ture must be framed, focused, and
checked by a director before it can
be broadcast to the viewer. Studio
experience has shown that at least
a minute and a half is needed to do
this, and it must be done while the
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TYPES OF TELEVISION PROGRAMS

LIVE SUBJECT MATERIAL

CANNED SUBJECT MATERIAL

Remote Origination

Studio Origination

Special Effects Studio Origination

NEWS:
Accidents
Fires
Inaugurations
Fairs
Parades
Conventions
Political Meetings
Legislatures
Civil Courts
“Town Hall"" Meetings

Brings inaccessible scenes to viewers, Faithfully trans-
mits personality of local and national politicians,

NEWS:
Commentators

Television permils a more informal approach, with
maps, sketches, diagrams and pictures gzing used as
visual aids. Viewers, however, do not want to see
the commentator discuss the news—they want to
visualize what he speaks .(Jou(.

NEWSREELS:
Daily local news, by silent film with
commentary
Newsreel reports, in *March of Time"
manner

NEWS PHOTOS:
Picture articles, with commentary similar
to popular pictorial magazines

Recorded local news can be presented for workers
about dinner time, but regular newsreels and docu-
mentary Ffilms should come later in evening.

SPORTS:
Avrchel Horse Racing
Basebal Horse Shows
Basketball Lacrosse
Bowling Polo
Boxin Skeet Shooting
Crew aucing Ski Jumping
Football Swimming
Golf Tennis
Hockey Winter Sports
lce Skating Whrestling

No longer confined to small.
of camera pick-up
as result of war-

High in viewer interest.
brilliantly lighted spaces (sensitivit
tubes has been greatly increase
sponsored research).

SPPO_RT?):

ing-Pong
Billiards
Wrestling
Boxing
Card games

Sports commentators can employ visual aids. Tele-
vision can give even greater enjoyment than on-the-
spot viewing of many indoor as well as outdoor sports.
Thus, in tefevising a card game with a multi-camera
set-up, cards and facial expressions of each player in
turn can be shown as play progresses around the table.

SPORT FILMS:

Newsreels of sporting events too distant
for remote pickup

Films of complete events, taken for tele-
casting at a more convenient or de-
sirable later time

Documentaries of sport subjects, showing
prowess _and_ techniques of famous
athletes

Films of this nature can serve satisfactorily until such
time as great national television networks are available,

PERSONALITY PROGRAMS:
Roving Television Interviewer
Interviews at special events
“People are Funny" types of programs

PERSONALITY PROGRAMS:
Interviews
Special human-interest features

Personality Note: Televising pretty girls is a pro-
gramming must, ey will be employed as announcers
and for purely decorative effect.

DRAMATIC PROGRAMS:
Opera
Operettas
Plays
Variety shows
Vaudeville
Mono-dramas

Televising theatre bills by remote pickup takes the
viewer where he would like to be, and brings dramatic
events he might not otherwise enjoy. Drama produced
especially for television will have its own special
technique.

DRAMATIC PROGRAMS:

Opera Mono-dramas
Operetta Marionettes

Plays Puppets

Vaudeville Spontaneous Drama

Spontaneous drama, popular in the theatre of the 16th
and 17th centuries, involves impromptu dialog with
prearranged plot outlines, and has unusus! audience
holding power.

MOTION PICTURES:

Full-length feature pictures, shorts and

cartoons

Note: Marionettes are well suited for television,
and provide a complete adult theatre requiring only
a small space. Puppets, controlled by hand manipu-
lation rather than strings, have identical advantages
and are especially good for commercials,

DANCING:
Ballet
Night clubs

Dancing, with its visual appeal, makes excellentt ele-
vision materiaf.

DANCING:
Ballet
Chorus dancing
Interpretive
Folk dancing
Dance pantomimes

MUSIC:
Opera
Operetta
Special Concert Artists

MUSIC:
Musical programs,
program notes

Only music having added visual attractions should be
televised. Pictures, scores, commentators, and close-
ups of performing artists can be shown.

employing visual

MUSIC: .
Mood music, employing visual com-
mentary

Need not be elaborate. Can be edited from Film
libraries or still pictures at which the viewer need
glance only occasionally.

LECTURES:
University lectures
“Town Hall" series

LECTURES:

Any subject—travel, art, science
All lectures should be supplemented with still or
motion pictures, diagrams, models, etc. Informal
armchair  approsch can be used. Sketches con be
drawn while speakins.

Commercial shows
Department store displays
Museums

Commercials here can well permit window-shopping
ot home. Remote pickups are almost essential for
showing heavy merchandise like furniture and autos.

DEMONSTRATIONS: DEMONSTRATIONS:
Department stores Any art, craft or hobby capable of
Universities, on scientific subjects demonstration
Many commercials will be in this form.
EXHIBITS: EXHIBITS:

Fashion shows
Collector's exhibits

A well-informed announcer is required as raster of
ceremonies, to explain items.

EDUCATIONAL PROGRAMS:
University classes
Public school classes

EDUCATICNAL PRCGRAMS:

Broadly® speaking, all informational programs might be considered educational.
however, would contain subject matter arranged for instruction only.

True educational programs,
Such programs would employ the tech-

niques of illustrated lectures, demonstrations, exhibits, and all the devices of visual education.
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viewer is watching another picture.

Both in the motion picture and
television the maximum duration
of a viewpoint, without loss of
viewer attention, is about one min-
ute. Actually audiences are condi-
tioned by current film practice
where the average length of a shot
is 10 to 15 seconds, and hence they
expect another viewpoint before a
minute has passed. Because a sec-
ond camera cannot be prepared in
this time interval, at least three
cameras are essential.

Even a three-camera system is
limited. Although any combination
of two alternating viewpoints can
be shown while a third is being set
up, the pattern of changing these
viewpoints must be continually re-
peated. An example of a three-
camera sequence would be 1, 2, 1, 2
until 3 is set up, then 8, 2, 3, 2 un-
til 1 is again ready, and so forth.
This pattern is too monotonous to
be satisfying.

Using a greater number of cam-
eras, say from 4 to 8, offers more
variety, but it also adds to studio
confusion, increasing the margin
for error, since each camera re-
quires one to two operators.

Need For Visual Rhythm

Aside from these limitations and
hazards, there is a still greater
weakness of the system. Audiences
are conditioned not only by the rap-
idly changing viewpoint as now
used in the film, but by the rhythm
created thereby. Although this
rhythm is so subtle it escapes the
viewer’s notice, it nevertheless has
a powerful emotional effect upon
him similar to the rhythms in
music or poetry. The effect of it is
apparent in less artistic presenta-
tions. A radio listener is immedi-
ately aware whether the person he
hears is reading or speaking ex-
temporaneously. This subtle ele-
ment is so important that an-
nouncers meticulously cultivate the
patterns of impromptu speech.
When a subject is presented with an
inappropriate visual ryhthm, or
even without one at all, the audi-
ence is conscious that something is
lacking.

Television programs are com-
parable to the motion picture in
this respect. The present equip-
ment, even employing the maxi-
mum of six cameras, is too cumber-
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some to present subjects with any
visual rhythm. Until more flexible
equipment is designed this element,
essential to satisfying programs,
will be missing.

In order tocreate a visual rhythm
of presentation, the program di-
rector must have a variety of view-
points at his command without
having to wait for any one to be
set up during an actual telecast.
Therefore, it is desirable to have
from 15 to 30 cameras, mounted and
fixed in positions predetermined by
the director according to the sub-
jects to be televised, and supple-
ment these with an operator-con-
trolled camera for - viewpoints
changed while being telecast.

Present television cameras are
too bulky and heavy to be used in
this manner, with the possible ex-
ception of follow shots. Instead,
smaller cameras are needed, about
the size of a standard theater spot
light and easily carried and set up
by one studio hand. All mounting
fixtures should be standardized to
permit multiple use of cameras in
studios and at remote locations.

Greater sensitivity is urgently
needed. Television, at present, com-
pares unfavorably with the motion
picture in its ability to present
mood through the use of lighting,
as in scenes lighted by an open
fire. Greater sensitivity is also
needed to televise theater produc-
tions by remote pickup.

Control Room Requirements

The control room preview panel
for a system of many cameras in
fixed positions need have no more
pictures than are now contemplated.
Five is a workable number: No. 1
for the picture being telecast, No.
2 to preview the next viewpoint to
be broadcast, No. 3 for an addi-
tional previewing picture, No. 4
for preparing shots changed dur-
ing presentation, and No. 5 for
such special effects as motion pic-
ture cut-ins, titles, and models.

A switchboard for the director
(perhaps patterned after a type-
writer keyboard or an organ con-
sole) is another essential piece of
control room equipment. The time
lag between the director’s verbal
command for a switch of viewpoint
and the actual change, when made
by a second person, is extremely
undesirable. Furthermore, the di-
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rector’s position to the preview
panel should correspond to that of
the average home viewer.

Advantages of Fixed Cameras

There are many desirable aspects
of a fixed camera system. First of
all, studio rehearsals can be elimi-
nated, and performers will not need
to rehearse before the cameras.
Their only requirement is to prac-
tice lines, movement and business
in a space ‘equal in size and corres-
ponding in shape to the actual stu-
dio. This is necessary because move-
ments must be rehearsed on the ex-
act scale to be used in the telecast.
Forearmed with full details of the
subject and business of a program,
the director can choose camera
viewpoints, plot the sequence of
changes, and direct the telecast
from his personal cue sheet.

Cameras can be set up and
checked before a program goes on
the air.

The director can function as
critic. By fencing with a reper-
toire of ready viewpoints the di-
rector can place more emphasis
upon his function as idealized spec-
tator, continually anticipating the
viewer’s desire for a fresh angle
of the subject. He can concentrate
on the final result because he is not
preoccupied with the mechanies of
directing camera changes during
the actual televising.

Staffs can be smaller. Cameras
in fixed positions do not require
operators, and a crew of camera
hands can service more than one

program.
Cameras in fixed positions are
suitable for remote pickups.

Mounted before a telecast, their
use eliminates the activity and con-
fusion of operator-controlled cam-
eras, an objectionable feature of
the present system,

Conclusion

New types of studio and camera
equipment are needed to meet the
demands for speed and flexibility
of operation during television pro-
grams. The solution lies essen-
tially in the development of a sim-
pler television camera that can be
economically used in large numbers
in fixed positions, with correspond-
ing changes in control room design
to permit effective changing of
viewpoints by the director.



LMOST EVERYONE conversant
Awith phonograph reproduction
is familiar with the fact that in &
straight tone-arm the needle enters
the groove larerallv at an angle.
which has some undesirable effects
upon the record and upon the qual-
ity of reproduction. The exact na-
ture and the yuantitative amounts
of these effects uppear to be con-
siderably less well known.

It is widelv recagnized that such
effects can be corrected by offset-
ting the tone-arm head and adjust-
ing its positien in respect to the
center of the turntable. Theory
dealing with the actual amount of
the necessary adjustments, how-
ever, is not generally available to
tone-arm designers and users. The
purpose of this article is to present
to phonograph designers, in read-
ilv useful form, quantitative in-
formation regarding tracking an-
gle and its effects. and means for
minimizing these effectz in modern
phonograph equipmnient.

It iz generally accepted that
tracking angle produces the follow-
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Tracking Angle

Example of well-designed modern
tone arm. Proper choice of off-
set angle and needle overhang
reduce tracking-error distortion
to a negligible value

ing effects: (a) Record wear; (b)
Distortion; (c¢) Side-thrust upon
the record grooves. Much has been
written in the past ten years about
these effects. Oftentimes only one
of them has been emphasized at
the expense of the others. This re-
sulted in many offset arm designs
which were inferior in performance
to the equivalent straight arms.
Additional factors have entered
the picture recently as a result of
the introduction of home record-
ing, light-weight pickups, per-
manent-point styli, and the wide-
spread use of record changers. In
order to deal with these subjects
systematically the wvarious effects
will be treated in the following

order: (1) Geometry of the track-

ing angle; (2) Record wear; (3)
Side thrust; (4) Distortion; (5)
Best arm offset; (6) Optimum arm
design.

Definition of Tracking Angle

Let a tone arm having an effec-

tive length [ inches (distance from

the center of the pivot to the needle
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and overhanging the needle.

Distortion due to tracking error can be

minimized by bending the pickup arm

Equations

are developed for determining optimum
bending and overhang for any given con-
ditions, and a design chart is provided for

use with 12-inch records

By B. B. BAUER

Chief lingineer
Shure Brothers
Chicago, Il

point) be mounted on a motor-
board with its pivot d inches away
from the center of the record, as
shown in Fig. 1(a). When the
needle point is r inches away from
the center of the record the follow-
ing relationships exist:
124 P — 2rtcos @ = d? n
724 [t — 2rt sin ¢ = (? (2)
where 6 is the angle included be-
tween the lines ! and 7, and ¢ is
the tracking angle between | and
a line tangent to the groove at the
needle point. Solving for sin ¢:
R r - d
gin ¢ = 2 +—2lr 3)
It will be seen that the amount of
arm overhang D (swing of the nee-
dle point beyond the center of the
turntable) is a significant param-
eter. Taking advantage of the fact
that d = I — D, Eq. (3) may be re-
written as
sin ¢ = le +—2ID2; b )
Equation (4).is precise in every
respect, but does not lend itself to
simple analytical treatment. We
shall therefore make two simplify-
ing assumptions, that D* is negli-
gibly small compared with 2ID, and
that sin ¢ = ¢ in radians. When
this is done, Eq. (4) can be rewrit-
ten as
D
=

+

Prad =

(8)

L2~
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in Phonograph Pickups

. r D ;
Pdeg = 7.3 ( 2 | _) (6)

The approximations tend to be mu-
tually compensatory, and Eq. (6)
provides values of ¢ which are cor-
rect within approximately 1 deg, as
can be readily demonstrated by
substituting assumed values of
variables in Eq. (4) and (6). This
degree of approximation is ample
for the problem on hand, and it is
well justified in view of the labor
saving which it affords. In all the
derivations which follow, ¢,.. Iis
conveniently used. This is multi-
plied by 57.3 to obtain ¢.., for use
in final calculations.

Tracking Angle Curves

Figure 1(b) shows graphically
the values of ¢4, as a function of
the radius for a 72-inch arm and
for various values of arm over-
hang D. The custom in the early
’30s was to use straight tone arms
pivoted in such a manner that the
needle point passed through the
center of the record. The tracking
angle corresponding to this condi-
tion is represented by curve AA
for D = 0. It is seen that ¢ at the
5.75-inch radius is 22 deg, and this
gradually decreases to 7.6 deg at
the inner radius of 2 inches. The
thought of a needle point entering
the record grooves at a substantial
lateral angle, together with the fact
that this angle changed throughout
a wide range of values and thereby
involved continuous regrinding of
the tip, was not especiallv reassur-
ing to phonograph designers.

The most obvious answer—that
of greatly lengthening the tone-
arm—wiaas found to be impractical
because of motorboard space limi-
tations. A study of curves similar
to those of Fig. 1(b) Jxdicated that
the remedy might lie in perform-
ing two operations: (1) Swinging
the arm beyond the center of" the
record. as exemplified by curves FiE
in Fig. 1(b); (2) Bending or off-
setting the head through an angle
B, approximately equal to the aver-
age angle over the rvange of radii
(this is equivalent to raising the
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zero-degree ordinate on the graph
to any given value of g8). It should
be roted that g is measured clock-
wise from the line connecting the
needle point with the pivot point;
it is not, as it is sometimes erron-
eously assumed, the angle between
the body and the head of the tone
arm.

As an example, if the needle
point overhang D is i} inch as for
curve LE in Fig. 1(b), the track-
ing angle varies from 32 deg at 6
inches thiough 27 deg at 3.8 inches
back to 32 deg at the 2-inch radius.
Now, if the pickup head is bent at
a 2%.5-deg angle, the departure of
the needle from tangency is re-
duced to only 2.5 deg on either side.
The difference between the track-
ing angle, ¢, and the offset angle,
B, has been termed tracking error
2, for it indicates how short of per-
fect the scheme is.

The above procedure for tracking
angle correction (giving minimum
%) appeared to remedy all of the
straight-arm objections, and it was
widely adopted in manv repro-
ducers built in the years of 1938-
1941. This was somewhat unfor-
tunate, for it was shown luter that
minimum =z is not a valid criterion
of best tracking.

Record Wear

The theory behind record wear
due to improper tracking angle was
based upon the fact that the spheri-
cal point of a steel needle rapidly
wears down to a chisel-point after
the playing of the first few grooves.
As the tracking angle varies
throughout the playing of the rec-
ord, the chisel-point turns with re-
spect to the grooves and is con-
stantly reground, thereby increas-
ing record wear over and above
that which would normally exist." *

With rare-metal or sapphire-
tipped needles, the point remains
spherical for many hundreds or
even thousands of playvs. There is
therefore little or no justification
for fearing increased record wear
due to moderate amounts of track-
ing 'angle with modern plavback
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FIG. 1—Diagram showing dimensions
and angles involved in tone arm de-
sign, and curves showing how tracking
angle varies with groove radius for dif-
ferent values of needle overhang D. All
linear dimensions are in inches

equipment if the permanent-point
needles are not employed beyond
their rated life.

Side Thrust

Due to friction between the needle
and the groove, there is a force
F upon the needle point in the di-
rection of the lihe tangent to the
groove. This force is quite inde-
pendent of the angle which the
pickup head makes with the groove,
and it depends only upon the verti-
cal needle force F, and upon the
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FIG. 2—Manner in which a sinusoidal wave form is distorted

due to tracking error

coefficient of friction p between
the needle point and the record
(F = uF,). The value of u varies
with the type of record material
and also with the amount of groove
modulation. For most record mate-
rials and light needle forces, n is
roughly 3. With heavy pickups and
soft records, p may be considerably
greater.

The force diagram at the needle
point in Fig. 1(a) indicates the ac-
tion of the frictional force. It is
seen that F has a tangential com-
ponent F, which is borne by the
arm pivot, and a radial component
F, which tends to pull the pickup
toward the center of the record and
which is borne by the inner side of
the record groove. From the force
parallelogram it is seen that F, = F
tan ¢. This force is not altered by
any conceivable twisting of the
pickup head. For any given record
and pickup, F, is therefore a func-
tion only of r and D.

Take again the case of a 73-inch
arm with the needle passing
through the center of the record,
corresponding to curve AA in Fig.
1(b). The tracking angle is 22.5
deg (tan™ 0.415) at the 6-inch ra-
dius and 7.6 deg (tan™ 0.133) at
the 2-inch radius. If p is assumed
to be 3, the side thrust correspond-
ing to these angles, in a 1-o0z
pickup, is 0.14 and 0.05 oz respec-
tively.

If D is % inch as for curve CC in
Fig. 1(b), the angles are 28 deg
(tan™ 0.53) and 22 deg. (tan™ 0.40)
and the corresponding side thrust
is 0.18 and 0.18 oz respectively.
Swinging the arm beyond the cen-
ter of the record thus increases the
side thrust and keeps it more or
less uniform throughout the play-
ing of the record.

It has been pointed out that mod-
erate side thrust may not be detri-
mental because it helps to overcome
pivot bearing friction. On the other
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FIG. 3—Frequency modulation eifect in phonograph pickup

output due to tracking error

hand, the unduly large values of
D employed in some instances in-
crease F', beyond the safe point.
Some phonographs cannot repro-
duce home-recording records be-
cause the side thrust becomes large
enough to pull the tone-arm out of
the giroove toward the center of the
record.

Record Changer Requirements

The effect of arm placement upon
the side thrust is most pronounced
at inner radii of the record. This
makes side thrust of special interest
in connection with record changers.
Some changers require a force di-
rected away from the center of the
record to actuate the tripping mech-
anism. In supplying this force, the
tone arm is aided by the use of low
and negative values of D. Other
changers require a force directed
toward the center of the record.
This can be aided by the use of
larger values of D. Such procedure
may not be consistent with the con-
ditions of minimum tracking-error
distortion.
slight compromise in distortion
may be justified if reliable opera-
tion of the tripping mechanism is
helped thereby.

An occasional source of greatly
increased side thrust is found in
some of the needles which have re-
cently appeared on the market.
Many of these needles are for-
wardly bent so that the effective
value of D is increased by % to %
inch. In general, there are no ap-
parent ill effects due to the use of
such needles; however, instances
are known when tracking has been
impaired because of increased side-
thrust.

The effect of sidethrust can be
kept within safe limits if it is
recognized that the tone arm is
often called upon to track at groowe
radii less than 2 inches. Because
of this, a minimum radius c¢f 13
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In record changers, a°

inches is used in all the following
calculations pertaining to 12-inch
records. When this precaution is
observed, side thrust developed
with optimum values of -D is quite
harmless in low-weight pickups.

Distortion

When the axis of the pickup
cartridge is not tangent to the
groove, the needle motion is not
perpendicular to the groove, giving
rise to distortion. Mathematical
analysis of this distortion has been
made by Baerwald”. The simplified
derivation given below helps to
bring out the essential physical
factors involved and yields results
which are sufficiently accurate for
all intents and purposes. The solid
line in Fig. 2 represents a sine-
wave modulated record groove, and
the dotted line is the distorted sinu-
soid representing the needle mo-
tion when a = 30 deg.

When o = 0, the equation of
needle point displacement is the
same as that of the groove. (Elas-
tic deformation of the record mate-
rial and pinch effect are neglected).
Assume that initially the needle
point is at O and « = 0. When the
groove travels a distance z (from
0 to X), the needle moves from O
to P and its lateral displacement ¥
in inches equals

y=Asin2xz/\ (7'}

where A is maximum groove. amp-
litude in inches, and A is th.e wave-
length of groove modilation in
inches. However, if thie tracking
error o > 0, tke needle point moves
to Q instead of P; in so doing it ad-
vances ‘norizontally a distance ap-
proximately equal to d = ya, where
« s in radians. This is approxi-
rnate, but close enough for our pur-
pose. Instead of being at X, the
horizontal projection of the needle
point is now at X.. The equation of
the motion described by the needle
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point is
y1 = Asinz, = A sin 2% (@t ya) (8)
Substituting in Eq. (8) the ex-

pression for ¥ in Eq. (7) now
gives
. {2xz 2rda  2rncx
y1=Asm( ul Y sin 5\) (9)
If the groove moves with a veloc-
ity of V inches per second, then

2z = Vt and f = V/a cveles per sec-
ond, and

y1=Asin(wt+ wéasin wt) (10)

What 1is of interest is not y, but
the lateral motion of the needle
point, which is ¥, = y,/cosa; there-
fore,

sin(wt + wé.asin wt) an

y =
¥ Ccos o

Frequency-Modulation Effect

Examination of Eq. (11) shows
that there is a slight increase in
playback level due to the 1/cosz
term, and frequency modulation of
the signal. In Eq. (10), let ¥, =
A sin ¢. Differentiating ¢ to ob-
tain instantaneous angular veloc-
ity

2
w,n=%‘lf= w-{—%qcosm
wd «a
wi = w(1+ 7 cos wt (12)

The instantaneous frequency of
the signal is thus modulated at a
rate equal to its own frequency
and with a frequency deviation of
wAwo/V. This is of special interest
when the wave is complex, consist-
ing of a large-amplitude, low-fre-
quency fundamental 7 and a small-
amplitude higher-frequency com-
ponent f,. This effect is indicated
graphically in Fig. 8. It may be
shown that f is modulated at a fre-
quency f by the amount given in
parentheses in Eq. (12). In a man-
ner identical to other frequency-

modulation phenomena, this gives
rise to inharmonic terms having
frequencies (f + f.), (f + 2f.), ete.
Analysis of the nuisance value of
this distortion is somewhat com-
plex’ but the overall results may be
roughly estimated from harmonic
analysis of Eq. (11). This equation
may be expanded algebraically into
its harmonic components:

(.OA(I

14
-+ ¢os w! sin (w—% < sin wt):l
It will be shown later that nor-
mally wA2/V<0.06 radian; there-

fore, with an error not in excess
of 1 percent, one may state that

sin wi

A
= —

= sin wt cos (
€os a

a .
~— sin w!

sin(wéo‘sinwt)ﬁw‘:1

cos (wA < sin wt)"’ 1
8 7 =
Substituting these simplifications

in the expansion of Eq. (11) gives

y2=—A—~(sinwt+wA
cos & 1

a .
—— SIn wt cos wi

wAa

A )
cos a (sm Ch =y 2V
Second Harmonic Distortion

Equation (13) consists of a
fundamental and a double-fre-
quency term, representing second
harmonic distortion. Distortion is
given by the modulus of the second
term in parentheses:

¥ = sin 2 wi) 13)

Percent 2nd harmonie

wA «a
2V
This is on an amplitude basis; on a
velocity basis harmonies are ae-
centuated in proportion to the fre-

quency, hence

(amplitude) = X 100 (14)

Percent 2nd harmonic

Aa

(veloeity) = —w—V— X 100 (15)

For ease in interpreting Eq. (15)
let the angular velocity o, of the

record be 2x times speed in rps.
Then the linear groove velocity is
proportional to the radius, and
hence V = w,. Inserting this in
Eq. (15) gives

Percent 2nd harmonic =

wda

X 100 (16)

Wy
From Eq. (16) the following is con-
cluded:

(a) Distortion is proportional to
the ratio between tracking error «
and groove radius r. The ratio a/7
may therefore be considered as an
index of distortion. If distortion
is not to exceed a given value
throughout the playing of the rec-
ord, this value of «/r must not be
exceeded.

(b) Differentiating Eq. (7) with
respect to time, it is found that
maximum groove modulation veloc-
ity equals wA. Distortion is
therefore directly proportional to
the velocity of groove modulation.

(¢) Distortion is inversely pro-
portional to the speed of the record.
For equal distortion, more careful
tracking angle correction is re-
quired in 33-rpm dises than in 78-
rpm dises, other factors being the
same.

Example of Distortion

As a specific example of distor-
tion due to straight arms, assume a
modulation amplitude of 0.0017
inch and a frequency of 250 cps,
equivalent to a modulation velocity
wA of 2.67 inches per second. These
conditions are chosen because they
constitute a maximum velocity on
an Audiotone test record which has
a constant amplitude characteris-
tic from 50 to 250 cps and a con-
stant velocity characteristic there-
after. In a 78-rpm record o, =
27 (78/60) = 8.16 radians per sec-
ond. Now, take the case of a

D+0.56"|

Groeve Radius v in Inches

r in Inches

» S s — e

e 200 7 T OB e T
:5? ‘mz-aé.: per inch ' |
(= o | 3 :
£10 101- \"’41-1 —
S W |

E=S T: .|
. &

0 (C) ll 1 |

0

0 2 4 6

v in Inches

r in Inches

FIG. 4-—Graphical procedure for determining the best arm offset angle for
various overhang values ranging from no overhang (a) to 0.78-inch overhang (d)
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straight pickup with the needle
passing through the center of the
record. From Eq. (5), tracking
angle (and, in this case, tracking
error @) equals /2] radians and
a/r equals 1/21 radians per inch.
Substituting these values into Eq.
(16), it is found that, in the con-
stant-velocity portion, distortion is
constant at all radii and equals 2.2
percent. This constancy is to be
expected from considerations made
in connection with Eq. (16).

It is doubtful that this amount
of distortion is significant in the
majority of phonograph apparatus.
However, questions arise regard-
ing distortion on records with levels
higher than the Audiotone.

The relative levels of modulation
velocity may be determined by ex-
amination of the width of reflected
light patterns.* Comparison of pat-
ern width of commercial pressings
with the Audiotone record indicates
that the former exhibit modulation
levels 2 to 23 times greater than the
latter. Therefore, in playing com-
mercial recordings, a tracking er-
ror distortion of 4 to 6 percent may
be expected with straight-arm re-
producers. These values are com-
parable to other distortions found
in phonograph reproduction ; no one
should expect, therefore, startling
improvements in fidelity due to
elimination of tracking error. How-
ever, even a moderate amount of
distortion added on top of other
distortiong in the system may be-
come greatly annoying, especially
in extended-range systems.

Determining Arm Offset

To determine the proper arm off-
set for any given D, we use track-
ing angle curves like those in Fig.
1(b). Curves for four selected
values of D have been drawn in
Fig. 4. In each instance we shall
find the value of g for the least a/7,
corresponding to the least distor-
tion possible with the given D. In
so doing we shall also have solved
the converse problem: “What
should D be for an arm of given §”?

In Fig. 4(a), ¢ is shown for the
condition of [ = 7.5 inches and D
= 0. Tracking angle ¢ varies
from 22 deg at the 5.75-inch radius
to 6.7 deg at. the 1.75-inch radius.
For straight arms « = ¢, and a/r
= 22/5.75 = 3.8 deg per inch. This
has been found to produce distor-

114

tion of from four to six percent.

Consider now the arm which is
offset at an angle of 10.3 deg. Here
« at 5.75-inch radius is 22 — 10.3 =
11.7 deg; « at 1.75-inch radius is
10.3 — 6.7 = 3.6 deg. For both ra-
dii, a/r is now 2 deg per inch.
Offsetting the arm 10.3 deg has re-
duced distortion by a ratio of al-
most 2:1.

An offset of 10.3 deg produces
lowest distortion in a 7.5-inch arm,
if D equals zero. This can be easily
verified by repeating the above cal-
culations for values of 8 other than
10.3 deg. If one extends two lines
from the 10.3-deg point on the
zero-inch ordinate to the two
terminals of the ¢ curve, as shown
in dotted lines in Fig. 4(a), it be-
comes apparent that the slopes m,
and m,, in degrees per inch, are
equal and opposite. It is not diffi-
cult to reason out that this is a
necessary and sufficient condition
for least «/7. Therefore, in deter-
mining the arm offset for any given
D, the following procedure may al-
ways be employed:

Draw the ¢-curve corresponding
to the given ! and D between the
limits 7, and 7. Extend straight
lines just bounding the ¢-curve on
each side from a point 8 on the
zero-inch ordinate such that the
slopes m, and m, are equal and op-
posite. Angle B is then the offset
angle yielding least tracking error
distortion. This procedure is valid
for any and all values of I, D, n
and 7.

In the instance when the slope
lines touch the two extremities of
the ¢-curve (as in the above ex-
ample), 8 can also be found analy-
tically without any difficulty. Track-
ing angles ¢, and ¢, in radians at
radii », and 7, are

¢ =n/2l+ D/n

¢2 = 1'2/2l + D/Tz
If the two slope lines are equal,
(B—%)/r1= (92— B)/r: (19)
Substituting Eq. (17) and (18)
into (19) and solving for 8, radians,

an
(18)

Ty
b= (20)
7L T
IfD =0,
85 _’1_1'1— 1)
o tn

This gives the best arm offset
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when the needle passes through
the center of the record. If 3 = 0,

_1*
! 1 + (22)

r? Tt
This indicates that straight arms
should be underhung for least dis-
tortion.

Equation (20) represents a fam-
ily of straight lines. This family,
for 12-inch discs, is given in Fig.
5, and it extends from the O-deg
ordinate to the inclined dotted line
labelled “Limit of simple placement
equation.”

For values of D greater than in-
dicated by the limit line, Eq. (20)
is no longer valid because the lower
slope-line m, touches the ¢-curve
at a point other than ¢, Such a
situation is shown in Fig. 4(b) for
a 7.5-inch arm when D = 3/8 inch.
For the least «/r, 8 is now found
to be 20.3 deg by employing the
graphical method given before.
The analytical relation between g
and D is given in this instance by

HEDI )

(23)
The derivation of this equation is
not difficult, but it is tedious
enough to be relegated to the Ap-
pendix. The family of curves rep-
resented is a set of curved lines
which are extensions of the
straight lines of Eq. (20).

A careful study of Fig. 1(b) or
Fig. 4 reveals that progressive in-
crease of D (and use of the cor-
responding best 8) diminishes the
distortion index «/7. This is shown
by the diminishing angle between
the two bounding lines m, and m..
In the instance of D = 3/8 inch
given above, «/r is 1.0 deg per
inch, which is a 4:1 decrease com-
pared with a straight arm.

As D is increased further, the
point is finally reached when ao/r
is minimum and, distortionwise,
optimum arm design is achieved.
This is shown in Fig. 4(c) where
a/r is only 0.6 deg per inch. In Fig.
5, the relation between gB.. and
D,,. is given by the straight dotted
line labeled “Line of optimum arm
design.” ‘

D=-—

Example of Excessive Offset

Beyond the optimum point, the
upper slope-line m, passes through
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¢;, and the angle between m, and
m, again increases—and so does
distortion and side thrust. This
condition occurs in a number of
pre-war arms,

Figure 4(d) shows proper place-
ment of a T3-inch arm having an
offset angle of 30 deg. The best
value of D here is 0.78 inch,

The derivation of the best place-
ment equation is given in the Ap-
pendix. For least distortion, the
relation between g (radians) and
the corresponding D (inches) is as
follows:

R, 71 T @
£ Gk 9 (TR —
(s-7
(24)
This equation represents a series
of lines which are practically
straight and which are shown in
Fig. 5 extending beyond the ‘“Line
of optimum arm design.” Figure 5
can be used, therefore, as a uni-
versal chart for properly locating
arms with pre-determined g, or for
determination of g in arms requir-
ing a given amount of overhang
because of tracking reasons.

+ 1)

Optimum Arm Design

Keeping in mind the procedure
for obtaining best B, the following
conditions are fulfilled when a/r is
minimum: (1) Both extremities
of the ¢-curve touch the upper
slope-line m,; (2) The lower slope

line m, is equal and oppositely
slanted (m, = —m.) and just
touches the lower side of the
$-curve,

This situation is shown in Fig.
4(c). The relation between I, r, 7.,
D, and B corresponding to this in-
stance will now be derived.

The slope of the line tangent to
the ¢-curve and passing through g
is given in the Appendix as

m = 1/2] — B2/4D radians per inch (25)
From condition (1) above,

4~ B = % — B
n T2
Substituting values of ¢, and ¢,
from Eq. (17) and (18) and solv-
ing for B gives

(26)

. r+ 7o
f=D T172

From condition (2), g — mr, = ¢..
Substltutlng the values of 8 from
Eq. (27), m from Eq. (25), and
¢, from Eq. (17) and solving for
D, .

(27)
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inches

D= (28)
EoE

Substituting this explession for D

in Eq. (27) now gives

(1+
I

The values of 8 and D as given
by Eq. (28) and (29) provide the
minimum distortion attainable in a
pivoted tone arm, and they should
always be employed in tone-arm
design unless this is not feasible
because of other considerations.
The reduction in distortion over
the straight-arm situation is
roughly 6:1. This renders track-
ing error distortion completely
negligible.

radians

(29

APPENDIX

To derive the equation of arm
placement in the region of tan-
gency, it is first necessary to find
the slope m, of the lower slope-
line tangent to the ¢ curve and
passing through the point g on the
zero-inch ordinate., The slope of
the line connecting B with any
point on the ¢-curve is

6—p5 ¢ B

e

Substituting the value of ¢ from
Eq. (58) gives
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The point of tangency occurs

when the slope is minimum; differ-

entiating Eq. (31) gives

dm _ B _ 2D
-r

dr 72 (32)

For minimum slope m,, dm/dr
0, and :

m =

8 =2D/r (33)

Substituting Eq. (33) in Eq. (31),

my = 1/2l — §2/4D (34)

In order to fulfill the procedure for
least «/r, m, must equal —m,, or

me = /4D — 1/21 (35)
But the upper slope m, equals
= (% — B)/m (36)

Substituting ¢. from Eq. (18) and
m, from Eq. (35), Eq. (23) is
obtained.

Beyond the point of optimum
arm design, m, makes contact with
¢, instead of ¢, Equation (36)
becomes

= (¢ — B)/n (37)
Substituting ¢, from (Eq. (17) and
my from Eq. (35), Eq. (24) follows.
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Effects of Humidity on

Moisture absorption decreases leakage resistance and changes dielectric constant of a ter-

minal strip. Resulting adverse effects on circuit operation can be avoided by the design

and layout techniques which are discussed and illustrated

By LOUIS L. GEORGE, JR.

EPENDABLE and accurate oper-
D ation of radio and other elec-
tronic equipment under extreme
conditions of high temperature
(+50 deg C) and relative humidity
(95 percent) requires, among other
factors, careful consideration of
terminal-strip design. Most fail-
ures experienced during tests con-
ducted on a variety of equipment
under these extreme conditions
have been traced to faults either
in the design or dielectric material
of terminal strips. If an analysis
is made of the circuit and the par-
ticular terminal strip in question,
it is possible to develop a good de-
sign and so considerably reduce
failures of this type.

Effects of Leakage

Leakage resistance may be de-
creased by moisture absorption in
the material itself or by a moisture
film on its surface. Capacitance
changes are also present since the
dielectric constant of the material
will also change with moisture con-
tent. This will disturb the fre-
quency stability of a tuned circuit.
For example, the resulting equiva-
lent circuit of a parallel LC circuit
is shown in Fig. 1, L and C being
shunted by the capacitance C, in
series with the leakage resistance
R,. Thus the circuit @ and the res-
onant frequency will be subject to
change.

In the case of a terminal sirip
upon which are mounted resistors
and fixed capacitors, leakage may
exist not only to ground but from
lug to lug. The effect upon circuit
operation in the presence of leak-
age in a strip upon which these
components are mounted is fre-

16

Mounting terminal sirip on half-inch stand-
off insulators prevents leakage to ground

Although the moisture absorption of this
material is high, slotting the strip provides
satisfactorily low leakage

quently serious. For example, the
time constant of an RC network
can be materially changed.

A variation in time constant ean
upset the desired circuit operation
by affecting frequency response and
phase shift. If the circuit is to pass
a square wave, the leakage may
actually differentiate it. The re-
verse condition may also occur in
an integrating circuit.

Figure 2(a) shows examples of
leakage paths that can exist in a
resistance-coupled amplifier. Low
leakage resistance from plate to
ground will limit the positive plate-
voltage swings and cause distortion
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Naval Research Laboratory
Washington, D. C

if the plate load resistance is high.
A voltage divider is formed by the
plate load resistance R, and the
leakage resistance R, in parallel
with R., so that the maximum volt-
age applied to the plate depends
upon the relative values of these re-
sistances, For instance, with the
values shown, the plate voltage can-
not exceed 150 volts.

It is also evident that if leakage
exists between plate and grid, a
d-c¢ potential will be applied to the
grid by the voltage-divider action
of the leakage resistance R; and the
grid resistor R,. Again, its magni-
tude will depend upon the relative
values of these resistances. A small
amount of leakage at this point
can, of course, greatly disturb the
grid bias and cause improper oper-
ation. Similar action can take place
between the plate and screen grid
when the tube is a pentode.

Moisture Increases Leakage

The amount of moisture absorp-
tion by a terminal strip varies with
the material used. Wax impregna-
tion of the strip will reduce absorp-
tion, but it must be remembered
that it is not by any means a cure-
all. None of the commonly used im-
pregnating agents afford 100 per-
cent protection; they merely re-
tard the process of absorption, and
once moisture is absorbed the im-
pregnation tends to retain it.

When equipment is subjected to
high temperature and humidity
conditions for long periods of time,
say two months, the amount of ab-
sorption may be considerable. While
it is true that when the equipment
is operated heat dissipated within
the unit will tend to dry it, the time
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Terminal-Strip Des
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FIG. 1—Leakage can change both the Q
and {, of a resonant circuit

required for this process can be ex-
cessively long, sometimes a matter
of hours. Selection of a material
possessing high resistance to mois-
ture absorption is therefore of
prime importance.

Surface leakage will also be pres-
ent regardless of the strip material.
This type of leakage results from a
film of moisture on the surface of
the strip and is aided in formation
and maintained by the accumula-
tion of dust particles.

Layout Reduces Leakage

Figure 2(b) shows means that .

may be used in combating leak-
ages. Obviously, if the spacing be-
tween lugs is increased, less leak-
age may be expected. Slotting of
the strip will provide long paths
between lugs and at the same time
enable the terminal-strip size to be
maintained within reasonable pro-
portions. Leakage to grounded ter-
minal-strip supports may be elim-
inated by using small stand-off in-
sulators for mounting. Another
method sometimes used to prevent
d-c leakage from plate to grid is the
insertion of a grounded lug be-
tween these two points. Any leak-
age existing in that path will then
be to ground instead of to the
grid. Care must be taken with this
application, however, since leak-
age from grid to ground may be in-
troduced, which may or may not
interfere with correct circuit oper-
ation, depending upon the circuit.

When designing a terminal
strip it is advisable to keep high-
impedance points on it removed as
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FIG. 2—Leakage paths to ground supporis and between mounting lugs, shown
dotted at (a), can be minimized by rearranging and changing as indicated at (b)

far as possible from low-impedance
points as well as grounds. The same
precaution should also be taken
with points of high d-c potential
differences. In this way the possi-
bility of a voltage breakdown due
to leakage, may be prevented or at
least reduced.

Also, leads from high impedance
circuits should be dressed. The in-
sulation on the lead itself can pro-
vide a leakage path between two
adjacent points. When leads are
cabled together, leakage through
the insulation to other leads can
occur if they are not satisfactorily
protected against humidity. If in-

a

li.-
t
=l

L e

sulation is not protected against
moisture, leads to the affected cir-
cuit should be run directly instead
of by cabling.

The effect of leakage in a ter-
minal strip can easily be observed
by simulating leakage resistance
with fixed resistors of one or more
megohms and connecting them be-
tween points on the strip where
leakage is suspected or probable.

In any event, if impedances are
kept as low as can be tolerated in
the circuit design, effects of ex-
treme conditions of high temper-
ature and humidity may be dealt
with more easily.

(b)

Direct-current leakage with the arrangement at (a) is prevented by rearranging com-
ponents to interpose a ground lead as at (b) between high and low-voltage lugs
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FREQUENCY- RESPONSE

Details of a laboratory unit capable of directly drawing frequency-response curves of

microphones and loudspeakers.

Electronic warbling is used to give constant cycles or

constant percent bandwidth as required

COUSTIC measurement of fre-

quency response of micro-
phones and loudspeakers is se-
verely hampered by: 1. Standing
waves in the medium; and 2. Sharp
resonances in the standard pres-
sure source.

Over a long period of years, the
first source of error has been at-
tacked by making sound rooms with
walls having a low percent of the
energy reflective. This results in
standing waves of low intensity and
consequently the pressure at any
given point can be predicted. The
rooms are nevertheless expensive
to build when it is desired to keep
the percentage of error low. If
standing waves exist, changes in
position from node to antinode may
produce errors of 10 db.

The second source of error diffi-
cult to compensate for is the sharp
dip or peak in the pressure gen-
erator. Practically speaking, only
the smooth variations can be ac-
counted for by equalizing circuits.

A statistical method of obtaining
the most probable frequency re-
sponse when standing waves or
sharp dips or peaks occur, is to
average the pressure—frequency
response over small and overlap-
ping bandwidths. If the signal is
slightly warbled or frequency
modulated, the process can be per-
formed with standard meters and
curve drawing equipment. This is
due to the fact that warbling gives

a saddle-shaped energy distribution .

of the frequency. In the past this
type of warbling was obtained me-
chanically by rotating a capacitor
in parallel with the tank circuit of
the oscillator.

With this method it is difficult to
change the percentage and the rate
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By HARRY B. SHAPER

Brush Devclopment Co.
Cleveland, Ohio

of warble and to obtain sinusoidal
modulations. Furthermore, it is
very difficult to obtain constant-
percent bandwidth by the mechani-
cal method. In order to average out
standing-wave errors, constant-cy-
cles bandwidth is required. In order
to cancel out dips and peaks in a
pressure generator, constant-per-
cent bandwidth is required. This
flexibility is difficult to achieve with
a mechanical method of warbling,
but has been solved by electronic
methods.

Laboratory Unit

The method of obtaining the fre- -

quency response curve is shown in
Fig. 1. A sheet of standard linear-
log paper is wrapped around the
drum and adjusted so its frequency
is aligned with the frequency of
the oscillator dial. The gain of the
microphone amplifier is adjusted so
the master attenuator which drives
the pen is set at a desired point
on the paper and gives a convenient
meter reading. When the hand
operated drum is rotated, the fre-
quency is changed in synchronism
with the rotation of the paper.

Changes in level of the device
under test are compensated by ro-
tating the master attenuator so
that the meter is returned to the
original value. Thus, since the at-
tenuator controller keeps the meter
reading constant while the paper is
driven, the pen records the level
of the device directly on the paper.
Since the controller is a db attenua-
tor, and the paper is linear-log, the
frequency response is recorded in
db versus frequency.
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The basic idea involved in elec-
tronic warbling is the use of the
audio frequency of the oscillator it-
self to determine the extent of the
cycles of warble.

The method of achieving this re-
sult is shown in Fig. 2. Beat oscil-
lator (A) has an incremental vari-
able inductance tube (B) across
the fixed-frequency tank. The grid
of the variable inductance tube is
driven by both the 180-ke fixed-tank
frequency and the low frequency of
the warble rate.

Amplitude of the low-frequency
signal is determined by the warble-
extent controller, (C). Two signals
are applied to the grid of the war-
ble-extent controller. One is a d-¢
signal from the frequency discrim-
inator (D) and the other is an a-c
signal from the low-frequency gen-
erator, (E). The frequency dis-
criminator is fed from the audio
output at constant voltage, inde-
pendent of frequency.

Thus all circuit blocks operating
in unison produce a warbled audio
output whose warble is a prescribed
function of the audio frequency as
determined by the frequency dis-
criminator circuit.

A detailed examination of each
block will show the pitfalls and
merits of this system.

Beat Oscillator

The oscillator is a General Radio
—type 713. A beat oscillator type
of audio signal generator allows
simple control of the warble, since
all the operations are performed
on a tank whose frequency remains
constant. Thus, the circuit ele-
ments can be calculated for fixed
constants. The oscillator employed
must be such that the shunting
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FIG. 1—Laboratory model of frequency-
response curve tracer has parts arranged
as labelled., Linear-log paper is wrapped
around drum and master attenuator is
used to maintain constant output as ire-
quency run is made with coupled paper

and oscillator drive

variable element can change the
frequency and yet not load the tank
to produce amplitude distortions.

In other words, an operating
point must be found such that a
high-impedance pentode will not
materially load it with a resistive
component while reflecting a vari-
able capacitance or inductance.
This particular oscillator has a log-
arithmic frequency dial. This
makes for a simple paper drive,
since the paper can be standard lin-
ear-log paper, giving a db level
versus a logarithmic frequency
scale.

Variable Inductance

There are a number of means of
obtaining a controlled variable re-
actance. The circuit selected was
the simplest. It was possible to
mount the 956 tube and related
component parts directly in the os-
cillator housing. This eliminated
any stray field pickup and long
leads. The leads to the tank must
be connected in an extremely rigid
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fashion or small vibrations will in-
troduce spurious freguency drifts.

This simple method of obtaining
a controlled wvariable inductance,
however, requires a regulated B
supply. If a push-pull arrange-
ment is used—namely, having in
parallel a variable inductance tube
and a variable capacitance tube,
and if the two reactance-tube grids
are driven in push-pull—wider
swings can be obtained with better
stability for line voltage fluctua-
tions.

In the arrangement .shown in the

WWW americanradiohistorv com

variable inductance, the tank-fre-
quency signal delivers a quadrature
leading current to the 0.00003-uf
capacitor and the 1500-ohm resist-
or, since the latter is an order of
magnitude smaller than the capaci-
tive reactance of the former at 180
ke (0.00003-pf or 30,000 ohms.)
However, the voltage across the re-
sistor is in phase with the current
and leads the voltage of the 180-ke
tank. This voltage causes the 956
plate to draw lagging current from
the tank; or in other words the
tube is an inductance across it.
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FIG. 2—Interaction of component sections of curve tracer results in a warbled audio
output whose modulation is determined in extent by the audio frequency of the oscillator

itself.

Now, since the 956 is a variable-
mu tube, the current drawn will de-
pend on the grid bias. If the grid
is now swung at a low frequency
rate over a wide grid bias voltage,
the lagging current will varyv in
magnitude or effectively become a
variable inductance proportional to
the low frequency swings. For
small changes in inductance the fre-
quency swing is linear since

jupl _m
LI

pra ‘«‘_
A\ P

where f, is the fixed frequency, L,
is the inductance reflected by the
pentode, and L and C are the tunk
elements.

Now, if the tube inductance L. is
caused to vary by a value A

1 [L+4 L+ )%
57C% | L(Le + ) @

M
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where f, is the variable frequency
or

. AN A A
* = %xC% | IL, + LA T IL, F LA] @)
Since A is small compared with L,

1 L+ L, A T}

= ox0% | LI @
Expanding Eq. (4) to the first ap-
proximation

g __1_[ L + L\ %
"7 2x0n L\ TIL

1 A /L+L.\%
2 LL,\ LL. ¥
Substituting back f,

(6)

Thus a change in shunt induct-
ance causes a linear change in fre-
quency provided the change is a
small one. Since the change in
grid bias (over a selected portion)
produces a ehange in ¢, propor-

A
fv=fo+%mf
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Completely automatic motor-driven versions have been built for production use

tional to the bias, the frequency
swing will be linear with the ampli-
tude of the low frequency signal.

Warble-Extent Controller

In this section a variable-mu tube
provides the automatic change in
level of signal supplied to the vari-
able inductance. A d-c signal from
the frequency discriminator con-
trols the level of a-c output.

In another application where
even wider range of control was
desired, two stages were success-
fully used. The same frequency
discriminator produced a square of
the change in low frequenecy am-
plitude over that of a single stage.

For this laboratory curve tracer,
the variation in low-frequency sig-
nal required was such that log-
arithmic change in amplitude was
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obtained from 100 cycles to 10,000,
or 100:1. This is just about the
limit of control realizable for a
single stage of variable-mu tube.
However, to get logarithmic con-
trol a special function of d-c bias
voltage must be obtained from the
frequency discriminator since the
characteristic of the tube is not log-
arithmic. The a-¢c low-frequency
signal is kept constant throughout
a frequency run.

Once a logarithmic a-c output is
obtained and fed to the volume con-
trol in the warble-extent controller,
then settings of any value of con-
stant percent are obtained from
zero up to 10 percent by simply set-
ting this potentiometer at any de-
sired value. In the event that con-
stant-cycle bandwidth is required,
the discriminating circuit is re-
duced to a set of resistors, and
fixed d-c¢ independent of frequency,
is fed to the warble-extent control-
ler grid.

Frequency Discriminator

The d-¢ voltage fed to the grid
of the warble-extent controller
must have a function of frequency
such that a prescribed a-c low-fre-
quency signal is fed to the grid of
the variable inductance. Since the
variable-mu tube varies in accord-
ance with some arbitrary function,
the equalizing circuit is so adjusted
that a d-c voltage is obtained such
that its product with the tube char-
acteristic produces at any specific
oscillator audio frequency, the re-
quired frequency swing. In this
case the audio voltage was taken
from the 6L6s of the beat oscillator.
The audio voltage is essentially
constant-amplitude with frequency
and fairly independent of line volt-
age.

The procedure for selecting the
required d-c¢ is: 1. Place a known
a-c on the grid of the 956 and plot
warble-extent versus a-¢ signal.
This can be done at any audio fre-
quency with a narrow-band meter
such as the GR wave analyzer. 2.
Vary the d-c on the grid of the 63F7
until it produces the required a-c
low-frequency amplitude. 3. Pro-
duce the required d-c from the fre-
quency discriminator which will
give logarithmic control versus fre-

quency. 4. Filter the a-c signal
from the -equalizer section as
shown.
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An RC oscillator is used in the
low-frequency generator unit be-
cause low frequencies of 3, 6, and 9
cycles are easily obtainable with
two tubes and simple components.
In addition, an RC oscillator is in-
herently stable enough for the low
frequency requirement.

Three, 6, and 9 cycles are made
available since amplitude varia-
tions occur in the warble band un-
der test due to sharp dips or peaks.
An amplitude variation might oc-
cur at the resonant frequency of
an auxiliary meter and cause diffi-
cult reading. All that is necessary
in this case is to switch to a differ-
ent low frequency and avoid the
meter resonance.

Higher frequencies of warble
cannct be used since at the low fre-
quency end of the audio—say 20
cycles—the warble rate would in-
troduce large frequency errors.
Hence for low-frequency audio
measurement the 3-cycle rate must
be used. At higher frequencies of
1000 cycles or more, even higher
rates than 9 cycles could be used
but there is no advantage in this
direction as far as accuracy is con-
cerned.

Microphone Amplifier

The amplifier used here is a sta-
bilized amplifier which gives a read-
ing at 10 microvolts and reads full
scale on the meter at 100 micro-
volts. The master attenuator,
coupled to the pen drive, is in the
output stage. It controls the meter
reading. The recording paper is

wrapped around the drum and set
so that its frequency is adligned
with the frequency of the oscillator
The amplifier gain is so set

dial.

that, with the attenuator at some
arbitrary db level, the meter gives
a convenient reading—say 500 mi-
crovolts in the input.

As the drum driving the beat
oscillator is rotated through the
audio band, the meter is kept at
constant reading by means of hand
adjustment on the master attenua-
tor controller. In this particular
model, the attenuator provides 40-
db attenuation in 3-db steps with
the shorting position providing
1-db steps.

Conclusions

This unit has been satisfactory
for frequency-response runs from
40 cycles to 15,000. A fully-auto-
matic frequency-response curve
tracer for supersonic testing at fre-
quencies of 100 cycles to 150 kilo-
cycles is now in use. Either con-
stant cycles or constant percent
band-width is obtained, varying
smoothly from zero to 3000 cycles
or zero to 10 percent respectively.

For laboratory use the hand-
driven unit is more useful because

1t i8 possible to obtain greater ac-

curacy. Hand operation also per-
mits careful exploring around any
frequency point. In the motor-driv-
en system, errors are encountered
as soon as rapid excursions are re-
quired in curve drawing. This is
avoided in hand operations because
the operator stops rotation of the
frequency dial while he carefully
sets the attenuator to the correct
reading. For production runs,
however, the motor-driven auto-
matic system is preferable—some
of the human element in setting the
attenuator for constant meter-read-
ing being avoided.
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FIG. 1—A conventional cathode-ray tube electron gun. in which the first anode
operates at a positive potential and contains a masking aperture which is

shown at AA

Improved ELECTRON

Gun design involving zero current for first anode simplifies power-supply problem and gives
sharper focus. The beam is also less subject to stray fields capable of causing variation in

spot brightness.

Several constructional advantages are inherent in the design

ATHODE-RAY oscilloscope tubes

that provide improved oper-
ating characteristics have recently
been designed. The improvement is
achieved by the use of a modified
electron gun which requires no
first-anode current and gives
sharper focus.

Figure 1 is a conventional gun.
The oxide-coated cathode provides
a supply of electrons that pass
through the control-electrode aper-
ture. The first anode, which oper-
ates at positive potential, acceler-
ates the electrons toward the gun
axis and causes them to cross over
at the point indicated. It is this
cross-over, rather than the cathode
surface, which is imaged on the
fluorescent screen.

The cross-over size and intensity
depend on the control-electrode bias
voltage. The electrons travel
through the first-anode cylinder in
straight lines and at a uniform ve-
locity until they reach the end of
the cylinder. Near the end of the
cylinder the electron-beam diam-
eter is limited by a masking aper-
ture shown at AA. The central
section of the beam passes into the
accelerating and focusing field be-
tween the end of the first anode and
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the second anode. This field con-
stitutes another electron lens, often
called the final focusing lens. Its
strength, or focal length, is varied
by varying the first-anode voltage.

The beam is usually limited in
diameter again at the second-anode
aperture, as indicated at BB. This
procedure insures that the beam is
small and well centered as it passes
the deflecting electrodes. The de-
flecting electrodes are used to apply
an electric field at right angles to
the beam. This field bends the beam
proportionately to the potential ap-
plied. The set of deflecting elec-
trodes nearer the gun provides de-
flection at right angles to that of
the other set. The beam converges
to a focus, or second cross-over, at
the fluorescent screen.

Desirable Characteristics
A gun approaching ideal per-
formance for an electrostatic-deflec-
tion type of cathode-ray tube
should have the following charac-
teristics:
(1) A small, focused clectron spot
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of high brilliance which ex-
hibits only a small increase in
size as it is deflected across
the screen.

(2) The ability to operate at low
final-anode voltage.

(3) High deflection sensitivity.

(4) Short overall length.

(b) Sensitive contrel of
brightness.

A small brilliant spot can be
achieved by operating the final
anode at as high a voltage as pos-
sible, by making the gun long and
the gun-to-screen distance short,
by using a high-emission cathode,
by forming the first cross-over at
as high a voltage as possible, and
by permitting a wide beam di-
vergence angle! On the other
hand, to produce a small change of
spot size with deflection, the beam
should have a small diameter in
the deflecting field; that is, the
beam divergence angle should be
small, and it should be deflected
through only a small angle, thus
requiring a long gun-to-screen
distance.?

Deflection distortion occurs in
electrostatic deflection cathode-ray
tubes because the electric field
which deflects the beam also accel-
erates one side of it more than the
other. The side nearest the posi-

spot
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FIG. 3—Gun design introduced in 1937, in which the gqun shown in Fig. 1
was modified by placing adjacent to the control electrode an accelerating
electrode connected to the second anode

GUN for C-R TUBES

tive deflecting electrode is deflected
less than the side nearest the nega-
tive deflecting electrode. The re-
gult is that the focused spot is
elongated in the direction of de-
flection in proportion to the square
of the deflection. This spot distor-
tion is inversely proportional to the
diameter of the beam in the de-
flecting region.

Operation at low final-anode
voltage is desired because it re-
sults in a compact, low-cost, anode
power supply and high deflection
sensitivity. However, as the anode
voltage is increased, the beam cur-
rent rises as the 3/2 power of the
voltage, the spot size decreases due
to less space-charge effect, and the
fluorescent screen becomes more
efficient, giving the overall result
that the spot brightness for a given
spot size goes up somewhat faster
than the square of the anode volt-
age. Thus, the anode voltage must
be high enough to provide sufficient
sharpness of focus and brilliance
for the maximum required spot-
displacement velocity. It generally
cannot be less than 500 volts and
may be as high as 15,000 volts.

It is to be noted that space
charge increases spot size because
of the mutual repulsion of the
electrons in the beam.

High deflection sensitivity re-
quires long, closely spaced deflect-
ing electrodes and long gun-to-
screen distance. These require-
ments tend to produce a spot of
low brilliance.

Short overall length permits a
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design for small spot size but at
the expense of deflection sensitiv-
ity and increased distortion with
deflection angle.

Sensitive control of spot bright-
ness, sometimes called small grid
drive, requires that as large a por-
tion of the current from the cath-
ode as possible go to the screen. In
the past, brightness control has
usually been a semi-permanent
manual adjustment. Sharper focus
was gecured at the expense of small
grid drive. Now the brightness is
often modulated at high frequency
by an amplifier so that sensitivity
is important.

Beam Considerations

The maximum deflection angle,
the length of the deflecting elec-
trodes, and the amount of distor-
tion with deflection that can be
tolerated determine the maximum
permissible diameter of the beam
at the end of the gun. Since even
with this limitation the current in
the beam should be as high as pos-
sible, it is an important gun-design
consideration to make the current
high without at the same time pro-
ducing a large focused spot.

It is possible to generate a nar-
row enough beam to pass through
the masking aperture without lim-
iting, but usually a large beam is
masked down to the desired size.
Generation of a narrow beam with-
out masking provides better utiliza-
tion of the high-voltage current and
sensitive control of the beam cur-
rent but has the disadvantage of
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providing lower maximum current
to the screen. The reason for this
is that the beam is more intense at
the core than at the edge and this
core density rises rapidly with
beam size.

The current density across the
beam before it enters the masking
aperture is shown graphically in
curve A of Fig. 2. If the aperture
diameter of the control electrode is
reduced or the bias voltage of the
control electrode is increased, or
the accelerating-electrode aperture
is moved farther away, the distri-
bution becomes similar to curve
B. The beam diameter is reduced
but the total current is reduced
much more.

By placing a masking aperture
in the beam, usually in a region
which is field-free, as shown at AA
(Fig. 1), only the intense central
core of the beam is passed through
the gun to the deflecting electrodes.
The beam is also usually masked in
the second-anode aperture as shown
at BB. The latter arrangement
prevents the beam from striking
the deflecting electrodes in case of
misalignment. In addition, current
masked at this electrode reduces
the amount which has to be
handled in the first-anode circuit.

By enlarging the control-elec-
trode aperture diameter, it is pos-
sible to increase the current den-
sity at the center of the beam. This
enlargement must not be carried

- very far because it increases the

amount of masked current and the
size of the cross-over. The latter,
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since it is imaged at the screen,
produces a larger focused-spot
size. However, as the control-elec-
trode bias is increased, the control-
electrode-aperture diameter is in
effect decreased and, therefore, at
lower currents a smaller spot size
is obtained.

By ‘proper design it is thus pos-
sible to have a small spot for fine
detail as well as a brighter large
spot for high-speed traces.

Modified Gun Design

Figure 3 shows a sectional view
of a gun design introduced when
the RCA-902 was announced in the
autumn of 1937. The gun structure
of Fig. 1 was modified by placing
adjacent to the control electrode an
accelerating electrode connected to
the second anode. This arrange-
ment overcame the interaction be-
tween focus and brightness control.
It also permitted the electron
cross-over to be formed at a
higher voltage with the result, as
developed in Langmuir’s paper,
that a smaller focused spot was
obtained at the screen.

Because high voltage was used
on the accelerating electrode, its
spacing to the control electrode
could be made greater. The in-
creased spacing offered two im-
portant advantages: first, a nar-
rower beam was generated, and sec-
ond, mechanical alignment of the
apertures was not as critical. The
latter resulted because the electro-
static fields acted to pull the beam
through the centers of the aper-
tures. Thus, the closer the spacing
the farther the beam was bent
away from the axis for a given
amount of misalignment.

In Fig. 4 a gun construction is

shown in which the accelerating
electrode has been lengthened to
carry a masking aperture and the
first anode shortened to a disc
which is used only for focusing.
This structure is known as a zero-
first-anode-current gun. It offers
design possibilities of better focus
and has the important circuit ad-
vantage of requiring no current
from the focusing connection on the
power-supply bleeder.

Since cathode-ray oscilloscope
tubes require relatively small cur-
rents, it is cheaper and simpler to
supply the first-anode circuit from
a bleeder across the second anode
supply than to provide a separate
first-anode supply. However, if the
first anode requires a current
greater than that required by the
second anode, which is now often
the case, a large percent of the
current from the supply must flow
through the bleeder to furnish
reasonably good voltage regulation
in the first-anode circuit.

It so happens that poorer first-
anode voltage regulation than
second-anode voltage regulation
can be tolerated because the first-
anode voltage for optimum focus
decreases slightly with increased
values of beam current. Generally,
however, enough current can not be
used in the bleeder to provide the
desired regulation. Moreover, the
first-anode current varies too much
from tube to tube to make such
compensation entirely satisfactory.
The result is that the focus has to
be corrected even for fairly small
changes in current.

On the other hand, with the zero-
first-anode-current gun, the focus
ratio of first-anode voltage to sec-
ond-anode voltage is determined
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FIG. 4—Gun design based on zero first-anode current. in which the accelerat-
ing electrode has been lengthened to carry a masking aperture and the
first anode shortened to a disc which is used for focusing
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only by the bleeder tap instead of
being influenced by first-anode cur-
rent, and thus larger changes in
beam current can be made without
refocusing. In new equipment de-
signs, it may be possible to decrease
the bleeder current enough to use
less filter capacitance than now re-
quired, but even without any de-
crease in bleeder current, there is
still the advantage of less change in
focus with beam-current change.

Constructional Advantages

From the viewpoint of tube con-
struction, this gun offers several
advantages. The longer accelerat-
ing-electrode cylinder is easier to
support accurately. The beam is
reduced to a small size before reach-
ing the final focusing field. Be-
cause of this feature, badly aber-
rated rays from the edge of the
focusing field are prevented from
entering the second-anode aper-
ture and thus causing stray cur-
rent to the deflecting electrodes
and the screen. The first anode can
be made either as a cylinder or an
apertured disc. By changing the
length and diameter of the cylin-
der or the diameter of the aper-
ture, it is possible to vary the focus
voltage over a wide range. There-
fore, it is easy to match focus-
voltage specifications set by previ-
ous designs. There is also freedom
from reverse currents due to sec-
ondary emission from low-voltage
electrodes since they are not re-
quired to mask the beam. Conse-
quently, aperture discs previously
used in the first anode as electro-
static shields against secondary
emission can be removed.

Other designs which are practi-
cal have been proposed.? :

An application of a zero-voltage,
zero-current focusing electrode to
an electrostatic-focus electron mi-

croscope is also of interest* In
this case, fine adjustments of focus
are made by moving the image
surface.
REFERENCES
1} Langmuir, D. B, Theoretical Consid-
erations of Cathode-Ray Tubes, Proe. I.R.E.,
25, No. R p. 977, Aug.. 1937,

(2) Deserno. P.. Adrchiv
e, 29, No.o 20 po 139, 19

(8) Tams, Harley. \ Fixed-Focusz Electron
Gun_for Clathode-Ray Tubes. Proe. 1.1RE.,
2%, No. 2, p. 108, Feb., 1939.

{(4) Bachman, C. II.,, and Ramo, Simon,
Llectrostatic Electron Microscopy. Jour of
Applied Physics, 14, p. 8, 69 and 155, 1043.

fur Llectrotech-
35.

March 1945 — ELECTRONICS



Cathode-Ray Null Detector
For WIEN BRIDGE

A Unkoown
freguercy

Circuit of Wien bridge for determining

frequency and connections to the ver-

tical and horizontal amplifiers of the
oscilloscope

HE following method was de-
veloped to determine small
changes in frequency. The {re-
quencies under test were of the or-
der of 5000 cycles per second and
the changes were between plus and
minus 5 cycles. The Wien bridge
was used and the usual null de-
tectors were tried, but a balance
was difficult to obtain because of
the large percentage of harmonics.
The cathode-ray tube was used
as a phase-detecting device by con-
necting its horizontal axis to one
of the detector terminals (X), and
its vertical axis to the other de-
tector terminal (Y). The bridge

was grounded as shown and a

ground was placed on the cathode-
ray tube. When the bridge is bal-
anced, indicating a zero phase shift
between the detector terminals, a
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An accuracy of better than 0.1 percent is obtain-

able when a cathode-ray tube is used as the phase-

detecting element of a Wien bridge circuit for

determlnlng frequency.

An elliptical pattern on

the fluorescent screen of the tube gradually changes

to a straicht diagonal line as balance is reached

By CHARLES J. MARKEY

Department of Newrology, Columbia Univer
sity College of Physicians and Surgeons and
ihe Newrological Institute of New York

straight line is formed on the
screen. By adjusting the X and Y
amplifiers of the cathode-ray tube,
this line is inclined to a 45-degree
angle with the horizontal. When
the bridge is unbalanced, an ellipse
is formed, indicating a phase shift.
At balance, the two sides of the
ellipse come together and the line
formed becomes twice as brilliant.
A desirable feature of this ar-
rangement is that the oscillator is
grounded, which is usual in prac-
tice. A Wagner ground or a bridge
transformer is not necessary.
When the Wien bridge was first
tried with only the vertical axis
of the cathode-ray tube as the null
indicator, the screen showed a
large 60-cycle pattern in addition
to the harmonics present. This oc-

Trace obtained on the screen of the
c-r tube when the bridge is unbalanced.

Phase shift is indicated by ellipse
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curred even at balance of the
bridge. When the cathode-ray tube
is used to indicate phase shift as
described, with the bridge unbal-
anced, the ellipse is perfectly
formed with no indication of any
disturbance.

The Wien bridge was used as a
frequency meter as follows: When
the ratio arms are made such that
A is twice B and the resistances E
are equal (identical slide wire re-
sistors mounted on the same shaft),
and with the two capacitances C
equal, the frequency at balance will
be f = 1/2xRC. The variable re-
sistors R can be calibrated directly
in terms of frequency. For detect-
ing small changes in frequency, the
accuracy obtainable was better than
0.1 percent.

When the ellipse draws together to
form a straight line, the bridge is bal-
anced and there is zero phase shift
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Contours

Of

Development of equations specifying the shape of rotor plates to give constant change of

frequency with rotation, and constant rate-of-change of frequency with rotation. The

analytic technique is also applicable to the design of other types of variable capacitors

HE change of capacitance with
T angular rotor position of
variable capacitors depends on the
contour of the capacitor plates.
Where the change in capacitance vs.
angular position is specified, the
shape of the rotor plate necessary
to produce this variation must be
determined. The steps involved in
deriving an expression for the re-
quired shape are to be indicated by
solving three typical cases.

In each case it is assumed that
the stator plates are large com-

pared to the rotor plates. Also,
end effects will be disregarded
throughout these developments.

However, both of these simplifica-
tions are justifiable; the stator
plates are usually made consider-
ably larger than the rotor plates,
and the spacing between plates is
usually small compared to the other
dimensions of the plates.

Explanation of Symbols

6 = angular position of the rotor
in radians. It can have values be-
tween the limits of zero and =
radians

f- = resonant frequency in cps

fo = upper limit of f,, correspond-
ing to an angular rotor position of
zero radians

f» = lower limit of f., correspond-
ing to an angular rotor position of
= radians

C. = minimum -capacitance of
the circuit, including the minimum
capacitance of the variable capaci-
tor, in farads

C. = incremental capacitance of
the variable capacitor, in farads

L = circuit inductance in henrys

Straight-Line Frequency

Although the formula for
straight-line frequency capacitors
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ig given in handbooks, the deriva-
tion is usually missing. In this ca-
pacitor the plates are so shaped that
in an L-C circuit it will cause the
resonant frequency to change a con-
stant amount for each unit change
of the rotor’s angular position. Ex-
pressed mathematically, this crite-
rion is
df./do = K, (1)
Solving this differential equation
yields an expression for f, as a
function of the rotor’s angular po-
gition,
fz = K0 + Kz (2)
where K, is a proportionality fac-
tor and K, is a constant of integra-
tion. Knowing that when 4 = 0
radians, f. = f,, and when § = =
radians, f, = f,, the two constants
can be evaluated.
Kl - ,fﬂ' ¥ fo

m

K2=,f0

K, is the rate of frequency change
in cps per radian.

Replacing the constants in Eq.(2)
by their values gives

fﬂ'_,fo

f== ——a 0+ fo 3
Now from circuit theory
fo=1/2xVL(Co + Ca) @
TABLE I, DESIGN SPECIFICATIONS
fr | Cr
inke | Inke | inuuf

Type I Straight-line 1600 | 500 | 370
frequency. Ki = 350 ke’

radian

Type 2: Constant rate -of 1600 { 500 | 370
frequency change, Ki = )

37.1% radian

Type 3: Capacitor in fo. by =11.0 | 400
R-C oscillator. Ki =

37.1% redian

n =20;,d = 0027 in;r = 0.95 in.; Go= 40uuf
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Equation (4) is exact for series
resonant circuits, and only slightly
in error for parallel resonant cir-
cuits having @ values upwards of
ten.

Solving Eq. (4) for C.,

C: = (1/4 (vf2)?L} — Co (5)
WhenC, =0, f, = f,, and
L = 1/4 (nfo)Co (6)

Replacing L in Eq. (5§) by the
value of L given in Eq. (6)

Cz = Co (fo/fs)2 — Co O]
Substituting in Eq. (7) the value of
f- given by Eq. (3)
Cofe?

“E T G-pemr C ®

Consider the geometry of the ca-
pacitor plate shown in Fig. 1. Here
p = F(8) describes the contour of
the rotor plate, where p is the dis-
tance from the center of rotation to
the edge of the plate, and » is the
radius of the section removed from
the stator plate to accommodate the
rotor shaft. Obviously this section
can contribute nothing to the ca-
pacitance. Let d9 be a differential
angle; then the difference in the
magnitudes of p and o’ i infinitesi-
mal. Let ds be the length of the
curve p = F(6) between p and p’.
It follows that ds is infinitesimal
and therefore is essentially the same
as a straight line drawn between
the extremities of ds. The differen-
tial area, dA4’, inclosed by p, p” and

p = F(0) is that of a triangle
dA’ = pds/2. But ds = pdf and
dA’” = p'do/2.

Similarly, the area dA” inclosed
by p, o and p = r is dA” = 7r*d9/2.
Then the area effective in account-
ing for C, is

dA = dA’' — dA” = %zda
Hence
dA/d8 = (o* — 1%)/2 )]

From the properties of capacitors

in general it can be written that
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Capacitor Rotor Plates

FIG. 2—Contours of

the three types of

capacitors discussed
in the text

C, = K.A, where K, is a constant
relating area A in sq em to capaci-
tance in farads and has the value

n— 1a

Ke = Borg100

farads/cm

where
n = total number of rotor and
stator plates
¢ = dielectric constant (unity
for air)
d = separation of the rotor and
stator plates in cm.
Differentiating C. = K.A with
respect to 4,
dC, dA P —
W =Ke a0 2 (10)
Differentiating Eq. (8) with re-
spect to 6
dC.  2f2Co(fo—J
a0 = wh+ Gr— 0 o/mp AV
Equating the right sides of Eq.
(10) and (11) and solving for p
gives the polar equation for the con-
tour of the straight-line frequency
capacitor plate
_ 4f°Co(fo — fr) ]
‘B v7rK=[fo + (J= — fo) (6/F g g
where p and » are measured in cen-
timeters, and K, is in farads/cm.

=K,

Constant Rate of Frequency Change

The plates of this capacitor are
designed so as to change the reso-
nant frequency of an L-C circuit
an amount (per unit change of
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shaft.

roter angular position) proportional
to the resonant frequency. To illus-
trate: if the rotor position was ori-
ginally 10 degrees and is changed
to 15 degrees, or if the rotor posi-
tion was 160 degrees and is changed
to 165 degrees, the percentage
change of frequency with reference
to the respective original frequency
will be the same in both instances.

The method of development is the
same as above and, therefore, some
details will be omitted. A mathe-
matical statement for this manner
of frequency variation is

dfz/d8 = Kif. (13)
Salving Eq. (13) yields
log. f- = K0 + K. (14)

The constants are evaluated by
the use of the same limits defined in
evaluating K, and K, in the previous
derivation,

Ks = loge (f=/f0)''™; Ky = loge fo

Substituting these values of K
and K, in Eq. (14),

Je = fo (f=/f)®'7 (15)

The value of f. as given by Eq.
(15) is now substituted in Eq. (7):

C. = Co (fo/f=)%/" — Cy (16)

Differentiating Eq. (16) with re-

spect to # and equating the result to
the righthand side of Eq. (10),

= %)M log. (fL)='I§“ (et =r%) (A7)
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FIG. 1—Rotor plate, showing the manner in which the plate is

broken into differential areas. Distance ds along the plate edge is

subtended by the differential angle df. The semi-circle with

radius r is cut from the stator plate to accomodate the rotor

The variable radius, p, of the rotor plate is to be deter-
mined as a function of §

Solving Eq. (17) for p and using
metric units,
[4Co (Jo Y™ Jo 18
K. ?Z) I"g"(f,r)“”2 =

Capacitor in an R-C Oscillator

p =

The capacitor to be designed in
this section is to give a constant
rate of frequency change, as was
the capacitor previously considered,
but in this case the circuit in which
the capacitor is to operate is a re-
sistance-tuned sine-wave oscillator
of the feedback type wherein the
two resistive components are equal,
as are the two capacitive com-
ponents. For such an arrangement,
the frequency of oscillation is given
by

f:=1/27 R (Co+ C2) 19)
where R is the value of one of the
resistances, C, is the total minimum
capacitance, and C, is the incre-
mental capacitance of one of the
capacitors. Solving Eq. (19) for R
at fo,

R = 1/’21rfoCo (20)

Replacing R in Eq. (19) by the
righthand side of Eq. (20),

fz = a)c_’:_foc; (21)

Equating the righthand sides of

Eq. (15) and (21) and solving for

C.,
I
C: = Co L}%)a Co (22)

Differentiating Eq. (22) with re-
spect to 8, equating the result to the
righthand side of Eq. (10) and solv-
ing for p yields

19Ca £ fo \O/™ 7 J
% (1) en(f) e o

p=

Examples

The three types of capacitor con-
tours are shown in Fig. 2. Design
values for a specific application of
each type are given in Table I.
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The CAA

Instrument Landing System

Details of localizer transmitter, sideband cenerators, marker transmitters, monitor units,

and receivers used in planes to feed the cross-pointer indicator for the blind landing system

now officially adopted for civil aviation in this country. This concluding part also analyzes

effects of nearby hills and buildings on localizer performance

HE INSTALLATION PROGRAM for

the radio instrument landing
system adopted by the Civil Aero-
nautics Administration for use
throughout the United Stutes is al-
ready under way, and will attain
full volume after the war. The re-
sulting new equipment require-
ments at airports and for localizer
and marker receivers in planes con-
stitute an important post-war mar-
ket for radio equipment and com-
ponent manufacturers. With stand-
ardized facilities throughout the
country, civilian flyving can be-
come increasingly independent of

weather conditions and thereby
achieve greater popularity.

In the first part of this article,
in the February 1945 issue of ELEC-
TRONICS, an overall picture of the
new system was given, including
general descriptions of the three
main elements at an airport—the
runway localizer, the marker trans-
mitters and the glide path localizer.
Technical features of the runway
localizer will now be taken up in
detail.

Localizer Transmitter

The localizer transmitter proper

Carrier and al/ sidebands, 7, ot o
A Sikehnns 8hiy Field mom_+|ors
ond phase | - }76 sigeband anfenna
control unit _J .
e S Localizer v
f_ jmonitor *I_ N i
" |Carrier Phoser | | | _}__L__
Carrier | onty | ! ! I
trons- | Sideband ‘ i } |
mitter [Spmgs rv' generator Hybrid { Remote |
voice _J transformer | : control |
/unit | equiprment |
[ /5o~/ | | |
Vol+am> g Field | | |
regulaforsn r | & exci+aHon] ! | i !
: | { l ..i Recﬁfuer—| |
—————y
i vailcem | ot Alternator| | | |
?equ}pmenﬂ"""J : control ! ! I
| | |
e tAyxitiorylel 4 )Y 1 L 4
I OU*O//
t _transformer| 900 and 1500
| | motor alternator
| S
%o 230y | 7 115 V.
60 : ‘ . 60~ source )
source o e B Vorce TINTpiall LN W | P Monitor
Control line ltne &

FIG. 13—Block diagram of overall localizer system with associated units
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is an ordinary crystal-controlled
type with the usual frequency mul-
tipliers, producing about 200 watts
of carrier which can be plate modu-
lated. Connections are made to the -
grid tank of the power amplifier,
for exciting the sideband gener-
ator, by means of #-inch coaxial
line (air dielectric). The power
taken for this purpose is between
five and ten watts, of which only a
small portion is used to drive side-
band generator tubes (type 8001);
most of it supplies losses in the
circuits necessary to build up the
grid voltage to the required value.
In one particular arrangement
used, the grid circuit of the side-
band generator is tuned to parallel
resonance and the line from the
transmitter is made effectively a
half-wave to reflect as high an im-
pedance as possible to the p.a, grid
tank, thereby minimizing the dis-
turbing effect on this tank.

The design of a satisfactory side-
band generator presents the usual
problem of a class C amplifier for
the frequencies involved, but in
this case some of the factors are
more critical. Thus, it is impera-
tive that the plate circuit have very
low losses and be balanced if a sat-
isfactory value of plate efficiency
is expected. Small unbalances cause
considerable drop in efficiency due
to the carrier current introduced as
well as due to the drop in sideband
power. A low efficiency in turn re-
sults in larger alternators, which is
undesirable for obvious reasons.
The efficiency of the units now in
use is of the order of 40 percent.

The efficiency of the grid circuit

March 1945 — ELECTRONICS



...Part 11

By PETER CAPORALE

Chief, Radio Engineering Section
Civil leronautics Administration
Washington, D. C

is also important from the stand-
point of minimizing the power ab-
sorbed from the transmitter. An
important consideration in the de-
sign of the sideband generator is
that of stability (and its associate,
resetability) over the range of serv-
ice conditions. In practice the
equipment is adjusted properly and
then permitted to operate unat-
tended. Variations in temperature,
humidity or line voltage which may
occur during such operation should
not affect the tuning of the unit ap-
preciably. If it becomes necessary
to readjust the tuning controls for
any reason, it should be possible to
set them properly without having
to readjust the antenna system. To
this end, the tuning elements have
been made heavy and rigidly
mounted and the controls provided
with very slow drives.

Associated Units

A phaser unit is included as an
integral part of the sideband gen-
erator to assist in phasing the side-
band antennas, as a whole, with re-
spect to the carrier antennas. A
monitor, consisting of a 6H6 rec-
tifier with a d-c milliammeter, is
capacitively coupled to the r-f out-
put of the sideband generator, and
is used also to assist in tuning. A
block diagram of the localizer trans-
mitter with its associated units is
given in Fig. 13.

The phaser used is made up of a
variable length of coaxial line
folded back on itself. The total
range of variation of phase is 45
deg for each phaser, or a total of
90 deg for the sideband antennas
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Marker statiori. with antennas and counterpoise

since they have twc of these in
series. By using the proper fixed
lengths of transmission lines, the
phasing adjustments for the side-
band antennas (relative to the car-

‘rier) are brought within the range

of the phaser units.

In the same rack with the side-
band generator are mounted the
amplitude and phase control unit,
the hybrid unit and the controls for
the alternators suppiying 90 cps
and 150 cps. These latter controls
permit the voltages of the two ma-
chines to be varied simultaneously
and also permit the ratio of the two
voltages to be varied. This latter
is convenient as it provides com-
pensation for any slight discrimin-
ation, in the system, between the
two frequencies; it also provides a
means for correcting a slight mis-
alignment of the conrse (say one-
half degree). The alternators them-
selves are driven by and mcunted
on a common shaft with a syn-
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chronous motor to stabilize both
frequency and output voltage.

The only other equipment in the
localizer building is the control
rack and an engine generator (for
standby power) in an adjacent
room. The rack contains Strowger
equipment for remote cperation and
a monitor panel which provides
visual indication of the output of
the course monitor, and contains a
jack for checking the output of the
clearance monitor. This is mainly
used in the tuneup process as de-
seribed later.

Figure 14 shows a typical layout
of a localizer without standby
equipment. The equipment itself
is, however, all desigrned for adap-
tation into a main-and-standby ar-
rangement with means for remote
(but not automatic) changeover.

Coaxial Lines and Radiators

All  transmission line (except
that used between transmitter and

129



sideband generator) is of the 3-inch
coaxial, air-dielectric type filled
with nitrogen at a pressure of about
five pounds. The balanced line orig-
inally used was practically impos-
sible to keep balanced and resulted
in variable and haphazard phase re-
lationships that made of the sys-
tem an amorphous complex very
difficult to adjuss. Coaxial line does
away with all this trouble and is
easier to handle. The transforma-
tion from unbalanced to balanced
line, to feed the balanced radiators,
is done very close to the radiators
themselves by a quarter-wave sec-
tion of balanced line. The coaxial
line is then matched by an appro-
priate stub on the generator side
of the balancing section.

The radiators themselves are
mounted on pipe pedestals set in
concrete and are about four feet
above the effective ground plane.
This is the plane on which occur re-
flections which reach the aircraft
making a normal approach, and is
usually the level of the runway.
The actual height of the antennas
above ground frequently is consid-
erably greater than four feet.

The array is mounted in a long
wooden shelter (for protection
against the weather) either in-
tegral with or separate from the
main building. Eight loops cover-
ing a span of 1600 electrical de-
grees are used in most installa-
tions, though ten loops are used
where it is necessary to increase
directivity (to clear obstructions).
In either case, however, the height
of the structure is such as to clear
a 40:1 angle with respect to the
nearest end of the runway as a
safety precaution for aircraft mak-
ing low-angle landings or take-offs.

Marker Transmitters

The marker transmitters (which
are all alike except in the modula-
tion frequency) are straightfor-
ward crystal-controlled affairs with
an output of some 4 to 6 watts at
75 Mc. They were designed as
standard units to be used either in-
dependently (as in this case) or as
driver units for multipliers or
power amplifiers. Three of these
markers are usually employed at
distances of approximately 200 ft
(inner marker), 4800 ft (middle
marker) and 4.5 miles (outer
marker), all from the approach
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end of the runway. These are mod-
ulated respectively at 3,000 cps
(unkeyed), 1,300 cps (keyed at six
dots per second) and 400 cps
(keyed at two dashes per second).
The aircraft generally starts the
approach glide over the outer
marker at an altitude of approxi-
mately 1,000 ft and a glide angle of
roughly two degrees. This brings
it over the inner marker at about
fifty feet.

The marker antenna is simply a
linear horizontal radiator, one
wavelength long, fed at the center

Instrument console used in control tower

for operation and supervision of localizer

and supported above a counter-
poise at a height of 47 deg for the
boundary marker and 90 deg for
the middle and outer markers. The
radiator is aligned with the axis of
the runway and its radiation pat-
tern is relatively narrow in a direc-
tion parallel to this axis and con-
siderably broader in a direction at
right angles to the runway; it fur-
ther has an appreciable gain in the
vertical direction. The exact pat-
tern shape is unimportant and in
general, not more than one or two
watts are used to drive the antenna.

Monitor and Control Units

Of some interest is the monitor
and control equipment used with
the system. It has two basic pur-
poses: to permit the various facil-
ities to be turned on or off from the
control room, and to provide visual,
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aural and graphic indication of the
performance of the system. To ac-
complish this, a set of control lines
connects each part of the system
with the control room. Signals
(from field monitors at the local-
izer and from the equipment itself
at the markers) are brought in
over these lines and amplified, fil-
tered and rectified so they can op-
erate the various instruments. In
many cases, it is undesirable to
place this rack in the control tower
and a separate instrument console
is used in the latter position. This
console carries only indicating in-
struments and start-stop switches.

To minimize the size and cost of
the equipment, a single recorder
and a single alarm circuit are used
to monitor all parts of the system.
This is accomplished by a commu-
tator device which scans the vari-
ous functions at the rate of one
minute per function for the re-
corder and 10 seconds per fwnction
for the alarm.

The operator thus has continu-
ous indication of levels and clear-
ance and at the same time, a loud
gong will warn him of faulty oper-
ation even if he does not happen to
notice his instruments. The graph-
ical record is of value in controll-
ing the operation and maintenance
of the system.

The localizer portion really moni-
tors clearance off course, as already
stated, and only indirectly moni-
tors course alignment and signal
level. Clearance is measured by fil-
tering and separately rectifying the
90-cps and 150-cps components and
then applying them through a dif-
ferential circuit to a microammeter
(see Fig. 15). The sum (instead
of the difference) of these compon-
ents is applied to another microam-
meter for indicating level. An es-
sentially similar circuit is used in
the aircraft receiver, except that
the level indicator is omitted.

The two audio filters present a
problem of design due to the wide
range of temperature over which
they are expected to operate. With-
out special precgutions, their in-
sertion loss varies with tempera-
ture (due mostly to capacitor vari-
ation) and not at the same rate for
the two filters. Both clearance and
level indications would thus be ser-
iously affected. Special capacitors
and special inductor construction
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are used to minimize these varia-
tions. To the same end, all recti-
fiers (of the copper-oxide or se-
lenium type) are kept in an auto-
matic oven at practically constant
temperature.

Receivers Used in Planes

The localizer aircraft receiving
equipment consists chiefly of a
straightforward superheterodyne
receiver covering the necessary fre-
quency band. The output of the
receiver may either be used aurally
or visually. For the latter case, the
output is separated into its 90-cps
and 150-cps components by band-
pass filters, rectified and the dif-
ference between the two rectified
voltages applied to the visual indi-
cator (see Fig. 16).

The receiver used in the plane
has provision for manual tuning as
well as push-button tuning. A meter
is used to measure the ave cathode
current to indicate to the pilot
whether or not an adequate r-f sig-
nal is being received. Without this,
it would be difficult to tell whether
zero indication of the visual indi-
cator was due to an equi-signal zone
or merely no signal. Furthermore,
if the receiver is not sufficiently
controlled by ave, it will respond to
variations in r-f field strength and

the resulting wvariable a-f signal
will cause the operation of the
visual indicator to be erratic. As
noted previously, the apparent
clearance is a function of the ab-
solute values of the two voltages
as well as their difference.

The antenna is a horizontal V
of which each leg is approximately
/4 long and the included angle is
about 80 deg. It feeds a balanced
line connected to points several
inches from the apex (selected to
obtain a reasonable impedance
match).

The marker receiver is also a
superheterodyne receiver, but with
a crystal-controlled oscillator. Fig-
ure 17 shows the manner in which
the audio output of this receiver
is utilized to operate one of three
small lamps (on the instrument
board) depending on which of the
three markers is being received.
These lamps are actually operated
from the a-c power supply, and the
receiver output serves merely to
control the current through the
lamps. Within narrow limits, the
brilliance of the lamps varies with
the intensity of the received signal.

Effect of Mountainous Terrain

Of considerable importance in the

operation of the localizer is the to-
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FIG. 14—Typical layout of equipment -in localizer transmitter building
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FIG. 15—Differential circuit used in monitor
for localizer

pography of the surrounding ter-
rain as well as the presence of large
objects (such as trees, hills, build-
ings) in the vicinity of the antenna
array. These factors can introduce
signal reflections that interfere
seriously with the production of a
desired pattern. The effects of
these factors may be to distort or
otherwise affect the course, or to
affect the clearance at various
values of azimuth, or both.

The effect of topography may be
seen by reference to Fig. 18, which
shows the ground profile along some
particular value of azimuth. With
such ground there is more than one
point (Q, Q,, ete.) from which the
reflected ray reaches the point P.
Consider first, the reflection at Q.
This can be replaced by the image
antenna b below the plane AB of
the reflecting surface. The field at
P is then, for small values of ¢,
approximately equal to

(2xkc/)) (hH /7).

If an additional reflecting point
Q exists, it will introduce another
image at a different position in
space, and the radiation from this
image is to be added (with proper
consideration of phase) to the
above. The only effect of these re-
flections, however, is on the abso-
lute amplitude of the field. The
various components of the field
(carrier, 90-cps sidebands and 150-
cps sidebands) are all equally af-
fected and their relationships are
not disturbed. There will therefore
be no changes in clearance (or
course bends) due to the vertical
profile of the ground. The changes '
in field strength can, however, be
quite large in certain extreme
cases, resulting in surges and fades
which may take the receiver com-
pletely out of ave. This is found in
certain vhf ranges located in moun-
tainous territory, but not usually
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16—Simplified diagram of

aircraft receiver used in planes to feed one section

of the cross-pointer instrument that guides the pilot down along the glide path

in instrument landing facilities
where the usable zone is not too
rough in contour. It is, of course,
necessary to avoid protubrances or
large vertical objects which might
interfere with line of sight.

Effect of Reflecting Structures

Reflections which are not wholly
in a vertical plane are far more im-
portant since the horizontal radia-
tion patterns are involved. A re-
flecting surface will receive two
signals of different magnitude for
the two modulation frequencies. It
will reflect these unequal signals
to some point where they will be
superimposed on the signals nor-
mally present at this point, and
thereby disturb the ratio between
the two modulation frequencies. In
other words, the reflector affects

the clearance at points receiving
the reflected signals. In particular,
if one of these points is on course,
where clearance is normally zero,
the reflector will introduce a course
bend.

In Appendix II is given the anal-
ysis of the effect of a reflector par-
allel to the course and located 6 deg.
off course. The use of this partie-
ular orientation for the reflector
does not cause any loss in general-
ity since the form of the resulting
equation is not affected (the mag-
nitudes of the results, however,
are). Consider, for example, a re-
flecting surface 4,000 feet away
from the antenna at 4 = 10 deg.
In this case B, = 180 deg, G, = 2.05,
G. = 0475 (see Fig. 4, Part I),
hence at a point 8,000 ft away from
the antenna along the normal di-
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rection of the course, the ratio of
90-cps field to 150-cps field is, by
using Eq. (4) of Appendix II,
ew/€: — 2.06 instead of unity as it
should be. From Fig. 4, it is evi-
dent that an aireraft at this point
would have to move about 2.5 deg
away from the normal course, and
on the 150-cps side, to find an actual
course again. The magnitude and
position of this course shift are
obviously not tolerable. A hangar
or building so situated with respect
to a localizer would thus constitute
a serious interference to its proper
functioning.

As pointed out in Appendix II,
the height of the reflecting strue-
ture determines the height of the
point affected. Such structures
should therefore be kept as low and
as far from the antenna as possible.
Consider, for example, a typical
airport as indicated on Fig. 19. A
fifty-foot structure 1,250 feet away
from the localizer antenna will af-
fect the entire approach path. By
moving it away from the antenna,
a smaller portion of the approach
path is affected until at 4,000 feet
it affects the path up to a point
slightly beyond the inner marker.
This maximum altitude at which a
structure causes interference is the
same all around a station.

Actually, the probable effect of
the reflector would not be as seri-
ous as indicated above since the
coefficient of reflection is not al-
ways unity. In practice, it would be
usually smaller—and possibly much
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smaller—due chiefly to the geo-
metric and electrical characteris-
tics of the surface, and the angle
of incidence. A rigorous analysis of
any specific structure is obviously
impracticable, but the above cal-
culations give an approximation
which permits quantitative esti-
mate of the effects of reflecting
structures and terrain with useful
accuracy.

. APPENDIX 11
A radiator over a reflecting sur-

face, such as the earth, acts mathe-
matically as though it were asso-
ciated with an image on the other
side of the surface. If it also has a
reflecting surface on its side,- it
acts as though it were associated
with three images. To avoid need-
less complexity, in the application
to the localizer, it is assumed that
the reflecting surface is a vertical
plane parallel to the course. There
is no loss of generality in this as-
sumption since the orientation af-
fects the magnitude of the inter-
ference phenomenon, through the
geometry of the system, but not
the form of the mathematical ex-
pressions.

Referring to Fig. 20 and as-
suming that G is the horizontal pat-
tern of the array as shown in Fig.
4 and is taken as unity at 4 = 0,
the fields at the point P due to the
system are

€ = cos w (¢t — 74/c) ]
e, = — cos w (t — rp/c) fr,,E aP (1)

[Tt

e = — G cos w (t — re/c (s = bP, ete.

eq = G cos w(t — rq/c)
If r=0P, h=04 and f = 0Q, then
re =7 — hsin ¢
ry =7+ hsin ¢
re = 7 + 2fsin 6 )
=7 — hsin ¢ + 2fsin @ 2)
ra = 75 + 2f sin @
=7+ hsin ¢ 4 2f sin 0

Cross-pointer instrument used with new
CAA instrument landing system

If 81 = (2wh/N) sin ¢ and B; = (4=f/ ) sin 6,
the sum is ¢ = B cos (wt’ — ) where

Br==4sin? 3 (1 — G cos B, + G2

Y=tan ' [(1 — G cos B:)/C sin B)

e = 2smn B (1 — Gcos B+ G2) °% cos

(wt’ = ¥)

For a given reflecting surface,
the value of G will be different for
90-cps and 150-cps modulation. If
subscrint 1 is used for the first and
2 for the second of these, then
(1 — Gieos B2+ G?)
(= Giemssr + G

It should be noted that the height
of the reflection point H, is such
that H./gO = tan ¢. Reflections at
higher points will affect higher
points P, and vice versa.

The above analvsis is obviously
elementary and is intended solely
to provide a basis for estimating
the probable effects of certain ob-
structions. For more accurate
work, it would be necessary to con-
sider the attenuation of the inci-

(690/6150)2 =

dent signal because of distance, the
detailed electrical characteristics
of the reflecting surface, etc. The
former of these can easily be ac-
counted for by an appropriate
modification of the factor G. The
other factors introduce complex-
ities beyond the purpose of this
paper.
APPENDIX 111

The operation of the radiating
system as described above (and in
Appendix I) is predicated upon
zero mutual inductance between the
various radiating elements. This
is obviously an impossible condi-
tion. At the center of the array,
especially, where the loops are close
together and the current ampli-
tudes are highest, there is a consid-
erable amount of parasitic action,
This is of two types: induced volt-
ages in one or more sideband pairs
due to currents in the carrier pair,
and induced voltages in sideband
pairs due to currents in a sideband
pair. Parasitic currents in the car-
rier pair due to currents in any
sideband pair are similar to the sec-
ond of these two types and mini-
mized in the same manner described
below.

The parasitics in the sideband
pairs must be reduced to a mini-
mum in order to obtain the desired
space patterns. This is accom-
plished by choosing the proper

~length of transmission line to con-

nect the two loops of a pair. The
operation of this adjustment may
be understood from the following
considerations.

Figure 21 represents, in simpli-
fied schematic form, the equivalent
circuit of the combination of car-
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FIG.

18—Etfect of ground profile on signal produced at P

by localizer transmitter at point a near an airport
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FIG. 19-—Effect of structures of various heights (dotlted profiles)

on localizer signal
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Ground

FIG. 20—Effect of reflecting surface on
localizer signal

FIG. 21—Equivalent circuit for carrier loops
and one sideband pair

rier loops and one (any) sideband
pair. The former (the center
mesh) are considered to be driven
from a source ¢ and the latter are
driven only by induction from the
center loops. The induced voltages
in the sideband loops are in the
same direction, as shown, and effec-
tively in series. If the intercon-
necting line were an integral num-
ber of wavelengths long, the two
induced voltages would effectively
be in series-aiding (by virtue of
the reversal in connections to one
of the loops to permit feeding them
out of phase). This would result
in maximum parasitic current. By
making the tie-line an odd number
of half-waves long the voltages are
effectively in series-opposing, and
if the two loops are identical and
symmetrically placed with respect
to the center loops the parasitic
current will be zero. The parasitic
current in either loop is

ip =% (a1 — &/¢)

where ¢ is the phase shift intro-
duced by the tie line. If the in-
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duced voltages are equal, the above
expression can be written

ip" =k (2 — 2 cos ¢)!1/2 cos (wl — €)

It is evident that if ¢ is nx (n
even), the magnitude of i, is zero,
whereas for # odd, the magnitude
of ¢/ is a maximum, or 2k. Had
the two loops been connected so
they could be driven in phase the
parasitic action would have been
minimized by making ¢ an odd
number of half-wavelengths, and
maximized by making ¢ equal to
an even number of half-wave-
lengths.

Figure 22 shows the magnitude
of 7, (in percent of its maximum
value 2k) for various values of ¢.
A departure from the optimum
value of ¢ by five or six degrees
(slightly over an inch for Z-inch
coaxial line, air dielectric, at 110

Mc) results in a parasitic current’

equal to four or five percent of
maximum, and this can readily be
observed. The length of tie line can
therefore be adjusted quite accur-
ately (to within several degrees).

The adjustment of the length of
the line can, of course, be made by
observing the parasitic currents as
the length is varied. In practice,
this is tedious and a much simpler
procedure is used. This is based on
the fact that the induced voltage in
each loop causes a voltage wave to
travel along the tie-line toward the
other loop. In the case of parasitics
in sideband loops due to current in
the carrier loops there are thus two
voltage waves traveling in opposite
directions. At the center of the line
these voltages will be equal and
opposite so that the effective volt-
age across the line is zero. This is,
in effect, a short-circuit and an
actvual short-circuit can be placed
at that point without changing any-
thing. The procedure then is to
connect slightly more than half the
anticipated tie-line to one of the
loops, with a short circuit at the
free end. This simulates the pres-
ence of the other half of the sys-
tem, and the position of the short
is adjusted until the parasitic cur-
rent in the loop is a minimum. (A
tuned thermocouple meter is used
to read this current.) The final po-
sition of the short represents the
exact center of the system; the feed
line is connected at this point, and
the line to the other loop is made
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an exact duplicate of that used for
the measurement.

In the case of parasitics in one
pair of sideband loops due to cur-
rent in another pair, the voltages
at the center of the line (due to
parasitics) are in phase and hence
the above procedure is not appli-
cable. The more direct procedure
is in this case also the simplest,
and the two loops are set up and
the length of the tie-line adjusted
for minimum induced currents,
The feed line is then connected to
the exact center of the tie-line.

It is obviously impossible to min-
imize both types of parasitic cur-
rents by the adjustment of a single
parameter since the requirements
are conflicting, The second type
described has been neglected in the
tuning procedure so far used, with
no serious ill effects. Further work
may reveal the desirability of elim-
inating this form of coupling, of
which the chief objection is its in-
fluence on the effective phase of
radiation from the loops affected.

The placement of the feed point
at the exact center of each sideband
pair is quite important since it af-
fects the angles at which radiation
nulls occur (as well as parasitic
currents). If the distances from
the feed point to the two loops dif-
fer from each other by v electrical
degrees, the pattern is given by
P = k sin (v + 3 sin 4), so that
nulls occur for values of 6 satisfy-
ing the relation v 4 3 sin 8 = n =,
wheren = 0, 1, 2, ete. If v = 0 and
n = 0, then § = 0 for all the side-
band pairs, so that on course
(6 = 0) no contribution is made
by the sideband loops. This is as it
should be. If v 5% 0, the null will
occur at some value of 4 other than
zero. If all the sideband pairs had
nulls at this same value of 4, the

be
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FIG. 22—Variation of parasitic current in
a loop with the length of the tie-line
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Crystal-controlled localizer transmitter

course would also be at this angle.
It is move likely that the nulls will
occur at different angles. In either
case, at § = 0 there will be unequal
amounts of the two modulation
frequencies due to the unsymmet-
rical contribution from the side-
band loops. To establish a course
at this position, therefore, it will
be necessary to unbalance the out-
puts of the 90-cps and 150-cps
sources by a corresponding amount.
Under these circumstances, the
course may be ill-defined and broad.
Furthermore, it will be less stable
than normal since now its -align-
ment is determined by more factors
than in the normal arrangement
where the sideband loops contribute
nothing to the on-course signal.
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ZERO PHASE SHIFT
AMPLIFIER DESIGN

Equations and circuits for design of wide-band amplifiers having extended frequency

ranges of flat phase and amplitude response.

Negative feedback between successive

stages is shown to be simpler and as effective as conventional shunt inductive and capaci-

tive compensation
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FIG. 1—The two curves at (a) show phase
and amplitude characteristics of a typical
RC-coupled amplifier. When negative feed-
back is applied to this amplifier, its char-
acteristics become those shown at (b)

NEED for faithful reproduction
of the input signal both in
phase and amplitude in wide-band
amplifiers necessitates rigid control
of amplifier phase characteristics.
The purpose of this article is to
show how this requirement may be
met in wide-band amplifier design
by employing negative feedback
for phase control, provided certain
precautions are observed.

Video Amplifier Design
Amplifiers having zero phase

characteristics should not be con-
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By LEONARD R. MALLING

Seatile, Washington

fused with video-frequency ampli-
fiers having linear phase-shift char-
acteristics with frequency. These
latter amplifiers do not preserve
the phase relationship between volt-
age and current existing at their
input terminals nor is any attempt
made to do this. Designers of
video-frequency amplifiers have had
recourse to the principle of con-
stant time delay of transmitted sig-
nals to overcome difficulties of de-
signing phase distortionless am-
plifiers.*

In the typical video amplifier the
phase relation between the input
and output signals might rotate
through several hundred degrees

over the frequency band. Such a
characteristic with certain reserva-
tions has proven to be satisfactory
for television picture reproduction.
The most useful criterion of per-
formance for a television amplifier
has thus become related not to the
phase characteristics but to the
time of transmission through the
amplifier. An amplifier which has
constant time of transmission over
the desired frequency band is ob--
tained when the angular rotation
of phase is kept constant with re-
spect to frequency or when ¢t = 6/w,
where ¢ is the time of transmission,
¢ is in radians and e is in radians
per second. If an attempt were

—

~MWW-

FIG. 2—At high frequencies the coupling network of an amplifier contains an
effective shunt capacitance C,
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Typical amplifier characteristic obtainable with stabilized negative
feedback shows wide, flat phase as well as frequency response
made to obtain a television ampli- to shunt capacitances and a leading ing for flat amplitude will be

fier having zero phase characteris-
tics there would not only be little
appreciable gain in fidelity of pic-
ture reproduction but also a great
increase in complexity because sim-
ple amplitude filters could not be
used without corresponding phase
shifting devices, These difficulties
would be particularly apparent in
the design of the radio and inter-
mediate-frequency channels.
However, in measuring equip-
ment such as oscilloscopes for use
in transient analysis or in observ-
ing non-linear characteristics® it is
frequently necessary and generally
desirable that the system have zero
phase shift and flat response.

Requirements for Zero Phase-Shift
Amplifiers

When considering the design of
zero phase-shift amplifiers, it
should be borne in mind that each
tube in a multi-stage amplifier will
rotate the phase 180 degrees. Two
tubes in tandem will give a 360-
degree change or effectively restore
the phase to its original position.
No time delay is involved in such a
phase reversal where the frequency
is such that tube transit-time ef-
fects can be neglected, and this will
always be the case within the fre-
quency band under discussion.

As with video amplifiers, trans-
former couplings cannot be toler-
ated owing to their inherently poor
phase transmission characteristics.
Thus resistance coupling and cath-
ode followers for impedance trans-
formations are the major design
features of zero phase-shift ampli-
fiers.

Conventional RC-coupled ampli-
fiers are characterized by a lagging
phase angle at high frequencies due
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phase angle at low frequencies due
to the finite time constant of the
coupling capacitance and grid re-
sistance. Figure 1 shows repre-
sentative curves for the phase and
amplitude characteristics of a typi-
cal RC-coupled amplifier, and the
effect of feedback on these charac-
teristics when no attempt is made
to stabilize the phase and ampli-
tude at the extreme edges of the
required frequency spectrum.
Some compromise is usually
necessary in a zero phase-shift
amplifier between the conflicting
factors of flat amplitude response
and flat phase characteristic. An
amplifier having flat amplitude re-
sponse within a fraction of a db
may have phase errors as high as 20
or 30 degrees. Similarly, a flat-
phase amplifier may have ampli-
tude variations of the order of a db
or more. Because the purpose of
this article is to bring out the sal-
ient points in the design of ampli-
fiers having flat phase response, the
conventional viewpoint of design-

dropped in favor of designing for
flat phase characteristics with the
best possible amplitude response.

In general, application of nega-
tive feedback will considerably re-
duce phase distortion from some
undesirable amount, but not neces-
sarily to zero.® Additional tech-
niques must be applied to insure
a completely flat phase character-
istic and methods will be suggested
to advance ov retard phase the re-
quired degree. This additional com-
pensation required to correct for
the angular displacements at the
extreme edges of the pass-band ex-
tends the effective working range
of the amplifier. Correction of
phase distortion of this type in
negative-feedback amplifiers will
also improve the amplitude re-
sponse in the same regions.

High-Frequency Phase Equalization

A typical two-stage RC-coupled
amplifier is shown in Fig. 2. The
phase shift between the input and
output terminals is determined, in
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FIG. 3—Shunt inductive compensation improves highdrequency response
of resistance-capacitance coupled amplifier
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the absence of feedback, by the
time constant of the plate resistor
R, and the sum of the tube and
stray capacitances C,. Gain and
phase angle are given by
Ry (1 — jwCiRp)
1+ (oCeR,)? )
¢ = — tan"! wC\R, 2)
In this case ¢ represents the angle
by which the voltage e, lags behind
the applied voltage e, (Fig. 2).

A= gn

be 5000 ohms and with C, = 20 ppf
and L 500 ph the gain is 25
per stage with negligible phase dis-
tortion.

A more complete idea of the cir-
cuit performance can be gained and
the effect of frequency upon stage
gain estimated from the plate im-
pedance for the LC,R, circuit de-
scribed above as given in Eq. (5).

_ Byt jelL (1~ «2LC) — CiRyY
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FIG. 4—Negative feedback from grid of

following stage to cathode of preceding

stage improves the phase response of the coupling network

ture and constant amplitude it can
be seen that the product oC,R, must
be kept to a minimum. Assuming
for example that o =10° for a
phase shift of the order of one de-
gree the product C,R, should not be
greater than 10°, Because it is dif-
ficult to keep the total capacitance
C. below 20 puf, R,, can be only 500
ohms for a phase lag of ¢ = 0.6 de-
grees, or much too low for useful
stage gain.

If a small inductor L is added in
series with R,, the phase error
may be reduced to zero and at the
same time a higher plate load can
be used. Figure 3 shows the addi-
tion of L. The phase angle for such
a combination of L, C, and R, is
¢ = tanlw[L (1 — WLCY) — CRA/R, (3)

If L is made equal to C,R,?, then
¢ = tan™? (wC.R,)? 4)
As oC;R, will in general be less
than unity, this residual phase
error, being very much less than
one degree, may be neglected. With
tubes having a g, of 5000, R, may
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We are only interested in the real
part of this equation, which is

R,
0= RLOY: F («CiRy): 6)
Substituting L = C,R,” and solving
for the stage gain we obtain

Z =

R

1 —g(pr;R,,)? @
Equation (7) shows that amplitude
is substantially flat over the fre-
quency band of interest because
(wC,R,)* is considerably less than
unity for the previously chosen
values.

A=

High-Frequency Compensation by
Negative Feedback

The reduction of phase errors at
high frequencies by negative feed-
back is done by means of the circuit
of Fig. 4. The response ratio, mid-
dle-frequency to high-frequency
gain ratio, is given by Eq. (8) if
oC/R, is less than unity and
C; = Cu = CIQ-

B yigh= s AO?O
1 — Aofo+ j2wC:R,
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= Icapaqifance :

s

FIG. 5—A small capacitance in the cathode
circuit advances the phase angle of the
high-frequency voltage applied to the grid

J2wCiRy
T T4 ®)
The phase distortion is thus re-
duced by the factor 1/(1—A.8.)
and the amplitude will remain con-
stant for the above assumption.

Taking the figures given for the
amplifier in the previous example
and assuming a feedback factor of
A.B. = —5, the phase error will be
reduced by a factor of six. Thus a
phase error of —11.6 degrees is re-
duced to a phase error of —1.9
degrees at o 10°. Additional
phase correction must be used to
reduce this angle to zero.

One very convenient method of
doing this is to add a small capaci-
tance across a normally unbypassed
cathode resistance as in Fig. 5.
This capacitance effectively ad-
vances the phase of the signal ap-
plied to the tube grid in relation to
the signal applied to the input cir-
cuit. The voltage applied to the
grid is e, = ¢, — e. and assuming
oR.C. to be less than unity, the
impedance of the cathode circuit
can be expressed as R, (1—joC.R,)
so that

e, =€ — gmke (1 — jwCeRy)

e = (&1 — gmRe) + jwCele*gm 9)
Thus it can be seen that an effec-
tively leading phase angle is ap-
plied to the tube grid voltage. In
the case of the two-stage feedback
amplifier, the capacitor C. is
shunted across the cathode feed-
back resistor. The effect of this ca-
pacitor on the phase of the output
signal is exactly equivalent to the
addition of an inductor in series
with the plate resistor. The ca-
pacitor is advantageous in its ease
of application and adjustment.

Minimum phase distortion is ob-
tained at low frequencies when the

=1
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time constant of the coupling ca-
pacitor and grid resistor is made a
maximum. Ideally a direct coup-
ling would be used. Limitations to
increasing the time constant arise
from physical bulk of the coupling
capacitor, which due to stray ca-
pacitance causes considerable phase
shifts at the high frequencies and
gas currents in the vacuum tube
which prevent the grid resistor
from being increased. An insuffi-
ciently large time constant will
cause the phase to become advanced
as the signal passes through the
amplifier.

Low-Frequency Phase Egqualization

A convenient method of retard-
ing the phase to its normal value
is .to shunt part of the anode load
with a capacitor as in Fig. 6.
R,C, will cause e, to lead e, R,C,
will give a corresponding lagging
phase which, by suitable choice,
will counteract the lead introduced
by R,C,. The gain without com-
pensation is

A = gnRy (1 + j/RowCy) (10)
The phase angle of the equalized
plate circuit impedance is

= C]Rlz
¢ T B TR T (OB

However E. may be regarded as a
high-impedance shunt provided
for d-c feed across the capacitor C,
and in' most cases can be neglected.
Thus C, may be considered simply
as in series with R,, giving an ef-
fective impedance Z.

(11)

+80 ‘
\\\\\\‘
[72]
v + A\
i & \ \ /Ao_ Bo=-5
9 +40
0
: ) \ NAoBo="
TR \ \t\
ik 1O N
% 20 AN —
'g Aoﬁo A_'O 4
2x102. 103 ~ 0%
'%",‘9“]0’",_, VelOc_ny in Radians per Sec.

FIG. 7—I1f the feedback network time constant is twice the grid coupling net-
work time constant, the phase characteristic at low frequencies varies with
feedback factor as this family of curves shows

The phase angle of Z is

¢ = — tan™ (1/wCiR)) (13)

It can be seen from Eq. (10) and
(13) that an effective cancellation
of low-frequency phase errors is
obtained when the time constant of
R,C, is made equal to the grid coup-
ling time constant R,C,.

Low-Frequency Compensation by
Negative Feedback

As in the case of high-frequency
correction, feedback may also be
used for phase correction at low
frequencies, with the correspond-
ing advantages of gain stabiliza-
tion by the circuit of Fig. 4. Thus,
although two types of circuit are

Z = Ry — j/wCi (12) required for phase compensation,
S Rp
[re—
C, R,

i VWY
Al
BA)

AYH
/1

FIG. 6—Shunting a part of the plate load improves low-frequency response of
an amplifier
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one for high-frequency and one for
low-frequency compensation, a sin-
gle feedback network, if properly
designed, provides both high and
low-frequency phase correction.
However, unless care is exercised
in the choice of coupling compon-
ents, the phase errors may be ser-
iously increased. The greatest diffi-
culty is maintaining in circuits of
this type a high enough time con-
stant in the feedback loop without
adversely affecting the high-fre-
quency characteristics.

For high feedback factor A.8, it
is essential to keep the ratio of
feedback time constant to the coup-
ling time constant high. The re-
sponse ratio for low-frequency am-
plification compared to mid-band-
frequency amplification is

Rlow =
wT (0T — 3)
14+ P

™2 — _P__ — —_ (14
(@) 1— AoBo JwT(l—Aoﬁo)

where T = feedback time constant Csy Ry
P =CiRu/C R,

Figure 7 shows the effect of in-
creasing the feedback without in-
creasing the time constant ratio P,
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TRANSMISSION-LINE

Impedance along transmission line or length of line necessary

to transform one impedance to another are quickly determined

FIG. 1—Basic coordinate system from which transmission-line
calculator is derived

HE CURVES for this vhf calcu-

lator were derived from the
equation for the voltage reflection-
coefficient K = (Z,—Z,) /(Z, + Z,).
This equation is transformed to
Z.,/Zy, = (K + 1)/(1—K) in which
Z,/Z, = R 4+ jX is the ratio of load
impedance to characteristic line im-
pedance, and K is a complex num-
ber which can be represented by its
rectangular coordinates u + jv.

Chart Construction

Equating the real components of
this equation, we obtain the equa-
tion of a circle for a fixed value of
R with center atu = R/(R + 1), v
=0 and radius 1/(R+1.}) Because
R cannot be negative, none of these
circles can have a radius greater
than unity.

In a similar manner, the imagi-
nary components yield an equation
for two circles, because X can be
either positive or negative for a
given arithmetic value of X, with
centers at u=1, v=1/X and u=1,
v= —1/X and with radius 1/X.
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These two families of circles are
plotted in Fig. 1. Superimposed on
these circles are the polar coordi-
nates which locate the complex
number K—that is, K=u+jv=ka.

The transmission-line chart in
Fig. 2 is a modification of this dia-
gram. Concentric &k circles from
Fig. 1 are used on the chart to rep-
resent standing wave ratio @,
where @=(1+k)/(1—k), and the
radial « lines are used to give dis-
tance along the transmission line
where =(a2+180°)/2 is the dis-
tance in electrical degrees from the
load end of the line to the first volt-
age minimum. If 4 is between 0
and 90 degrees, X is negative; and
if 9 is between 90 and 180 degrees,
X is positive.

Examples of Chart Applications

As an application of the chart in
determining points of maximum
and minimum, take the case of a
line terminated by a capacitive im-
pedance such that Z,/Z,=1-—/1.2.
On the chart this point is located

www americanradiohistorv com

"known.

at R=1, X=1.2 which has an an-
gular coordinate of about 60.5 de-
grees (for a negative reactance)
indicating that the first voltage
minimum is 60.5 electrical degrees
from the load. Had the load been
inductive, Z,/Z, would have been
1+71.2 and the first voltage mini-
mum would have been 119.5 elec-
trical degrees from the load. There
would have been a voltage maxi-
mum 119.5°—90°=29.5° from the
load. 1In either case, since the
point falls on the @=3.1 circle, the
ratio of maximum to minimum
voltage is 3.1.

An unknown load infpedance can
be determined from measurements
on a line of known characteristic
impedance, using the chart. As a
specific illustration, the standing
wave ratio is 8 and the voltage
minimum or current maximum is
50 electrical degrees from the load.
This data locates a point at Q=3,
#=50° on the chart. At this point
R=0.7, X=0.9. Here X is negative
because 9<90°. The load imped-
ance is Z,(0.7 — j0.9). Had the
voltage minimum occurred 130 de-
grees from the load, the load imped-
ance would have been numerically
the same but inductive because
#<90° in this case.

Another useful application of
this chart is in determining im-
pedance at one point on a line if
impedance at another point is
A problem such as this
arises in matching impedances by
interposing quarter-wave line sec-
tions. For example, what is the
wave impedance on a line at a point
one quarter wave length from an
impedance such that Z,/Z,=2.5—
71? This given impedance locates
a point on the chart at which @=3,
#—=81 degrees; 90 degrees from this
point, 1. e, at @=3, §=81°4+90°=
171° on the chart, is the point R=
0.34, X = +40.14. Thus the wave
impedance on the line a quarter
wavelength from Z, is Z.,(0.8344+
70.14.
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minimum voltage or current is given
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the base line. Impedance is shown by 2N
R arcs with centers along the base line, 09/
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pendicular. The straight radial lines
give distance along the transmission S
line in electrical degrees, ©. R and X ‘9-9/
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‘and reactance to characteristic imped- V)]
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DISCRIMINATOR

The correlation of electrical characteristics in resonant coupled circuits and staggered cas-

#
cade circuits is demonstrated. From this result discriminator action is explained and con-

ditions for best linearity established. Theoretical linearity curves are plotted

AT )
SR

—— W i I -
/ 02 \\
| A
= 2 E @] 3 4
X +X

FIG. 1—Relative resonance characteristic
showing absolute value of impedance as a
function of Q and the ratio of frequency
off resonance to the resonant frequency

ISCRIMINATOR CIRCUITS are

widely used to convert fre-
quency-modulated signals to audio-
frequency veltages. For this pur-
pose it is desirable that the direct
output vary linearly with the input
frequency. This article discusses
that linearity.

Logically we might write down
the equations governing diserimi-
nator action without preliminary
work. However, the relationships
in a discriminator can be obtained
as an extension of the problem of
tuned coupled circuits. The re-
sponse curves for tuned coupled
circuits are, in turn, very closely
related to those for simple tuned
circuits. For these reasons it seems
easiest to treat these three prob-
lems as a unit. In explaining dis-
criminator action we shall there-
fore begin with a brief review of
simple parallel resonance and of
coupled circuits.

Review of Resonant and Coupled
Circuits
The impedance of a resonant cir-
cuit of parallel R, L and C is given
by:
%=%+£fuw )
It is customary to simplify this ex-
pression by normalizing the fre-
quency variation in terms of the
bandwidth of the tuned circuit be-
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tween half-power points. On this
basis the impedance becomes:

R

Z ke (2)
or

VA 1

I qu o 3

E | V1 + = ()
where

e=22Q 55/ fo

Af = frequency off resonance

Figure 1 is a plot of the well-known
normalized resonance curve.

To get a physical picture of what
takes place in coupled circuits we
can think of the response curve as
the product of two resonance curves
staggered in frequency a certain
number of bandwidths.

For example, two resonant cir-
cuits can be regarded as the coup-
ling impedances in a two-stage
amplifier as indicated in Fig. 2.

R R
1+ (x+a)y [+j(x-a)
s &
I3 Isq
T_:: ’L» i2
1

FIG. 2—Staggered resonant circuits used
as coupling elements in cascade amplifier

lo—> Z2
T 7

£ [ & [ L
LT 3 %}z' = g

'
i
I
.
Y

FIG. 3—Identically tuned coupled-resonant
circuits could be used as a coupling
elemenl
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‘FIG. 4—Symmetrically detuned resonant

circuits combine to give critical flatness at
a=—1. The ordinates of the product curve
are multiplied by two to improve readability

The voltage amplification is given

by:

@—2 = gn’R? - ! 5

£ H+jz+alll+jE=—a)
4)

or
gg =— gmg Rz (5)
Bl NI+ @+l + &= o

Here each circuit is resonated a
half-bandwidths from the mean
frequency.

In the case of the coupled cir-
cuits shown in Fig. 3, we try to
obtain an analogous expression for
the transfer impedance, E./I, It
will be worth working this out in
detail because the results are di-
rectly applicable to the discrimina-
tor. In Fig. 3 we have:

_Z(Z + Zy)

E = o7, * 7, I, (6)
and
=gyt )

Combining Eq. (6) and (7) we
have:
E. Z*
Ie " 24+ Z: ®
The impedance Z., is that of a
physical capacitor. It is very con-
venient, however, to neglect the
variation of this capacitance over
the small percentage range of fre-
quencies considered in the reson-
ance curves. This enables us to sim-
plify Z. to
Zy = — jkR. e

March 1945 — ELECTRONICS



LINEARITY

Substituting Eq. (2) and (9) in
Eq. (8), we obtain

B R/ + )P

T "R+ o) -k 10

or

B 1
E- @ gTrmarm OV

Comparison of Symmetrically Detuned
Cascaded Circuits with ldentically
Resonated Coupled Circuits

It would be desirable to reduce
Eq. (11) to a form similar to that
of Eq. (4). In order to do this it
is clearly necessary to get the co-
efficient of z in the second factor
of Eq. (11) changed from k to j.
This is accomplished by multiply-
ing numerator and denominator by
i/k:

B _ J/k

LR (14 j(x+ 2/k)} (1 + jx)
If we measure normalized frequency
deviations from 1/k instead of
from zero by changing the variable,
so that ¢ + 1/K = y, Eq. (12) be-
comes

E, i/k

LR~ [1 47+ /KL + 5 (y— 1/k)]

. (13)
Except for a multiplying factor and
a shift of abscissas this is identical
to Eq. (4), the equation for stag-
gered circuits. In Eq. (13) 1/k is
to be identified with «, the half
bandwidths off resonance, of Eq.
(4).

The choice of direct capacitive
coupling rather than mutual induc-
tive coupling was made to simplify
the computation. If inductive
coupling had been used the results
would have been the same except
that no shift in abscissas would
have occurred.

The relationship between  stag-
gered and resonant. circuits pro-
vides the physical interpretation
of the resultant curves. The prod-
uct of two widely-spaced curves
gives a double resonant peak while
the product of two coincident peaks
yields a single sharp peak. Thus we
are led to investigate the possibil-
ity of choosing the spacing between
peaks in such a manner as to make

(12)
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the two peaks coalesce to give a
critically-flat curve. 4

One way of determining the con-
ditions of this consists of differen-
tiating Eq. (5) with respect to =z
and determining the value of a that
would make the two peaks just
meet. A second method consists of
setting the second derivative of
the curve equal to zeroat z = 0 and
solving for a. As is well-known,
these conditions lead to the choice
of @ = 1 for critical flatness. Curves
showing the two resonant curves
and their product for this condition
are shown in Fig. 4.

Discriminators

We found it convenient to ob-
tain a physical picture of coupled
circuits by means of cascaded stag-
gered circuits. In just the same
way it is useful to consider a very
simple discriminator circuit before
considering the general case. Fig-
ure 5 shows an idealized discrim-
inator circuit of this sort.

Detectors are arranged to pro-
vide two opposing direct voltages
one of which is proportional to the
magnitude of the impedance of one
circuit while the other is propor-
tional to the impedance of the sec-
ond circuit. As before the resonant
frequency of each circuit is stag-
gered from a mean value by a half-
bandwidths. Thus we have

lo =
K
_R—-r;: Linear |~
N {x+ a2 T_' detector i i
Eout
+ :
R -L_:‘: Linear
Vi+(-ay T_3 detector| :
Y

FIG. 5—Simple staggered resonant-circuit
discriminator

FIG. 6—Basic coupled resonant-circuit dis-

criminator
! Eout I = 1 —
LRV2| T+ (& — af
1
Vi (z + a)?
It has been pointed out by

Travis® that the more conventional
type of diseriminator has a char-
acteristic expressible in this form.
Let us consider the circuit shown
in Fig. 6. From our previous analy-
sis, we see that while the frequency
discrimination of the circuit of Fig.
5 corresponds to that of the circuit
in Fig. 2, the discriminator of Fig.
6 behaves like the coupled circuits
of Fig. 3.

The voltages F, and F, in Fig. 6
are fed to separate linear rectifiers
whose outputs are opposed. It is as-
sumed that the coils in Fig, 6 are

Differential g~c¢

c

NTured fo
sarre frequerncy

N o e | e e e ]

Grownd

?
T

FIG. 7—Practical discriminator circuit which has the same action as the basic
coupled resonant circuit of Fig. 6
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inductively coupled. If negligible
load current is drawn from the
points ¢ and b the voltage E., is
made up of half the difference be-
tween the primary and secondary
voltages. Similarly the voltage E,
is made up of half the sum of these
two voltages. Whether the primary
and secondary circuits are indue-
tively coupled or capacitively cou-
pled makes no essential difference.
Hence except for a shift in the vari-
able and a constant factor, the pri-
mary and secondary circuits of Fig.
6 are related in the same way that
the corresponding circuits in Fig. 3
are related. Thus we are led to
consider the magnitudes |E, + FE,
and |E, — E.| in Fig. 3. Combining
Eq. (6) and (8) we write:

B, +E2=Zl (ZI+Z2)+Z]2_Z s
IO 221 '+'Zz - ! 0)
and
E—-E 7272 +7)=7%" 7,7
P 22+ 2, 272 ¥ Z,
(16)

Substituting the equivalent expres-
sions for the impedances, we have

E+E 1 1

LR J ¥ i an
and
L
E-B 1+’ — jk
LE 2 T2 =gk + kzx
1+ gz
(13)

Forming the difference between
the magnitudes of Eq. (17) and
(18) we write

B+ E|— | B~ B|_
IR N
e B S
ite Vitarem

Making the substitution v = = -
1/k as before and writing h(y)
for, the value of the function we ob-
tain

et [ 1

Vit (@ —a? VIt (y+ap
(20)

where ¢ = 1/k.

This has the same form as Eq.
(14).

The  practical discriminator
shown in Fig. 7° can be made the
same as that shown in Fig. 6 pro-
vided that proper turns ratios are
used between the primary and sec-
ondary windings and provided the
two windings have the same Q. The
two rectifier outputs are propor-
tional to |E,| and |E.|.
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FIG. 8—Discriminator characteristics which
result from a coupling equivalent to a
frequency spacing between circuit reson-

ances which corresponds to o =— \/3_/2
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FIG. 9—Discriminator curves for various
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FIG. 10—Deviations of discriminator curves
from tangents at their cross-over point

The symmetrical conditions as-
sumed in Fig. 2 in deriving coupled-
circuit relationships are by no
means necessary but are mathemat-
ically convenient. Similarly it is
likely that svmmetrical conditions
are not necessary in the case of dis-
criminators. Nevertheless the as-
sumption of such conditions is very
helpful in carrying out the arith-
metic in each case. The writer has
not tried to get a solution of unsym-
metrical cases.

Condition for Best Linearity

Let us investigate the shapes of

www americanradiohistorv com

the curves given by Eq. (20).
Clearly if we let the two generating
resonance curves be spaced by too
great a frequency the resultant
curve will be badly nonlinear. Sim-
ilarly the curve for an opposite ex-
treme will have a reverse curvature
and will be just as undesirable, If
we investigate the linearity at the
center by considering the deriva-

tives at the point ¥ = 0 we find,
2a
1 = _
h (0) (1 + a2)‘3_'2
B H(0)=0
6a (2a
hIT0) = T+ a a”’ ,o
h V() =0
. 30a (8a* — 40a* + 15)
BV (0) = 1+a2)“/’ o
b VI(0) =0
B VIT(0) =

630a (226a° —

78at + Y0u? — 35)
(1 + aE)lﬂ /2

It will be noticed that for ¢ =
v3/2 the second, third, and fourth
derivatives are all zero, making for
exceptionally good linearity.

Figure 8 shows the discrimi-
nator characteristic for this critical
case where the third derivative van-
ishes. Figure 9 shows a family of
curves for various values of a be-
tween 1 and 2. For convenience the
lower halves of these curves have
been omitted.

It would have been useful to per-
mit the frequency deviation ¥y to
vary sinusoidally and to expand
the resultant curve for h(y) as a
Fourier series. This would permit
the computation of distortion fac-
tors for various values of @ and
frequency swing. Unfortunately
lack of time has prevented the com-
pletion of this numerical work.
However, some estimates of the dis-
tortion can be obtained from a
study of the curves in Fig. 10.
These curves show the difference
between the discriminator curves
of Fig. 9 and tangents drawn to
them at the origin. It will be no-
ticed that the curve for ¢ = +3/2
differs from its tangent by less
than 0.2 percent for values of ¥ less
than 0.5. However, the curve for
a = 1.5 lies close to its tangent over
a considerably larger interval.
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CINCH ‘Fasteners * Miniature Sockets
Filler Necks * Octal Sockets * Lugs
Terminal Strips x Metal Stampings

IT’S "KNOW hOW”

"Objective gdined”; It's Know How that gets
them there. CINCH set out some years ago to
mcke a socket for every need in communica-
tions; every size and type. Today “more often

than not the socket in service is a CINCH".

ELECTRONICS — March 1945

CINC

Such dependatility must be attributed to the
“’Know How” in the manufacture. Cinch was
first in the field with a complete line of
miniature socket assemblies, together with

nut straps ond associated items.

" MANUFACTURING CORPORATION
2335 West Van Buren Sireet, Chicago 12, Ilinois
Subsidiary of UNITED-CARR FASTCNER CORPORATION, Cambridge, Mass.
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BAND-PASS
Filter Design

By C. J. MERCHANT

The Brush Development Oo.
leveland,

Ohio

BANO-PASS:  T-SECTIONS

ENO:  HALF-SECTION, m = 0.6. 'FUll m-SECTION, m = 0.8 FULL K-SECTIBN, m = 1.0
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Generalized impedance tables from which filter impedances are quickly calcu-
lated with a reactance slide-rule if the upper cut-off frequency, mid-band
frequency and terminating impedance of a band-pass filter all are known.
These dimensionless impedance tables are obtained by specifying filter com-
ponent values as functions of mid-band frequency and terminating impedance
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for varieus values of upper to mid-band frequency ratio

ow- or high-pass filters can be
L completely specified in terms
of two quantities, the cut-oft fre-
quency and the terminating im-
pedance. Band-pass filters introduce
an additional quantity, the band-
width, and therefore require three
quantities to specify their perform-
ance, but their calculation can be
simplified by means of a reactance
slide-rule technique similar to that
described in a previous reference
sheet (February 1945 issue of
ELECTRONICS) .

The accompanying charts give
the reactance constants, in ohms, of
T and = band-pass sections in terms
of the terminating impedance R,
the upper cut-off frequency f, and
the mid-band frequency f,, which
is the geometric mean of the upper
and lower cut-off frequencies and is
given by f. = Vf.f.

For example, to design a 3-sec-
tion filter of =-sections with cut-off
frequencies at 770 cps and 1300 cps
and terminated in 1000 ohms, first
find f,, = /770 x 1300 = 1000 cps.
Find f./f. = 130071000 = 1.30.
Then set the reactance slide-rule
at f,/R = 1000/1000 = 1 eps, and
find the inductances whose react-
ances in ohms.at 1 cps are the values
given on the chart opposite f./f,, =
1.30. Then reset the rule at f,.R =
1000 x 1000 = 1 Mc and find the
capacitances in like manner.

When f./f. is greater than 1.50,
the filter can be more economically
designed by cascading low and
high-pass sections whose pass-
bands overlap.

In specifying values for the ac-
tual filter design, elements appear-
ing directly in parallel or in series
after cascading should be combined.

ELECTRONICS REFERENCE SHEET
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A Fine Example

of Versatile Contact Material

MALLORY D-54

Conductivity %IACS . . .
Hardness (Rockwell)
Tensile Strength PSI. . .
Grams per CC .
Tr. Oz Per In.3

Dcnsity%

TYPICAL PHYSICAL PROPERTIES
(Annealed)

by

75-85
35-13 F
16,000
9.6.9.8

N electrical contact material must have
versatility to be specified by design
engineers for many electrical contact
applications. The complete versatility of
Mallory D-54 contacts is demonstrated by
their use in a broad range of voltage and
current applications. This heavy-duty,
current carrying contact material offers
all of the many unusual mechanical and
electrical advantages of silver and cad-
mium oxide.

Mallory D-54 is also adaptable to the main
contact of heavy-duty circuit breakers
where occasional arcing proves so destruc-
tive to silver contacts.

Mallory Manufactures Contacts for Every Application
P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

One manufacturer of motor-starting con-
trols uses Mallory D-54 contacts to carry
and interrupt a 600-ampere maximum
load—100-ampere normal load—with a
maximum operating voltage of 460 volts
AC. Another application requires contacts
of this material to close on inrush cur-

rents of 2,400 amperes at 28 volts DC.

Still another manufacturer has bough! in
the last year over 1.150,000 pieces of
Mallory D-54 for hifteen different applica-
tions. Mallory D-54 has been tried—and

not found wanting.

P.

Al

R.MALLORY & CO.Inc.

LOR 59

ELECTRICAL CONTACTS A

ND CONTACT ASSEMBLIES
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INDUSTRIAL CONTROL

Chicago Conference on Induction and Dielectric Heating. . . ..
Electronic X-Ray Current Regulator

Chicago Conference on Induction and Dielectric Heating

ALMOST 5,000 REQUESTS were re-
ceived for tickets to attend the
afternoon and evening technical
sessions of the Conference on In-
duction and Dielectric Heating,
sponsored by the Great Lakes
Power Club in cooperation with
the Chicago Lighting  Insti-
tute and held January 16, 17 and
18, at the Marquette Assembly
Hall, Chicago. Average attendance
per session was over 330.

Fundamentals of High-Frequency
Heating

In opening the technical session
Tuesday afternoon, J. P. Jordan of
General Electric Co. stated: “There
is great need for better understand-
ing of what electronic heating—and
induction heating in particular—
can do and what it cannot do.”
After outlining the fundamental
principles of operation, he pointed
out some of the advantages and
limitations of induction heating
equipment. It was shown, for ex-
ample, that materials of reasonably
high resistivity could be heated
more efficiently than materials such
as aluminum, copper or silver, hav-
ing very low resistivity. Electronic
heating is, according to Mr. Jor-
dan, expensive compared to other
types of heating because the initial
equipment and the power required
are both expensive. For this rea-
son induction heating is not eco-
nomically applicable for all pur-
poses. However, it does have many
applications in hardening, heat-
treatment, brazing, soldering, and
similar applications. The user
should not expect induction heat-
ing equipment to solve all of his
headaches. The industrial engineer
should consult with the induction
heating engineer to ascertain the
most economical and suitable appli-
cations in a given plant.

Under the title, “Heat Treatment
of Metals With High Frequency”
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Otto Weitmann of Lepel High Fre-
quency Laboratories gave a general
talk on this subject, illustrating his
remarks with slides showing the
construction of output coils for var-
ious applications and outlining the
water-quenching technique which
is commonly used in heat treatment
of metals. (A condensed version of
his paper appears on page 101 of
this issue of ELECTRONICS.)

Electronic Brazing and Soldering

H. U. Hjermstad of Federal Elec-
tric Co., speaking on ‘“Applications
of High Frequency Heating to
Brazing and Low Temperature
Soldering,”’ gave practical pointers
for proper preparation of joints
and connections which are to be
brazed or soldered. Proper spacing
between joints 1is necessary so

solder will flow to all portions of the
joint by appropriate capillary ac-
tion after suitable fluxing. In gen-
eral, clearances of about 0.001 or
0.002 inch were found to give the
strongest bonds between the two
metals. Cleanliness in preparing
the surfaces to be joined cannot be
too greatly emphasized. A series of
slides was given showing recom-
mended and poor practices in pre-
paring materials for joining by
soldering or brazing.

Molecular Friction Makes Heat

J. W. Cable of the Induction
Heating Corp. discussed ‘“Funda-
mentals of High Frequency Heat-
ing.” Principles involved in heating
by alternate stress of the molecules
within dielectric materials were
brought out. The advantage of di-
electric heating in providing uni-
form temperature rise throughout
the material (neglecting radiation
losses from the surface of the ma-
terial) was shown to be a distinct
advantage over other methods of
heating.

New Frequency-Changer Unit

A brief talk was given by F. R.
Durand of the Allis-Chalmers Mfg.
Arc Frequency

Co. on “Mercury

Designed for induction-heating applications, this Allis-Chalmers Excitron-type mercury
arc unit electronically multiplies the frequency of a-c power

www americanradiohistorv com
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NrU».S IN THE IRC NEW PRODUCT PARADE

IRC PRESENTS

WIRE WOUND RESISTORS

Flat as a flounder, efficient as a standard tubular wire wound . .. and available |

right now for essential uses . . . the new Type FRW packs a wealth of features to 1

recommend it for many limited-space applications. :

Five standard sizes, covering the 0.1 to 22,000 ohm range, are now being
built to JAN-R-26 specifications for RW20, RW21, RW22, RW23 and RW24

requirements.

Non-magnetic mounting brockets extending through the resistor allow easy and
economical mounting, aid in uniform heat distribution along the entire length of

the resistor, and serve as conductors to transfer internal heat to the chassis.

FRW's may be mounted vertically or horizontally, either singly or “stacked.”
Although light in weight, they have exceptional mechanical strength and withstand
severe vibration, They reflect in every detail IRC's traditional high quality.

For more complete details
write for FRW engineer.
ing data bulletin, now in A c
@

preparation.
Dept. 1-C
401 NORTH BROAD STREET, PHILADELPHIA 8, PA,

IRC makes more types of resistance unifs, in more shapes, for more apelications than any other
manufacturer in the world.

COMING....COMING....

Y ol - 3 . b

AN 3153 BTR—Vs %ot ' BYA—1 wottr  Grade 1-—Class + = Tybe FRW
Rbieci fnsulated Resistor Insulated Resistor Reslstors. Rasistor.
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Changers for Induction Heating,”
describing a new method of provid-
ing high power and high efficiency
at frequencies in the range of about
500 to 3000 cycles per second. The
method developed by Allis-Chal-
mers is still quite new so that field
experience is based on the installa-
tion of only a few units whose
power outputs have been in the
range from 200 to 300 kw. Effi-
ciencies of 90 percent or more may
be obtained with this unit for loads

with the load on the generator, the
frequency of the frequency changer
varies likewise.

Dielectric Heating of Plywood

Paul D. Zottu of The Girdler
Corp., spoke on “Application of
Dielectric Heating to Wood Prod-
ucts.” In tracing the history of
this technique, Mr. Zottu pointed
out that a paper delivered by von
Siemens in 1864 before the Acad-
emy of Science in Berlin antici-

Jphase, 60-cycle
nput

ad

Work urider
treatment )
e
Frequency
deterrmned-
& L C

i

& &

fiming and
firing
circuits
controlling
rids of
xcitrons

-©

S Electronic
-0

O
o

Schematic diagram illustrating principle of Allis-Chalmers Excitron frequency changer
for electronic induction heating. It multiplies the power-line frequency to any desired
value in the range from about 500 to 3000 cps

which are 50 percent or more of
the rated capacity of the unit.
Fundamentally the mercury arc
frequency changer for induction
heating consists of a bank of Ex-
citron rectifiers supplied from a
60-cycle power source, a means for
providing power transfer from the
rectifier circuits to the load circuit,
a means for tuning the load circuit
to frequencies in the range of from
about 500 to 3000 cycles, and an
electronic firing and control mech-
anism operating on the grids of the
Excitrons to multiply the fre-
quency. The frequencybchanging is
accomplished by operating on the
grids of the Excitrons at a rate de-
pendent on the LC constants of the
work circuits. Since these vary
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pated dielectric heating in the fol-
lowing paragraphs:

“As it appeared probable to me
that the glass wall of the Leyden
Jjar must be heated by its charge
and discharge, I have arranged an
apparatus, by which very slight
heatings can be observed with cer-
tainty. The result of the experi-
ments made with it fully corre-
sponded with my anticipations.

The heating observed cannot
arise through conduction of the
mass of the glass, nor through its
compression by the attraction of
the coatings, nor lastly, through
the penetration of electricity into
the mass of glass lying next to-the
coatings.

If, on the other hand, we assume

WWW.americanradiohistorv.com

with Faraday that the c¢harge and
discharge depend on the occurrence
of molecular motion in the insu-
lator separating the coatings, there
remains nothing remarkable in the
fact of the heating of the insu-
lator.”

Up to 1880, a few experiments
were conducted verifying the re-
sults of von Siemens. From 1890 to
1900 Tesla performed a number of
induction and dielectric heating ex-
periments with higher r-f.

The invention of the vacuum tube
and its development during and
after the last war resulted in an
extensive use of high-frequency
medical diathermy equipment in
the period of 1920 to 1935, along
with some experimental use of
high-frequency equipment in in-
dustry. Serious industrial utiliza-
tion started along about 1935 to
1937. By 1940, Girdler Corp. en-
gineers were demonstrating te-
peatedly the use of high-frequency
equipment in connection with dry-
ing of wood and setting of glues.
The first commercial plywood in-
stallation of industrial dielectric
heating, involving two 800-kw
units, has been in continuous opera-
tion ever since its installation in
1942.

There are very many applica-
tions of high-frequency heating in
the wood-working industry accord-
ing to Mr. Zottu. Here, as in the
case of induction heating, careful
consideration must be given to the
economics of the problem. Uniform
heat - treatment throughout the
work is one advantage. Drying of
wood products is a legitimate ap-
plication only where the reduced
time of drying is important or
where economy of power is not an
important consideration, because
the same amount of heat is required
to dry a given quantity of wood,
and electronically generated power
for heating is more expensive than
other types.

The following questions were
asked and answered:
Q. Is dielectric heating equipnient for in-

dustrial use regarded as safe for inexpe-
rienced persunnel, eand does the use of such
equipment increase fire hazards for insur-
ance rates? A..The only danger of electro-
cution in high-power units comes from the
d-¢ source of supply used to operate the
vscillators. It i3 common practice for all
manufacturers of equipment to provide suit-
able safety locks and interlocking doors so
that operating personnel could not possibly
come in contact with dangerous ecircuits.
High-frequency energy used in heat treat-
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Helps Check The Quality of MURDOCK-Made Head Sets

The W. j. Murdock Company of Chelsea, Massachusetts,
relies on a HARVEY Regulated Power Supply
106 PA to determine that head sets manufactured
by them for the Armed Services meet Signal Corps and
Navy Department Specifications.

The HARVEY 106 PA, teamed with a wide range
beat frequency oscillator, supplies a constant D.C.
voltage for an amplifier testing the output of Murdock
type R14 head sets. Input is three volts. Earphones are
tested at four frequencies within the range of 500 to
2500 kc., to check various decibel readings within
that range.

The HARVEY Regulated Power Supply 106 PA is
operating successfully with constant frequency oscil-
lators, amplifiers, pulse generators, measurement
equipment and other apparatus requiring a constant
source of D.C. current. It operates on 115 volts, 50-60
cycles A.C., and has a D.C. output variable from be-
tween 200 to 300 volts that is regulated to within one,
per cent.

If you need a constant, thoroughly dependable source
of D.C. power, better look into the HARVEY Regu-
lated Power Supply 106 PA. The whole story is con-
tained in a new bulletin. We’d be pleased to send it.

OF CAMBRIDGE

ELECTRONICS — Morch 1945
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ment can produce burns if the operator
comes in contact with the electrodes, but
this would not produce shock. Commercial
dieelectric heating equipment is generally
provided with safety guards which cover the
electrodes during operation of the machine.

It was also disclosed that the only. physio-
logical effect of exposure to the electric
fleld is a slight rise in temperature, but the
operator is not ordinarily in a sufficiently
intense field to be affected. Dielectric heat-
ing equipment is as safe as a properly
protected punch press-or any other piece of
industrial equipment,

Arcing sometimes-occurs between the elec-
trodes of dielectric heating units, and for
this reason dielectric heating units should
not be operated in areas subject to explosive
and volatile vapors.

Q. Is it practical to use one centralized
generating system to feed a number of out-
lets distributed throughout the plant? A.
Yes, provided all of the loads are identical
and do not have to be heated simultane-
ously. The output of the generator is fed to
one load at a time, in sequence, Such cen-
tralized operation does not appear to be
feasible for loads which are operated in
parallel indiscriminately, since each addi-
tional increase in load would reduce the
available voltage and thereby alter the time
required for suitable heat treatment. Opera-
tors cannot-be expected to compencsate for
such frequent and unpredictable variations
in loads.

Q. What are the possible uses of dielectric
heating in the food industry? A, Milk has
been successfully pasteurized. Sterilization
of bottles is not regarded as a good appli-
cation, however, because the heat generated
by the dielectric heating equipment does not
produce a sufficiently high temperature to
kill all of the bacteria.

More promising applications are. process-
ing wheat and cereals and killing germs in
fresh cereal. The slight increase in cost is
an objection in the processing of cereals.
but sterilizing of packaged producta appears
to be economical. Psychological and advertis-
ing advantages of sterilization should more
than offset any slight increases in processing
cost.

Q. Is dielectric heating well suited to the
drying of dielectrio products? A. Although

‘technically this application is entirely feasi-

ble, economical aspects are unfavorable ex-
cept where factors like uniform heating or
fast dehydration are important. One manu-
facturer reports considerable success in ary-
ing skeing of rayon, a high-value product
that can absorb the slight increase in cost
because processing time is reduced by di-
electric heating. Power cost per Btu is at
least twice as much for high-frequency heat-
ing as for 60 cycle heating, and much' more
than for steam heating.

Q. Does variable density in certain sec-
tiong of a plywood press cause uneven heat-
ing? A. Theoretically, yes, but in practice
no such effect has been observed. The loss
factor of the material is much more im-
portant than the density.

Q. Is the temperature of the plates of a
diclectric heating wunit uniform? A, The
plates do not show any temperature rise of
themselves except what is caused by con-
duction or radiation from the mass of mate-
rial undergoing heat treatment between the
plates. )

Q. What is the cost of operating dielegtric
heating units? A. The cost depends upon
the cost of electric power. Dielectric heat-
ing units operate at approximately 60 per-
cent efficiency, which gives some indication
of the power requirement for a specified
output. Small-size units are relatively higher
in initial cost. For units up to about 3 kw
rating, the equipment cost is approximately
$1,200 per kw. One 1%-kw unit has a price
of $2,100, while a 200-kw unit has been
sold for $60,000,

Accelerated Transfer of Heat

Stanley Schneider of Westing-
house Electric & Mfg. Co. pointed
out that with dielectric heating we
can increase the rate of heat trans-
fer from about 6 Btu per minute
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3 Standard Fastenings
for Production Efficiency

Phillips Recessed Head
Screws—The modern, ef-
) fective, time-saving fastening
device proven in tens of thou-
sands of assemblylines.Other
standard head styles are also
available.

Self-Tapping Machine

Screws — Eliminate sep-
arate tapping operations for
fastenings to castings, heavy
gauge sheet metal, and plas-
tics. Also available with
Phillips Recessed Head.

Washer-Screw Assem-
klies —When use of lock
washers is indicated, the time-
saving of pre-assemblies is
obvious. Also available in
standard slotted head styles.

Choose the Right Fastenings-

PLAN THEM EARLY
In the Product Design Stage

“Cold-forging”” —proof #29
« « « more each month

The degree of perfection you will obtain on that vital fast
assembly job may very well depend on the fastenings
chosen for your product. That's why it is important to
play sate by making your precise choice early in the
design stage. Remember —no assembled product can be
better than its fastenings.

Whether your need be a featured standard fastening or
a part especially designed to meet your specific require-
ments — Scovill can help you. Our broad experience in
fastenings and our demonstrated ability in special design
make Scovill your logical choice.

The special purpose item featured above (in interme-
diate and finished stages) is one of many examples of our
ingenuity in special design and cold-forging. Our special
processing of this part, too, meant substantial savings in
money—materials — motions.

Call our Fastenings Expert to help you choose — profit
by Scovill skill in design and cold-forging. Call foday.

ScoVILL MANUFACTURING COMPANY

WATERVILLE

SCREW
PRODUCTS

DiIVISION

WATERVILLE 48, CONN. [\K,gu: TEL. WATERBURY 3-3151

NEW YORK, Chrysler Building . DETROIT, 714 Fisher Building -

CHICAGD, 135 South LaSalle Street . PHILADELPHIA, 18 W. Chelten Avenue Building
PITTSBURGH, 2882 W. Liberty Ave. « SYRACUSE, Syracuse - Kemper Insurance Bldg. - LOS ANGELES, 2627 S. Soto St. . SAN FRANCISCO, 434 Brannan St

ELECTRCNICS — March 1945
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UNION AIRCRAFT PRODUCTS CORP.,

7/144 maq ée qam view

ELECTRICAL EXPERIMENTAL
LABORATORY

HE laboratory shown is part of the unique Union-

air setup that is at present turning out Electrical
Assemblies for the war effort. It develops and tests
new devices and methods connected with Electrical
Equipment.

When the time comes that we can put to commercial
use the results of the concentrated research and de-
velopment of the war years in Electrical Assemblies,
this laboratory may be yours.

It will be part of the Unionair service in making Elec-
trical Assemblies to Customers’ Specifications.

Our new booklet titled, “Electrical Assemblies made

to Customers’ Specifications” is available on request.
Write to: Union Aircraft Products Corp., Dept. E,
245 East 23rd Street, New York 10, N. Y.

Electrical Assemblies — Hydraulic Fittings
Conduit Fittings— Junction Boxes

www americanradiohistorv com
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per square inch for older methods
of convection and conduction to
100 or even more Btu per minute
per square inch of material. Among
the applications of dielectric heat-
ing utilizing this important factor
are drying of yarn, ropes, curing
of agricultural products such as to-
bacco, and heating of preforms in
plastics to make possible the utili-
zation of smaller presses and at the
same time provide a better product
because of the uniform heat treat-
ment.

Electronic Cooking Possibilities

A paper, “Use of Dielectric Heat-
ing For Sterilization, Pasteuriza-
ation, Cooking and Enzyme Con-
trol in Foods and Drugs” was given
by Wiley Wenger, Radio Corpora-
tion of America. Mr. Wenger
pointed out that 60-cycle power had
originally been used for the cook-
ing of hot dogs more than a decade
ago but that bursting due to gener-
ation of steam and electrolysis from
contacts which became contamin-
ated were not favorable to the proc-
ess. Undesirable effects of electroly-
sis could be made negligible by go-
ing up to 50 ke in frequency. It is
generally inadvisable to attempt to
heat non-homogeneous materials;
for food products, particles not
larger than about % inch in diam-
eter might be regarded as being
reasonably homogeneous. Thus, ra-
dio frequency heating may be suc-
cessfully applied to ground meat
but might not be successful for
heat treatment of solid meat such
as ham, chicken, steak, nor would
it be particularly well adapted to
the processing of meat having bone
and both lean and fat portions.

Q. What is the method in measuring tem-
perature in food processed by electronic
heating? A. Liquid thermometers are too
slugeish in operation and may be of ap-
preciable size compared to the samplé under
test. Reasonably satisfactory results have
been ohtained by using small thermocouples
o pliced in the electric field as to be per-
pendicular to the electric field so that the
heat generated in the thermocouple itself is
a minimum. The leads for the thermocouple
should not be longer than 1 inch if this is
at all feasible. During heating, the thermo-
couples are disconnected, and relays are
used to make connections immediately after
r-f power is cut off.

Q. Is it possible to kill dacteria in slarch
without affecting the starch particles them-
selves? A. Experimental results to date
have not been undertaken on a sufficient
scale to make a positive statement. Unde-
sired living objects must have sufficient
mass to absorb power to raise their body
temperature beyond that which will sustain
life. For this reason the process appears to
he more suitable for the killing of insects
than for the killing of bacteria.

Q. Will a single treatment of radio-fre-
quency energy kill larva as iwell as ingects
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ELECTRONIC PREHEATING STEPS UP
OUTPUT AT CHICAGO DIE MOLD PLANT

CASE HISTORIES SHOW BIG PRODUCTION
GAINS WHEN NEW METHOD AIDS MOLDING

Chicago Die Mold Company’s first RCA electronic gen-
erator was installed many months ago to break a bottle-
neck in the production of a highly important molded
piece for the armed forces. Qutput from the molding

press was immediately stepped up from 18 shots per

hour to 82! Here are the details:
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