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A-STANDARD
Long famous for the reliability of Centralab's non -rubbing

contact and long wall type
resistor. Available plain, or
with one, two, or three taps,
and with SPST, DPST, or
SPDT Underwriters Approved
Switches.

B-MIDGET
Small in size, but large control efficiency. Available single, dual, or triple, plain, or
tapped, with SPST, SPDT,
DPST,

...

but it too, features
the long, straight, resistor
strip, with SPST Switch - .
witn, or without dummy lug.
Switch rated . . . 2 Amps.
125 V.Underwriters approved.

2

the mall

For two decades CENTRALAB controls have been answering
the call for smoother performance. Today in countless millions of radio receivers these Smooth Controls are performwhen the Call takes on a more
ing valiantly. And today
serious. aspect, Centralab Controls continue to answer in
increasing numbers. In mufti ... cr in khaki ... for smooth,
insist on CENTRALABS.
dependable service
CENTRALAB: Division of Globe -Union Inc., Milwaukee, Wis.

...

...

C-ELF
Small

Answerhe

Centralab
RADIOHMS
August 1941
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PHOENIX is an improved tracing cloth that defies
perspiration stains and water marks-that holds pencil
smudges and erasure scars at a minimum. Now you can

This New Tracing Cloth

Prevents Scars and Stains
on your Drawings

have clean tracings, in pencil or ink, free from the
untidy "ghosts" that reproduce on blueprints!
For PHOENIX is ghost -proofed by a remarkable new
process that defies moisture, and gives you an unusually
durable working surface. You can use harder pencils
with this improved cloth and get sharper lines with
less tendency to smudge. Even 6H pencil lines show
clearly, and reproduce sharply! Erasing does not mar
the drawing surface; erased areas take pencil smoothly
-and ink without feathering. The new white color
and increased transparency provide excellent drawing
contrast and produce strong blueprints.
Let PHOENIX prove its merits on your own drawing
board. See your K&E dealer, or write for a generous
working sample and an illustrated brochure.
EST. 1867

KEUFFEL & ESSER CO.
NEW YORK
CHICAGO

ST. LOUIS

PHOENIX DEFIES
MOISTURE
REG.

V.S. PAT. OFF.

TRACING CLOTH
for pencil and ink

GHOSTS

Perspiration and watersplashes
on ordinary tracing cloth create
"ghosts" which reproduce on
blueprints. PHOENIX Tracing
Cloth withstands actual immersion in water for fully 10 min-

utes at a time! Perspiration and
water marks will not stain it!

SAN FRANCISCO

HOBOKEN, N. J.
LOS ANGELES

PHOENIX LESSENS
SMUDGE GHOSTS

The new improved surface of
PHOENIX Tracing Cloth permits you to use harder pencils
(5H and GH) and to get
sharper lines with less tendency to smudge.
Result: Cleaner tracings and
blueprints.

DETROIT

MONTREAL

PHOENIX REDUCES
ERASURE

GHOSTS

Ordinary tracing cloths be
come scarred when erased...
erased spots produce ghosts
on blueprints.

PHOENIX has a durable
drawing surface that reduces
working scars to a minimum.

IN ALL RATINGS;
FOR ALL REQUIREMENTS

eaffeelee/aatead4.61.
Type
and

type,

RS
plate transformers
reactors,
oil -immersed
for large rectifiers.

Continuous Research work by our
engineers since the early days of radio
has made and maintained the AmerTran

mark a symbol

trade-

representing the ultimate in

transformers for communication and electronic
This also explains why our products

circuits.

are preferred and used by so many of the larg-

est equipment manufacturers and best -equipped

broadcasting stations.

Today our list of prod-

ucts covers the complete range of transformer

requirements for electronic tube circuits-from
AmerTran modulation transformer, oil -immersed
type, for large
broadcast transmitters.

the smallest audio unit used in an air -craft radio

receiver to the giant power and modulation
transformers for

mitter.
AmerTran audio transformers and reactors are
available for all applications and meet exact
requirements.

a

50,000 watt broadcast trans-

Furthermore, all types and sizes can be

produced economically either singly or in quant-

ity to meet your particular specifications.

Type W plate transformers
and reactors for all small

and medium

high -voltage

Let

rectifiers.

us

submit data on

transformers for your requirements.

AMERICAN
178 Emmet St.
Type W filament

air -insulated type,
up to 50 Kv.

4

transformer,

for
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COMPANY

Manufacturers

NEWARK, N. J.
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at Newark, N. J.
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WILLIAM BRAND
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COMPANY

Block Mica, Mica Plate and products-Varnished oil! tubing, Saturated Sleeving, Varnished Cambric, Cloths and Composites

216

FOURTH AVE.,
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211 NO. DESPLAINES ST., CHICAGO, ILL.
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JUST HOW SMALL
IS A MIDGET RESISTOR?

/

The line of Globar Brand Resistors now includes a Midget
watt.
which is extremely small in size yet it is rated at

ACTUAL SIZE: ?-4}"

long by 16" diameter

RESISTANCE RANGE:

I

ohm to

5

megohms

MAXIMUM RMS VOLTS: 200

Globar Brand Resistors are of the ceramic type with excellent voltage resistance and temperature -resistance characteristics. They are rugged; they are
not affected by humid atmospheres; they retain their established resistance value
under normal loading; they have a low noise level and the effect of radio frequency on the resistance is negligible up to 30 megacycles. Standard resistance
tolerance: 57o-107-20/0. All resistors color coded according to R.M.A. standards. A trial in your circuits will verify these claims.

Globar Division

THE CARBORUNDUM COMPANY
NIAGARA FALLS, N.Y.
(Carborundum and Globar are regi.trrcd trade-marl. of and indicate manufacture by The Carborundum Company)
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HIGH VOLTAGE

RECTIFIERS
THE FIRST PRACTICAL HIGH VOLTAGE RECTIFIER AT LESS THAN 500
POUNDS FOR 100,000 VOLTS, 1000 WATT UNIT SIMPLE REVERSAL

OF POLARITY

UNITS FROM 5000 VOLTS TO 200,000 VOLTS

A basically

new type of High Voltage
rectifier that is rugged, compact and
easily portable, built to withstand ordinary high voltage surges and sparks
without damage to the unit. Requiring
no attention, the rectifiers are enclosed

..

.

in metal, grounded cases, insuring safe
operation. This new design in rectifiers
a new and practical price level
for equipment in this field. We will
be glad to furnish data and quotations
on your requirements upon request.

creates

e

SLAYTER ELECTRONIC CORPORATION
NEWARK

ELECTRONICS

August 1941
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LIGHT SOURCES

.

»he.

without Correction factors

1TEST9V
DIRECT- READING
ILLUMINATION METERS
Model 703 Sightmeter
-equipped with the stable all -glass WESTON
perfected VISCO1 filter.

Whenever you

see a lighting man taking a direct
measurement from a fluorescent or other special light
source ... conveniently and quickly, and without conyou can be reasonably
sulting correction tables
sure the instrument is a WESTON Illumination Meter.
For, all the WESTON models illustrated now are
equipped to provide direct measurement of the illumination from any light source ... regardless of the color
composition.
The development of these versatile instruments
stems from WESTON'S time honored policy of pioneering in the development of new measurement tools ..
then, continuing the research and development to constantly provide the utmost in convenience and dependability for the measurement need.
Complete information on WESTON instruments for
convenient light measurement, as well as for efficient,
automatic control of lighting, will gladly be sent on
request. Weston Electrical Instrument Corporation,
618 Frelinghuysen Avenue, Newark, New Jersey.

...

Model 603
WESTON

Ilumination Meter
IVISCOR filtered)

.

...

Precision DC and
Laboratory Standards
Instrument Transformers
AC Portables
.

.

.

AC, and
. DC,
Sensitive Relays
Thermo Switchboard and Panel Instruments.
.

.

.

.

FOR

OlV1::R

.

Model 614
WESTON

Illumination Meter
IVISCOR filtered)

Specialized Test Equipment

WESTON

.

...

Light
Measurement and Control Devices ..
Exposure Meters... Aircraft Instruments...
Electric Tachometers... Dial Thermometers.

.

..
-

LEA`lII1GXNSTRLNL.VTS
53 YEARS LEADERS IN .ELECTRICAL
.,,..-,a,, ,-.
__
.,..è., ..
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ENGINEERING DATA

i

AND PROPERTY CHART

EVERY man who uses electrical insulat-

ing materials, chemical ceramics-in fact
any ceramic parts for technical applications, and every research laboratory will
find this Property Chart of value. It
will be sent free on request.
The chart contains exact data on the physical
properties of the most frequently used ceramic
compositions of the American Lava Corporation. It gives the predominant physical characteristics such as: specific gravity, density,
volume, water absorption, chemical resistance,
color, softening temperature, resistance to heat
(safe limit for constant temperature), hardness, linear co -efficient of thermal expansion,
tensile strength, compressive strength, modulus

Exactly file size, to fit
in cabinet or desk file.

AMERICAN

LAVA

CLEVELAND

ELECTRONICS

-

/leÇ/

of rupture, resistance to impact, thermal conductivity, dielectric strength, volume resistivity
at various temperatures, Te values, dielectric
constant, power factor, loss factor and capacity
change per °C between 20.80° C. The chart
also contains graphs which give valuable information on physical characteristics which are
difficult to reduce to figures, such as linear
thermal expansion, dielectric strength and
volume resistivity at varying temperature.
This chart is strictly an engineering tool. All
data have been carefully compiled and checked
over a long period of time.

The chart portrays most forcibly an
outstanding advantage of ALSIMAG. In
using ALSIMAG the engineer is not
limited to one or two ceramic materials.
ALSIMAG offers a wide variety of ceramic compositions of controlled and definitely determined physical characteristics
for your application. ALSIMAG is economically custom made into size, shape
and form indicated by your requirements.

All engineering data can
be seen thru desk glass.

Hangs on the wall of
engineering department.

Please address requests for Property Chart to:

CORPORATION,

CHEROKEE

AMERICAN LAVA CORPORATION
CHICAGO

%'dtrr1. Get

NEW -YORK

August 1941
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LOUIS

LOS ANGELES

BOULEVARD,

CHATTANOOGA,

CHATTANOOGA
SAN FRANCISCO

BOSTON

TENNESSEE

TENNESSEE

PHILADELPHIA

WASHINGTON,

D

C
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DECIMAL EQUIVALENTS
.015625
.03125

.515625
.53125

.046875
.0625
078125
09375

.548975
.5625
578125
.59375
.609375
.625
.640625
.65625
.671875
.6875
.70312
.7187:
.7343.75

.109375
.125

.140625
-.15625
.171875
.1875

.203125
.21875

-.234375
-.25

.265625
.28125

`
-.298875

.7968,-

.3125

.8125

-.328125
.34375
359375
375
-.390625
.40625

'/
I ¡_

.828125
.84376
.859375
875
.8906'

.906,

21

4
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OVERCOME THE LIMITATIONS
OF THE

"IMPERIAL" SYSTEM

The "IMPERIAL" is the customary system of measurement used in the British Empire and in the U. S. A.

.
.
originally the circumference of a
man's body, later the length of the first King Henry's
arm
still later became a multiple of the foot.

The "YARD"
.

From the beginning of time, man has striven to unify
and simplify his measurements.
The "CUBIT" . . . oldest known measure of length.
varied, but averaged 21.8" . . Egypt had 3 different
cubits, 17" for the common man, 21" for the King, and
35" for the Sanctuary.
.

...

became the
The "FOOT" .. . originated in Greece
standard unit of length in the early Olympic Games .. .
reputed to be the length of Hercules' foot. Romans
based their system upon the Greek method, and forced
their Romanized code of measurement upon England.
When Britain was again free, this Roman -Greek system
was modified . . . and thus started the "IMPERIAL"
system.

.

.

...

The "INCH"
the length of
became 1/"12th of a foot.

3

barley corns

.

.

.

later

THE LIMITATIONS ARE THAT THESE UNITS ARE NOT
MULTIPLES OR UNITS OF DECIMALS.

Modern Engineering and Manufacturing demand flexible
and precise standards .
hence the use of Decimal
Equivalents.
.

.

Time will not permit individual interpolations.

The CONTINENTAL -DIAMOND Decimal Equivalent Chart
is an indispensable aid to crash through the limitations
of the
system
in colors
23" x 35"
.
easily read .
gives Decimal Equivalents from
1/64th" to 64/64"

...

.

.

"Manufacturers of Laminated Plastics Since 1911"

...

.

Write today for your free copy.
Street, Newark, Delaware.

1f»dfY/'dai th,,wnewri
10

.

Address

13
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ARMSTRONG'S LATEST CÔNTRIBUTI.ÖN

/et
A NEW PHASE -SHIFT MODULATOR
Exclusively in the New
REL DL Line of FM Broadcast Transmitters

Used

SIMPLER-MORE EFFICIENT

-

-

H. ARMSTRONG the inventor of FM
has
V' recently developed a new phase -shift modulator circuit
which REL has now incorporated in all of the new DL line
of FM broadcast transmitters now available for early delivery in five power ratings from 250 W. to 51) KW.
Remember when you deal with REL you deal with
FM's Pioneer Manufacturer
with experience and knowledge gained from having built and put in operation more
FM broadcast transmitters than all other manufacturers
combined.
AJOR E.

-

-

-

The general overall characteristics of
DL FM transmitters are:

*

OPERATING FREQUENCY: Available

to operate on any predetermined frequency
from 40 to 50 mc. The exact frequency must
be specified when the order is placed.

* FREQUENCY STABILITY: These

trans-

mitters are guaranteed to maintain their
frequency within less than 200 cycles of the
assigned frequency. The frequency is directly
controlled by a single crystal, without the
use of complicated mechanical or electronic
devices.

*

FIDELITY: The overall response is with-

in plus or minus
cycles.

1

db from 30 to 15,000

* DISTORTION: The

measured r.m.s. harmonic distortion is less than 1% for all
signal frequencies between 50 and 15,000
cycles at ± 75 kc. swing, (100% modulation) AND IS LESS THAN .2% FOR FREQUENCIES FROM 400 to 15,000 CYCLES.

-

The tww Type 558 modulator
built directly
into the 250 and 1000 watt basic transmitter units,
which are used to drive amplifiers of all higher
powers.

*

NOISE LEVEL: The signal-to-noise ratio
is better than 70 db, measured at the output
of a monitor receiver. This is an unweighted
measurement, with 150 kc. maximum swing,
and includes hum.

* INPUT:

The audio input to the transmitters is zero level, 500 ohms, 6 milliwatts.

*

ECONOMY: New Type 558 Modulator
employs only 28 small tubes from program
input to operating frequency-affording lowest possible tube cost; for example, a complete set of tubes for the new catalog 518
DL 1000 W. transmitter including modulator is only $238.

Illustrating a ,:ew, exclusive REL feature:
Type 558 modulator panel hinged to swing out
of its cabinet
making all parts quickly and
easily accessible for adjustment and maintenance.

Write for booklet describing this new

-

DL

line of FM transmitters.

RADIO ENGINEERING LABORATORIES, INC.
35-54 36th Street

Long island City, New York

Pacific Coast sales offices:
5334 Hollywood Blvd., Hollywood, Calif.
420 Market Street, San Francisco, Calif.

Telegraph engineers, extremely exacting in their requirements, have been

giick to discover in the

Selenium Rectifier a ready adaptability
to the many demands of Telegraphy,
o.dest of all the electrical communication arts, for direct current from alternating current sources.
Among the many outstanding features
d Selenium Rectifier in its application
t) Telegraphy are: good regulation for
keyed loads... compact, small size and
Lght weight which minimize space requirements ... extremely wide ambient
temperature range which makes it ideal
for field use under all conditions .. .
adaptability to closely regulated curstable output and long life
rents
assured high efficiency of operation and
`,ow standby losses.

...

...

AMONG OUR
CUSTOMERS

I. T. & T.

Army
Navy
U. S. Marine Corps
U. S.
U. S.

U.

S.

Coast Guard

All America Cables and Radio, Inc.
Associated Press

Civil Aeronautics Authority
Commercial Cable Company
Commercial Pacific Cable Company
Federal Telegraph Company

Finch Telecommunications, Inc.
Mackay Radio and Telegraph Company
Postal Telegraph Cable Company
R. C. A. Communications
Teletype Corporation
Tropical Radio Company
Western Union Telegraph Company
World Wide Communications

Because it is entirely metallic in construction and has no moving parts, the
L T. & T. Selenium Rectifier once installed requires no maintenance-a
feature of particular value to telegraph
field engineers.

Selenium Rectifiers are Completely Produced from American Material.
Consulting engineering services available for specific requirements.
Address Rectifier Division for descriptive bulletin.

I. T. 6P T.

INTERNATIONAL TELEPHONE DEVELOPMENT CO., INC.
137 Varick Street, New York, N. Y.
12
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REPORTS
BLINDED ME

4
-

Our assembly line had to be twice as
fast! Experts said: "Phillips Screws will
cut fastening time in half." But how
could I afford Phillips?

I

THEY WERE
TELLING ME HOW

TOOK OFF
MY COAT

TO RUN

Went down to our
assembly line . ,
watched our screw driving operations. Fumbled screws,
slipping drivers, scarred work, slow
hand -driving
were wasting time
and money!

MY BUSINESS
...

AND THEY WERE RIGHT
ABOUT ASSEMBLY DELAYS!

-

OLDFASHIONED
FASTENING?

MY
So

Yes, slotted screws
were costing me
money through slow,
wasteful screw -driving. And I had
thought slotted screws cost less because
their price is less and I was wrong!

-

I

ANSWER...PHILLIPS`+IgI'
began to buy Phillips Screws ... the

c/dir

11
P

screws with the tapered recess that clings
to the tapered driver and prevents driver
slippage. They cut our assembly time 50%
and went a long way toward solving our delivery -date
problem. We now

-

start fast with one hand
drive fast with power drivers

drive fast in awkward positions
keep going fast without slipping
seat screws fast and tight.

PHILLIPS SCREWS MAY CUT YOUR ASSEMBLY TIME 50%

-

Look out for wasteful, slow -driving slotted screws which, though they cost a few cents less than Phillips
Screws, are much more costly in the long run. For further information on how your industry can speed
product deliveries with Phillips Screws, write to any of the firms listed below.

PHILLIPS
RECESSED HEAD SCREWS

ízidiz2eidoória"4#T
WOOD SCREWS

STOVE BOLTS
SPECIAL THREAD -CUTTING SCREWS
MACHINE SCREWS
SHEET METAL SCREWS
U. S. Patents on Product and Methods Nos. 2,0;6,343; 2,046,837; 2.046,83o; 2,046,840; 2,082,08;;

SCREWS WITH LOCK WASHERS

2,084,078; 2,084,079; 2,090,338. Other Domestic and Foreign Patents Allowed and Pending.

American Screw Co., Providence, R. I.
Central Screw Co., Chicago, Ill.
Chandler Products Corp., Cleveland, Ohio
Continental Screw Co., New Bedford, Mass.
The Corbin Screw Corp., New Britain, Conn.

International Screw Co., Detroit, Mich.

ELECTRONICS

-
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The Lamson & Sessions Co., Cleveland, Ohio
The National Screw & Mfg. Co., Cleveland, Ohio
New England Screw Co., Keene, N. H.
The Charles Parker Co., Meriden, Conn.
Parker-Kalon Corp., New York, N. Y.
Pawtucket Screw Co., Pawtucket, R. I.

Pheoll Manufacturing Co., Chicago, Ill.
Russell, Burdsall & Ward Bolt & Nut Co., Port Chester, N. Y.
Scovill Manufacturing Co., Waterbury, Conn.
Shakeproof Lock Washer Co., Chicago, Ill.
The Southington Hardware Mfg. Co., Southington, Conn.
Whitney Screw Corp., Nashua, N. H.

13

ANOTHER EXAMPLE
OF IRC LEADERSHIP
Hermetically sealed, entirely impervious to humidity, and designed to new high standards of
stability and all-around performance, IRC resistor
types MFA and MFB represent still another outstanding example of the value of specialized
experience as applied to modern resistance engineering problems. Produced in direct response to
an urgent defense request for precision voltmeter
multipliers that would perform dependably under
the worst humidity conditions encountered in
marine service, these new units are absolutely
watertight-to the point of being unaffected by the
famous salt immersion test. In addition, they are
exceptionally rugged, meet all dimensional requirements of existing government specifications
and are fully approved.
It is engineering leadership of this sort that
explains the marked preference for IRC products
on all sides. Because IRC has consistently led with
the most important resistance developments, it
today stands as headquarters for units of proved
dependability plus unquestioned acceptability for
practically any radio or electrical requirement.

14

S e,iecl
PRECISION
VOLTMETER

MULTIPLIERS
Ask for Resistance Data
Bulletin IV-B. Bulletin
on any other IRC Resistor Type gladly sent
on request.

INTERNATIONAL
RESISTANCE CO.
403 N. Broad St.

Philadelphia, Pa.

Makers of Fixed and Variable Resistance Units in
more Types, Shapes and Sizes,and for Mcre Applications Than Any Other Manufacturer in the World.

August 1941
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The largest and

smallest. Lapp

curved - side cones
-for a low power
pipe mast, and for
the world's largest
vertical radiator
1050 feet.

-

LAPP WAS MADE

142 PESIONS
IN ANTENNA
STRUCTURE INSULATORS

..

ALL ARE BASED ON THE

LAPP

tu/If Of

COMPRESSION CONE

Each of the 142 Lapp

units-for

self-supporting towers, guyed
masts and mast guys-is designed around the Lapp curved -side compression cone of
electrical porcelain. More than 20 years of service records prove that this Lapp design
meets every operating requirement. It affords double the strength of an ordinary
straight-side cone, assuring the maximum in security and permanence. Finally, each
insulator, before shipment, is tested by loading to 50% more than maximum design
load. Most radio engineers know they've covered the insulator question adequately
when they say to their tower manufacturer, "Use Lapp Insulators." Lapp Insulator
Co., Inc., LeRoy, N. Y.

FOR SECURITY IN ANTENNA STRUCTURE INSULATORS

ELECTRONICS

-
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Life

Performance
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Design INCLUDES

. Contact Selection
.

Gas tia

RIVET, SCREW, BI -METAL, SPECIAL TYPES

If you are contemplating the development of new products that are conbe
trolled or actuated electrically
sure that contact selection is given
thorough consideration at the same
time your engineers are developing
the designs.

...

By working with known electrical constants it is often possible to improve
functional efficiency right from the
start. The service life and even the cost

of your product can often be improved
through this logical procedure.
ELKONITE-EQUIPPED CONTACTORS

Mallory engineers and metallurgists
will be glad to advise you on the factors
available in contact materials and design for the particular purposes you
require ... and you may be sure that
their counsel will be unbiased, for only
Mallory makes electrical contacts for
every electrical purpose. Mallory's experience is yours to command.
P. R. MALLORY &

CO., Inc.
INDIANA

INDIANAPOLIS

Cable Address-PELMALLO

You Should Have the New Mallory

Contact Catalog

Your technical source files are incomplete if they
do not include this thoroughgoing reference
to Mallory's standard electrical contact materials and designs. Write for your copy today.

CONTACTOR FACINGS

AND INSERTS

-

NON-FERROUS ALLOYS ELECTRICAL CONTACTS
POWDERED METAL ALLOYS
-m g,..
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CROSS

TALK

...

The radio industry has
> CHEAT
never been any rose when it came to
telling the absolute and complete truth
to prospective purchasers of receivers.
There is no purpose, perhaps, in calling
any one's attention to faults or disadvantages in one's product-but it is
equally as dangerous to brag about advantages that do not exist. Frequency
modulation is a case at point.
A radio receiver into which an external f -m converter can be plugged will
not receive f -m programs any more
than a radio receiver with a phono jack will play records. Something else
is necessary. Any claims, implied or
explicit, to the contrary merely react
upon the poor dealer who sold the poor
customer the poor set.
Now, it is our idea that f.m. has the
following advantages over a.m. It is
wide band which means high tone fidelity. It is free from man-made and natural static. It is free from inter -station
interference. The public has come to
believe f.m. represents these advantages. Anything less than these advantages will come close to fraud in
the minds of the public.
The transmitters and the allocations
in the ether will provide these advantages-but it will be the receiver people
who will throw them away, if they are
lost. The wide -band feature requires
a good amplifier and a good speaker.
Anything less will debauch one advantage. Poor antenna installations
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naturally will ruin another advantage. No limiter or poor limiter
will ruin still a third advantage-the
ability to get interference -free signals
from transmitters so spaced in the
ether that the 2-1 ratio between desired
and undesired signal strength may be

utilized.
All of these advantages taken together
mean f.m. to the public and the buyer
of a set which does not possess all of
them gets stuck.
Incidentally, signals from Zenith's
Chicago f -m transmitter were heard
with considerable amazement and much
listening pleasure by one of ELECTRONIcs' editors recently in New Jersey;
and contrary to our recommendations
an editor of Business Week took an f-m
receiver to his summer -place way down
in Pennsylvania. He is delightedgets Paxton like a house afire, and
Alpine like a ton of bricks. We, on
Long Island, enjoy the Yankee Network news and weather bulletins from
Paxton without a hitch. Who said
f.m. was only good for short distances?

HELP . . . In
ELECTRONICS, long

the first issue of

ago, it was stated
that the paper hoped to become a campfire for council and a meeting ground
for a mutual exchange of helpful information among its readers. It seems
to us that if ever our hope comes true,
the time is at hand. Lack of materials,
of man power, of time are going to

work very severe hardships on many
an electronics manufacturer unless
engineers find ways to save these basic
building blocks.
ELECTRONICS will be most happy to be
the meeting ground in which one engineer can tell all the others how he has
saved time, effort, materials, or money
or has made an existing piece of equipment last longer, or has found a substitute for material now needed more
urgently for national defense than for
home or auto radios.

> 84
. We are happy to announce
that Nikola Tesla has just celebrated
quietly and happily his 84th birthday.
According to the papers he is working
on a new development; refuses to talk.
> SQUEAL

. Announcement by
Muzak, city-wide distributor of restaurant music by wire in New York City
that a license had been secured to erect
a 117 Mc 1000 -watt transmitter at
5th Avenue and 42nd Street for purposes of broadcasting advertising-free
music to renters of receivers is a most
interesting invitation to watch an experiment. The signals will have a
squeal on them so that the non -Muzak
receivers cannot receive the music.
This will probably excite a still -hunt
for a method of circumventing the
squeal-but anyhow the experiment is
worth watching. Needless to say the
transmitter will be frequency modulated.
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Broadcasting

Kansas City,

Ito

All plans for the construction of the

transmitting plant, antenna,

KCMO's

5 -kw

transmitter plant showing directional antenna array

HE widespread interest shown siteselected had to be sufficiently
3. in 5 -kw installations using distant from Kansas City's metrodirectional antennas for increased politan area so that the 250 my/m
power operation has prompted the contour would not contain more than
following

description of

KCMO's

transmitting plant and unique directional antenna array.
The first problem encountered was
the selection of a suitable transmitter site which had to be located due
east of downtown Kansas City, Mo.,
in order to give proper protection
to four other stations operating on
the same frequency. The transmitter site had to be located within
narrow limits. It was necessary
that at least seven acres be available, preferably on open, level ground
to minimize the cost of grading and
removing any old buildings. The

18

1 percent of the total metropolitan
population and yet a signal greater
than 25 my/m was required in the
downtown business district. A field
intensity survey of a site near Kansas City's industrial district indicated
satisfactory ground conductivity,
and in addition it was near power
and telephone facilities and clear of
airlanes.

Installation

In the design of the complete installation the main purpose was to
design as efficient an installation as
possible within a reasonable cost.

and

ground system were designed and
drawn by the KCMO Engineering
Department, which also supervised
the construction. The type of construction used, made it unnecessary
to have a basement. Waterproof
troughs in the flooring were used to
carry the power wires, transmission
lines, etc. These troughs were lined
with No. 18 gauge copper which was
also used for the main ground system in the transmitting building.
The troughs were built in the reinforced concrete floor and covered
over with removable steel plates.
The floor of the entire transmitting
building is covered with inlaid
linoleum, so arranged that the steel
plates can be removed without taking up the liñoleum. The transmitting building is heated by gas
steam radiators next to the side
walls thereby simplifying the heating problem. The 5000 -watt watercooling system is arranged so that
a certain amount of heat can be reflected into the transmitting plant
when needed. This helps reduce the
heating cost. Large windows completely enclose the main transmitting room giving excellent daytime
lighting. Although the transmitting building measures only 30 feet
by 20 feet, it is sufficiently large
for convenient operation. Most of
the furniture such as chairs, desks,
etc., is of metal construction. Special
precautions were taken to ground
all metal objects in the transmitter
building. A 3 -inch, No. 22 gauge
copper strip enclosed in the brick
walls was used for grounding the
metal objects, and all connections
were welded.
The transmitter operating desk is
directly in front of the transmitter
with its speech and monitoring
equipment. The monitoring loud
speaker is mounted on the ceiling
three feet in front of the operating
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5 -KW

TRANSMITTER

Problems encountered in installing a modern broadcasting station. A three -element,
directive antenna for operation on 5 -kw which can be switched to a one -element, non directional antenna working at 1 -kw is discussed

desk. Mounted on the operating
desk is the master control panel containing four remote r-f antenna meters, overmodulation lamps, gain
controls, vu meter and other additional switches. Two relay cabinets
containing speech equipment, frequency monitor, modulation monitor,

distortion meter, audio oscillator,
etc., are mounted one on either side
of the transmitter.
Directional Antenna Design
A

great deal of consideration was

given to the design of the antennas
and their ground system for maximum radiation efficiency. Approximately twenty-four miles of No. 14
gauge copper wire was plowed into
the ground at a depth of six to eight
inches. The wire is spaced every
two degrees and extends out 170 feet
or one -quarter wavelength. The
ground wires running between towers are spaced approximately one
foot apart, and each wire is welded
to a three-inch copper strip running
down the center from tower to tower.
This strip extends to the transmitting plant and is connected to its
main ground system. The outer ends
of all ground wires are connected together, and soldered to five-foot copper ground rods driven into the
ground at regular intervals. Under
each tower, is a 34 -foot galvanized
screen netting, placed on top of
crushed rock, and connected to the
main ground system. Galvanized
netting is used instead of copper
netting because it has nearly the
same efficiency at the lower frequencies and affords a considerable saving in cost.
The line of towers for the directional array is 72 degrees clockwise
from true north. The location of
the line of towers was quite critical,
and it was necessary to take a solar
reading during the day on the sun.
As a double check, a reading was
taken on the North Star. It was
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rather interesting to find that these
two readings checked within a half inch in 300 feet.
The center antenna of the directional array is a copper cable suspended vertically halfway between
the two towers. Insulators are inserted at frequent intervals in the
messenger cable which is fastened
permanently to the top of the west
tower, and connected to counterweights at the east tower. Each
element of the antenna system is
spaced one-quarter of a wavelength
apart. All three elements of the
directional array are used after local

sunset. During the daytime hours
when operation is non -directional,
power is fed to the center antenna
only. It was first thought that it
would be necessary to detune the
two end antennas supporting the
messenger cable to secure a non directional pattern, but it was found
that it was only necessary to ground
the two end antennas. This simplified the circuit for switching from
directional to non -directional opera -

Front view of transmitter showing the
control panel

tion. Under the center antenna two
antenna tuning units are mounted.
One houses the antenna coupling
unit for non -directional operation.
The other houses the directional antenna terminating and relay equipment. Only one terminating unit is
necessary at each end antenna. All
antenna units contain the necessary
relays in making the change from
directional to non -directional operation or vice versa.
Transmission Lines

Two transmission lines feed the
antenna system. One is a t -inch concentric line buried approximately 3i
feet in the ground, which is below
the frost level in this section of the
country. It goes directly into the
brick building located ten feet south
of the center antenna. This building contains all power division and
phasing units for the directional
array. The transmission lines feeding the two end antennas and center
antenna for directional operation are
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Field pattern of the directional antenna sys
tern indicating directions to protected stations

The ground system, consisting of 24 miles of No.
14 copper wire buried 8 inches in the ground

also 4 -in concentric lines. These
may be used either for feeding the
center antenna power for directional
or non-directional operation in case
of emergency. The change -over is
made by means of r -f relays. The
transmission lines are filled with
dry nitrogen gas at a pressure of 35
pounds per square inch to increase
the breakdown safety factor as well
as to prevent condensation forming
within the lines. The i -in transmission line running from the transmitting house to the center phasing
house which is nearly 300 feet long
has been buried over a year and so
far it has not been necessary to add
additional gas. It has been necessary
to add some gas to the shorter lines.
Although the i -inch transmission
line is capable of handling 5000
watts, it was thought advisable as a
safety measure to add a second line
which: is a 1k -inch concentric line
constrúçted above ground. This line
is mounted on grooved posts and is
anchored permanently between the
transmitting plant and center antenna allowing expansion and contraction to occur from this point. A
special anchor section was installed
to prevent the inner -conductor from
creeping with respect to the outer
sleeve. The design of the line is
such that it may expand or contract
1i inches on either side of its
anchor. Over the top of the transmission line a guard is mounted
which serves three purposes. First,
it offers protection from the direct
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heat rays of the sun; second, the
line is protected from rain which
in the case of a thunder shower on a
hot day would cause the line to contract rapidly; and third, the guard
serves to protect the line against
objects that might accidentally' come
in contact with it. The transmission
line is easily accessible, it being
necessary only to remove the screws
that hold the boards in place. This
transmission line is also filled with
dry nitrogen gas, but has not held
the gas as well as the buried line
apparently because the line was assembled in zero weather, and it was
almost impossible to get a good
sweated joint. The large concentric
transmission line is being used to
feed power from the 5000 -watt or
the 1000 -watt amplifier in case of
emergency by means of a relay to the
non -directional antenna.
The safety factor of all trans-
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mission lines is such that presence
of gas is not required for insulation.
However, it does increase the safety
factor. Every precaution has been
taken in the design of the antenna
system to protect it from lightning
and static electricity. All r -f meters
that are not read continuously are
shorted out by means of a low resistance shunting switch. These switches
have undoubtedly saved a number of
meters during electrical storms.
A Western Electric 2A phase
monitor was found to be most helpful in making the initial directional
antenna adjustments. With this instrument it is possible by means of
sampling loops mounted on each
tower to read the current ratio and
phase of any antenna combination.
Where all phasing and power divided
networks are centrally located, it is
a simple matter to make directional
antenna adjustments.

of Directional Antenna

Transmitter amplifier load
Line current at transmitter
Feeder line current from transmitter
1. Feeder line current to antenna (West)
2. Feeder line current to antenna (Center)
3. Feeder line current to antenna (East)
1. Antenna base current (West)
2. Antenna base current (Center)
3. Antenna base current (East)
1. Phase monitor loop current
2. Phase monitor loop current
3. Phase monitor loop current
1. Antenna phase
2. Antenna phase
3. Antenna phase
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Diagram of the complete directional antenna system, including antenna phasing circuits

The Transmitter

KCMG's transmitter is a Collins
21DA which is designed for either
1000- or 5000 -watt operation. An
interesting feature of this transmitter is the automatic return to
1000 watts in case of overloads in
the 5000-watt amplifier. When the
transmitter is operating in the 1000 watt position, the 5000 -watt amplifier
and 15,000 -volt rectifier are completely idle making them accessible

for maintenance. The 5000 -watt amplifier is driven by the 813 r -f amplifier tube which also drives the two
833 r -f tubes for 1000 -watt operation. The two 833 r -f tubes are
high level modulated by two 833
tubes in Class B operation. The 892
water-cooled tubes in the 5000 -watt
amplifier are grid modulated by the
845 tubes that act as audio drivers
to the 833 modulators when operating on 1000 watts. All power supplied to the transmitter is taken from

a General Electric voltage regulator
which maintains very close line volt-

age regulation.
The transmitter
also incorporates feedback circuits
for both the 1000- and 5000-watt
transmitter circuits, thereby reducing the distortion. The frequency
response of both transmitters is
within plus or minus 11 db from 30
to 10,000 cps. This installation is in
its second year of operation and has
proven very satisfactory in every
respect.

Circuit diagram of the transmitter showing switching arrangement for
changing from
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Frequency Response
Curve Tracer
Variable
oscillator

fixed
oscillator
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and

testament

amplifier

test

under

The frequency of an audio generator is varied
logarithmically from the lowest to the highest
frequency and at the same time a logarithmic
sweep voltage is applied to a cathode ray oscilloscope. The
output of the generator is fed to the device under test and
its frequency response curve appears on the screen of the
oscilloscope

Canted
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o
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Sawtooth

amplifier

Block diagram of curve tracer used in
obtaining the frequency response curves
of audio equipment

ONE of the most satisfactory
methods of checking audio
amplifiers and acoustical apparatus
is that of measuring their gain

throughout the frequency range for
which they are designed. The instrument described in this article was
designed primarily to facilitate this
work in production, but has also
been found very useful in laboratory
work. A number of methods have
been devised to examine and record
the response characteristics of electrical and acoustical equipment. The

re1

Fixed Osc

F.

CARLISLE.

Jr.

simplest method is the point by point
plotting of the output versus frequency. This, although accurate, is
laborious. Another recording system uses a drum mechanically
coupled to an audio oscillator with
a recording stylus to record the output on coordinate paper carried on
the drum. Systems have also been
devised to slowly trace a frequency
response on a special high -persistence cathode-ray tube screen.
In contrast to these methods, the
instrument described here gives a
continuous curve of the response
characteristic on a standard cathode
ray oscilloscope screen. By this
means the output of devices having
varying output over their frequency
ranges can be continuously observed
with greater rapidity than by other
means.
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The main parts of this device are
a saw -tooth oscillator and a beat frequency oscillator. The saw-tooth
oscillator, used at a frequency of
approximately thirty cps, supplies
a linear sweep voltage to a frequency
control tube and simultaneously
moves the cathode ray beam across

the horizontal axis. The beat frequency oscillator is arranged to have
its variable oscillator (which is
normally varied at the control of
the operator) left unchanged and
adaptable to its usual purpose. The
fixed oscillator is frequency modulated at the frequency of the saw tooth oscillator by the action of the
control tubes. Thus, a variable audio
frequency wave is generated.
The setting of the variable oscillator establishes the lowest frequency
from which the audio output can
sweep, and the sweep range is determined by the setting of the control tube and auxiliary circuits.
Thus, the oscilloscope screen is not
limited to a picture starting at zero
frequency, but any portion of the
audio range can be instantly segregated for examination.
This change of frequency of the
fixed oscillator is accomplished in a
manner analogous to that used in
automatic frequency controlled superheterodyne receivers. The value
of the received signal alters the grid
potential of a control tube, which in
turn is coupled to the oscillating circuit in such a manner as to change
its frequency slightly and thereby
tune the set more accurately to the
Circuit diagram of the curve tracer. The
6L7 control tube frequency modulates the
fixed oscillator to provide a varying f re-

quency
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fixed oscillator constant and occurring simultaneously with the peak
of the saw-tooth wave. A multiple

Typical frequency response patterns of hearing aid amplifiers. The pattern on the
left indicates greater response at the low frequencies and the other indicates
greater response at higher frequencies

signal being received. In both systems the control tube plate circuit
is connected in parallel with the
oscillator coil. The effective inductance of this coil is changed by altering the dynamic tube characteristic
through the action of the control
grid. The amount of control is established by the value of the bias potential applied to this grid.
The control tube in this system
generates out of phase currents in
its plate circuit by the action of a
phase changing network connected
between the plate and a grid. The
amount of inductive control is
varied by applying the discharges of
the saw-tooth oscillator through suitable range control circuits. If these
functions are all arranged for control by one grid, undesirable interaction occurs between the circuits
having the different functions. A
pentagrid tube (6L7) was therefore
used. In this tube a screen separates
the two control grids and thus
eliminates interaction between them.
The range of frequency change is
controlled by varying the mutual
conductance of the control tube. This
is accomplished by varying the bias
of the first grid, which has a remote
cutoff characteristic. The instantaneous frequency is determined by
the out of phase signal fed back
from the oscillator tank circuit
through the phase -shift network to
the third grid. If the tube is biased
to cutoff, it causes no change in the
tank circuit inductance. Reducing
the bias of the control tube's first
grid increases its mutual conductance, thereby shunting the inductance of the coil with an apparent
inductance and raising the frequency
of the fixed oscillator.
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It is usually desirable to have a
logarithmic spread of the frequency
spectrum on the cathode ray screen.
This can be obtained by varying the
bias of the control tube in linear
saw -tooth fashion and using a tube
whose mutual conductance changes
substantially logarithmically with
grid bias. The output frequency of
the audio oscillator approximates a
straight line function of the mutual
conductance. The frequency will
then vary logarithmically with time.
By using the same saw-tooth wave
as the oscilloscope sweep we obtain
logarithmic spread of frequency on
the oscilloscope screen.
The output of the signal generator will rise from a low frequency
to a higher frequency if the first
grid is biased to cutoff and the phase
of the sweep voltage applied to the
first grid of the control tube is so
chosen that it rises from a negative
to a positive value. By changing the
tube parameters and circuit constants, the system can be varied
from a logarithmic to a nearly linear
frequency spread on the oscilloscope.
In order to secure a good frequency
range, a beat oscillator was chosen
whose tank circuit frequency could
be widely varied with only a small
change in inductance. Uniform
audio frequency response characteristics are also desirable.
The range of audio frequency
sweep is controlled by varying the
alternating voltage on the first grid.
This voltage has a saw-tooth wave
form going positive and negative
about a biasing value equal to half
of the peak value subtracted from
the cut off voltage. This biasing
potential must be varied in order to
keep the minimum frequency of the

potentiometer system was developed,
by which the bias of the first grid is
varied in suitable proportion to the
magnitude of saw-tooth potential
applied. The range of sweep may
be varied from very low values to
fifteen thousand cps.
The frequency of the saw -tooth
oscillator in the instrument described is approximately thirty cps.
This frequency gives a good clean
picture on the standard type medium
persistence screen cathode ray tube.
With this frequency, the low usable
limit of the instrument is approximately a hundred cps. In order to
examine frequencies of lower value,
a slower sweep frequency can be
provided for use with a long persistence cathode ray screen.
The calibration of the instrument,
dynamically, can be accomplished
easily by the use of a Wien Bridge
connected between the output of the
signal generator and the vertical
plates of the cathode ray tube. The
bridge can be calibrated at fixed frequencies, and when it is placed in
the output circuit will show a sharp
narrow V notch point at the frequency points to be determined. With
the range control set to sweep from
zero to 10,000 cps, the mid -point of
the cathode ray screen was found
to be 1,000 cps, indicating a very
close approximation to a logarithmic
frequency scale.
The modulator is provided with
two output connections. One set of
connections is made directly to the
horizontal amplifier terminals of the
oscilloscope. The other set of connections, provided with taps at various impedances, supplies the varying audio signal. This is connected
to the amplifier under test, the output of which is connected to the vertical amplifier of the cathode ray
oscilloscope.
This instrument has been found
useful for testing all types of electrical and acoustical instruments, both
in the laboratory and on the production test floor. The testing of
microphones, receivers, filters, amplifiers, etc. is rapid and accurate.
The instrument can be used for comparison of the product with a standard by a single switching system.
One instrument has sufficient power
to operate several test positions, each
using a separate oscilloscope.
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PHOTOGRAPHIC ANALYSIS
OF TELEVISION IMAGES
MEASUREMENT techniques in
television engineering have
thus far been largely restricted to
the electrical performance of the
system. Comparatively little attention has been paid to measuring the
visual qualities of the reproduced
image, except as they are revealed
in a standard test chart. The test
chart, however, does not reveal the
performance of the system when
engaged in its primary function of
reproducing a program. To study
the changing scenes of a program
some means of recording a single
frame must be available. This
article describes a photographic
technique for studying the quality
of television program images.

and exposure meter (Weston 715)
was used for direct measurement of

The Equipment Used

A miniature camera (Contax I)
was chosen because lenses of the
necessary high speed are available
economically (comparatively) for
such cameras and because many exposures may be made and processed
conveniently under identical conditions. The basic lens used is a Zeiss
Sonnar 5-cm, f/1.5, fitted with
auxiliary lenses (Proxar 1 and
Proxar 2) for reducing the lens -toobject distance to a minimum of 8
inches.
A rigid copying stand was constructed to fit directly over the picture tube of the television receiver.'
A ground -glass focusing screen and
auxiliary magnifier were used to
bring the image into sharp focus on
the film. For standardizing the
density range when measuring contrast, a miniature step tablet (calibrated transparent gray scale) was
employed within the camera, in direct contact with the film. A stand (1). The receiver is that described by the
author in ELECTRON ICs, September, 1939,
page 16 : "A Television Receiver for the
Home." The receiver employs a nine -inch
9AP4 picture tube, has an effective video
range of 3.5 Mc, and is capable of developing about 40 volts peak -to -peak on the picture tube grid.
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Fig. 1-The copying stand in place over
the picture tube. The mirror has been removed and the connections to the vertical
scanning coil reversed to simulate the reversing effect of the mirror

the fluorescent light.
The electrical equipment consisted
of a 0-100 µa microammeter for
measuring the second anode current
(beam current) of the picture tube
arid, with a calibrated resistance, for
measuring the second anode voltage.
A direct -coupled cathode-ray oscilloscope was used to measure the peak to -peak values of the signal voltage
applied to the picture tube grid.
For processing the film, tank development was used. In general the
instructions of the film manufacturer= were closely followed as to
temperature and time of development, agitation, etc. An Eastman
Capstaff-Purdy densitometer was
used in measuring the densities of
the negatives.
All of the images photographed
were broadcast by the National
Broadcasting Company from Station
W2XBS, New York, at 441 lines, 30
frames per second, on the 50-56 Mc
channel during the period April 11
to May 11, 1941. More than 500
exposures were made during this
period. Photographs of the equipment are shown in Figs. 1 and 2.
Basic Exposure Data

Table I shows the results of a
number of exposures made under
standardized conditions with different film emulsions. The data were
taken as follows : The fluorescent
screen was uniformly illuminated by
reducing the contrast control until
no image was visible, and adjusting
the brightness control so that beam
currents of 1, 3, 9, 27, 81, and 243
µa were obtained in succession. Beam
currents were taken in logarithmic
progression, since the density is
roughly proportional to the logarithm
of the beam current.
Fig.

2-The Contax

in the focusing position with back removed

(2.) "Kodak Filins-A Data Book on Negative Materials" Eastman Kodak Company,
Rochester, N. Y., 1939.
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Improvements in television, within the newly established standards, depend largely on
studies of the visual quality of the images. This paper describes a technique of using
photography to study line structure, image contrast, brightness, and noise effects
By DONALD O. FINK
Managing Editor (On Leave), Electronic.,
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Fig. 3-Determination of the gamma of the film by plotting
density against the logarithm of the beam current. Since the
beam current per unit area is proportional to the exposure, this
plot is similar to the usual D -log E characteristic for photographic

materials

In general the 1 µa setting gave
a barely visible scanning pattern
when viewed in total darkness,
whereas the 243 µa setting was considerably brighter than the brightest
highlights of the image as customarily used in viewing programs.
The average brightness employed in
viewing programs corresponds to
the range between the 9µa and the
27 µa settings.
The exposed film was developed
in a tank under the conditions
specified in Table I. The values of
density on each negative were measured with the densitometer, taking
care to measure the same portion of each frame, since the scanning pattern was not uniformly
bright over the screen surface.
Table I is in no sense a general
table of exposure -density information, since the values given are
based on a particular sample of the
P4 phosphor. Wide variations in
the luminous conversion efficiency of
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5 0

1000

4-Effect of brightness and contrast controls on image appearance. Brightness control varied from left to right with beam
currents of 50. 25, and 12.5 microamperes, respectively. From
top to bottom the video signal voltages (affecting contrast) are
28.3, 17.4 and 13.0 volts
Fig.

this phosphor, as well as its spectral
The table may be used as a guide
output, arises in processing the tube when the beam current, second
during manufacture, and these quan- anode voltage, scanning pattern
tities also vary with the age of the area, shutter speed or aperture
tube. Moreover the table does not have values other than those given
apply to other phosphors which in the table. The following relagenerally have quite different lum- tionships indicate the necessary
inous efficiencies and spectral out- conversions.
puts. Finally, the table is not based
1. The
photographic exposure
on a sufficient number of different
(in say, meter -candle-seconds) is
observations to have general sig- directly proportional to:
nificance. Nevertheless it will serve
The shutter time.
as a guide in selecting initial test
The beam current, for a given
exposures in similar investigations.
second anode voltage.
The values of exposure given in the
The
second anode voltage, for a
table for Super X, Panatomic X, and
given
beam current.
Plus X are those found satisfactory
2.
The
photographic
exposure is
in this investigation for general
photography of television program inversely proportional to:
The square of the numerical lens
images. The highlight density with
aperture (f-number).
such exposures ranged from 1.2 to
The area of the scanning pattern.
1.4 corresponding to a beam current (at 6600 volts) of 75 to 100 µa.
3. The negative density, over the
The shadow density was close to the straight portion of the H. and D.
base density of the film, correspond- curve is a linear function of the
ing to beam currents below 5 µa.
logarithm of the exposure.
25

In summary:
Negative Density = K,jog10

en
n Ay

4- Kx

where

t.= shutter

time

= beam current
eb2 = second anode voltage
n = numercial aperture of the lens
(f-number)
Aa = area of the scanning pattern, and
Zax

K1, K2 are constants.

The maximum negative density,
for a given exposure, may be increased by employing a more active
developer, increasing the development time, and increasing the temperature of the developer, but graininess, fog, and danger of spotting
are all thereby increased. Negative
intensification may also be used to
increase the density after processing.
Determination of Program -Image
Brightness Ratios

The measurement of the contrast
and gradation of program images,
as distinguished from test charts,
has been almost wholly neglected up
to the present. The only means
known to the author of measuring
these quantities under program conditions is photography applied under standardized conditions.
A
major purpose of this study was to
develop a technique of measuring

6-Pairing of interlace, artificially induced by improper setting of vertical sync
control. Note how loss of every other line
impairs definition

Fig. 5 -Properly interlaced line structure.
Note the appearance of the converging
lines in the resolution wedge. Taken at 8
inches from end of picture tube

Fig.

such program -image contrast ranges.
Two methods were investigated.
The first method, the one least
subject to experimental error, involves the compilation of the information shown in Table I. The
method consists in making five or
six exposures to the uniformly -

TABLE I
NEGATIVE DENSITIES RESULTING FROM EXPOSURE TO FLUORESCENT LIGHT

(White -light Phosphor "P4")
Garnma

Film, exposure, and processing

Densities
Beam Current, µa**

Base*
1

3

9

27

81

243

0.4

0.45

0.60

0.80

1.10

1.35

1.60

0.40

0.50

0.65

0.95

1.20

1.45

...

10th sec. at f 1.5. 0.78
Agita-

0.35

0.40

0.50

0.70

0.95

1.20

....

F. G. Plenachrome/ Exp. 1, 10th sec. at 0.85
01.5. Dev. 15 min. in D-76 at 70°F.
Agitation 10 sec. every 3 min.

0.35

0.35

0.40

0.65

0.90

1.15

Microfile/ Exp. 1;2 sec. at f, 1.5. Dev. 1.5

0.35

0.35

0.35

0.40

0.60

1.10

Super XX/ Exp.

Plus X/ Exp. 1 /10th

1/ 25th sec. at f 1.5. 0.8
Dev. 18 min. in D-76 at 71°F. Agitated
10 sec. every 3 min.

sec. at fj 1.5. Dev. 0.85
14 min. in D-76 at 70°F. Agitated 10
sec. every 3 min.

Panatomic X/ Exp.

1,

Dev. 11 min. in D-76 at 71°F.
tion 10 sec. every 3 min.

5 min. in D-76 at 71°F.
sec. every 1.25 min.

Agitation

...

.

.

5

* Density of the processed film in portions not exposed to light (density due to fog, anti -halation
back, etc.).
** At a second anode voltage of 6600 volts, and a scanning pattern area of 42.5 sq inches (W= 275
sq cm).
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illuminated scanning pattern, each
at a different value of beam current.
The corresponding negative densities are measured with a densitometer, and a plot made between the
logarithm of the beam current and
the density. Since the logarithm of
the photographic exposure is proportional to the logarithm of the
beam current (assuming constant
second anode voltage), this plot is
a sensitometric plot (H. and D.
curve) of the film characteristics.
The slope of the straight-line portion of the curve is the gamma of
the film. Figure 3 shows the determination of the gamma of the
films shown in Table I. The films
(except Microfile) were developed
to an indicated gamma of 0.8, according to the manufacturer's instructions. The actual values of
gamma, measured by the above
method, range from 0.78 to 0.85.
Once the gamma has been determined for a given roll of film, it is
possible to measure the contrast (or
brightness ratio) present in any
frame taken on the same roll of
frame, since the emulsion and processing conditions are sensibly constant for that particular roll. The
advantage of miniature photography
in this method is apparent, since a
36 -exposure roll permits
taking
about 30 program images, leaving
the remaining 6 for calibration in
accordance with the above procedure.
The contrast of a screen image
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may be expressed by the ratio of
the brightness of the brightest portion of the image to the brightness
of the darkest portion of the image,
as it existed on the screen at the instant the photograph was made.
The brightness ratio of a program
image is determined by measuring
the density of the most dense portion of the photographic negative,
D,,, as well as that of the least dense
portion, Do. The difference between
these density values is then divided
by the gamma value, y, determined
from the calibration. The antilog of
the result gives the brightness ratio,
Brightness ratio_Antilog,,,[(Dm-Do)/y]

This method of measuring program image brightness ratios takes into
account all the factors influencing
visual contrast, whether they arise
from apparatus limitations, signalto-noise limitations, or optical effects
such as halation.
The second method of measuring
program-image contrasts is simpler
because it can be carried out without measuring the beam current,
that is, without the use of electrical
measuring equipment. A calibrated

step -tablet (transparent gray scale)
is used to determine the gamma of
the film by taking one exposure of
the screen, uniformly illuminated at
maximum brilliance, through the
gray scale. A simple means of so doing is to place the gray scale in
optical contact with the film. The
Eastman photographic step tablet
No. 1, is suited to the purpose. It
has ten steps with increments of
approximately 0.15 density unit per
step, covering a total density range
of 1.5 or a brightness ratio of 31.6
times. This step tablet is of such
size that it may be conveniently
covered, in contact, by a single
frame of miniature 35 -mm film.
The method is as follows: The
step tablet is inserted in the camera
over the frame opening, held in place
by a small piece of adhesive tape,
and the film threaded into the camera in the usual way, over the tablet. The camera is then set up
before the picture tube, which is
operated with the contrast control
off (no image, uniform illumination)
and the brightness control at or near
its maximum position. The film is
then exposed in the usual way. The

7-Image, photographed at 1/100 second, showing the
alternate lines of a single interlaced field. Note diamond
shaped pattern superimposed on vertical resolution wedges
Fig.

1

Ill

-

camera is then opened in a darkroom
(or the film rewound so the camera
may be opened in a lighted room)
and the step tablet removed. The
remaining frames of the roll are
then exposed to program images.
After processing, the exposure
taken through the step tablet
shows gradations of density which
are measured with the densitometer.
These values of density are plotted
against the density of the steptablet sections. The slope of the
straight portion of this curve is the
gamma of the film. The scene brightness ratios represented by other
frames on the same roll of film are determined, once the gamma value has
been measured, by taking the anti log of the density range divided by
the gamma.
The success of this second method
of gamma calibration depends on
the fluorescent screen being uniformly illuminated, at least over a
region sufficiently large in area so
that the density measurements can
be made on the successive steps in
the image. The surface of the tube
may be explored with an exposure
meter to give an approximate indi -

Fig. 9-Effect produced when slit of focal plane shutter
moves across lines of the image for exposure times of approximately 1 /100 second or less

4!1Ip11

RO1

TETede

8-Effect produced with short exposure time when slit
focal plane shutter moves opposite to progression of
lines built up in formation of image

Fig.
of

10 --Reduction of detail and contrast in image of boxer
and referee, resulting from severe noise. Area shown is
about one-third of the image

Fig.

cation of the uniformity of illumination. If there is any doubt, the
calibration should be carried out by
the first method outlined, using successive exposures at known values
of beam current.
An example of the measurement
of program -image brightness ratios
by the second method is shown in
Table II. The gamma of this film
(subject to error due to non -uniformity of illumination of the picture tube across its surface) was
found to be 0.6. The corresponding
density ranges, brightness ratios,
and average brightnesses are tabulated for several values of average
beam current and for several values
of peak4o-peak signal voltage applied to the control grid of the picture tube. All of these exposures
were taken with the standard test
chart so that comparable densities
could be found.
Inspection of Table II shows that
the brightness ratio increases as the
peak -to -peak video signal increases,
as is to be expected. It shows also
that as the average brightness
(average beam current) is changed,
a point of maximum contrast is
found in each case at 25 µa, whereas
lower contrast is found at low
brightness (12.5 µa) and at high
brightness (50 µa). The increase in
the brightness ratio, is most pronounced in the lower values of peak to -peak grid signal voltage. This
technique is a ready means of
studying the proper operation of the
picture tube to obtain maximum
contrast. Figure 4 shows the test
chart images on which Table II is
based.
In a typical program image the
brightness ratio between the announcer's brow and his hair, the
highest value encountered in this
study, was found to be about 15
times. It should be pointed out
that the ratio of the corresponding beam currents in this case was
considerably greater than 15 to 1,
since part of the "electrical" contrast is lost due to halation in the
picture tube screen.
Studies of the Fine Structure
of the Image

Photographic technique is necessary whenever the fine structure of
a program image is to be studied,
since the scenes shift too rapidly to
permit direct visual study. Even
when a test chart is used, photo -
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graphic study serves a purpose in
revealing the structure of individual
frames and fields.
In applying the miniature camera
to this problem, it is necessary to
employ auxiliary lenses to obtain an
enlarged negative image, free from
the effects of photographic graininess. A single auxiliary lens of 2
diopters power (Proxar 2) at an object distance of 12.5 inches was
found to produce an image of the
9 -inch screen which nearly filled
a single frame of the film. The grain
of Super XX film processed normally corresponds to about 1000 line definition. Thus when a television image fills the film frame, the
film definition is sufficient to reveal
the line structure clearly.
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For accurate examination of the
structure, however, the film frame
should cover less than the full area
of the television image. Two auxiliary lenses (Proxar 1, 1 diopter
power and Proxar 2, 2 diopters
power) were used, one on top of
the other, to reduce the lens -object
distance to 8 inches, when the
camera was normally focused for 3
feet. Under these conditions the
film frame covers about one-third of
the television image and the grain
does not obscure the content of the
image.
Figures 5 and 6 show typical test chart images photographed in the
manner just described. The vertical
scanning amplitude was exaggerated
to show the line structure more
clearly. Figure 5 shows a normal,
properly interlaced pattern. Figure
6 shows an image with paired interlace, which displays the characteristic spurious pattern over the verti-

cal -definition wedge. Other aspects
of line structure may be studied

conveniently in this manner.
The study of the structure of individual fields is possible if an exposure of 1/60 second or less is
used. Figure 7 shows such an exposure made in 1/100 second at
f/1.5 on Super XX film. The image,
since it is composed of alternate
lines, is very similar to the paired interlace image, and it displays a
similar spurious pattern on the vertical -definition wedge. The lines at
the top of the image are the beginning of the next field.
The synchronism of this particular exposure with respect to the field
scanning was a matter of chance.
Synchronism can be assured if a
square -wave generator is available.
The output of this generator, operating at 30 cps and synchronized
by the vertical sync signals, is applied to the grid circuit of the picture tube. The positive halves of
the square waves permit the picture
tube to assume normal brilliance
during alternate fields, whereas the
negative halves of the waves blank
out the intervening fields. If a succession of exposures is made at
random, however, with a shutter
speed of about 1/100 second, one
frame covering a single field almost
always results.
In photographing images at these
short exposure times, care must be
taken in the orientation of the focal
plane shutter with respect to the
lines of the image. The lines are
formed in succession from top to
bottom of the picture when viewed
upright. Accordingly the slit of the
focal plane shutter should be parallel to the lines and should proceed
from top to bottom of the image, as
it falls on the film. In the Contax
camera, this condition is met when
the long axis of the camera is parallel with the long axis of the television image, and when the top edge
of the camera is opposite the bottom
edge of the image (i.e., the camera
is held upside-down before the image). If these precautions are not
observed, the effects shown in Figs.
8 and 9 may be obtained. In Fig. 8,
the motion of the shutter slit is
opposite to the progression of the
lines and an exposure is obtained
only in the narrow regions where
the two motions coincide. If the
motion of the shutter slit is across
the image, the effect shown in Fig.
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9 is obtained.

This image, incidentally, offers an excellent means
of calibrating the velocity-time curve
of the shutter motion, since the interval between lines is known to be
1/13,230 second in
this case
(1/15,750 second for 525 -line, 30 frame images).
In one experimental exposure of
1/500 second, made to determine the
limiting usefulness of photographic
lenses and films, a recognizable image was obtained during the blanking interval, that is, solely from
the light of the phosphorescent afterglow. The density is too low to
permit any quantitative measurements, however.
Another aspect of the fine structure of television images, the effect
of noise, was also briefly studied.
Figure 10 shows a frame (1/25 sec

photographic method is virtually the
only approach to the study of noise
effects in television images since the
random nature of noise makes visual observation inconclusive.

this investigation, average screen
brightness against average beam
current. This curve reveals that the
average brightness corresponding
to the average beam current (30
µa) usually employed in viewing, is
about 1 candle per square foot.
Tests with the Weston meter
made in this work reveal that the
speed ratings of the films when exposed to fluorescent white light are
somewhat lower than the corresponding ratings for daylight, but
higher than those for incandescent
light. Typical approximate values
are 80 (Weston) for Super XX and
24 (Weston) for Panatomic X.
These speed ratings are derived
from the exposures shown in Table
I, on the assumption of an average
brightness of 1.6 candles per square
foot.

Determining Average Brightness

The average density of a photographic image corresponds to the
average logarithm of the brightnesses of the original scene. Hence
if the average density can be
determined from the negative, the
relative average brightnesses of different exposures on the same roll of
film

can be compared.

However,

quantitative averaging of density
values is almost impossible by direct visual observation. The averaging process may be carried out in a
photoelectric photometer, by a substitution method, using a neutral

TABLE II
BRIGHTNESS RATIOS VS VIDEO SIGNAL AMPLITUDE

AND AVERAGE BEAM CURRENT
Peak
Frame
Number
19

20
21
22
23
24
25
26

27

Fig.

12 -British

refugee child listening to parents via transatlantic telephone, in NBC studios. Typical image recorded for
documentary purposes

at f/1.5, Super XX) of a boxing
match in which a large amount of
noise was present, presumably in
the camera preamplifier. The brightness ratio due to the noise components is difficult to measure, because
the areas of the individual pulses
are so small, but an approximate
value may be found. The frequency
content of the noise bursts also may
be determined roughly. (The fundamental frequency of a particular
noise impulse, in Mc, may be assumed to be the inverse of twice its
duration in microseconds. The duration is about 1 microsecond for
every 2 percent of the picture width
occupied by the noise peak.) The
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to-peak

Density**

Video Volts'

Range

28.3
28.3
28.3

Brightness
Ratio'''

Average

Average

Beam

Brightness

Current

(c/ftl

10.0
10.5
7.4

50

1.70

25

0.85

12.5

0.43

5.9

50

1.70

8.9

25

0.85

6.0

12.5

0.43

13.0

0.60
0.61
0.52
0.46
0.57
0.46
0.43

5.3

50

1.70

13.0
13.0

0.53
0.48

7.6

25

0.85

6.3

12.5

0.43

17.4
17.4
17.4

From black to maximum white, exclusive of sync signal amplitude.
Difference between maximum and minimum densities.
"*Antilog,o (Density Range of Negative/0.60). Gamma = 0.60.

gray film of the same area. But by
far the simplest method of measuring the average brightness of a
television image is by measuring
the average beam current. This
method has been used in Table II
in comparing the average brightnesses of images made with different grid -signal voltages and correspondingly different contrast ratios.
To express the average brightness
in photometric units, some form of
calibrated photometer is necessary.
A rough calibration may be made
with a sensitive portable exposure
meter (such as the Weston Model
715). Figure 11 shows such a calibration made with the tube used in

A valuable use of the photographic
system here described is in recording images from programs having
some particular significance. An example is shown in Fig. 12.
The author wishes to express appreciation to Prof. J. B. Russell of
the Marcellus Hartley Research
Laboratories of Columbia University
under whose direction was conducted a study of television quality,
of which this paper is a part. The
reader is referred to "Brightness
Distortion in Television" Proceedings of the I.R.E., June 1941, for
a discussion of some of the theoretical aspects of the visual quality of
television image reproduction.

29

SYNCHRONIZED VOLTAGES
By HAROLD

GOLDBERG

Uni2entitii of wißeOnBiN

IT

is usual in biomedical research,
in recording the action -potential time curves from active muscle, such
as the heart, to provide a time axis
by means of a linear velocity of the
recording film. This method is impractical, however, for use with
skeletal muscle and nerve which
have action potential impulses of
much shorter duration. In addition
to the fact that very high film velocities are required, it is sometimes
necessary to repeat exposures to obtain sufficient line density on the
film. These reasons preclude the use
of moving film to provide a time
axis. A more desirable method is
the practice of taking still pictures
of the phenomena with an electrical
sweep. This applies only to recording with cathode ray tube technique.
The time axis may be either linear
or non-linear in this method; may be
as fast as desired; and may be repeated for multiple exposures. In
this procedure, however, the stimulus, which is generally electrical,
must be synchronized with the
sweep voltage in some manner.
The circuit used was designed
for work which required the simultaneous recording of two action potentials. These are amplified by two
identical d -c amplifiers' and impressed on two cathode ray tubes
mounted side by side. It was necessary that the records allow time
comparisons of events and this made
the requirements for the stimulator
and sweep circuit more exacting
than for a system involving the recording of a single action potential
alone. The arrangement can be extended for use with three channels
and a three trace cathode ray tube
for recording three events simultaneously.
The circuit was designed with a
view towards satisfying the following requirements:

30

The combined voltage sweep generator and simulator which is used to produce
curves of biopotentials on an oscilloscope screen with the electric stimulus

synchronized with the sweep voltage
1. A condenser discharge type of
stimulating voltage controllable as
to amplitude, duration, and form
and which can be made to occur at
any desired point in the sweep.
2. Linear and logarithmic sweep

of any desired speed and amplitude.
Manual control of starting point of
spot on screen in any sweep.
3. Single, multiple, and periodic
sweep as desired.
4. Undistorted sweep voltage amplified output sufficient to cover
from 1.5 to 2 times the screen diam-

eter.
5. No condenser coupling arrangements giving rise to undesirable transient s. Events and
positions must be duplicated in any
sweep for any given setting of controls.
6. Battery operation on a minimum of battery requirements.
7. Operation in conjunction with
d -c amplifiers if desired.
Battery operation is necessary
since shielding of specimens is difficult. All work at the University of
Wisconsin is done in a shielded
room from which alternating currents are excluded. Tubes with 6.3 -

volt filaments were chosen since
they are conveniently operated directly from a 6 -volt storage battery.
The operation and features of the
design are best described by a detailed consideration of the circuit.
The sweep voltage generator is of
the usual type employing a type 884
gas triode using a condenser charge
through a type 38 pentode for linear
sweep and a variable resistor for
logarithmic sweep. Coarse control
of sweep speed is provided by a condenser bank. Fine control of linear
sweep speed is effected by bias
change on the pentode through P,.
P, allows fine control of logarithmic
sweep speed. Si ,allows changeover
from one mode to the other.
While a single sweep of the spot,
and therefore the occurrence of a
single action potential, is sufficient
in most cases for adequate line
density in the cathode ray tube
screen, under some conditions it is
necessary to make double or multiple exposures. Furthermore, periodic sweep is desirable for visual
observation of nerve action potentials. The circuits involving tubes
884-1 and 884-2, with their attend -
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for BIOELECTRIC RESEARCH
An instrument for generating simultaneously a sweep voltage for a cathode ray oscilloscope
and another synchronized voltage which is used to induce a reaction to be observed on
the cathode ray tube screen

ant switching arrangements allow
single sweeps, multiple sweeps automatically controlled, and periodic

sweeps the spot across the screen
and keeps it there. Return of S3 to
open position returns the spot to
the initial starting point. This is
the single sweep operation. Periodic
sweep is initiated by closing S, with
S, open and S,P in the P position.
Opening S. stops periodic sweep. If
multiple sweep is desired, that is,
periodic sweep which comes on and
then automatically ceases after any
predetermined period of time, S. is
closed and S,P thrown to the non-P

sweep.

The operation of the circuit (Fig.
is as follows. Tube 884-1 is
biased to a continuously non-conducting state as long as 884-2 is
non -conducting. Breakdown of 884-2
puts 884-1 into operating state for
neriodic sweep. With S, open and
S,P in the non -P position, 884-2 is
non -conducting and closure of S.
1)
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1-The Instrument which produces sweep voltages either

in single, multiple,
or periodic pulses with linear or logarithmic characteristics
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position. Closure of S, now provides
periodic sweep which terminates according to the time constant of the
discharge circuit of P. and the 3µf
condenser. Opening S. resets the device. By proper adjustment of the
time constant, the sweep can be
made to occur any predetermined
number of times and then automatically stop.
The usual method of condenserresistance coupling of the sweep
voltage to the sweep voltage amplifiers is not used since it introduces
a discharge path for the sweep voltage. This is objectionable because
of the distortion introduced in slow
sweeps (unless the time constant of
the coupling circuit is impractically
long) and because the spot will return slowly after single sweeps unless quickly returned by switching
S, to "off". It is inconvenient to
return the spot at once in some
cases and the slow return would be
undesirable. For this and for other
reasons, a method of coupling is
used which isolates the condenser
voltage and does not provide a discharge path. This method of coupling makes use of a twin triode,
6C8G-1, both sections of which are
operated as unity amplifiers. The
sweep voltage is coupled directly
from condenser to the grids of both
sections which are biased to cutoff.
The entire sweep voltage may be impressed without driving the grids
positive. The amplifier, which is in
reality a negative feed-back amplifier using 100 percent feed-back,
has an output which is in phase with
the input and an amplification which
is very nearly unity. The entire
load is in the cathode circuit in this
application. This circuit has several
interesting properties and uses
other than that described here.
The sweep voltage output of one
section is taken off by means of the
two sweep amplitude controls, P,,
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arranged for use
with the d -c
action potential

amplifiers

al-

though it need
not be. Supply

voltage not

in the
circuit diagram
s hown

3-Three sets of curves taken with two d -c amplifiers, two
cathode ray tubes, and the sweep generator and stimulator.
Upper curves with unipolar and lower with differential leads
Fig.

--- ^`j-_^_.L.- `
'

is provided by
the batteries of
each d -c amplifier. The cathode
ray tube power
supplies float on
the d -c amplifier
supplies. This
arrangement results in minimum battery

r equirements

.

and
ally

automatic-

insures
proper opera-

tion. The switch
S, is kept open
except when the
sweep voltage is
actually needed
so as to minimize the drain on
Fig. 2-A series of curves taken with electrodes equally spaced
the action poover the length of a f rog's gastrocnemius muscle. The peak volttential amplifier
age is less than 25 millivolts, duration about 14 milliseconds
battery supply.
and P,,. Each provides independent
The stimulator portion of the circontrol of the sweep output voltage cuit involves the second section of
amplitude of its corresponding am- 6C8G-1, 884-3, 6C8G-2, and Tl. The
plifier. Two sweep voltage amplifiers stimulating voltage delivered is a
(there may be more if desired) are modified condenser discharge voltprovided, one for each cathode ray age variable as to amplitude, duratube, using twin triodes (6C8G-3 tion, and time of occurrence during
and 6C8G-4). Each is a direct-cur- the sweep. This last feature allows
rent, phase -inverting, push-pull advantageous placing of the actionamplifier.l 2 Starting position of the potential -time curve on the screen
spot is controlled by P. and P, which since the action potential follows the
supply a variable bias to one grid stimulus by a short time interval.
of each amplifier. Therefore both The operation is as follows.
starting position and amplitude of
With no input from P., 884-3 is
sweep may be independently con- non -conducting. If P. is adjusted
trolled on each tube. This allows the so that Some fraction of the sweep
sweep voltage supply to each cathode voltage is impressed on the grid of
ray tube to be adjusted with the aid 884-3, this gas triode will break
of a ruled, transparent screen so down at some instant during the
that the spot passes the same rela- sweep. A larger input will cause
tive positions on the two tubes at breakdown to occur sooner. The tube
the same instant of time. An initial remains in the conducting state
warm-up of the cathode ray tubes until the return of the spot occurs.
is required to maintain this adjust- Thus, variation of P. will cause
ment. The adjustment is independ- breakdown to occur at any desired
ent of sweep speed or frequency and point in the sweep. Both breakdown
thus allows direct time comparisons and return to the non-conducting
between events in two action poten- state give rise to condenser discharge voltages across P,. The duratials recorded simultaneously.
for
sweep
supply
the
tions of these are determined by the
The battery
voltage amplifiers as shown here is time constant of the discharge or
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coupling circuit and are made some
suitable value. The voltage due to
the breakdown, modified in some detail, is used as the stimulating voltage; the other, due to the return to
non -conduction, is in the opposite
direction and is suppressed. It is
evident that the voltage pulse due
to breakdown may be made to occur
at any position of the spot during
its sweep and that the position is
independent of sweep speed. Partial
suppression of the undesired pulse
and phase inversion of both pulses
is accomplished by feeding the voltage from P. into one section of
6C8G-2 which has zero bias on its
grid. Partial suppression results for
the undesired pulse since it drives
the grid positive; the desired pulse
drives it negative. If desired, the
peak of the desired pulse may be
clipped by adjusting P, to drive the
grid beyond cutoff on the peak.
Final suppression of . the undesired
pulse and final modification of the
desired pulse must now be carried
out. This modification is a sharp
cutoff of the desired pulse at some
time during the discharge so that
the remaining portion of the exponential discharge is suppressed.
This allows variation in the duration of the pulse and also minimizes
distortion of the action potential
due to leakage of the stimulus into
the input of the action potential
amplifiers. This leakage, called
"shock artifact" by workers in this
field, is an ever present problem. It
is due to the disparity in stimulating voltage, 10-15 volts peak, and
action potential peak, less than 30
millivolts. The final modification is
performed by the second section of
6C8G-2 which is operated at any desired point beyond cutoff by means
of P,. The undesired pulse is now
negative and 'is completely suppressed because it only serves to
drive the tube still farther beyond
cutoff. The only portion of the desired pulse that is amplified is that
driving the grid positively from
cutoff. This accomplishes the abolition of the exponential discharge
beyond the desired point. Increase
in the negative bias causes cutoff
of the pulse at an earlier time and
shortens the duration of the pulse.
a
The output is fed through
matching transformer, and the
amplitude controlled by P,.
It is essential that T, be well

T

(Continued on page 82)
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INDUSTRIAL ELECTRONICS -II
The second and concluding part of a discussion of the outstanding problems in applying
electronic instruments to industrial applications. Here several successful installations of
phototube equipment to perform difficult production problems are described
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By RALPH A. POWERS
Electronic Control Corp.
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education of the machine and tool
designers concerning what electronics could do for them. They had read
newspaper accounts of the wonders
of the "electric eye", the electron
tube, the cathode ray tube, but had
little opportunity to know where
they would help them. Consequently,
when they were approached on the
uses of electronics, what it might
save them, they picked out the toughest problem they could find, probably because it had them stumped,
and thought certainly the electric
eye could do the job. So, during
these first two years the toughest
problems that were to be had were
placed right in the lap of the electronic engineer. In order to obtain
a second reception with the engineers in charge of purchasing, it was
necessary in many instances to bring
in a quotation, telling just how the
finished electronic gadget would
work, how much it would cost and
when it could be delivered. In many
of these cases the electronic engineer,
who was having so many problems
presented that he could not sleep
nights, did not actually know which
was the first plan of attack of the
problem. Fortunately, some of the
gadgets and devices worked exactly
as they were desired, but there were
many for which the cost of engineering alone was twice the selling price.
Naturally, a time to halt this procedure had to come, so that those with
the simple problems were not helping
to pay for the engineering on the
most difficult. The two -point plan
found to be effective was briefly as
follows:
1. During the past few years valuable experience has been gained in
knowing how to combine solutions
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Fig. 1-Circuit diagram of an early light curtain control equipment for a bearing
broaching machine. The large number of mechanically moving parts in an
industrial application as complicated as this gives rise to service calls which can
sometimes be eliminated by greater use of tubes

of past problems into an effective
solution for the "run of the mine"
problems. This is what might be
termed experience with some records
to back it up. These problems can
be quoted on directly, giving the
price of the finished article, the approximate delivery date, and a guarantee of operation.
2. The more difficult problems
must be solved in a different way

from the selling viewpoint. From
past experience, it can be rather
crudely estimated how much time
will be necessary for one, two, or
more men to develop various ideas
which appear to meet the customer's
requirements. Then the prospective
customer must be willing to risk
that amount of money for laboratory
work before any concrete work is
started. This system works out very
33

nicely, because if at the end of the

experimental stage the engineer has
some luck, the balance of estimated
maximum expenditure (which is refunded to the customer) can be applied to the purchase price of one or
two of the completely engineered
units. No one loses on this system,
unless the electronic engineer cannot
invent practical applications. If this
happened very many times, he undoubtedly would soon lose the fun of

trying to lick difficult jobs.
Many of the special applications
of electron discharge devices, briefly
described below, fall into one or the
other of the above classifications of
procedure.

Fig. 2-Broaching machine control using electronic switching means instead of
relays as shown in Fig. 1. The solenoid air valves are opera:ed by the anode
current of the gas tubes

All Electronic Broaching Control

Several years ago the light curtain
principle of machine control and
operator safety was applied to a
bearing broaching machine. After
some troubles with limit switches,
relays and other mechanical parts,
the control functioned perfectly.
There was a continual source of service, however, in magnetic switches
or relays. The unit performs many
million cycles of operation, and as a
result contacts may fall off relays,
return springs lose their elasticity,
armature hinges wear out; in fact
any mechanical device will show
signs of wear under such continuous
operation. When the relays have all
been repaired, and the unit is not in
need of service, the records of production with the light curtain have
justified the development of all electronic control. Two all electronic
control units are now being completed.
With the exceptions of the electronic light curtain, the relay circuit
is shown in Fig. 1. From the circuit,
some idea can be obtained of the
number of moving parts of the various relays in order to insure complete operation of the machine for
its various functions of broaching
the bearing.
With the light curtain projector
and receiver, as shown in the circuit,
connected to this elaborate relay interlock cabinet, it was possible to
obtain the necessary following sequence:
1. Equipment ready to start the
cycle of operation.
2. The operator removes his hands
from the opening of the machine,
thereby allowing the light curtain
to be completed.
34

Fig. 3-Experimental unit for sorting rock salt. It is encased in glass to minimize
corrosion from the salty atmosphere

3. The operator uses one hand
(when necessary) to press the automatic "start" button.
4. This electrically latches a relay,
thereby energizing, through its back
contacts, a second relay.
5. The 3 -way, i -inch solenoid valve
for the clamping cylinder responds
from these contacts.
6. The clamping cylinder is now
energized and as soon as pressure
has been built up, the "make" contacts of this pressure switch will
close.
7. These contacts in turn energize
the solenoid 4 -way valve for the
broaching operation.
8. The broaching cylinder proceeds to its complete forward position and at that point operates contacts on a limit switch.
9. These contacts in turn actuate

the relay, holding the solenoid air
valve in a position with the broach
forward.
10. The operator again intercepts
the light curtain to remove the piece.
11. In so intercepting the light
curtain, the solenoid air valve for
the clamping cylinder is released,
allowing clamping pressure to be
exhausted and the operator to remove the piece. (A pilot light turns
on when it is time for the operator
to remove the piece.)
12. The operator now comes out
of the light curtain in removing the
piece of work; thus, the "make"
contacts of the circuit at the end
of the broaching stroke impulses the
relay to its normal position.
13. However, if one relay was
dropped out due to interception of
a portion of the light curtain, the
August 1941
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broaching cylinder can now return
to normal, or "back" position, awaiting a restart of the operation.
It can be appreciated from the
above sequence of necessary operations, that the relays and limit
switches are necessary to obtain increased production through the use
of light curtain control and at the
same time insure complete safety
to the operator of the bearing
broaching machine.
Incidentally, the use of the light
curtain equipment with this sequence increased production from
approximately 7,000 pieces to well
over 11,000 pieces per eight hour day,
with less operator fatigue than was

experienced with normal push buttons or hand operated valves in
order to complete the above outlined
complicated sequence.
To contrast these large number
of moving and wearing parts with
the mechanics of the electronic circuit will prove the elimination of
service difficulties and "time down"
of the machine during service which
is a most important problem in
maintaining a factory at its peak of
production. This is an application
that should prove the value of all
electronics, over the combination of
electronics and electro -mechanical
switching arrangements, in industrial service.
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Fig. 4-Diagrammatic sketch showing method of operation of rock salt sorter.
The pieces of salt drop one at a time past the photoelectric unit. The dark pieces
reflect less light causing a blast of air to blow them off the path of the good pieces

5-This electronically controlled guage using trigger circuits measures wall
thicknesses, diameter, out of square ends and many other measurements. The
photoelectric scleroscope can be seen in the foreground
Fig.
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Several years ago, the first experimental photoelectric rock salt sorting
single unit was produced. The
amplifier was encased in a glass enclosure, much like a small aquarium,
to prevent salt dust from entering.
Glass is the material used to minimize corrosion of the case. The
phototube was in a separate housing
with two light sources, as shown in
Fig. 3. This experimental unit was
produced to determine the feasibility
of picking out the dark pieces of
salt and allowing the pure crystals,
to pass. After completion of the
photoelectric device, considerable
time was spent in developing suitable
mechanical means to line the individual crystals of salt into a single
column, which would drop past the
phototube. At this point the salt
was illuminated, and the darkened
or undesired particles would reflect less light to the phototube while
the clear and white crystals would
reflect more light, allowing their
passage. After trying several rotary
means, similar to that used in sorting
beans and similar objects, this idea
was abandoned and a vibration
method was developed. The arrangement of the vibrating conveyor,
which feeds the salt in ten individual
rows, is shown in Fig. 4. At this
point, the salt falls off, one crystal
at a time, through the small direcEach of the ten
tional chutes.
chutes is arranged with a special
phototube housing in the form of a
2 -inch square stick measuring about
18 -inches in length. Each phototube
housing contains a two stage amplifier. The power supply and the
thyratrons for operating the small
air valves are mounted on a rack
and panel assembly. If a darkened
piece of salt appears before any one
of the ten photoelectric units, a small
fast acting solenoid valve opens for
a predetermined period of time, only
long enough to allow the squirt of
air to move that darkened crystal
of salt out of the normal axis of fall.
As a result, it falls on one side of
a `camel back', while the good pieces
fall on the other side. To make the
machine practical, the solenoid air
valves must open very rapidly.
Special valves which operate directly
in the anode circuits of the ten thyratrons were made. The thyratrons.
are arranged with automatic 'put out
circuits', so that after the air blast
of a fraction of a second, the valves
will quickly close, eliminating the
35.
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possibility of rejection of good salt.
The valves were made to open and
close 20 times per sec. against an air
pressure of 90 pounds per sq. inch.
By adjustment of bias of the amplifiers and by adjustment of light
source intensity, various grades of
salt can be selected and reselected
for various degrees of purity.
Experimental work is now being
conducted on using the same unusual
mechanical means of feed, in combination with the same fast means
of rejection, for grading various
ores, especially gold ores.
Trigger Gauging

With the increase in demand for
high speed measuring, an increase
in the necessity of electrical circuits
to perform the functions quickly
has been realized. After three or
four years of experimental work,
the trigger circuits were developed.
Essentially, a trigger circuit is nothing more or less than the arrangement of a gas triode with either d.c.
or a.c. applied to the plate and with
the grid circuit arranged to operate
directly from the measuring contacts.
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The use of gas tubes allows storing of the impulses over a given
period of time to allow automatic
rejection or sorting of the pieces.
With d.c. applied to the anode, after
an over- or under -size piece has been
inspected, gas tubes are fired and
remain fired until a limit switch on
the complete automatic machine
opens after rejection of the undesirable piece in its correct position.
A typical machine operated by
electronic means is illustrated in Fig.
5. Rejection and sorting, where all
measurements are taken during rotation or movement of the object, are
obtained through the use of trigger
circuits. Rejection is occasioned by
storing the impulse until the undesirable piece has reached the following
station before rejection.
Figure 6 illustrates the principle
of the use of gaseous tubes for
measuring. The grids of each one
of the tubes are connected through
a suitable circuit so that in the event
undesirable pieces reach the gauges,
the grids of the tubes are made
sufficiently positive in order to cause
their firing, thereby storing the rejection selection because of the fired
condition of the thyratron.

This same type of measuring and
grading, through the use of trigger
circuits, was introduced a number
of years ago and has been closely
followed by others interested in obtaining electronic business in measuring, grading and sorting.
These are but a few of the special
photoelectric and electronic units.
Others include a gauge to measure
the thickness of babbit of metal
backed bearings measuring the outside diameter and wall thickness of
permanent mold castings; checking
the condition of butt welds, and
porosity of castings; and automatic
rejection of cracked iron or steel
castings. Complete special machines
have been built for the automatic
rejection of soft tappets, soft tips
of valve stems, and roll inspection
from roller bearings as well as for
many other applications.
In looking back over five and
one-half years of electronics in the
industrial field, one finds that ordinary units, ordinary machines, or
the combination of the most simple
electronics with the most simple machines very seldom offer the answer
to the specific problem set forth by
the engineer.
;
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Noise and Interference

F -M

This survey discusses the f -m principle in noise reduction, the extent to which frequency modulation is effective in reducing various types of interference, compares a -m systems with
f -m systems, and concludes that the distribution and phase relationships of sidebands
largely explain success of "staticless" reception

PROBABLY
the outstanding
reason for the growing use of
frequency modulation is its characteristically low noise and interference levels. It is the purpose of the
present article to give elementary
explanations of these effects, and to
present simple formulas for practical use in the calculation of f -m
noise and interference.
A few fundamental facts about
modulation will not be out of place
at this point. An audio signal consisting of a pure audio tone of frequency µ and intensity proportional
to a', may be written as a cos 27rµt.
If this signal is used for amplitude
modulation of the r -f carrier, A sin
27rft, the resulting amplitude modulated signal is
A(1

k

+

2

ka sin 27r(í

27rft

ka sin 27r(f

-

µ)t1

+

µ)t
(1)

where k is a constant, depending on
the depth of modulation.
The result of amplitude modulation has thus been the generation
of two sidebands in the frequency
spectrum. These are displaced from
the carrier on either side by the
audio frequency and have a magnitude equal to ka/2 times the carrier
magnitude. The quantity ka is called
the modulation factor, and, in amplitude modulation, can never exceed 1.
If, on the other hand, the audio
signal, a cos 27sµt, is used for frequency modulation of the r-f carrier,
A sin 27f t, the resulting frequency
modulated signal* is

+ (D/µ) sin 2/rat]
J. (D/µ) sin 27rft
{ J,(D/µ) [sin 27r(f + µ)t - sin 27r(í - µ)t]
} J,(D/µ) [sin27r(f+2µ)t-[-sin27r(f-2µ)t]
+ J3(D/µ) [sin 27r(í + 31.4t
- sin lie- 314 +
(2)
The result of frequency modulation has thus been the generation
A sin [27rft
= A

of sidebands displaced from the carrier frequency not only by the audio
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frequency, but by all harmonics± of
the audio as well. The magnitudes of
the sidebands are no longer simply
proportional to the modulation factor divided by 2, as was the case in
amplitude modulation, but are now
proportional
to the quantities
J(D/µ). These quantities are called
Bessel's functions, and vary somewhat like damped sine waves. A
group of them is shown in Fig. 1.
The instantaneous frequency of
the f-m signal, A sin[2aft+-(D/µ)
sin 274] is
27r

a cos 27rµt) sin 27rft

= Alsin

By

-d-1127-ft -F

(D/µ) sin 2a-all

= f+Dcos27rµí
(3)
The maximum frequency deviation
occurs at that point of the audio
cycle when cos 27rµt = ±1. At that
instant, according to Eq. (3), the
frequency deviation from the carrier is equal to D. The extent of frequency modulation is measured by
this maximum frequency deviation.
In amplitude modulation, there is a
* In a uniform sine wave, such as sill wt.
the frequency is 1/(27r) times the rate of
change of the argument of the sine function,
or in other words

1

d

f= 2,r
--(wt)
dt

=w

271 -

If the sine function Is not uniform, It is
customary to define its instantaneous frequency in an analogous manner as 1/(27r)
times the rate of change of the argument of
the sine function. In accordance with this
definition, the f-m signal in Eq. (2).
Asin

[27rft

(

)sin

27rgt

shown by Eq. (3) to have a frequency
(f + D cos 2n-gt). This is the justification
for saying that the expression in Eq. (2)
is frequency modulated with the audio signal
a cos 27rµt. The constant, D, represents the
maximum frequency deviation of the signal
from that of the unmodulated carrier, f.
This maximum deviation occurs when cos
27r µt = ± 1.
The constant, D, is proportional to the audio signal strength, a, as
well as to the frequency sensitivity of the
is

transmitter.
t The "harmonic"

sidebands, if proportioned as in Eq. (2) produce no distortion in
an f -m signal. On the other hand, absence of
harmonics in these proportions will cause dis-

tortion.

theoretical limit to the extent of
modulation, namely when the depth
of modulation is equal to the carrier
magnitude. There is no corresponding theoretical limit (except zero
frequency) to the extent of frequency modulation. In practice, the
extent of modulation, in frequency
modulation, is limited by the government's ruling on maximum frequency swing or by the modulation
capabilities of the transmitter. The
modulation factor in f -m is defined
as the ratio of the frequency deviation to the maximum permitted
frequency deviation.
In Fig. 2 are shown amplitude and
frequency modulated waves and
their sideband components.$ In Fig.
3 are shown the differences in
sideband composition for various
modulating and maximum deviation
frequencies.
The General Problem

of Interference

In amplitude modulation, as is
well known, the ratio of audio interference to audio signal is in general
the same as the ratio of r -f interference to r-f signal arriving at the
second detector. This is not true in

frequency modulation. In frequency
modulation, the stronger of the two
r -f signals arriving at the limiter
grid, tends to remove the audio
effect of the weaker.
The reason for this is illustrated
in Fig. 4, where the two r-f signals
are represented by rotating vectors,
as is customary in studies of modulation. Let us suppose that A is the
desired signal and B is the interference. The resultant of the two is R,
and the rate of change of the angle
4,, is the total effective frequency
modulation.
t Note that amplitude modulation does not
change the carrier energy, but it adds side band energy. On the other hand, frequency
modulation decreases the carrier energy and
puts energy into the sidebands in such a way
that the total (carrier -}- sideband) energy
is independent of the extent of modulation.
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of Bessel functions, plotted for order 0,

and in which x =D/g. To use, we must determine
known values of D and

It is apparent from the figure that
even if the angular variation of B
is thousands of degrees, it will not
cause much change in On, for the
maximum angle between R and A
cannot exceed tan' B/A. Therefore, if the modulation of A has a
large deviation ratio (ratio of the
maximum deviation frequency to the
audio frequency which is the case
in wide band frequency modulation
so that A (and therefore R) has
several complete revolutions in one
audio cycle, the relative effect of B
on the overall frequency modulation
will be very small ; considerably
smaller than the value of B/A might
lead one to expect from amplitude
modulation experience. Furthermore
the elimination of the effect of B becomes more complete as the maximum deviation frequency of A is
increased.
If A is the desired f -m signal and
B the interference, then the audio
signal will be quite free from interference so long as A is greater than
B during all portions of the audio
cycle. If the relative value of B is
then increased, there is a rapid rise
in the amount of audio interference
when B approaches the value of A,
and by the time B exceeds A during
all portions of an audio cycle, the in -
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2 -- Diagram of modulated waves and their sideband components for amplitude modulation (top) and frequency modulation.
Modulating wave is sinusoidal

Fig.

terference has completely eliminated
the signal. There is thus a sharp
transition from good signal to poor
signal as the relative value of A to B
is decreased, such as would occur at
a critical distance away from the A
transmitter. Since the interference,
B, is likely to have amplitude modulation as well as frequency modulation, the transition is not quite as
sharp as it would otherwise be, but
it is still very striking.
The foregoing discussion gives a
general idea of the action of f -m in
reducing interference. It is next desired to derive quantitative formulas for the action of f -m. This is
quite involved mathematically in
the general case. However, as will
be seen in the following sections, in
the most important practical case
when the signal is considerably
greater than the interference and a
good limiter is used, the derivations
become quite simple.
A different type of noise reduction
exhibited by wide band f -m receivers, but which can also be achieved
in a -m receivers, is described in footnote on page 42.
The Simplest Case of

Interference

Probably the simplest type of interference in a radio receiver is that

produced by a harmonic wave of
fixed amplitude and frequency, such
as an unmodulated carrier, B sin
27:g t, whose intensity is small relative to that of the desired signal.
Let us first find what interference
this produces in an amplitude modulated signal receiver. Let the signal
carrier be A sin 27:ft. Then the re-

sultant is
2aft + B sin 2agt =
B sin 2,rft cos 2,r(g
B cos 2,rft sin 2a(g

2,rft
-- sin
f)t
f)t
=
+ B cos 2w(g - f)t1 sin 27rft
B sin 2,r(g - f) cos
sin 2,rft
ß/A2 + 2AB cos 2,r(g - f)t +
rB sin 2,r(g - f)tl
tan'
(4)
A + B cos 2a(g - f)t
A sin

+
{

A

IA

271-ft

B2

As the result of a Taylor series ex-

pansion the amplitude of the resultant is then, approximately,

- -

+ 2AB cos 2,r(g f)t
= Ail + (B/A) cos 2,r(g

N/A2

B2
1)11

(5)

provided that A is much larger than
B. Comparison of the right side of
Eq. (5) with the left side of Eq. (1)
indicates that the interference
causes an effective interference
modulation factor of B/A. Furthermore, the interference modulation
frequency is (g -f).
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Let us next see what effective interference modulation, the same signal B sin 2agt produces in a frequency -modulated signal receiver
with the same signal carrier. To
find this, we refer again to Eq. (4).
If it is again assumed that A is
much larger than B, then, approximately
sin [2rrft

= sin

[27rft

A

+

-

sin 2r(g
f)tl
B cos 2r(g f)t
(B/A) sin 2r(g Dui (6)

[B

+ tan

+

Therefore, by comparison with the
left side of Eq. (2), we see thatthe
modulation fac tor is
(7)

where D is the maximum frequency
deviation of the f -m system. The
modulation factor of the interference in frequency modulation is consequently less than in the corresponding a -m case by the ratio
(g-f)/D. It is therefore clear that
the interference is reduced in the
same proportion as the maximum
deviation of the f -m system is increased, as already indicated in our
general discussion of interference in
the preceeding section. Equation
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4 ---Rotating vectors representing f -m signals. Vector B is the
interfering signal, A is the desired signal, R is the resultant

Fig.

(6) shows that audio interference
signal has the frequency (g-f) just
as in the a -m case. It also shows the
further important fact that the
modulation factor of the interference is directly proportional to the
audio frequency (g- f) .
Common Channel Interference

Common channel interference is
the interference between the desired
signal and an interfering signal of
approximately the same carrier frequency. The modulation produced
on the desired carrier, by the interfering carrier and its sidebands is
the measure of common channel interference.
For the sake of simplicity, we
shall assume that both the interfering and the desired carriers are un modulated.
Then, in accordance
with the analysis of the preceding
section, the modulation factor of the
interference is B/A in the amplitude -modulation c a s e, a n d is
B (g-f/AD in the frequency -modulation case. Here, as before, B and A
are the relative signal strengths of
the interfering and signal carriers,
g-f is the difference frequency between the carriers, and D is the
maximum frequency deviation of the

f -m system. In the case of wide
band frequency modulation, D is
greater than the highest audio frequency passed by the receiver, so
that common channel interference
in f-m is necessarily less than it is
in amplitude modulation. This is a
distinct advantage of frequency
modulation.
Present f -m transmission standards call for an accentuation of high
audio tones at the transmitter, with
an equalization of the system by a
corresponding decrease in high frequency response at the receiver.
This decrease in high frequency response at the receiver is approximately linear above 1500 cps. The
f -m carrier difference -frequency interference is therefore limited to
1500 B/AD regardless of the pitch
of the carrier difference -frequency.
At the frequencies at which frequency modulation is now broadcast
(42 Mc to 50 Mc), the pitch of the
difference -frequency will vary rapidly throughout the audio range at
all times due to frequency drift so
that 1500 B/AD is a good approximation to the average common channel interference. By a more elaborate
study*, it can be shown that this approximation for the average inter*

S. Goldman,

IRE Convention, June, 1940.
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ference is still valid even when both
carriers are modulated by a normal
program.
With present f -m standards, D is
normally 75,000 cps. Therefore f -m
common channel interference is
1500
75000

B
A

1

B

50

A

(8)

or about one fiftieth of what it would
be for the corresponding case in
amplitude modulation.
Adjacent Channel Interference

In the case of adjacent channel
interference on present f -m channels, the carrier difference -frequency
note is far above audibility, so that
it no longer causes interference.
However, the higher order sidebands
in frequency modulation extend so
far away from the carrier that interaction between sidebands may be
of audible frequencies. The selectivity of the receiver also enters into
the adjacent channel interference
picture, so that all in all it is quite
a different story from the common
channel case.

RECEIVER
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///
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Fig. 6-Amplitude-frequency spectrum of frequency-modulated
signals in two adjacent channels, for interfering signal in adjacent
channel 6 db greater than desired signal
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There are two ways of treating
f -m adjacent channel interference,
one of which may be called static
and the other dynamic. Both of
these treatments must be used for a
complete picture. In the static treatment we consider the carrier and
sidebands as shown in Fig. 5A and
the selectivity of the receiver. The
magnitude of sidebands getting to
the limiter grid as a result of the
selectivity, is shown in Fig. 5C. If
we know the magnitudes of these
sidebands, we can calculate the interaction of audible frequencies. It
is by no means obvious that the interaction of sidebands in frequency
modulation will give rise to audio
or how large this audio will be.
However, it has been shown* that
the interaction of two adjacent channel signals will give audio of the
difference frequencies of the adjacent channels' sidebands and of
amounts proportional to the products of the magnitudes of the side bands multiplied by the factor audio
difference frequency, divided by the
S.

fD

(C) INTENSITES S FREQUENCIES
OF
AT LIMITER RID

Goldman, IRE Convention, June, 1940.

maximum deviation frequency of
larger signal carrier at limiter. This
derivation is rather involved and
will not be reproduced here.

In the dynamic treatment of f -m
adjacent channel interference, we
consider the carriers of constant intensity but varying in frequency as
shown in Fig. 6. If now, during any
appreciable portion of an audio cycle,
the interfering carrier intensity arriving at the limiter grid exceeds
that of the signal carrier, then, as
shown previously in discussing the
general problem of interference, the
signal is ruined as a high quality
signal. If, on the other hand, the
level of the desired signal exceeds
that of the interfering signal at the
limiter grid during all portions of
the audio cycle then it may be shown
mathematically for all normal signals that the adjacent channel interference will be at least 60 db
below the signal level. The condition
indicated in italics thus is both necessary and sufficient for an f -m signal free from adjacent channel
interference. This condition may be
expressed by the following formula:
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noise in amplitude modulation is
proportional to the square root of
the band -width. This may be expressed by the formula
Noise = K

f- Fa

f

where K is a constant, and F. is the
highest audio frequency reproduced
by the receiver. It then follows from
Fig. 7 that in frequency modulation,

(AUDIO CUTOFF)

(A) A.M. RECEIVER

I

B
A

Noise-=

Il

f- Fa

D

(B)

E.

f

M.

f+Fa

I

D

f-Fa

f-Isoo

(C) EQUALIZED
Fig.

7

values

f4isoo

F. M.

f, Fa

;41)

RECEIVER

--Shaded areas are proportional to the effective
of sideband noise for three different types of
receivers

AG, > EG,
(9)
where A is the level of the desired signal at
the input of the receiver,
Gr is the gain of the receiver at the
frequency of maximum deviation of
the signal toward the adjacent
channel,
E is the level of the adjacent channel
interfering signal at the input of the
receiver, and
Gy is the gain of the receiver at the
frequency of maximum deviation of
the adjacent channel toward the
signal channel.

According to Eq. (9), there must be
enough receiver selectivity in the
frequency range between the frequencies of maximum deviation of
the signals toward each other, to
take care of the difference in level
of the desired and adjacent channel
signals at the input 4f the receiver.
Random and Impulse Noise

While any undesired response of
a radio receiver, such as hum, adjacent channel interference, etc.,
may be called noise, we wish to consider here particularly the two kinds
of noise usually called random noise
t The principal formulas of this section
were originally, derived by Crosby, Proc.
I.R.E., April, 1937.
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and impulse noise. Random noise
is a general type of noise such as the
interchannel noise of a very sensitive radio receiver. This noise is
due to a continuous distribution of
nondescript radio frequency signals
of unrelated phases. Interaction between these radio frequency noise
signals and a strong signal carrier
gives rise to audible noise. Interaction between the r -f noise signals
themselves, also gives rise to audible
noise, but this is of much smaller
amount in amplitude modulation,
and is negligible in frequency modulation, if a carrier is present.
The audio noise consists of terms
of the type described by Eq. (5)
and (B/A), in amplitude modulation
and terms described by Eqs. (6) and
(7) in frequency modulation. The
shaded areas in Fig. 7 show the
magnitudes of the audio effects of
these sidebands in accordance with
(B/A) and Eq. (7).
Since the phases of the r -f signals
in random noise are unrelated, the
total noise modulation factor is equal
to the square root of the sum of the
squares of all these terms. Thus the

%

F.

J

(g

- fl2 e- f)
D

3

(MAX. DEVIATION)

RECEIVER

K

K F.

f+D

I

f

(10)

D

ÿF,

/

(11)

Consequently for random noise, frequency modulation is superior to
amplitude modulation by a (voltage)
factor of
D/Fa in case there is
no receiver equalization. For the
equalized receiver, the improvement
ratio of frequency modulation over
amplitude modulation is approximately D/1500=50 for random
noise, if D-75,000 cps.
Let us next consider impulse
noise, for those cases in which the
signal exceeds the noise peaks.
This is noise characterized by high
peaks of short duration, such as are
generated by automobile ignition
systems, and by many important natural and man-made sources. The
components of impulse noise are essentially spread uniformly over the
transmission band of a receiver in a
way similar to the frequency spread
However, the
of random noise.
phases of impulse noise components
are not spread at random.1 It is
clear physically and may be demonstrated by Fourier analysis that
when an impulse is at its peak, its
frequency components must be in
phase. Therefore the total noise
modulation factor of impulse noise
components is the sum of that of the
individual components, and is not an
r -m -s value. Consequently, in amplitude modulation systems, the peak
voltage of the resultant of the frequency components, the peak voltage of the transmitted impulse
noise, is directly proportional to the
bandwidth of the transmission system of the receiver. This is quite
different from the case of random
noise, in which the peak voltage is
proportional to the square root of
the bandwidth of the transmission
system. Wide band reception makes
impulse peaks higher and therefore
makes it more likely that they will
t V. D.
p. 1514.

Landon, Proc. I.R.E., Nov. 1936,
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exceed the signal level and thus
cause serious interference. Consequently, in weak signal areas, ignition noise may be more disturbing
in wide band frequency modulation
than in narrow band frequency
modulation or in amplitude modulation.
It may readily be shown mathematically that the peak frequency
deviation caused by impulse noise,
or, in other words, the peak f -m impulse noise, is likewise proportional
to the sum of the effects of the components in the band width of the
transmission system. This band
width is the audio frequency transmission band of the receiver, since
any higher frequency noise components are lost in the audio amplifier and speaker. In the case of any
single impulse, both the frequency
modulation and amplitude modulation effects of the impulse depend
upon the phase of the r -f signal carrier at the instant that the impulse
occurs. These phase effects will,
however, average out in any overall
picture.
The relative values of impulse
noise are therefore.
Impulse noise =

for amplitude
Impulse noise =

k

F.

(12)

and
k

J
=

F
k

F
2D

fl d (g - f)

/

(13)

for frequency modulation. Consequently frequency modulation is superior to amplitude modulation for
impulse noise by a (voltage) factor,
2D/Fa in case there is no receiver
equalization. For the equalized receiver, the improvement ratio of frequency modulation over amplitude
modulation is approximately
D/1500=75,000/1500-50 for impulse noise. This is the same ratio
as for random noise.
Discussion

In the foregoing treatment, formulas were derived to show the
amount of interference and noise reduction in frequency modulation systems. These formulas were derived
on the assumption that the r -f signal reaching the limiter tube was
considerably greater than the interference. This is quite a justifiable
assumption in deriving the interference reduction obtained in frequency
modulation systems, for if the condition is not satisfied and the inter-

42

ference at the limiter tube is greater
than the signal, then as was pointed
out, there is, except in special cases,*
no reduction in interference at all,
but rather an increase in it. The
derivations also assumed that only
frequency modulation gave rise to
audio in the f-m receiver. In other
words, a perfect limiter was assumed. The formulas derived thus
show to what extent frequency
modulation reduces interference under conditions when it does so best.
The real explanation of frequency
modulation's effectiveness is to be
found in the distribution and phase
relations of the f -m sidebands. To
understand this, suppose that an
audio signal amplitude modulates an
r -f carrier of say two megacycles
and that this modulated carrier is
amplified by a high gain amplifier
which has uniform amplification in
the entire frequency range from
zero to four megacycles. If the output of this amplifier is observed on
an oscilloscope, the noise will be tremendous and will mask the signal
unless the latter is very large. If,
however, the amplifier is tuned and
only passes a signal in the region
within ±10 kc of the carrier, the
noise will be greatly reduced while
the signal will be practically unaffected, so that a tremendous improvement in the signal to noise
ratio will be observed. This shows
how frequency selectivity reduces
noise. On the other hand, mistuning
of an i -f amplifier will demonstrate
very quickly how frequency' selectivity reduces adjacent channel interference.
The next question which naturally
arises is why frequency modulation
reduces interference. Prior to an
* In the case of impulse noise of very high
peaks of very short duration, there is another effect which works to the advantage of
wide band f -m systems, which in effect.
however, is not peculiar to frequency modu-

lation.
Short duration impulses are always spread
out in the i -f amplifier of a receiver, the
amount of spread being inversely proportioned to the band width of the i -f ampliThis is a well-known property of
fier.
tuned circuits. Now a sharp impulse will
cause a tremendous frequency shift in the
f -m signal, corresponding with, alt hough
not necessarily proportional to. the high
amplitude peak. However, the band widths
of most i -f amplifiers and the outputs of
most slope detectors in use are limited to
very little more than that produced by a
75 kc. frequency shift. A band width of
+ 75 kc from the carrier is nevertheless
still sufficiently wide to reduce the duration
of the impulse to a very short time. The
maximum audio output produced by an impulse is thus limited, whereas its duration
is kept short. The overall effect of highly
peaked, very short duration impulses is
therefore greatly reduced in wide band f -m
receivers.
This phenomenon is of considerable practical importance, but as already mentioned,
it is not peculiar to frequency modulation.
Wide band a -m receivers with amplitude
limiting, would show the same property.

investigation, it might be supposed

that the limiter tube, by cutting off
noise peaks, was the important factor in noise reduction. This, however, is not the answer; because
noise peaks which exceed the signal
will be just about as noisy in f -m
as in a -m receivers and it is only
when the signal reaching the limiter
exceeds the interference that frequency modulation is effective. The
real and very important increase of
the limiter is that it strips the
signal of amplitude modulation and
allows f-m to do its work.
In the case of an f -m signal there
is a combined system of amplitude,
frequency, and phase selectivity.
The selective circuit in this case is
the discriminator or slope detector
in combination with the audio amplifier of restricted band width. If a
signal comes to this detector with
amplitude, frequency, and phase relations of its components such as
shown on the right side of Eq. (2),
these components will combine in
such a way as to give maximum frequency shift at an audio frequency
rate and consequently maximum

audio output. If on the other hand
the amplitude, frequency, and phase
relations of the components are not
those shown on the right side of
Eq. (2), they will not combine efficiently to give frequency shift at an
audio frequency rate. The combination of carrier and sidebands on the
right side of Eq. (2) has the property that it will produce extremely
large frequency shifts at a low
audio frequency rate as compared
with what would be produced by a
random distribution of carrier and
sideband components of the same
energy. Thus the slope detector in
combination with the audio amplifier effectively selects those signals
with amplitude, frequency, and
phase relations of their components
similar to those shown on the right
side of Eq. (2).
The explanation of the effectiveness of frequency modulation in reducing noise and interference may
therefore be considered as a generalized type of selectivity. It would
be interesting to consider possible
uses of other types of selective
circuits. A different type of combined amplitude, phase and frequency selectivity already used in
radio receivers is the demodulation
of a weak carrier by a strong one at
the second detector.
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Frequency Response
of Parallel Resonant Circuit
By MYRIL B. REED
Illinois li+.ctiluta of Technology.
Chicago,

111.

general forms of the admittance or

THE two -branch parallel circuit,
commonly called a wave trap,
Fig. 1, is very widely used in both
communication and power net -works,
power factor and voltage control in
power systems, and tuning and filtering in communication systems.
This paper gives in a readily
usable form the results of a complete mathematical study of the current versus frequency response of
the wave trap.
A mathematical analysis of the
total current as a function of frequency may be carried out, for
constant generator voltage, E, by
studying the admittance expression:

P

i(RL2RcR
+4vfL211 RcR+4v21iC:/

current versus frequency relation. In
addition to the well known constant
and minimum value relations (curves
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1 (Above)-Circuit diagram of parallel
resonant circuit, with resistance in both
arms, and for which analysis applies

Fig. 2 (Right)-Admittance and phase angle
curves used in example, but typical of all
possible operating conditions of LC circuit.
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Also of interest is the phase angle
between the generator voltage and
the current flowing into the parallel
circuit. This angle, given by
O
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mathematically, these five
pairs of curves constitute all possibilities. The relative frequencies at
which the maximum or minimum
values of Y and unity power factor
resonance occur are shown on the
curves and in the tabulation below.
The determination of which one
of the five admittance -frequency
responses a particular wave trap will
have is ordinarily difficult. However,
by means of the following system of
inequalities, it is easy to determine
such features of a wave trap as:
shown

iu
, ui
----

Y5 and Y, and the corresponding 05
and O. curves) there are the maximum value (Y,), decreasing (Y2),
and increasing (Y1) admittance functions with the corresponding phase
functions O 0? and 01. As may be

2

1

RL2

,

is positive if current leads voltage.
A graphical representation of the
behavior of the wave trap is shown
in Fig. 2. As shown, there are five
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Rc be the resistance of the capacitive

whether it will resonate, whether
resonant frequency, if it exists, is
at a higher or lower frequency than
that at maximum or minimum admittance, whether the admittance
function has a miximum or minimum, and whether the angle B is lead

arm.
Then, depending upon the relative
magnitude of ReRL with respect to
that of L/C, there are three possible
cases to be analyzed, as shown in the
table. By proper selection of the appropriate circuit conditions, the table
may be used to determine the circuit
response for any possible physical
condition which may be encountered.
The use of this system of relations
can best be illustrated by an example.
Assume Rc = 2000 ohms, RL = 100
ohms, L =1 henry, and C = 10-6
farad. Then

or lag.
In the following table, let
f, be the resonant frequency, (current and voltage in phase),
f,,, be the frequency at which minimum current occurs,
be the frequency at which maximum current occurs.
L be the inductance in the inductive

f

ReRL= 2X106>

brance,
C be the capacitance in the capacitive

Rc2

brance,
R,, be the resistance of the inductive
arm, and

RL2

=

4 X 106 >

+ L/C)2 =
=

=L/C

L/C, and R1,2 = 10' < L/C

121 X 109 > 42 X 109

2RL2(RL2

+

RcRL).

From the third from the last row
of case III the admittance equation
is a decreasing function (see Y2 of
Fig. 2) which will never be resonant,
and, since Rc>RL, from case III,
0<0, or the circuit power factor is
lagging for all frequencies as shown
in curve 02 of Fig. 2.
If Rc=1 ohm, RL=100 ohms, C=
10-6 farad, and L=1 henry
ReRL < L/C;1Rc2 < L/C; and RC < LIC

hence from case I the admittance
has a minimum, f, at 50.2 cps as
shown by curve Y, of Fig. 2. Also,
since Rc<RL, the minimum admittance is at higher frequency than
resonance, f,=45.3 cps. Also, from
case I, 0>0 or leading for frequencies above resonance and 0<0 or
lagging for frequencies below resonance.

ADMITTANCE, RESONANCE AND PHASE RELATIONS FOR PARALLEL CIRCUIT

Case I

-

R cR L < L/C
RL >

2

RL <

LrC

RL <

f.

f

>
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0

>

2

(Rc

LIC
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s

s

L/C)2 < 2RL(RL

+
+

º
(RL

L/C
II
Case

2

2

{(RL2

z

Rc <

Curve has a minimum at

+ L/C)2 >2Rc2(Rc2+RcRL)
L/C, (Rc + LIC)2 < 2Rc(Rc + RcRL)

L/C

2

RL >

<0

Circuit is not resonant

2

Rc >

B

f=f.;o=o

2r%/LC

= LIC

Rc
,

s

<f,

< f,;

Rc < LIC

RL < L/C;
R:
Rr, <

Re; f..

-

1

2

= L/C;

RL

Circuit is resonant.

f

Re; f., > f,

= Rc; f,. = f,

RL

2

Rc < L/C

Resonance and Phase
Relations

Response -Frequency
Relation

Circuit Element Relations

+
2RL(RL +

RCRL)

decreases; curve has no maximum or minimum.

RL

>Rc;O >0

Y increases; curve has no maximum or minimum

RL

<Rc;

Y

0

<0

!

L/C)2 >

RcRL

)

Curve has a minimum at f,.

R cR r, = LIC
Y decreases; curve has no

< LIC

RLz

maximum or minimum

Circuit is not resonant

2

R c > L/C
RL
R:

>

L/C

Y

increases; curve has no maximum or minimum

Y

= N/C/L, and curve is constant for every frequency

RL <Rc;O <0
RL > Rc; O >

2

Rc < L/C
2

RL=Rc=L/C
Case III
2

RL

1

>L/C

Rat,

> L/ C

RL >

Rc; f,. > f,

RL= Re;

2

Rc > L/C

RL <

Rc; f. > f,

= L/C;

R

>

L/C;

RL <

L/C

Rc >

L/C J

+ LIC)2
(RL + LIC)2

LIC

(Rc

Lz

2

2

Rc <L/C

f=f,:0=0

1

21rVLC

Curve has a maximum at f,.

> LIC

Rc2

f>f,;0

<0

f<fr;O

>

R = L/C
cz

J (RL2

2

z

RL >

Circuit is resonant

f.,=f,-

RL2

Circuit is resonant
every frequency
always
O = 0

2

+

2

2

<2RL(RL
>_

2RL(RL
2

L/C)2

>-

2

2Rc(Rc
2

2

+
+

RcRL)

+

RcRL)

R cRL

(Re+LIC)2 <2Rc(Re+ReRL)

Y

decreases; curve has no maximum or minimum

Circuit is not resonant
RL > Rc; O >

Y

increases; curve has no maximum or minimum

RL

Curve has a maximum at

f,
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Often everything is up to dependable communication. Always the
smallest CINCH parts; sockets, binding posts, terminal strips, lugs...
can be depended upon. Each part
is designed and made with one
thought in mind to give its
utmost ... constantly. Already many
of them are "doing their duty" in
the first lines of communication
for defense. And we're proud to

-

have our little parts in this
national emergency.
Cinch and Oak Radio Sockets are licensed
tinder H. H. Eby socket patents

MANUFACTURING CORPORATION
2335

WEST

VAN

CHICAGO,
SUBSIDIARY
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TUBES AT WORK

this is not generally an important item.
Should it become important a solution
lies in the small portable storage battery.
The electrical characteristics of the
amplifiers must, of course, be at least
as good as those set forth in the

An integrated remote amplifier, studio
input circuit, a half -cycle electronic
switch, and a flexible rectifier unit, and
keyless telegraphy are discussed
rShie/d-7

6SFS

C,

T,

6C5(6
6SF5

T

6C 5

R5

á

)

(6J5)

Tube types in parentheses used

!

20

for single channel amplifiers
To heaters
C3-8,irf 450 W V
05 W

1:4 -R4 -4000A

100M0.5W
Rÿ 25941

Tt-UTCAl0

R5-R4,-50M05W

T3

- UTC A26

Re

- R9 -Vo%me

R:

R7-50012.
C, -CZ 0.

0.5W

tuf

Tr-UTCA16.

controls

Basic circuit of the ampli.
fiers using two microphones for remote pick-up at station WILL
Fig.

1

"Standards of Good Engineering Prac-

sociated power supplies. A further
analysis will indicate that if battery
supplies are used, the drain on the battery for five hours operation each day
will be rather heavy. Therefore, the
use of alternating current is indicated
wherever possible with battery standby
if the a -c supply is uncertain. Maximum flexibility dictates that the power
supplies be interchangeable and therefore separate. This also eliminates the
vexing inductive hum problem when
alternating current is used, but it does
require that the same type tubes
be used both for a -c and battery operation, a factor which tends to shorten
battery life. However, since alternating current can be used in most cases

Integrated Remote
Amplifier System

C,

tice." However, since the amplifiers
are to be used as part of an integrated
system of remote amplifying equipment, their characteristics must be better than those dictated by the state of
the art so that they will not become
quickly obsolescent and leave a weak
link in the system. The electrical specifications of the amplifiers are as
follows:

Frequency
response

Flat within 1 vu
from 40 to 10,000

Amplitude

Less than 1% at +10

Noise Level

-50

Gain

85 vu

distortion

vu

The entire remote system is built
around a basic circuit. This circuit for

Shie/d-l-

(es

University of Illinois
Station WILL

tTs

Rn

4Rp

THE PICK-UP AMPLIFIERS described represents a solution to a problem which

46

vu

6SF5

By A. JAMES EBEL

confronts many stations, especially
those that have many remote programs
to handle and little funds with which
to handle them. The non-commercial
station for which this equipment was
designed operates on a rather limited
yearly budget, yet the character of its
broadcasts requires an average of eight
remote pickups a day involving a total
time of approximately five hours. It is
station practice to have one man set up
and check all the remotes for the broadcast day before the day gets under
way. While this requires more equipment, it saves on labor, transportation,
and program failures since the equipment is all checked far enough in advance of the program to allow time for
replacement.
In designing equipment for an integrated setup it is necessary to examine the program content of the average
day to determine how many of the
remotes require only a single channel,
how many can be operated with dual
channel equipment and how many require more channels. It is, of course,
poor management to use three -channel
amplifiers on programs that require
only a single channel. An analysis of
the above situation showed that roughly
75 per cent of all programs require
only a single channel amplifier. This
figure is probably higher than the average. It indicates, however, that the
station in question should have at least
six single channel amplifiers and two
multi -channel amplifiers with their as-

cps

3
3

niM

e
o

Ri

C

R1e
I

3

Top
T, -Ta

Fig.

-T3-//A/00

R,r_

view

3,000n05W

T4-NA/06

RA -Re -25,410.5 W

TS-NA//4
R, -5,-R3- 3,000_a 05W
R4 -RS -R6 -50M0, 5W
R, -R6 -R9 -25M 0.5W
12,0 -Rend 0.5meg

G,

To

heaters

R,6 -1,250n

/W
flu-Re-0.25meg (Dual)
CZ

-C3

-Co- C,y-/Cdif 35V
C-0 25,uf 600V
600V

C4- C5 -C6-

C7-C8-Cg-0.1.ffif

of three channel pick-up amplifier.
Note similarity to Fig. 1

2-Above, schematic wiring diagram

Fig. 3-Below, circuit of recording amplifier designed by Mr. Ebel of station
WILL

6A3
6N7

C4

.DPDT

sw.

6A3
Te-UTC, NA /0/
TB-UTC, LS51

R, -R5 -R3-R4 -50I2 Pod

250M
R6 -750.a
R8 -R -20M
R5 -R7-

Ci C3

-

C4-C6-0.1uf

Switches with some subscript gamed
R,y- R,3 -250M
R14 -R,5

- 50M

T, -T, -T3-T4

C5- C7-0.001,wf

CI- 25uf

-500J2 to 5053
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RADIO CALLS ITS SHOTS
Army and Signal Corps engineers see to it that there are no weak links in the
Bakelite chain of communications controlling gunfire or troop movement.
laminated insulates many important circuits, here as in other less spectacular,
but no less essential, operations. SYNTHANE CORPORATION, OAKS, PENNA.

SYNTHANE TECHNICAL PLASTICS
A
B

- Airbrake
- drilled, turned and
grooved on lathe, milled.
- Insulator-bandsawed, turned, drilled,
piiston

and counter bored.

SHEETS

RODS

TUBES

FABRICATED

PARTS

s
BaXellte-

ANE]
laminated

SILENT STABILIZED GEAR MATERIAL

a double-channel amplifier is shown in
Fig. 1. The single channel circuit is

IVigilutO

identical with that of Fig. 1 except for
the omission of one microphone, and
substitution of the 6J5 tubes for the
6SF5 and 6C5 triodes. It might be
pointed out at this point that no originality whatsoever is claimed for the
circuits used. They are circuits that
have been successfully used in audio
work, adapted to the requirements of
the system. Examination of the two
circuits will show their similarity. The
diagrams of each of the amplifiers are
self-explanatory and need no further

S

AID C110

1111e1116
ANS TRANSFORM
-I-IIIItItIlll}I t1t1111

la
32

l.l..i,t,}

2

,}fTf1t f}i(i¡t1t1
L.i.#,I}.t.

t. .].1.1f`.1.1,1,1, .t.}

.t.l.b.1.1

ASTANDARD Product with Stancor. These tiny units, as
illustrated above in actual size, are the outgrowth of several
years of painstaking development and specialized workmanship.
The expansion of the hearing aid industry, as well as increasing
transformer applications requiring SMALL SIZE and LIGHT
WEIGHT, has created new demands for this type of unit.
of this group and is the most
adaptable for varied application. It has an average
inductance of 48 Henries and a DC Resistance of
approximately 1900 ohms.

comment.
All amplifiers use identical circuit
components wherever possible and are
wired in exactly the same manner. The
advantages of this arrangement are
twofold. First, only a limited number
of spare parts need be kept on hand for
all the amplifiers, and second, it is very
easy to maintain amplifiers since when
the operating personnel knows one
amplifier they know all of them. Because these amplifiers have to take
much punishment all components are
securely mounted with a liberal use of
tie points. We were somewhat dubious
about the volume controls used in the
amplifiers but after one year's service
we have yet to experience a noisy control. When one does become noisy it is
but a matter of five or ten minutes to
replace it with a new one already on
hand.
rShie/d-

a medium size choke with a very high impedance. It has an average inductance of 70 Henries
and a DC Resistance of approximately 5000 ohms.

The C65 is a medium size, general purpose choke.

an average inductance of 30 Henries and
Resistance of approximately 2500 ohms.
has

a

It
DC

The C66 is the smallest unit available. It has an average inductance of 40 Henries and a DC Resistance of
approximately 3700 ohms.

All four chokes were designed to work with approximately .5 M. A. DC in winding and each has a Q
(Quality Factor) of 5. These chokes have been designed to work with any of the miniature tubes available today.
Write for Descriptive Literature

__
_,c!

3WR
18

STANDARD TRANSFORMER
CORPORATION

1500 NORTH HALSTED STREET.

.

.

CHICAGO

--

'view

The C67 is the largest

The C75 is

r

Ti-350-0350Y80MA

lSYA

C

Fig.

L- l.=-T/rorllarsonT/8CY'Z

C1

-C2

-Pf

450Y,

Rr 7512^_

;

4-Circuit diagram of the power
supply for the preamplifiers

The amplifier cases for single chan-

nel units were made up by a metal

worker in lots of four and the chassis
were punched according to a template
furnished by us. The chasses and cases
of the multichannel units will be standardized so that all future units will
be similar to those now on hand. The
dual -channel amplifier is somewhat of
an orphan to the system since it was
constructed before the type of case
was decided upon. While its circuit is
standard, it is built in an aluminum
box and the plug mountings are not conventional. It is hoped to rebuild this
into a standard sheet metal case in
the near future.
The a-c power supplies are wired
according to the circuit in Fig. 4 and
mounted in sheet metal boxes. Six wire
connecting cables are used throughout
for connections between amplifier and
power supply. Three wire polarized
Hubbell connectors for audio circuits is
also standard with all our equipment.
The three wire output plug for the
amplifiers is mounted in the cover of
the power supply box as is the head -
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First

FM's

COMMERCIAL STATION
Packs a 20-kw Wallop with
GL -889's

"Tube Performance

W47NV':
antenna -ops

WSM's 890 -foot

rsdiato-highest
antenna tower in
America

Mr. DeWitt, left, chief
engineer of W47NV,
and W. Crockett of the
G -E Nashville Office
talk over FM

Highly
Chief

Satisfactory," Reports
DeWitt of
Engineer lack
Nashville's W47NV

W47NV, operated by the National Life and Accident Insurance
Company of Nashville, went on the air as the first commercial FM
station March 1, and in June was granted full commercial status by
the FCC. Read Mr. DeWitt's comments ..
"We are operating at 20 -kw output on a 10 -hour -a -day schedule,"
he writes. "We have found the GL -889's to have excellent stability;
they are easy to drive and to neutralize.
"We have tested both the regular and spare sets of tubes under
operation conditions, and we find that the balance obtained with
either pair is unusually good. All of the tubes have uniform characteristics, which, of course, is very important at FM frequencies.
"We have every reason to expect highly dependable service from
.

them."

Twenty kilcwals of
FM from these GL 889's at W471 V

General Electric has transmitting tubes and a complete line of FM
equipment to meet your needs. Get both through the nearest of the
80 G -E offices. General Electric, Schenectady, N. Y.

GENERAL

ELECTRIC
161-21-8868

/ryt,i,

t

phone jack. The microphone input
plugs are located on the amplifiers
thereby providing isolation for the low
level circuits.
Carrying cases to house the various
units were designed and constructed by
one of the staff members. These are
also uniform and are made of three-ply
oak with heavy brass angle strippings.
Cases have been made to house amplifiers with battery supplies and to house
amplifiers with a-c supplies. A compartment for carrying accessories is
also provided. These cases have stood
up very well under the roughest handling for more than a year.
A recent addition to the system of
amplifiers is the recording amplifier.
It too is standardized to fit the integrated system. It consists of a four
channel amplifiers or any other zero
level source. The input plugs on the

to wíß,

wa°tta

recording amplifier are arranged so
that power is furnished to each of the
single channel amplifiers through the
six wire cord connection to the amplifier. The power is obtained from the
recording amplifier power supply so
that no separate power supplies are
necessary to operate the various single
channel amplifiers. This recording

T

Letters by the Thousand say:
"THE BLUE PRINTS ARE MORE CONTRASTY"
"P.T.M. MAKES CLEANER BACKGROUND POSITIVE PRINTS"
"IT TAKES LESS TIME-MAKES BETTER PRINTS"
"A BETTER PENCIL DRAWING SURFACE"

-that's

Speaker
case

only part of the P.T.M. story

5V

Tt

-63V

L1- -308r,

P.T.M. is speeding up defense production with "faster printing" and other
qualities totally unlike any other tracing media. You get more contrasty,
cleaner prints. The drawing surface takes "ink -like" lines from a hard pencil.
It has MAXIMUM transparency that won't transfer, a glossy back for cleaner
drawings, and no "dust clouds" in the blue prints. P.T.M. is tough and
in less
or discolor with
allo(FPEP-UP
º0S
pace thwealess friction. Try oneken sroll n the size and
Zoe%
your
speed
new
pride
in
prefer,
and
take
weight you
1
q
and the appearance of your work. Why not order a
44
.
roll of P.T.M. right now?

doesn'ts
FREDERICK

POST

BOX

CO.

803

CHICAGO

oy

1

I

I

Note solid background in
the "Print" reproduction
from P.T.M. Draining

Note mottled background
in this "Print" reproduction
from V,I4im Drawing

Another POST Production Booster
PHONE OR WRITE YOUR NEAREST POST DEALER

INSTRUMENTS

EQUIPMENT

KINDRED

50

BLUE PRINT PAPERS

SENSITIZED PRODUCTS

;',.tit'
in this

mottled

background

"Print" reproduction

from Bond Drawing

/00 MA

Rt-75012,10 W
L2-30HY, 35 MA

Fig. 5-Connections for power supply unit for recording amplifier

ige.

THE

Ci-CZC3-8,uF,450V

Tz-350-0-350V, /90 HA

amplifier' can also be used for a small
public address amplifier or as an audition amplifier in conjunction with the
portable recording turntable. The circuit diagram of the recording amplifier
is shown in Fig. 3, and of the power
supply in Fig. 5.
In conclusion the writer again wants
to stress that the object of the above
described amplifiers was to provide a
standardized amplifier setup at a minimum of ,expense without sacrifice of
quality. There have been times when
other circuits have been tried but they
were all discarded in favor of the standardized circuit even though the other

circuits might offer some advantages
not present in the standard circuit. It
has been possible to standardize all the
associated equipment and connecting
plugs making for maximum flexibility
and requiring a minimum of equipment.
The author wishes to acknowledge
the valuable assistance of G. Edward
Hamilton who made the lay -outs and
did most of the construction work on
the amplifiers, and fine workmanship
of Robert Schmidt who designed and
constructed the amplifier cases.
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*Note the clean-cut appearance of the
new Eimac 450T tube...see the streamlined cap over the plate and the husky
single tungsten -bar plate lead. Notice
the new shape of the bulb near plate
terminal. These and other improvements have increased its already superior performance capabilities.

.

EIMAL 450T

sets the pace in modern radio

The adoption of Eimac 450T's for use in aircraft ground
stations marked the beginning of a long series of sensational
successes for these radically designed but soundly conceived
vacuum tubes. Today they occupy the key sockets of many of
the most important radio transmitters in the world. In fact
many of these transmitters are built specifically around the
unusual capabilities of the Eimac 450T. Contained in this
fact is proof that Eimac 450T tubes are setting the pace in
modern radio. Further proof is to be found in that Eimac
tubes are the most copied tubes on the market today... their
once radical shape is now almost a standard, although their
performance has yet to be exactly duplicated. These obvious
E

I

T

E

L-

M

c

C U

L

L

... :::::. .....

O U G H,

Export Agents: Franar

I
&

N C.

truths should mean much to you in the selection of vacuum
tubes for your application. Get in touch with the nearest
Eimac representative for complete information about the
Eimac 450T... or any of twenty odd tube types available.
You'll get greater economy in first cost and in operation
from these, the only tubes unconditionally guaranteed
against premature failures caused by gas released internally.
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Studio Input Modifications
BY EARLE TRAVIS, KVEC.

The new 2,000 h. p.

Republic

Army

P-47

derbolt"

U.S.

"Thunt

P u r s u

AFTER PURCHASING a limiting type line
amplifier, many operators set their old
line amplifier aside to gather dust as
a spare or standby. I have found that
a line amplifier such as a RCA 55-A
can be put to many uses around the
station, as, for example, a bridging
amplifier for network reversals or to
talk back on remote lines, a substitute
for the studio line amplifier, to allow
the regular amplifier to be worked on,
or in conjunction with an a -c meter as
a very sensitive level meter.

i

with Pratt
Whitney engine
i s super - charged
for maximum performance at high
altitudes.
Plane,
&

BACKED by
with

a

serving

a

wide experience

variety of designs; and
as we

do, the most exact-

ing buyers in both the audio and

power fields, our engineers have
come to realize the value of performance under adverse conditions. Manufacturers whom we
serve know that transformers de-

signed by

us

can be depended

upon. Why not, therefore, avail

yourselves of our experience the
next time you have a transformer
or filter to design?

Let

us

Fig. 1-Circuit of preamplifier using
a double triode in single envelope

In order to use the 55-A as a substitute for a line amplifier such as the
RCA 40-C its gain should be increased.
A good way to do this is to substitute
a 79 for the 6C6 input tube. The 79
is a double triode with the same base
as the 6C6. Figure 1 shows the input
circuit using a 79. Parts with indicated values are added parts. With
this altered input the gain of the amplifier should be around 75 db.
The switching arrangement for the
whole setup is shown in Fig. 2. It
will be seen that the input may be
switched either to an air program or an
audition program. We have only one

give

you the benefit of our design
data, supplying you with a unit
exactly fitted to your require-

/n

'i,/

55-A
ampli Fier
To

Woad/lion
channe/

Incidentally, special units
can be delivered in a few days.
ments.

-To

air

channel
input of
40-C

Write to
HEADQUARTERS FOR AMERICA'S
TRANSFORMER PROBLEMS
Suppliers to manufacturers demanding highest quality

NEW YORK TRANSFORMER CO.
Sales Department
480 LEXINGTON AVE.

52

NEW YORK, N. Y.

500/250

Remotelrtr

lines

11

11

Channel Channel
No.l in. No 2 in.
250ohms 250 ohms

Remote

lines

2-Suggested arrangement of
using line amplifier in broadcast
work. The pairs of remote lines are
indicated as single wires
Fig.

audition circuit.
In studios with
several audition circuits it might be
well to use a multiple point rotary
switch so any audition program could
be selected. The output is brought out
to two switches which allow it to be
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1941- ELECTRONICS

FOR

a

PRIZE WINNER

The manufacturers of TelAutograph Telescribers turned to Lewyt.
Instead of using complicated dies
Lewyt contrived some inexpensive
tooling, formed and shaped sheet
steel into nine different pieces. These
were welded, ground, and assembled
with extreme precision to make the
chassis and casing. Then the finishing touches, one step of which you
see illustrated here, to give this
product an attractive and enduring
complexion upon which incidental
surface scratches would forever remain inconspicuous.
This product engineering achievement is typical of what the name
Lewyt stands for today. Many of the
most notable firms in the country
are having Lewyt fabricate their
products-or highly specialized parts
of their products.

L £711411'

METAL PRODUCTS MFG. CO., INC.
BROOKLYN, N.Y.

64 BROADWAY
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The radio towers shown here ex-

emplify three highly desirable BlawKnox characteristics-pleasing appearance, great coverage, low maintenance cost. Every station operator
knows that these are profit -factors.
Every station engineer knows that
they are the result of able engineering and long experience. Blaw-Knox
engineers will gladly discuss your
antenna problems with you.

switched to either of our two incoming
channels.
In order to use the amplifier for
measurement work it is only necessary
to terminate it with a 500 -ohm resister
and then connect the meter across the
resister. This can best be done at the
patch board. The input is then either
switched or patched to whatever circuit you are interested in. Before many
measurements are attempted a curve
should be run with instruments of
known accuracy as some dry disk
meters have unusual characteristics.

Half -Cycle Electronic Switch
By ESTEN MOEN
A DIFFERENT KIND Of wave -switch is

sketched in the figure herewith; the
usual wave-switch depends upon locking a circuit with the inflection -points
of a wave, but this one instead just
traces out the maximum-minimum. The
first tube of the circuit, a 6C5, is a repeater-amplifier which will avoid unnecessary damping of the source, which
may be a single -tube oscillator. The
amplified waves then enter the 6116
"clipper" tube, in which positive crests

BLAW-KNOX DIVISION
of Blaw-Knox Company
Bank Bldg., Pittsburgh. Pa
Offices in principal cities

2C77 Fat mers

rectifier and three triodes
are used in this half -cycle switch
which differentiates positive and
negative peaks
Double

enter one channel and negative crests
the other channel. A C battery and bypass condenser are inserted to bias
grids of the following 605's to or beyond cut-off until the appropriate
voltage from each wave -crest is delivered by the 6116. Then during the
half-cycle in which the grid of one of
the last two 605's is made sufficiently
positive for the tube to be conducting,
any signal voltage injected at A or B,
will be superimposed upon the input
voltage. Both A and B may be injected independently of each other, the
resultant being recombined into a
single pair of output terminals.
This final resultant voltage can then
be scanned on a cathode ray tube if the
scanning wave is made linear and synchronized with the original input. Of
course, the final wave shape can be
made "square" if the plate voltage of
the last two 605's is reduced and two
more triodes are added as amplifiers.
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A GAMMATRON
every

transmit hnq

FOR DEFENSE or citizen requirements
there is a GAMMATRON tube to do the

job better and more economically. The
GAMMATRON tantalum design insures
freedom from failure due to internal gas
release, ununsual UHF performance,
and ability to stand abnormal operating
conditions.
The summary below shows GAMMATRON
radiation -cooled transmitting triodes with
a power range of 50 to 5000 watts for
every purpose. Variations of these types
are available to meet special require-

TYPE NO.

type for
application

ments, such as: increased filament power
or special connector arrangements. Also
available is a complete line of tantalum
high vacuum rectifier tubes for high volt-

age operation.
Write for data on all standard GAMMATRON types and request our engineering
department for assistance on your special
problems.

KAUFMAN

HEINTZAND

CALIFORNIA

LTD.

SOUTH SAN FRANCISCO

U-S.A-

24

54

152L

158

254

257* 304L 354C 354E 454L 454H

654

90

250

610

200

500

230

1220

615

615

900

900

1400

1800

1820

3000

3600

2000

5300

PLATE DISSIPATION:
Watts

25

50

150

50

100

75

300

150

150

250

250

300

450

450

750

1000

1200

1500

AVERAGE AMPLIFICATION
FACTOR

25

27

10

25

25

10

14

35

14

30

22

14

30

13.5

14.5

10

20

Plate Volts
Plate M.A.

2000

3000

75

Grid M.A.

150
30

3000
500
75

2000
200
40

4000
225
40

4000
150
25

3000
1000
150

4000
300
60

4000
300
70

5000
375

25

60

5000
375
85

4000
600
100

6000
600
80

6000
600
110

6000
1000
125

5000
1000
250

3000
800
200

5000
2000
500

200

200

175

100

175

150

175

50

50

150

150

50

125

125

100

30

20

30

1.7
2.5
0.4

5
7

3.6
3.3
1.0

0.04
13.8 In.
6.7 Out.

9
12

3.8
4.5

3.8
4.5

11

1.1

5.5
6.2
1.5

5
8

1.1

3.4
4.6
1.4

8

0.8

3.4
4.6
1.4

5
6

0.4

4.6
4.7
1.0

4

2.1

0.5

0.5

0.5

0.8

15.5
1.2

18
15
7

25
2.5

6.3

5.0

12.6
2.5

5.0
7.5

5.0
7.5

5-10
13-26

5
10

5
10

5
11

5
11

7.5

7.5

7.5

11

10

14

5

5-10
13-6.5

7.5

3

15

12

12

21

17.5

22

45

41/2

5'ís

121/2

121/2

211/4

854L 854H 1054L 1554 2054A 3054

MAX. POWER OUTPUT:
Class 'C' R.F

MAX. RATINGS:

MAX. FREQUENCY, Mc.:
Power Amplifier

INTERELECTRODE CAP:

g- p

C
C g
C p

u.u.f
-f
-f u.u.f
u.u.f

1.8

15

FILAMENT:
Volts
Amperes

PHYSICAL:
Length, Inches
Diameter, Inches
Weight, Oz
Base

7

63/4

9

10

10

103/s

2%

2%

6

6

303/4
9

9

14

14

14

42

Small

Std.

John-

56

200

Std.

Giant

John-

66

Std.

Std.

Std.

Std.

Std.

Std.

Std.

John-

HK

W.E.

HK

UX

UX

son
#213

Std.
UX

6

33/4
7

5

61/2

33/4
7

5

4

33/s
61/2

33/4

21/2

33/a
61/2

161/2
7

18

2

73/4
31/2

9

2

11/2

73/4
21/2
8

43/

1%

50

7

50

50

50

50

50

50

Watt

Watt

Watt

50

Co.

Watt

Watt

255

Watt

Watt

Watt

son
#214

255

Pin

son
#213

13.50

27.50

65.00

24.50

24.50

27.50

27.50

75.00

75.00

75.00

175.00

225.00

300.00

395.00

*Beam Pentode.

NET PRICE

4.75
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Flexible Rectifier Unit for

A

New Instruments for
WAVE FORM MEASUREMENT

College Laboratories
BY F. V. SCHULTZ

IN THE LABORATORY COURSES in elec-

tronics, and alternating current machinery courses for non -electrical students at Michigan State College, it was
thought desirable to include experiments on rectifiers. Single phase rectifiers have been tested frequently in the
electronics laboratory, but polyphase
rectifiers have been largely avoided
due to the amount of time required to
assemble the apparatus and make the
necessary connections. With these facts
in mind it was decided to build portable
units containing all the required apparatus and having all the educationally
unimportant connections permanently
made. These units were to be built
so that by making a minimum number
of connections practically any rectifier
circuit employing not more than six
tubes could be quickly set up.
In deciding the ratings of the units

1.-

115voIts 3 -amp
3+ A.C. fuse

To

filament

transformers

Variable Selectivity
gives

Measure individual components
of complex waves from 30 c.p.s.

Rapid, Accurate Tests

to 16,000 c.p.s.

even

at higher

frequencies

Selectivity of this new wave analyzer
can be varied over a wide range by

means of

unique selective amplifier. Thus measurements at the
higher frequencies can be made more
rapidly and with no sacrifice in accuracy. This and other exclusive
features make the -hp- Harmonic
Wave Analyzer vastly superior in
laboratory and production work.
a

Wide voltage range covers values
encountered in nearly every applica Ask for bulletin numberT-103. Let our
engineers help you with your problem.
There's no cost or obligation.

p

Model 300A Harmonic Wave Analyzer, complete with tubes, oak cabinet. Net price $495.
Available also for relay rack mounting at $5
additional cost.

tion. Accuracy, flexibility, stability
and extreme ease of operation mark
the -hp- Harmonic Wave Analyzer as
a great time saver in both laboratory
and production work. Get full information about this and other -hplaboratory instruments.

Laboratory
INSTRUMENTS
for speed and accuracy
HEWLETT-PACKARD COMPANY
482 Page Mill Road Palo Alto, Calif.

Distortion Analyzers
For studying and measuring harmonic distortion in AF apparatus.
Gives charactgr of distortionbeing measured
320A for measuring at
100 c.p.s. or 5000 c.p.s.
Net price $60.
32013 for measuring 50,
100,400.1000,5000 and
7500 c p s Net, S145.

56

Time -

delay
relay

o
o

11111

-

l0 -amp.
fuses

N,Á
,

Primary A
switch
I

-N3

I

1-441-44P'

Interphase

N,M

reactor
Input

CNsA,
12

aKs

g

-.Ash

6

Output

Diagram of rectifier which may be
connected in various ways; as half wave or full -wave, single or threephase power supply

several factors were considered. In
running tests on them it would be
desirable to be able to use meters which
are standard in our laboratories. It
was thought that occasionally it might
be desirable to use one of the rectifiers
for the field exciter of a synchronous
machine and this requirement would
dictate that the output rating of one
of the standard circuits should be about
125 volts at about 15 amperes. An investigation showed that if the doublewye circuit were designed to have these
characteristics the characteristics of
the other circuits would be such that
they could be easily measured by the
meters which are available.
It was decided that the input should
be at 115 volts since this is the most
readily available in our laboratories.
The circuit diagram is shown.
The General Electric FG -32 mercury
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Tale itfrom

real Silveleet

THERE'S EXTRA

DEPENDABILITY IN LONGER LASTING

New York to Miami and return is no vacation
for The Great Silver Fleet of Eastern Air Lines.
Daily year 'round flights up and down the Atlantic
coast states call for more than ordinary equipment reliability. For that extra measure of performance
needed in capacitors for radio transmitters and receivers, Eastern Air Lines turns to Cornell-Dubilier.
More than 31 years of capacitor specialization have

CAPACITORS MAY LOOK ALIKE BUT

C

-D CAPACITORS

taught C -D engineers how to build longer -lasting,
trustworthy capacitors.
This experience in construction is hidden to the
eye, but in capacitor performance tests, CornellDubilier's extra dependability is easily recognized,
and its value plainly proven by the fact that C -Ds
are standard equipment today for the leading air
lines in the United States.

.

.

dependability built into

.

There is extra long life, extra uniformity and

C -Ds.

Next time you .specify capacitors look for the

Cornell-Dubilier seal of experienced engineering. And get the hidden extras
at no extra cost. Send
1006

MICA

DYKANOL

PAPER

WET & DRY

ELECTROLYTIC

CAPACITORS

..

MORE. IN
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J
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for Catalog. Cornell-Duhilier Electric Corporation,

Hamilton Blvd., South Plainfield. Neu' Jersey.
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SOUTH

PLAINFIELD,

N.11.

TODAY THAN

úlilier
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ANY OTHER
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For Modern Sound Reproduction Use

Webster Electric
Crystal Pick -Ups
MODEL A71

WedtrieriTO
?7/3TCere-r7

HARMONIZE WITH YOUR DESIGN

FOR SUPERIOR TONE QUALITY AND

LONGER RECORD LIFE

vapor tube was chosen since it has
characteristics which match well the
output requirements mentioned above
when the double-wye circuit is used.
A separate filament transformer was
used for each tube so that it is possible
to have the various cathodes at different potentials. The primary of the
filament transformers is controlled by
a mercury tumbler switch and is fused.
The cathodes of the tubes must heat
for five minutes before the plate voltage is applied so, in order to make sure
that this precaution is always observed,
a time -delay relay was placed in the
primary of the anode transformers.
This relay is controlled by the filament
circuit.
With the above specifications in mind
the anode transformers and the interphase reactor were designed. They had
to be built special to our order. The
primaries of the anode transformers
were permanently connected, but, by
means of a plug -type switch, it is possi-

e.1r7ie your new models to capitalize on the advanced features of the Webster Electric A11 Pick -Up:

*
*
*
*

Light Weight with only 40 grams needle pressureminimizes surface noise and reduces record wear.
Mechanism built into Bakelite Tone Arm-a precisely
balanced, integrated unit.
Balanced Octave Response to provide the most pleasing musical reproduction.
Long Life Needle plays thousands of records without
changing-easily replaceable.

WEBSTER ELECTRIC RECORDER HEADS make recordings outstanding for clearness and precision. They cover the entire frequency range from
30 to more than 6000 cycles per second, and capture every musical detail
with fidelity. Ask for information.
Through Webster Electric you can be sure of dependable deliveries of equipment incorporating the very latest engineering developments. Make Webster
Electric your source of supply.
(Licensed under patents of the Brush Development Company)

WEBSTER ELECTRIC COMPANY, Racine, Wis., U. S. A. Established 1909. Export
Dept.: 100 Varick St., New York City. Cable Address: "AALAS" New York City

WEBSTER

W!

ELECTRIC

"Where Quality is a Responsibility and Fair Dealing an Obligation -
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Front panel of the flexible rectifier connected up by students

ble to connect the primaries in either
wye or delta.

For overload protection in the primary of the anode transformers a circuit breaker is provided. This breaker
is also used as a switch. The primary
line current for most of the circuits
considered does not exceed 15 amperes
and the anode transformers were designed on this basis. However, at full
load the three-phase, half -wave circuit
has an input current of 25 amperes.
To meet these requirements a circuit
breaker was chosen with a rating of
15 amperes in order to protect the
transformers but with a time -delay
feature so that the overload of 25
amperes can be carried for one minute
before the breaker opens.
A circuit breaker was provided to be
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-40°C

to

+100°C.

DRIFT

OVER A

WIDE

Above illustration shows special radio frequency oscillators and recording equipment
used for determining temperature characteristics of Erie Ceramicons over a range from

FOR

RANGE

LABORATORY test equipment designed and
constructed by the Erie Resistor Engineering Department now makes it possible to reproduce in chart form
the actual behavior of Erie Ceramicons under continuous pre -determined changes in temperature. This
equipment, shown at the left, records the percent
change in capacity of a Ceramicon that occurs as the
temperature of the oven, in which it is placed, is automatically raised from -40°C to +100°C.
Results of these tests bear out the findings of
radio engineers who have used Erie Ceramicons under
varying temperature conditions. These fixed capacitors, properly used as compensattbrs, have a very uniform capacity change over a wide range of temperature.
This is illustrated in the above chart of a type N680
non -insulated Ceramicon. Note the uniform capacity
curve as the temperature is increased from -40°C to
+100°C. (-40°F to +212°F)
Erie Ceramicons are made in insulated and noninsuIated styles for compensating for any reactance
change from -.00068 to +.00012/ °C due to temperature change. Maximum available capacity is 1100
mmf. Complete details of characteristics and specifications will be sent on request.

ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND

TORONTO, CANADA.

tint
lMM3

603.18..e;a

as
RESISTORS
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manufacturing with the necessary
PERSONNEL and EQUIPMENT

used in the output circuit. The maximum current provided by any of the
circuits is 15 amperes so this breaker
has that rating. However, many of the
circuits available have permissible output currents of less than 15 amperes
so this breaker cannot be depended
upon for protection in many of the
circuits. To afford protection in all
cases a fuse was placed in series with
the anode of each tube.
For single phase circuits the input
power must be connected to the two
upper input jacks in order to provide
power to the filaments. The plug of
the anode transformer switch must
either be placed in the delta position or
removed and a jumper used to connect
the center left jack to the center jack of
the nine jacks used in this primary
switch.

to design and make small assemblies
and parts for your defense contracts
At your service is the ability and
experience of the entire Stackpole
organization to provide the personnel, facilities with the speed that
U. S. industry requires without
sacrifice of the reliability it insists
upon.

NEED

and

can USE these facilities:
Bakelite Molding Equipment, for parts and sub-

assemblies for equipment,
instruments, etc.
Complete Punch Press Department, operated by en-

We are ready to step in immediately and help solve your production problems by designing and producing small parts and sub -assemblies for motors, instruments and
other equipment for government
contracts.

gineer -craftsmen.
Complete Assemby Equipment, for production of small
parts.

Stackpole engineers have accumulated a vast fund of knowledge in the radio and electrical
fields involving Switches, Resistors,
Iron Cores, etc. This technical
data is yours for the asking. Consult us without obligation, concerning your particular problem.

READY- to hep you
solve your problems/

ST.
60

If you

-GET

IN TOUCH WITH

STACKPOLE

MARYS, PENNA.

U. S.

A.

Rear view of flexible rectifier unit.
Note neat appearance and ready
accessibility of the parts

Pilot lights are placed across the
primaries of both the filament and
anode transformers.
To make the units absolutely flexible
as regards possible circuits, the anode
and cathode of each tube and both
terminals of all transformer secondaries are brought out to separate
connections on a panel. These panel
connectors, as well as most others, are
banana jacks. By using jumpers having banana plugs circuits are easily
set up.
For the input and output connections
there are placed, in parallel with the
customary banana jacks, binding posts,
so that any type of connection can be
made, depending upon the facilities of
the laboratory in which the unit is
being used.
The positions of the various components are shown in the photographs. For
the most part the reasons for the placements shown are obvious.
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Laminated plastic antenna parts fabricated by Synthane Corporation

"BAKELITE" PLASTICS

Meet Rigid Engineering Specifications for
Aircraft Antenna Equipment
used in aircraft radio equipment must meet the
most rigid standards of precision, dependability and durability. That is why Lear Avia, Inc. employs laminated plastics, based on BAKELITE laminating varnishes, for housings
and other important parts of its Trailing Antenna Reels.
Supplied in sheets, tubes, and rods, these laminated
plastic materials are rapidly and easily cut, drilled, slotted,
and otherwise machined into the various forms required.
These materials are consistently uniform in quality and
dimension, assuring accurate fabrication and assembly.
Durability and unfailing operating efficiency are made
possible by the superior tensile strength and dimensional
stability of the laminated plastic parts. Although light in
weight, they withstand severe vibrations and the drag
exerted by the weighted antenna. They also possess high
MATERIALS
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dielectric

strength-a property demonstrated

of the laminated plastic parts, in

by the ability
etio-in. thickness, to endure

volt breakdown test.
Write for names of laminators who can supply durable laminated plastics in many forms to meet your particular needs.
a 12,000

BAKELITE CORPORATION, 30 EAST 42ND ST., NEW YORK
Ilnit of Union Carbide and Carbon Corporation
1123

BAKELITE
th. weal "taol.lit."

and the

identifying products

Symb.l nue registered Ir.de.mor.e
of fichent. Corpmmimn

PLASTICS HEADQUARTERS
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Keyless Telegraphy.
BY DAVID P. BODER

Illinois Institute of Technology
THE VARIETY

OF TELEGRAPH

KEYS

for

the transmission of the Morse code indicates that a problem of discomfort and
fatigue undoubtedly exists in the procedure of sending of Morse signals.
The length of time required to train a
good sender also indicates that there
is room for improvement in procedure
of teaching as well as in the methods of
operation. The method appears especially useful during training and for incidental message transmission where top
speed appears unessential or possibly
undesirable. The following suggestions
represent an outgrowth of the author's
psychological research on speed and
character of human motility.
Any simple relay circuit (Fig.
1) seems to work satisfactorily. The
relay will open (or close, depending on
arrangements of the circuit) when
grid voltage is changed by bringing
leads A, and B, into contact. Moreover,
this contact can be accomplished indirectly by interposing the human body
or any region of it between the two
leads. Should a mild shock be experi-

$CIAFI
CA -255

400

VDC

Fig.
in

1-Relay circuit which is useful
psychological studies and in
learning the Morse code

enced at all, a resistor up to 0.5
megohm may be interposed along one
of the leads. By arranging the circuit
in the manner described below, no such
resistor was necessary. A and B are
sheets or strips of black paper used by
the Eastman Kodak Company for wrapping and interleaving of x-ray film.
This paper possesses good conductivity

errtb°dY

CnPa
Capacitors advanced
All Solar
and
rnaterials technique
by ele ctticnl
exmufacnd trusted
out long
tested
ce is your
'
lenders experience
tensive Quality request .

andr.

literature upon
engineers

SoU t

'Bayonne
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call.

CORP.
Jersey

for high frequencies while acting nearly
as insulator for ordinary power frequencies. If the operator rests one
hand on A, the contact with B of one
or more fingers of the other hand will
actuate the relay.
One of the features of the circuit
appears specially attractive from the
standpoint of training. If B is replaced by a sheet of Teledeltos paper,
manufactured by Western Union for
facsimile recording, and a metal covered graphite pencil is used instead of
the bare hand, the operator may actually write on the white side of the paper, listening simultaneously to the
"dots and dashes" of the oscillator.
Such learning, in addition to proprioceptive (muscle sense) and auditory
components, will be helped by definite
visual components. It seems psycho -
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LOOK WHAT'S HAPPENED TO RECTIFIERS
Tube -hour cost slashed 80-90% in 10 years!
SAVINGS FOR 5 KW TRANSMITTERS
11931

f'

Tube

life

up

500%

t'

Ten years ago 5 KW trans- 1941: Today 5 KW's use six 315A The old 222A's averaged approx1931, Rectifier tube cost for
mitters used three 222A high mercury vapor tubes in a three imately eight to nine months In
a 5 KW transmitter was around
vacuum, water cooled Rectifier phase, full wave Rectifier... at operation. The 315Á's average $1000 per year. Today,with
315A's,
tubes ... at a cost of $220 each
a cost of $35 apiece-or $210 life is from 3 to 4 years-an the average cost is from $50 to
1931:

-

$660 for a set.

for a set of six.

increase of about 500%.

$70 a year. Over 90% saving!

SAVINGS FOR 50 KW TRANSMITTERS
11931

Tube

life

up 100%
1941

1931: Six 237A high vacuum,
water cooled Rectifiers did the

job in the old 50 KW's. They cost
$435 apiece-more than $2600
for a set of six.

Today's 50 KW's use six
255B mercury vapor Rectifiers.
Costing only $125 apiece, the
1941:

entire set means an outlay of
but $750.

IN

237Á's had an average life of

about nine months. Compare
that with low-cost 255B mercury
vapor Rectifiers' life of about a
year and a half.

Yes, Rectifiers have changed! A
decade ago, cost per year was
near $3500...today-using 255B's
-it's about $500. That's a cut
in tube -hour cost of over 80%.

only 10 years Rectifier tube -hour costs have been cut
as much as 90%
and Western Electric has been a
leader all the way.

...

And now you can use Western Electric Mercury Vapor
Rectifiers without costly socket changes.
and
haract 141 Western
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COMPAN'
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NI

logically sound to expect an improvement in the rate and facility of learning due to such an additional cue.
Moreover, the student of telegraphy
who outside of class hours "dots -and dashes" with his finger on the table,
or transcribes words in code with pencil and paper, will be performing actually the same operations as in the class
room or even in the actual sending
room if the method should prove sat-

isfactory.
The circuit has a number of other
uses. The relay may easily activate
or itself be converted into a magnetic
pen for all forms of recording on running paper. The layout may also be
used as a hold-up or burglar alarm.
In connection with the latter purpose one specific procedure may be suggested. The visible section of Ai and B,
on the surface of a bank teller's or
cashier's counter may be made as inconspicuous as possible; two thin wires,
two narrow strips of x-ray paper or
two thin smears of shaving cream or
green soap are sufficient. If a coin
is placed across these two leads, the
contact will close and the relay will
keep the alarm circuit in "off" position.
The removal of the coin will cause the
alarm to sound. It may appear more
advisable to use instead of the coin,
a few dollar bills in a conventional
money wrapper paper strip. To one
side of the wrapper is then pasted a
narrow strip of x-ray paper; or the
wrapper is treated with a smear of
green soap. If placed across the two
leads, the package, like the coin, will
act to keep the alarm "off". The removal of the package by the intruder
or by the cashier in handing over the
loot will throw the alarm into action.
The apparatus is easily built for battery operation as well, and may be
used outdoors to prevent tampering
with or _removal of objects.

.

.

Aircraft Test Unit

Several radio test units have been
combined into a single unit by
Ralph Core, radio shop foreman for
the American Airlines, Inc.
The
new tester is designed to service all receivers used in the 'Flagship Fleet. Power to operate the
receiver on test is furnished by the
power supply in the tester
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THE ELECTRON ART
Impedance bridges, hyperfrequency
waves, the use of a cathode-ray oscilloscope for dynamic balancing, electro-

static photo -multipliers, and p -v diagrams
on a cathode-ray tube are reviewed
Dp=RpwCp

RAwCA
QB=RBwCB
QA

Impedance Bridges
ACCURATE

IMPEDANCE

MEASUREMENTS

are often necessary when the purchase
of a commercial bridge is not economically justified. The July 1941 issue of
the General Radio Experimenter describes a method of setting up bridge
circuits using standard components usually on hand in a laboratory. At audio
frequencies, these circuits will realize
accuracies approaching those of commercial bridges over a wide range of
impedances. The parts used in these
schemes are of precision quality.
A generalized capacitance bridge
circuit which may represent several
types of bridges by changing the relative magnitude of the impedances is
shown in Fig. 1. If CA and CB are zero,
the circuit becomes a series -resistance
type of capacitance bridge where the
losses in the P arm are balanced by
the resistance N in the standard arm.
If CN and Cp are made infinite, the network becomes a parallel -resistance type
capacitance bridge where the effective
parallel resistance of the unknown capacitance is balanced by the resistance

parallel with the standard capacitance CA. If D, and QB are small
compared to D, and QA the result is a
Schering bridge. Here, the dissipation
factor of the P arm is balanced by the
parallel capacitance in the A arm.
The author uses the symbol D for
the ratio of series resistance to series
reactance. This value is equal to RwC
for a condenser in series with a resistance. The ratio of series reactance
to series resistance, frequently called
storage factor, is designated by Q. A
capacitance in parallel with a resistance
has a Q equal to RwC. The equations
shown are written in terms of the dissipation and storage factors of the
arms, and they hold for the reduced
circuits mentioned. For accurate results the complete expressions should
be retained and examined for the effect
of stray capacitances and other residual impedances in the bridge arms.
concerned, it does not matter whether
the generator and detector are connected as shown or interchanged.
Inasmuch as high -input -impedance
amplifiers preceding the null detector
are almost universally used in a -c

DN=RNwCN
I+QB

¡¡A\

Cp CNIB/I+DN(Qe'QA)'QAQB

Rd, in

DN+QA-4(1-QADN)
1+DN(QEI QA)+QAQB

Fig.

tance

1-Above, generalized capacibridge with

equations

of

balance

2-B e l o w, series -resistance
bridge made from standard components
Fig.

GROUND STATION OF R.A.F. BOMBER COMMAND
bridge measurements the sensitivity
problem is best discussed on the basis
of the use of a detector of infinite impedance. For a given unbalance of the
bridge, the ratio of open-circuit output
voltage to input voltage (with the generator across resistive arms) is
A

E.

d

E;

A

1+-B

(1)

"-

where A and B are the resistance of
the arms across which the generator is
connected, and d is the fractional
change in the unknown from the condition of true balance.
If the generator is connected across
unlike arms (one resistive, and the
other reactive) E. (1) becomes
A

B

E.
E:

d

(2)

(A\2
Interior of radio station in which radio operator maintains communication with
aircraft during R.A.F. flights

66
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where either A or B is a reactance.
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The simplest type of bridge mentioned is the series -resistance bridge
which uses variable ratio arms to balance the unknown capacitance against
a fixed standard, and a variable resistance in series with the standard
condenser to balance the losses in the
unknown arm. Accurate results may
be obtained from this bridge which is
shown in Fig. 2, if the various circuit
and circuit -element residuals are measured and their effects on the capacitive
and resistive balances computed. The
approximate equations of balance are
C,

=C

D, = DN

Q.

LAMPS TO MIRROR SOUND,

OR

RUNWAYS
FlOODlIGHT AIRPORT

- Qa

The capacitance C, consisting of
inter -shield capacitances of the transformer winding and the capacitance, or
point (1) to ground causes an error
depending directly on the ratio of its
magnitude to that of the standard.
C, is the capacitance of point (2) to

ground. The magnitudes of these two
capacitances can be measured quite accurately by balancing the bridge with
connected alternately across the N
and P arms. With the connections
shown, Cpo is measured directly (if the
standard condenser is large compared
to C). With the leads from the transformer reversed at the bridge, a value
is obtained that will be in error
for
by the amount of capacitance contributed by point (1) to ground. Careful wiring arrangement will keep this
value low. The error in measurement
does not exceed 1 µµf for C,,, and 5
µµf for C,,. Typical values are 10
µµf for C,,, and 100 µµf for C,,.
The article also covers briefly the terminal -to-shield capacitances of decade
resistance boxes which make up the
internal residuals in standards, and the
dissipation -factor balance. In Fig. 2,
the terminal connected to the highest
resistance decade is labeled H, and the
terminal connected to the lowest resistR,,,
ance decade is designated as L.
and R, are decade boxes.

C

C

R

Hyperfrequency Waves
OF MORE THAN PASSING INTEREST is an

article called "Hyperfrequency Waves
and Their Practical Use by Leon
Brillouin which appeared in Electrical
Communication (Vol. 19, No. 4). This
paper deals with waves whose wavelengths are of the order of centimeters.
It covers briefly the characteristics of
hyperfrequency waves, early experiments in this field, a commercial transmitter and receiver, and the propagation of these waves along conducting
hollow tubes.
Hyperfrequency waves behave like
optical waves in that they travel in
straight lines, and are affected by optical lenses, mirrors, and parabolic reflectors. Recently it has been found
that these short waves also behave
somewhat like acoustic waves. Hollow
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Photo, Amen, an .4irlinnx,
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CALLITE cQnfliircfecr

Adelicate 5 watt filament accurately mounted and prefocused for the most
critical sound reproduction
10,000 watt floodlights whose millions
of candlepower guide incoming pilots safely to airport runways. Between
these two achievements of Radiant Lamp Corporation is a long line of concentrated filament precision lamps for specialized types of service.

...

Since all Radiant lamps are precision products, and since the light -source
of lamps is the filaments, the supply -source for these materials, obviously 'tad
to be selected with extreme care. Never was dependability more vital than
in the performance of such precise and highly specialized lamps.

Callite Tungsten is responsible for the welds and filament wire Radiant
materials constitute the highest art in lead-in wire fabrication
and Tungsten wire metallurgy is due principally to the long experience and
painstaking research of Callite engineers. This same knowledge and resourcefulness, moreover, is yours to command today. It will pay you to present your
"metallurgent problems now. Callite engineers are in a position to serve
you with efficiency and dispatch.
uses. That these

Manufacturers of electrical contacts of refractory and precious metals, bi -metals, lead-in wires,
filaments and grids- formed parts and raw materials for all electronic applications.
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CORPORATION
544 -39th STREET
CABLE:

BRANCHES: CHICAGO

UNION CITY, N. J.
"CALLITES
CLEVELAND

67

CHIEF RIVES RA AlGE

from 30 to 15,000 cycles, with uniform
frequency response
"And Western Electric 23 C gives big
buildup, too," says Chief Engineer.
`Total gain 96 db. Complete audio
system, factory -wired and tested.
"Here is Speech Input plenty simple to install, operate, maintain.
Rush scout to get full story from
Graybar Electric."

pipes, resonators, and dielectric cables,
all showing a marked similarity to the
pipes used in acoustics are incorporated
in electrical apparatus associated with
the production and propagation of
these waves. Hollow tank resonators
have been suggested by physicists because of their very high Q factors. For

Microray
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:Parabolic

mirror
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TLI
TL2
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reflector

i

Radiation

indicator
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amp/i/ er

HT+300 to 360v.

LT

Fig. 1-Simplified circuit of Micro -

ray transmitter. TL1 and
coaxial feeders

Western Electric
FLUCTUATING

CONSTANT

LINE VOLTAGE

VOLTAGE 7-WV

TL2

are

short radio waves, ordinary inductance -capacity circuits can not be used,
and the technical practice is to use
parallel lines or coaxial lines as resonators. These lines will work if the distance between lines is small compared
For hyperfreto the wavelength.
quency work these lines cannot be
built, so tank resonators are used.
The `Laboratories L.M.T.', laboratories of Le Matériel Téléphonique in
Paris had been active in the hyper frequency field for some time. Clavier,
Darbord, and various co-workers con-
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reflector
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Whether it's I VA for an instrument or 10 KVA
for a production line-here's constant, stable volt-

age for you at all times, even though the line voltage varies as much as
thirty percent.
They are fully automatic and instantaneous in operation-have no moving
parts-require no maintenance-and are self -protecting against short
circuit.
You can build a SOLA CONSTANT VOLTAGE TRANSFORMER into your
product, or incorporate it in your production line or laboratory and know
that every test will be made under identical line conditions. Compacteconomical. Standard designs are available, or units can be built to your
special specifications.
SOLA ELECTRIC COMPANY, 2525 Clybourn Ave., Chicago. III.

*HT

.Audio amplifier

-50to70v. `--200 to 300v.

Fig. 2-Simplified diagram of Microray receiver. TL3 is a coaxial

feeder

ducted researches which resulted in
radio transmission across the English
Channel using a wavelength of 18
centimeters. The system has been in
commercial use since 1934, and is used
for two-way teleprinter messages as
well as duplex telephony. Simplified
circuit diagrams of the transmitter
and receiver are shown in Figs. 1
and 2.
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The oscillations are generated in the
tube and are conducted by a coaxial
feeder to a small antenna at the focus
of a parabolic reflector. The reflector
produces a narrow linear beam which
is aimed at the receiver's parabolic
mirror which reflects the waves to a
dipole antenna situated at its focus.
From the antenna the waves are fed
to a receiving tube and its amplifier.
It is interesting to note that both the
transmitter and the receiver use positive grid tubes. The reflectors are in
direct sight of each other.
An interesting property of these
waves is their ability to be propagated along hollow conducting tubes
which are known as dielectric cables.
These hollow conductors act as highpass filters for electromagnetic waves
since only frequencies above a certain
cut-off frequency can be transmitted
through them; the higher the frequency
the smaller the attenuation. This
small attenuation property may prove
to have important practical applica-

BOOSTER
SILVER
SOL SW
OREEN

R.

M.

MAG.

BLACK
L

MAG

e

TAN

GEN.F
YELLOW

tions.
The article also discusses the theory
of dielectric cables mathematically

analyzing the propagation characteristics of various shaped cross -sections
of hollow conductors.

SWISS ROBOT

OFFERS SIX DISTINCT ADVANTAGES
of the bright spots in modern high speed production
is the increasing use of laminated Textolite plastics for
insulation and structural support in a great variety of industrial applications.
One

of the material, for instance, is for terminal
boards where it offers six distinct advantages:
One use

Insulating characteristics
2. Good machinability
3. Light weight
4. Durability
5. Corrosion resistance
6. Good printing surface
1.

August Huber, an electrician at
Niderteufen, Switzerland, has developed this artificial soldier as an
aid to the defense of his mountainous country. Named Sabor, this
robot is 7 feet 5 inches tall and
weighs 450 pounds, and can be
controlled from a remote point by
short wave signals which are picked
up by the antenna on the head.
Microphones instead of ears, and
a loudspeaker in Saboí s chest,
enable this robot, through the control operator, to carry on conversations
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It is difficult, as a matter of fact, to conceive of a non plastic material meeting all these requirements. But G -E
laminated Textolite is an unusual material manufactured
under rigid control and fabricated to specification.
Write for our new booklet "One Plastics Avenue." Section
H-25, Plastics Department, General Electric Company, One
Plastics Avenue, Pittsfield, Mass.

PLASTICS

GENERAL

DEPARTMENT
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Oscillographic Determination
NO
of Dynamic Balancing

SQUARE PEGS

"DYNAMIC BALANCING of Small Rotors

HIGH FREQUENCY
CONVERTERS
Pincor High Frequency Converters are
precision built for smooth, silent, dependable performance. 5 to 500 watts. 400
and 500 cycles.
Special units designed
to meet any output or requirements.

SMALL
A.C.

MOTORS
and

D.C.

These small

motors are particularly
adapted for band switching, remote control, etc., for aircraft use or wherever a
small light weight motor is required for
unfailing service. 20 watts output. Others
as required.

By Means of the Cathode -Ray Oscillo graph," by August Raspet and Robert
A. McConnell, appears in the April May 1941 issue of the DuMont Oscillographer, published by Allen B. DuMont
Laboratories. It can be demonstrated
mathematically that a rotor can be
brought to perfect balance by two
weight adjustments made at any radial
distance in any two non -coincident
planes which are perpendicular to the
axis of rotation. When convenient
circles have been chosen as the correction loci, the practical problem remaining is to determine the amount
and location around the periphery, of
the niasses which must be added or subtracted. In order to achieve a balance
with a minimum change of mass, it
is customary in the case of rigid rotors
to choose the correction planes to be
near opposite ends of the rotation axis
and to choose the correction radii as
large as possible.
The rotor to be balanced is mounted
in cantilever bearings and rotated at
controlled speeds. It may be driven by
electrical means, by belt, or air jets.
The cantilevers should be sufficiently
stiff so that the associated natural frequencies lie within the range of the
cathode-ray oscillograph. The needle
of a rochelle salt phonograph pickup
engages the side of each bearing cantilever so that the bending of each

cantilever generates a corresponding
voltage.
A rotor mounted in this manner will
have two modes of vibration. In one
the two bearing cantilevers will bend
in phase, that is, they will move up
and down together. In the second case
the cantilevers will move out of phase,
so that the rotor executes a torsional
motion about an axis parallel to the
cantilevers. In usual shaped rotors,
where the radius of gyration about the

In
Round Holes!
Rectifiers
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Yes,

"stock"?

few! But

more than that,
production facilities to meet your specifications and
quantities promptly.
Let B -L engineers aid you with your
rectifier needs. For many years they have
studied production and other problems of
many industries. Consistently their recommendations have resulted in lowered
costs, production increases, and other
worthwhile savings.

Your problem may be battery charging
or any one of the numerous requirements
to convert A.C. to D.C. current.
engineers can help
May we have the
opportunity to serve?
No obligation, unless we
can be of help.
B -L

you.

I
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lUS LOCUST ST.
ST. LOUIS, MO.
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ANTARCTIC RADIO STAFF

DYNAMOTORS
Pincor Dynamotors afford a dependable
"B" power supply for aircraft, marine
and broadcast service, mobile units, etc.
Highest efficiency and regulation. 5 to
Input 6 to 110 volts; output
850 wafts.
up to 1750 volts.

6

Socket

PIONEER GEN-E-MOTOR
CHICAGO. ILLINOIS
Expert Address: 25 Warren St.. New Yert. N.Y.
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Plug and

The Navy radio staff at West Base
in the Antarctic. Left to right: Chief
Radioman Clay W. Bailey of Belmont, Mass.; radioman 1st class
J. A. Reese of Deport, Texas; and
Naval Aviation Pilot R. Giles of

Conyers. Georgia

5000 volts and 25 amperes. Fulfills every
electrical and mechanical requirement.
Polarized to prevent incorrect connections. Easy to wire. Sizes: 2, 4, 6, 8, 10
Thousands of uses.
and 12 contacts.
Write for Bulletin 500 today.

HOWARD

B.

JONES

2300 WABANSIA AVENUE,

CHICAGO
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rotor axis is not too large compared
to the inter -bearing distance, the resonant frequency of in -phase motion will
be considerably below that for out -of
phase motion. These two modes of
vibration form a basis of a method of
balancing described here.
The procedure is to connect the phonograph pickups to the horizontal and
vertical deflection of a cathode-ray
oscillograph. When the rotor is turned
at a speed below the out -of -phase
resonant frequency and above the in phase frequency, the in -phase motion
of the bearings resulting from static
unbalance will appear on the screen as
a narrow loop whose slope to the left
or to the right can be checked as corresponding to in -phase bearing motion.
The amplitude of motion resulting
from a mass unbalance is independent
of frequency for frequencies well above
resonance. Hence, the deflection of the
cathode ray beam will be constant
and proportional to unbalance over a
range of speeds. To determine the
angular position at which the mass
should be applied to achieve static
balance, the rotor is marked with numbers around its circumference. The
cathode-ray screen is covered with a
mask so that only the extreme deflection appears and the intensity control
is turned up. In a darkened room and
with a fairly large cathode-ray tube a
number on the rotor is stroboscopically
stopped. This indicates the point at
which the weight must be added or
subtracted.

Dynamic balance is achieved by in-

creasing the rotor speed above the out The
of -phase resonant frequency.
slope of the deflection line on the
oscillograph will reverse in sign, showing the change of relative phase for
the bearings. The mass adjustment
for dynamic balance is accomplished as
for the static case except that mass
must be added or subtracted at two
diagonally opposite joints in the stroboscopically determined point through
the rotor axis. Mass adjustment is
carried out until the voltage output of
both pickups is at a minimum.

sett
ZgywlR
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What engineer has not asked himself-"If only I could find a PERFECT
SHIELD"? Today, with production of
electronic devices at their highest
peak, the need for a shielded wire
which offers positive and unfailing
protection against the elements,
electrical pickup, mechanical damage, corrosion, breakage, etc., is apparent.
Precision Metal Shielded Wire has
all these qualities-plus a host of
others including lightness of weight
and extreme flexibility. No Electrical, Mechanical or Aeronautical
Engineer can afford to be without
the facts, all of which are contained
in our latest catalog. Write today
for your FREE copy of the complete story of this remarkable new
product.

DISTRIBUTORS
New York
Radio Wire&Television
Sixth Ave.
Terminal Radio Corp.
100

West 45th Street

Newark
Continental Sales Coro.
Central Ave.

Philadelphia
Herbach & Rademan

Tubes with Two Control Grids

68

investigation of the
properties of the type 6L7G tube is
discussed by Alexander H. Wing in "On
the Theory of Tubes with Two Control
Grids," in the March 1941 issue of the
Proceedings of the I.R.E. The author
states that the purpose of this paper is
to describe certain characteristics of
two control grid tubes, which previously had not been discussed in any great
detail, and to set forth a method of
evaluating the performance of these
grids by methods which are not so timeconsuming as to prevent their use in
practice. Numerous charts and tables
are presented to show the characteristics of the 6L7G under varying conditions. It should be well worth while
for any engineer using the 6L7G in design work to study this article.
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Electrostatic Photo -Multipliers

MIDGET RELAYS FOR
A.C. or D. C. OPERATION
R -B -M Midget Relays are designed and

produced to dependably operate continuously and efficiently under a wide range
of specifications. Their oversize selfcleaning contacts will withstand severe
vibration and handle loads up to their
full rated capacity without overheating.
R -B -M relays, similar to Type 40, illustrated, are finding ready acceptance in
aviation controls, radio transmitter controls, sensitive electronic devices and an
infinite number of remote control applications vital to our National Defense.
Let R -B -M engineers recommend Electro Magnetic Controls to meet your required performance.

R- B - M MANUFACTURING CO.
1/LV7/SLCJ

THE OPERATION and characteristics of
photo -multipliers are covered in an
article called "Operation of Electrostatic Photo -Multipliers" by R. C.
Winans and J. R. Pierce. The story
appears in the May 1941 issue of The
Review of Scientific Instruments. The
characteristics of the Western Electric
D-159076 photo -multiplier are used to
illustrate various points covered in the
text. This tube incorporates a caesium oxygen -silver type photocathode and a
six -stage electrostatic type electron

multiplier.
The tube works in a circuit as is
shown in Fig. 1. The photocathode
emits electrons at a rate proportional
to the amount of light falling on it.
The emitted electrons are attracted to
the next more positive electrode in the
series and strike it with an energy
corresponding to the potential difference between the two electrodes. Part
of this energy is utilized in the libera-
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Fig. 1-The electrostatic photo -multiplier. The voltage developed across
the load resistance is sufficient to
drive a power amplifier

N

Positive, dependable frequency control for radio transmitters in marine -craft (ship harbor service) and in
itinerant aircraft (3105kc. and 6210kc.) is economically
obtained with the type MC5 Crystal Unit. This unit, low
in cost yet precision -built, is made possible by the application of quantity production methods to an essentially
custom manufactured product. WRITE FOR CATALOG -I1
G

BLILEY ELECTRIC COMPANY
UNION STATION BUILDING

72

ERIE, PA.

tion of secondary electrons from the
second electrode. The ratio of secondary electrons to incident electrons is
the secondary emission ratio, or the
current amplification per stage. The
emission from the second electrode
strikes the third where a similar amplification takes place, and so on through
the series. If X secondary electrons
are emitted by one electron striking
the plate, and there are n stages, then
the over all current gain of the tube
is X". To keep the electrons in the
correct paths, electrostatic or magnetic
fields are used. The tube discussed
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uses electrostatic fields and only needs
the application of suitable potentials
to the tube terminals.
The photo multiplier is really a vacuum phototube
plus a high quality amplifier. The
D-159076 for instance, has a gain of
70 db which is about 60 db more sensitive than the normal gas -filled photo tube. The allowable voltage swing of
the output is high enough to drive a
power amplifier directly. It is suitable for frequencies up to several megacycles.
Tests show that the accuracy of the
voltage division may vary plus or
minus 5 percent, without changing the
sensitivity of the device. Curves of
output current versus collector voltage
are flat from 75 to 150 volts for this
tube. This means that the tube will
deliver a peak voltage swing of 75
volts without distortion. The load impedance in the collector circuit should
be so chosen that the collector voltage
will always be within the 75 to 150
volt range. For example, a multiplier
with a sensitivity of 40 milliamperes
per lumen at 100 volts per stage, operating under conditions where the light
varies from zero to 0.05 lumen, will
have its collector current varying from
zero to 2 milliamperes. At zero light
and zero current the voltage should
be 150 volts, and at full light and 2
milliamperes the voltage should be 75
volts. Thus the load impedance should
be a 37,500 ohm resistor.

SPECIALIZE
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RESISTANCE PROBLEMS
... From

Our New, Compact
Blue Ribbon Resistor to the
Largest Custom-made Job...

The article also discusses the fluctuation noises in phototube circuits and
multipliers.

Exclusive features of our flat Blue Ribbon resistor-extreme compactness, greater capacity and ease of mounting.

.

Vitreous enameled resistors and rheostats over 100
standard resistor sizes ranging from 4 to 400 watts-

-

SCIENTISTS ATTEND
MEETING

standard rheostats from 10 to 500 watts-all available
with a diversity of terminals, mountings, etc.- thus enabling us to make quick delivery of your needs whether they
be standard or special.
During our 16 years' experience in the development, manuISO WATTS

facture and application of
resistance devices, valuable

111.4

-

Dr. Arthur H. Compton. professor
of physics in the University of
Chicago: Dr. W. F. G. Swann, director of the Bartol research Laboratory of the Franklin Institute at
Swarthmore, Pa.; Dr. William
Wright, director of the Lick Laboratory at Mt. Hamilton, Cal.: and
Dr. Ladislaus Marton, physicist of
RCA Manufacturing Co. at Camden,
attending the general meeting of

the American Philosophical Society
in Philadelphia
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knowledge has been attained
our engineering co-operation is
at your command.
May we consult with you on your next order?

HARDWICK, }IINDLE Inc.
NEWARK, N.

J.,

U. S. A.

Resistors
Rheostats
Power Line Chokes

Radio Frequency Reactors
Line Voltage Reducers
Custom-made resistance devices of all types
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Cathode-Ray Tube For
P-V Diagrams
ENGINES make it
impossible to use the conventional indicator such as is used in the steam
engine to get a pressure -volume diagram for the determination of the machine's performance. The cathode-ray
tube has been used quite successfully
in this application. The beam is weightless, and responds readily to rapid
variations in pressure which have been
translated to voltage fluctuations thus
making possible accurate diagrams.
"An Electrical Pressure Indicator
For Internal Combustion Engines" by
P. J. Hagendoorn and M. F. Reynst
(Philips Technical Review, December,
1940), is an article which describes a
pressure indicator using a cathode-ray
tube. A metallic membrane is set into
the cylinder wall, and serves as one
electrode of a condenser, comprising
part of a bridge connection to which is
fed a high frequency voltage. Variations in pressure inside the cylinder, as
the piston goes through its cycle, cause
the membrane to vibrate and vary the
capacity of the condenser. This action
causes a modulation of the high frequency voltage which is amplified, detected, and then impressed on the vertical deflecting plates of the cathode-ray
tube. The horizontal deflecting voltage which must be proportional to the
displacement of the piston is obtained
in a similar manner. A fixed plate and
a metallic cylinder comprise the electrodes of a condenser. The cylinder
is fastened to the crankshaft of the
engine so that one revolution, (which
produces a cycle of variation in capacitance), is equivalent to a complete cycle
of the piston stroke. This variable condenser is also included in the bridge
connection, and as before, is fed the
high frequency voltage which is moduMODERN HIGH-SPEED

Four out of five times you can find
just the type electrolytic condenser you
require among standard Aerovox listings. This is because the line is so
extensive and complete. And the fifth
time it's easy, quick, inexpensive to

base a special type, matched to your
specs., on the Aerovox wide choice of
cans, mountings, terminals, capacities,
foils, voltages.
Virtually a complete plant in its own
right and importance, the Aerovox
Electrolytic Department's vast production facilities these days are still more
than a match for the tremendous demand of National Defense and trade
alike.

Submit that Problem

IN CANADA:

7I

AEROVOX CANADA. Limited

Hamilton. Ont

Attenuators

Remler Attenuators assure s -m -o -o -t -h
mixing . . . completely eliminate
"scratch." Silver blades on silver
taps (.030" solid silver) machined
to precision, "floated" on ball
bearings. Self-cleaning soft thin
silver oxide automatically wipes off
with blade! Always quiet, even
in low-level circuits. For complete
specifications write:

-

-

REMLER COMPANY, Ltd.
19th at Bryant

-

EICOR DYNAMOTORS

Proved in Action!
Eicor Dynamotors have proved themselves under the most critical operating conditions in Aircraft, Police and
Marine mobile radio. They're built to
the most exacting specifications-are
light in weight, high in output, and
completely dependable. Available in a
wide range of types from the smallest
in size to the largest required. Send
us your specifications or write for
Bulletin D2.

Send us that capacitance problemwhether it calls for electrolytic or other
types. Engineering collaboration, specif ications,
quotations, samples, cheerfully submitted to responsible parties.

CORPORATION

SCRATCH

DON'T
SPEAK
WRITE

.. .

NEW BEDFORD, MASS.

NO

These members of the 33rd Division, Illinois National Guard, tell
Instead of
all about Army life.
writing letters, they record their
messages on discs and mail them
home

EICOR, 1050 W. Adams St., Chicago, U.S.A.
Export: Ad Auriema, 89 Broad St., N. Y.

Dynamotors
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ELECTRONICS

lated by the change in capacitance with
each revolution of the crankshaft. The
modulated voltage is amplified, detected, and then fed into the horizontal
plates of the cathode-ray tube.
Any undesired initial voltage which
may be introduced by stray capacities
and losses in the condensers in the
bridge is compensated for by a special
network. It consists of two bridge circuits so arranged that the phase of
part of the oscillator voltage can be
varied from 0 to 360 degrees, and is
used to "wipe out" the undesired voltage. The relation between the deviation on the screen and the cylinder
pressure must be linear if the indicated
cylinder power is to be obtained directly by planimetry. Such a condition
would exist only if the movements of
the membrane were small compared to
the width of the air gap, a condition
which is far from satisfied. An ordinary linear amplifier would only reproduce the distortion, so an amplifier is
used whose amplification decreases
with increasing amplitude of the input
voltage (increasing capacity variation) in such a way that the deviation
from linearity is just corrected. This
is accomplished by rectifying part of
the output voltage and feeding it back
into the input so that the operating
point and the slope of the characteristic
is changed according to the magnitude
of the input voltage.
The article also calls attention to
another application of the principle used
in the device described. If the membrane were removed and the fixed electrode were placed near a vibrating
body, the capacitance betwen the electrode and the ground would vary, and
the vibration would become visible on
By
the cathode-ray tube's screen.
choosing suitable dimensions for the
electrode, vibrations with amplitudes
from several microns to several centimeters can be measured.

. .
WOMEN IN DEFENSE

Betty Norton and Dorris Pattison,
students of Adelphi College operate a one-half watt portable two
way police radio transmitter as
part of the Women's Defense Day
program. The unit can communicate with cars within a mile

ELECTRONICS

-
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AUTOMATIC

ELECTRIC

prefers
IRVINGTON INSULATION
The Automatic Electric Company states that
Irvington Varnished Cambric Cloth and Irvington
Varnished Red Rope Paper are used for moisture
proof insulation, protection against corrosion and
electrolysis-and to improve the appearance of
their relays.

Irvington varnishes used in the manufacture of varnished cambrics and papers are especially developed for
the purpose and continuously improved to meet the
latest technical requirements for modern insulations.
Irvington VARNISHED CAMBRIC TAPE AND
PAPER comply with the N.E.M.A. and A.S.T.M. specifications. Constant research have made them unsurpassed for commercial insulation use. Due to their
pliability and smoothness of finish, they are adapted to
every requirement of hand or machine application.
Samples for your own test will be forwarded on request. Write to Irvington Varnish & Insulator Company, Department 106.

PLANTS AT IRVINGTON, N. J. and HAMILTON, ONT., CAN.

IRVINGTON, NEW JERSEY, U.

S.

A.

Representatives in 20 Principal Cities

TUBES

Short on Claims

Characteristics of phototubes are presented in addition to the data on receiving tubes registered by the R.T.A. Data
Bureau during June

oo/
but/oí9

lllafice

To those who have never used
INSUROK, the many advantages of
this precision plastic are almost unbelievable. Every day, in countless
products and in production equipment, INSUROK provides indisputable proof of superior performance.
INSUROK is engineered to meet
today's requirements . . to do a
given job better than it has ever
.

been done before.

Tube Registry
Tube Types registered by R.M.A.
Data Bureau During June 1941

Type 12SL7GT
triode amplifier, high mu, heater
type, T-9 glass envelope, seated height
2; inches (max), intermediate shell
8 -pin octal base.

DOUBLE

INSUROK
'1,,e,etweend-ree.d.

E.= -2v

2.3 ma
= 1600 µmhos
= 70

m
rs = 44,000 ohnIK

Basing SBD-0-0

glass envelope, seated height 21t inches
(max), intermediate shell 5 -pin octal
base.
RATINGS

Ef=5.0v
I, = 2.0 amps

E(inverse) = 1400 v

/,(peak per plate)
= 375 ma

= 350 v (max)

12.6 v

Is = 0.15 amp
Es = 250 v (max)
E. = 0 v (min)
TYPICAL OPERATION
Each triode unit
E e = 250 v

Is =

FULL -WAVE rectifier, filament type, T-9

WITH CONDENSER INPUT FILTER
E(rms, per plate)

RATINGS

Et =

Type 5Y3GT, 5Y3G

Ia, = 125 ma (max)
Total Effective Plate
Supply Impedance per
Plate = 50 ohms (min)

WITH CHOKE -INPUT
FILTER
E,,(rms, per plate)
= 500 v (max)
Ide = 125 ma (max)

Input Choke Inductance = 5 h (min)
Basing 5T-0-0

TO CARRY ON DURING BLACKOUTS

\*%\\oß
\Scarcely

an industry can be found in

which INSUROK
parts do not play a
leading part in stepped -up performance. Typical
is the use of INSUROK in the electrical field.
Micro switches, operating under extremely close
travel limitations, and with lightning rapidity,
are widely used in precision control mechanisms. Plastic parts are Molded INSUROK. Write
for literature and technical data about INSUROK; no obligation, of course.

-A
)

RICHARDSON COMPANY

FOUNDED 165B
LOCKLAND. OHIO
MELROSE PARK. ILL.
INDIANAPOLIS. IND.
NEW BRUNSWICK. N. J.
DETROIT OFFICE. A-252 G. M. BUILDING
NEW YORK OFFICE. 75 WEST STREET
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Here are two identical views of a power station, "somewhere in Germany".
One photograph, made with normal artificial illumination shows the usual conditions of operation. In the event of a blackout, luminous meter dials and
panel lettering guide the operating personnel in the proper discharge of their
duties even though they must work in complete darkness

August 1941
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Phototubes

ONLY

Type CE-5WB
Continental Electric Co.
(vacuum or gas -filled),
cathode area 0.56 sq inch, seated height
to center line of cathode 1I inch, overall
seated height 2 inches (max), diameter
inch (max). This type is sometimes
used in cartridges.
PHOTOTUBE

Sensitivity

Gas-filled phototubes are
available with sensitivities 't

ranging from

10

to 40015

pa/lumVacuum

f

PRESTO
GIVES YOU THIS

phototubes are .
uum
available with sensitivities
ranging from 5 to 50 °L
apte
11000
µa/lumen.
Wavelength
laBfuhth -Angstroms
Operating voltage = 90 v
Red
Ionization voltage (gas -filled

n

tubes) = 115 v

Type CE-5AB
Continental Electric Co.
(vacuum or gas -filled),
cathode area 0.56 sq inch, seated height
to center line of cathode
inches, overall seated height 22 inches (max), diameter inch (max). Based in a single
contact auto lamp, anode to center conPHOTOTUBE

tact.

Sensitivity

Gas -filled phototubes are
available with sensitivities
ranging from 10 to 400

pa/lumen.

Vacuum
phototubes are
available with sensitivities
ranging from 5 to 50

pa/lumen.
Operating voltage = 90 v
Ionization voltage (gas -filled
tubes) = 115 v

tt
ár
°c

.ú

f

tool

l000

Wavelength -Angstroms

Brut

Red

... A center hole protected by a

Type 926
R.C.A.
VACUUM phototube, cartridge type,
window area 0.4 square inch, distance
from base of cathode cap to center line
of cathode 11/16 inch, overall length
1 21/32 inch, overall diameter 0.890
inch (max).

'B.lM33u2u
...BI
e `so

8111M..IIIB..

rColhode

en
IBM..M
..11ZRZ111111111

MW

BM
0

4

Anode
8

Recording Disc
With Two Holes

A Glass Base

12

Wave eng+h
Angstrom Units
Thousands

brass eyelet to insure a snug,
concentric fit on the turntable
shaft and to prevent chipping
when the disc is removed from
the table. Unprotected center
holes start cracks, cause "wows".
... A second hole for the drive
pin that is vitally necessary to
drive your cutting mechanism
without slippage. Lack of a posi-

tive drive causes imperfect
grooving, ruined recordings.
These exclusive features together with the extra thickness
of the base make the Presto
Glass Disc as safe to handle as
an ordinary transcription.
Recording Engineers tell us
that Presto glass discs give a

better quality of reproduction,
less surface noise because of
their extra smoothness and rigidity. They are worth trying at
your station. Ask your distributor for a sample shipment today.

IMPORTANT NOTICE: If
you are using Presto recoated
aluminum discs as well as glass
discs, ask your distributor for

our new thin rubber turntable
mat. The thin mat compensates
exactly for the difference in
thickness of the discs, keeps the

adjustment of your cutting

mechanism and needle angle
correct for both types. You will
receive a thin mat without charge
with your first order for Presto
Glass Discs.

Luminous Sensitivity

= 6.5 pa/lumen
1000 cpa = 6.5
5000 cps = 6.5
C(cathode-anode) = 0.5 µµf
Max Ambient Temp = 100° C
0 cpa (dc)

PRESTO
RECORDING CORP.

Max Anode Supply Voltage
= 500 v
Max Anode Current = 20 pa
Sensitivity = 0.0020 µa/µwatt

242 WEST 55th ST. N.Y.

World's Largest Manufacturers of Instantaneous Sound Recording Equipment and Discs

radiant flux at 4400 A. See
curve.

ELECTRONICS
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In Other Cities, Phone
ATLANTA, Jack. 4372
BOSTON, Bel, 4510
CHICAGO, Hor. 4240 CLEVELAND, Me. 1565 DALLAS, 37093 DENVER,
Ch. 4277
DETROIT, Univ. 1-0180
HOLLYWOOD, Hit. 9133
KANSAS
CITY, Vic. 4631
MINNEAPOLIS, Atlantic 4216
MONTREAL, Wel. 4218
PHILADELPHIA, Penny. 0542
ROCHESTER, Cul. 5548
SAN FRANCIS CO, Yu.0231
SEATTLE, Sen.2560
WASHINGTON D.C., Shep. 4003
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Type CE -1
O`SRIMINAi*/p

Continental Electric

Co.

(vacuum or gas -filled),
cathode area 0.94 sq inch, seated height
to center line of cathode 2 inches, overall seated height 3A inches (max), diameter 1 inch (max), 4 -pin hase.
PHOTOTUBE

ENAMELED

MAGNET

t
.m

WIRE

Also manufacturers of high
grade cotton and silk covered wires, cotton and silk
coverings over enamel coated
wires, and all constructions
of Litz wires. A variety of
coverings made to customers' specifications, or to
requirements determined by
our engineers. Complete design and engineering facili-

ties are at
details and
request.

te

A product, resulting from many years of
research in the field of fine wire manufacture, that meets the most rigid requirements of radio end ignition coils.
A new coating method gives a smooth,
permanently -adherent enameling, and
mercury -process tests guarantee perfect
uniformity. Great flexibility and tensile
strength assure perfect laying, even at
high winding speeds. If you want reduction in coil dimensions without sacrificing electrical values, or seek a uniform,
leakproof wire that will deliver extra
years of service, this Hudson Wire
product is the answer.

frzzja,/

4,000
Wavel

6,000

8,000

oath -Angstroms

rue

Red

Sensitivity

Gas -filled phototubes are
available with sensitivities
ranging from 10 to 400

µa/lumen.

phototubes are
with sensitivities
ranging from 5 to 50
µa/lumen.
Operating voltage = 90 v
Ionization voltage (gas-filled
tubes) = 115 v
Vacuum
available

Type CE -1S

f

Continental Electric Co.
(vacuum or gas -tilled),
cathode area 0.94 sq inch, seated height
to center line of cathode 2 inches, overall seated height 3 inches (max), diameter 1 inch (max), 4 -pin base.
PHOTOTUBE

HUDSON WIRE CO.

your disposal;
quotations on

CONNECTICUT

WINSTED

4-e

óe
s

0.5's
000

6000
8p00
Wagelenath -Angstramm

ut

AUTELCO JR.911A15
PRESSURE
FASTENED

Red

Sensitivity

Gas-filled 1 hototubes are
available with sensitivities
ranging from 10 to 400

µa/lumen.

are
Vacuum phototubes
available with sensitivities
ranging from 5 to 50

µa/lumen.
Operating voltage = 90 v
Ionization voltage (gas -filled
tubes) = 115 y

Springs assembled
while clamped un.

Type CE-1RBS

der high pressure

Continental Electric Co.
(vacuum or gas-filled),
PHOTOTUBE
cathode area 0.94 sq inch, seated height
to center line of cathode 2 inches, overall seated height 22 inches (max), diameter 1 inch (max), 4-pin base.
é

at
2.s
8ß00
4poo
6.000
Wavelength -Angstroms

Kt

Red

Get complete details. Address:

Sensitivity

American Automatic Electric Soles Company
1033 West Van Buren Street
In Canada: Canadian Telephones 8 Supplies

78

MAKE

limited, Toronto

ELECTRIC

AUTOMATIC
RELAY

Chicago

R

S

SINCE

1

8

9

8

Gas -filled phototubes are
available with sensitivities
ranging from 10 to 400
µa/lumen.
Vacuum phototubes are
available with sensitivities
ranging from 5 to 50
µa/lumen.

Operating voltage = 90 v
Ionization voltage (gas -filled
tubes) = 115 v

August 1941
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Type CE -2
Continental Electric Co.
(vacuum or gas -filled),
cathode area 1.33 sq inch, seated height
to center line of cathode 18 inch, overall
seated height 3 inches (max), diameter.
H inch (max), 4 -pin base.
PHOTOTUBE

LINGO
ti 1) et 'O1/

e

the i filialoi.r

8900

6,000

4,ocio

TODAY

Wavelmath-Angstroms
Ore
Red

el TOMORROW
Sensitivity

Gas -filled phototubes are
available with sensitivities
ranging from 10 to 400

pa/lumen.

Vacuum
phototubes are
available with sensitivities
ranging from 5 to 50

AM

pa/lumen.
Operating voltage = 90 v
Ionization voltage (gas -filled
tubes) = 115 v

FM

RADIATORS
designed for the engineer

Type CE-2RBS

interested in results

Continental Electric Co.
PHOTOTUBE
(vacuum or gas -filled),
cathode area 1.33 sq inch, seated height
to center line of cathode 1Z inch, overall
seated height 3 inches (max), diameter
H inch (max), 4-pin base.

Wó

f

4000

6,000
8pg0
Wavelength -Angstroms

Blue

Sensitivity

Gas -filled

Red

BY keeping pace with Radio, with one foot on the ground and an
eye to the future
Lingo provides the broadcasting industry
with specially designed radiators for every requirement of present-day
operations. Lingo engineers have accomplished outstanding results
in the designing and construction of AM and FM Radiators that are
creating new performance records. Improved designs and exclusive,
patented features are responsible for their high efficiency, unexcelled
stability and low maintenance cost. LOOK TO LINGO-for proven,
factual information on modern antenna systems.

...

phototubes

are
available with sensitivities
ranging from 10 to 400

µa/lumen.

Vacuum
phototubes are
available with sensitivities
ranging from 5 to 50

pa/lumen.
Operating voltage = 90 v
Ionization voltage (gas-filled
tubes) = 115 v

Type CE -3
Continental Electric Co.
PHOTOTUBE
(vacuum or gas -filled)
cathode area 1.73 sq inches, seated
height to center line of cathode 3t
inches, overall seated height 4k inches
(max), diameter 2t inches (max),
,

Write for Facts! Find out what Lingo can do for you

-

Before you SELECT or ERECT-investigate the exclusive advantages of LINGO RADIATORS for both AM and FM. Our engineering
staff is ready and glad to provide technical data concerning your
particular station. Write today and state frequency, power and

location. (For FM-give height of building or supporting tower.)

flexible leads.

JOHN

Sensitivity

E.

Gas-filled phototubes are
available with sensitivities
ranging from 10 to 400,8

pa/lumen.

Vacuum
phototubes are
available with sensitivities
ranging from 5 to 50
pa/lumen.
Operating voltage = 90 v
Ionization voltage (gas -filled
tubes) a 115 v

ELECTRONICS

-

LINGO & SON,

Inc.

Dept. E-8

CAMDEN, N. J.

VERTICAL El

oá
4,000

6,000

Wavelength
Bfue

8000

-Angstrom
Red
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Type 924
R.C.A.

.
(10111111

phototube, end type, window -area

GAS

0.2 square inch, overall length 2 3/16

REAL

II Il i t

a t bus

inches (max), overall diameter 13/16
inch (max), intermediate screw lamp
base.
T6 bulb

Iteueiver

'

VALLE!

0

4

2

8

Wavelength,
Angstrom Units,

,Cathode

Intermediate

screw /amp base
Anode connection

'

`Cathode connection

Thousands

Gas Amplification

Factor-Not over

8.5.

Luminous Sensitivity

ALLIED

0 cps (dc) = 55 µa/lumen
1000 cpe = Less than 55
5000 cps = Less than 55
C(cathode-anode) = 2.5 µµf
Max Ambient Temp = 100° C

Minimum weight, size and mounting
space was placed at a premium in design.
Capable of handling up to 75 amperes
at 24 volts D -C. Insulation is Bakelitewax impregnated. Fine silver or special
contacts depending on rating. Many other
exclusive and desirable features.

0.0050 µa/µwatt radiant
flux at 7500 A. See curve.

Type CE-4WB

Allied's complete line includes relays

for aircraft, communication and electronic
uses. Write for latest literature.

Continental Electric Co.

represents the best v a lue ever
offered in the communications field.
This 9 tube, 4 band receiver tunes
from 545 kc. to 44 mc. Band one
545 kc. to k,720 kc. Band two 1,760
mc. to 5.2 kc. Band three 5.3 mc. to
Band four 15.3 inc. to
15.6 mc.
44 mc.

The 1941 SKY CHAMPION has all
the essentials for good reception;
automatic noise limiter, AVC switch,
standby switch, inertia bandspread
t u n i n g, separate electrical band spread, beat frequency oscillator,
battery - vibrapack, D C operation
socket.

PHOTOTUBE
(vacuum or gas -filled),
cathode area 0.63 sq inch, seated height
to center line of cathode 1g inch, overall
seated height 22 inches (max), diameter
1 inch (max), no base. This type is
sometimes used in cartridges.

Sensitivity

are
available with sensitivities
ranging from 10 to 400

µa/lumen.

ALLIED CONTROL CO., INC.
227

NEW YORK CITY

FULTON STREET

91-40%

c

4/RCR>r4FT TYPE

phototubes

Gas -filled

RELAY

A precision -built, heavy duty relay designed for the most exacting requirements
of military and naval aircraft uses. Dependable also for use in all types of
mobile equipment.

Max Anode Supply Voltage
= 90 v
Max Anode Current = 15 as.
Sensitivity (E anode supply
= 90 v and RI = 1 megohml

DOLLAR for dollar we believe
the 1941 SKY CHAMPION

... TYPE AN

GENEMOTOR S

ót

Vacuum
phototubes are Y :$
available with sensitivities
ranging tom 5 to 50 er

µa/lumen.
Operating voltage = 90 v
Ionization voltage (gas -filled
tubes) = 115 v

4.000

6,000
$000
Wavelength -Angstroms

Blut

Red

TRIPLE OUTPUT!!-Think what this means
separate outputs from a single Dynamotor!
The new Carter Triple Output Dynamotor
shown below, is winning wide acclaim in the
Aircraft Industry because of its high efficiency, small size, and extra light weight.

-3

Type CE-5BB
Continental Electric Co.
PHOTOTUBE (vacuum or gas -filled),
cathode area 0.56 sq inch, seated height
to center line of cathode 1$ inch, overall
seated height
inches (max), diameter
inch (max), 3 -pin base.

2

R.

See the Sky Champion at

Your

Hallicrafters

Di s

-

L'A

tributor.

at
Jrre
4000
6,000
8,000
Wavelength - Angstroms

Blut

Red

Write today for descriptive literature on
Carter Dynamotors-D.C. to A.C. ConvertersDouble and Triple Output Dynamotors-MagMotors-High Frequency
motors-Special
Converters-and Permanent Magnet Dynamotors.

The

ñallicrafters
CHICAGO, U.

S.

Sensitivity

co.

A.

USED BY 33 GOVERNMENTS
SOLD IN 89 COUNTRIES

80

Gas -filled phototubes are
available with sensitivities
ranging from 10 to 400

µa/lumen.

Vacuum phototubes are
available with sensitivities
ranging from 5 to 50

µa/lumen.
Operating voltage = 90 v
Ionization voltage (gas -filled
tubes) ee 115 v

VaIPt$@l3

cOA oOP

Oa

630WICáta®C1 06.6.410t@

Cable: Genemotor
1606 Milwaukee Ave.
Carter, a well known name in Radio since 1922

August 1941
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Type CE-4RBS
Continental Electric Co.
PHOTOTUBE
(vacuum or gas -filled),
cathode area 0.63 sq inch, seated height
to center line of cathode It inch, overall seated height 3# inches (max), diameter 1 inch (max), 4 -pin base.

o

f

'Boa
400

leefs Army -Navy Specifications

f>

eooe

&OB

Wavelength -Angstroms

Brat

SUBMERSIONPROOF

Red

Sensitivity

Gas-filled phototubes are
available with sensitivities
ranging from 10 to 400

pa/lumen.

Vacuum phototubes are
available with sensitivities
ranging from 5 to 50

pa/lumen.
Operating voltage = 90 v
Ionization voltage (gas -filled
tubes) = 115 v

Type 929
R.C.A.

phototube, window area 0.6
square inch, seated height to center
line of cathode 1R inch, overall length
3 1/16 inches (max), overall diameter
VACUUM

(max), 5 -pin octal base.

1.275 inch

100

80

.72f 60

>6
°L

40

Kenyon is perhaps the only transformer manufacturer in the industry
with a stock of SUBMERSION -PROOF TRANSFORMERS on
hand.
This is all the more remarkable when it is considered that Kenyon
Tube Base Transformers meet the rigid specifications of both the
U. S. Army and Navy.
A trend toward specialization in this type of construction for both
Standard and Submersion proof operation has made this possible.

20

n

8

0 4

Wavelength
Angstrom Units

Thousands

Luminous Sensitivity
0 cps (dc) = 45 µa,/lume
1000 cps = 45
5000 cps = 45
C(cathode-anode) = 2.5 µµf
Max Ambient Temp = 50° C
Max Anode Supply Voltage
(do or peak ac) = 250 v
Max Anode Current = 20 µa
Sensitivity = 0.0400 µa/µwatt

radiant flux
See curve.

A

at

3750

FEATURES

A.

Correction

incorrect basing diagram for the
type 1851 tube was published in the
June issue of ELECTRONICS. The correct data is presented below.
THE

Type

1851

amplifier, heater type,
metal envelope, seated height 2}R inches
(max), 8 -pin base.
TRIPLE-GRID

Er, = 6.3 v
I,,
0.45 amp
E 5 = 300
E,, = 150 v
Cathode-bias resist

Is

Frequency Response with no D. C. in windings plus or
minus 2 DB, 30-20,000 cycles.
Light in weight
average only 5 oz.
Compact
A real space saver for portable, mobile or
aviation equipment!
Solves Production Problems
Wire up equipment and
just plug in transformers!
Can be furnished with positive locking device!
Absolutely Water tight . because of Kenyon's exclusive
construction and manufacturing process!
Alumilite Finish on Case .
prevents corrosion, makes
unit impervious to moisture, stands 200 hour salt spray test!
Our Engineering Department will be glad to assist with your transformer problems. New 1941 Catalog of all stock items sent on request.

...

.

.

.

.

.

.

.

.

KENYON TRANSFORMER CO.,

160 ohms (min)
= 10.0 ma

840 BARRY STREET

les = 2.5 ma
Om = 9000 µmhos
rP = 0.75 megohm
Basing 7R

ELECTRONICS

*
*
*
*
*
*
*

OFFICES
Cleveland
Chicago
Kansan City. Mo.
.

.

-
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3292 Cedarbrook Pd.
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NOW MOUE THAN EVER
1:0461,,a ATTENTION COUNTS
For Close Tolerances

(Continued from page 32)

JULIEN P. FIIIEZ
and SONS select
WILCO

electrostatically between
primary and secondafy so that the
capacitative coupling between them
shielded

Thermometals
In commercial or defense work-there's no ruoum for
inaccuracies today. In the De Luxe Room Thermostats,
made by Julien P. Friez & Sons, for example, a tolerance of but 1/.1° F. is permitted. Through the use of
Wilco Thermometal, (thermostatic bi-metal) this accuracy is assured-and rejects reduced to a minimum.
And just as Wilco meets these exacting requirements
for thermometals to provide absolute dependability for
temperature control or reaction from temperature
change-so do Wilco Electrical Contacts assure dependable service.
Every order received by Wilco is personally supervised by one of our principals. You can count on your
orders being shipped as specified. Write for information!

-

The

Synchronized
Voltages

H. A.VVILSON CO.

105 CHESTNUT ST., NEWARK, N. J.
Branches: Chicago and Detroit

JAGABI
Lubri-tact" Rheostats
For Fine Adjustment and Control
of Electric Current
Lubricated Sliding Contact

Four Sizes

Seventy -Six Ratings
BULLETIN 1620-E

is reduced to a minimum. Any such
coupling feeds the stimulating voltage directly into the input of the
action potential amplifiers and increases the "shock artifact".

Experimental Results
Figure 2 shows a series of action
potential time curves taken with
unipolar leads from a set of points
equally distributed over the length
of a frog's gastrocnemius muscle
stimulated through its motor nerve.
The duration of any one of these action potentials is about 14 milliseconds. The largest shown does not
reach a peak voltage greater than
25 millivolts. The action potentials
were amplified by a d -c amplifier
and impressed on a 3 -inch cathode
ray tube with a blue, short persistence screen and separate deflecting
plates. Records were taken with
35 mm Superpan Supreme film and
an 8.5 cm f/1.8 lens.
Figure 3 shows three sets of
records taken with the double channel arrangement using two d -c
amplifiers, two cathode ray tubes,
and th& sweep generator and stimulator. Each set is a simultaneous recording of the action potential time
curve led off by two different types
of electrodes from some point on a
frog's gastrocnemius muscle stimulated through its motor nerve. The
upper curve in each case is the electrical record obtained from unipolar
leads and the lower is the corresponding record taken with differential leads. The lines were ruled in
later for time comparison purposes.
Maximum potential difference is not
greater than 25 millivolts in any
case and duration is about 14 milliseconds.

REFERENCES

JAMES G. BIDDLE
entilic

121143 ARCE STREET
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(1.) A Iligh Gain D -C Amplifier for Bioelectric Recording Harold Goldberg Electrical
Engineering, Transoetions, page 60, January,
1940.
(2.) "Direct -Coupled Amplifiers" M. S.
Thesis, Harold Goldberg. University of Wisconsin Library-, Madison, Wis.
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THE INDUSTRY IN REVIEW
News

neer; and W. H. Boyce is now Manager
Dr. Karl T.
of Industrial Sales
Compton, president of the Massachusetts Institute of Technology has been
elected to membership on the Advisory
Council of the National Broadcasting
Company. This group guides N.B.C. in
matters of public policy
The Alden
Products Company has moved into
larger quarters at 117 Main Street in
Brockton, Mass.... The Rauland Corporation has purchased the Sound
Division of the Webster -Chicago Corporation. The new trade name is "Webster-Rauland"
.
E. I. duPont de
Nemours & Co., is building a new neoprene synthetic rubber plant at Louisville, Kentucky, whose capacity will be
10,000 long tons a year ..

Industrial Control Division of General
Electric's Industrial Department. . .
Albert Danziger of Danziger Radio

.

+ An Alfred P. Sloan Foundation Fellowship for a year of advanced study
of industrial problems at Massachusetts Institute of Technology has been
awarded to W. Endres Bahls. One of
eleven engineers chosen from all U. S.
industry to receive this honor, Mr.
Bahls, who is in charge of development
and design work in connection with
special radio tubes at the Harrison,
N. J., laboratories of the RCA Manufacturing Co., will spend a year attending the Business and Engineering
Administration School. The purpose of
the Fellowship is to permit men actively
engaged in industry to study subjects
stressing the sociological aspects of
modern industry . . . The Delta Star
Electric Company of Chicago is now
being represented in Detroit by the
Wise Equipment Company located in
the General Motors Building . . . Dr.
Karl B. McEachron, high voltage engineer of the General Electric Company
of Pittsfield, Mass., is the recipient of
an honorary degree of Doctor of Science from Purdue University
Members of the Theater Sound Standardization Committee of the Research
Council of the Academy of Motion
Picture Arts and Sciences will attend
the Pacific Coast Conference of Independent Theater Owners. The men who
will attend are: John K. Hilliard
(chairman), John Aalberg, Lawrence
Aicholtz, Daniel J. Bloomberg, J. P.
Corcoran, Lloyd Goldsmith, Russel O.
Hanson, Elmer Raguse, William
Thayer, and S. J. Twining. These men
will be available for consultation on
technical problems of theater and sound
projection.

...

...

.

.

+ The only high voltage surge generator
in the metropolitan area of New York
City has been constructed at New
York University's College of Engineering.
Capable of generating 350,000
volts, it was built by Ralph Arming ton, a graduate student, under the
supervision of Professor Harold Torgersen of the electrical engineering
department... The 56th Annual Volume
of the Engineering Index, containing
26,000
annotations of important
articles that have appeared in domestic
and foreign technical journals, 40,000
cross-references to these annotatións,
and an author and contributor's index
of about 19,000 names is now ready for
delivery. All branches of engineering
are included, and the price is $50.00
per copy. . . NBC is constructing two
new audience -type studios in Radio
City. The latest developments in acoustical research and broadcast studio
design are incorporated in their design.
Studio A, largest of the NBC Chicago
audience studios, is being renovated
this summer. .
Radio Engineering
Laboratories Inc. of Long Island City
are being represented by Norman B.
Neely Enterprises, 420 Market Street,
San Francisco, Cal. in the sale of f -m
broadcasting equipment on the Pacific
coast.
. Emerson Radio and Phonograph Corp., New York City are contemplating a reduction of over 90 percent in the amount of aluminum normally used in the fabrication of its radio
receivers. Their engineers have found
that this can be done without sacrificing performance or efficiency... James
S. Knowlson, president and board chairman of Stewart -Warner Corp. has been
re-elected president of the Radio Manufacturers Association... Many soldiers
in training camps are corresponding by
means of phonograph records instead
of letters.
. L'Tatro Manufacturing
Co., pioneer in the 32-volt and 6 -volt
radio fields, was recently purchased by
Eckstein Radio and Television Co. The
offices and factory have been moved to
Le Roy, Minnesota... E.. H. Alexander
has been appointed engineer of the
.

+ Major E. H. Armstrong has been
awarded the Franklin Medal by the
Franklin Institute in Philadelphia ..
General Electric's short-wave stations,
WGEA (Schenectady), and KGEI
(San Francisco), are increasing their
power to 50 kw. WGEO (Schenectady),
another G.E. short-wave station is
scheduled to go into operation late in
August at 100 kw.
The American
Network, Inc., has signed its first contract for commercial newscasting on
f -m stations with the Socony-Vacuum
Oil Company
The Paragon Electric
Company has moved its manufacturing facilities to Two Rivers, Wisconsin. The new plant will be twice the
size of the former plant
Several
organization changes have been made
at the Delta -Star Company of Chicago,
Ill., following the death of Elias S.
Cornell, chief Engineer. R. E. Anderson is now Vice -President; C. S. Beattie,
Manager of Engineering; W. O. Hampton, Chief Design Engineer; S. C. Killian, Development and Research Engi.

.

.

.

...
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Labs. who was a pioneer in the high
fidelity receiver field has accepted an
engineering position in the Signal corps.

.

.

+ The effectiveness of blackout light-

ing was recently demonstrated by General Electric engineers at Lynn, Mass.
Twelve specially designed blackout
luminaires spaced 100 feet apart were
lit when the regular 4,000 -candlepower
street lights were turned off. These
luminaires use a 21 -watt argon lamp,
and the light they gave off could not
be seen more than a few hundred feet
above the ground. Objects or persons
on the ground were visible at a distance
of 25 feet. Since the argon lamp gives
off ultra-violet rays, fence posts covered with fluorescent paint glowed when
activated by the rays, indicating a
method of increasing ground visibility
Dr. Joseph
under blackout lighting
Slepian, associate director of the Westinghouse Research Laboratories has
been elected to the National Academy
of Sciences. His research at Westinghouse helped make possible high-speed
methods of extinguishing electric arcs,
the modern lightning arrestor for power
The battlelines, and the ignitron
ship U.S.S. North Carolina is the first
to have an electric organ, a product of
the Hammond Instrument Company, as
part of its equipment. The U. S. War
Department has contracted with this
company for the installation of 555
Hammond electric organs in all the
regimental chapels now being built
throughout the country . . Marshall
H. Ensor, radio amateur of Olathe,
Kansas, won the fourth annual William
S. Paley Radio Award for outstanding
service to the nation. He has trained
thousands in the radio code and radio
fundamentals during the last ten years.
The award has been given each year
since 1936 to the radio amateur in the
United States and Canada who has
contributed most usefully to the AmerThe Ferrocart Corporaican people
tion of America announces the appointment of George H. Timmings as manager of its Chicago Laboratory .
DuMont engineers have installed
twenty-four fluorescent lamps in their
New York television station W2XWV
to replace incandescent lamps. By
mounting the new lamps in horizontal
rows on heavy framework, in two
banks, placed on either side of the television camera facing the performers,
objectionable flicker of individual
fluorescent lamps has been cancelled out
J. Albert Stobbe, formerly General Manager of Arcturus Radio Tube
Co., is now engaged in practice as
attorney and consultant for industrial,
communications, electronic and management matters. His office is located
at 63 Wall St., New York City.

...

.
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DECADE
AMPLIFIER

Velli

MODEL 220

A highly stable amplifier

giving gains of exactly 10
and 100 times. Operated
by self-contained batteries.
Through the use of special
circuits the gain is independent of battery voltage,
circuit constants and tubes

within

from 10 to
100,000 cycles. Particularly
2e/c

useful with our Model 300
Electronic Voltmeter to
increase its sensitivity,
permitting voltage measurements down to 30 microvolts. Send for Bulletin 7.
SENSITIVE ELECTRONIC

AC VOLTMETER
MODEL 300

Literature

Plastics. The Plastics Department of
the General Electric Co. of Pittsfield,
Mass., has issued a folder called "The
Change to Plastics". Twelve case histories in which plastics have been used
to make items formerly made of other
materials are cited.
Manual. Comnlete specifications, descriptions, and price information on
radio communicating systems are
given in a manual published by Air
Associates, Inc., Bendix. N. J. The
publication is available without charge
to manufacturers affiliated with the
airplane industry, recognized airport
operators, and government department

1

to 150,000 cycles.
millivolt to 100 volts in five

ranges (to

1,000

and

10,000

volts with multipliers).
Logarithmic voltage scale.
AC operation, 115 volts,

60

cycles.

Accurate and stable calibration.
I

allanfine Laboratories. inc.

BOONTON

81

NEW JERSEY

Every electrical engineer should have
this ready reference bulletin of Specification Transformers. It is intended
to simplify your design work. It is
informative and complete. Write for
copy of Specification Transformer Bulletin 155 to-day.
P. S. If you've a special -design transformer problem, don't waste timecall an Acme transformer engineer
and let transformer specialists assist
you in building better equipment.

The ACME ELECTRIC & MFG. CO.
31

CUBA. N. Y.

WATER ST.

heads.

Insulating Materials. The complete
line of General Electric insulating materials is covered in the new 1941 catalogue. Copies may be had by writing
to the Appliance and Merchandise
Department, Bridgeport, Conn.
Alloy Manual. A new handbook on
molybdenum and tungsten products
manufactured by American Electro
Metal Corp., 300 Yonkers Ave.. Yonkers, N. Y. is now available. It contains valuable information for engineers in the form of technical data on
the chemical, physical, and electrical
properties of molybdenum, tungsten,
and other alloys.
Radio Products Catalogue. The J. W.
Miller Co., 5917 South Main Street,
Los Angeles, Cal. has just issued general catalogue No. 42 covering its line
of radio coils and allied products. Included are several circuit diagrams and
a price list.

10

YOUNEEÌ=

Standards. Two emergency defense
standards, developed upon request of
the War Department to help speed up
production and inspection of products
have been announced by the American
Standards Association, 29 West 39th
Street, New York City. They are
called Guide for Quality Control
(Z1.1-1941) and Control Chart Method
of Analyzing Data (Z1.2-1941). The
two standards have been published together in a single pamphlet which costs
$0.75 per copy.

Lathes. A catalogue covering 28 South
Bend 9 -inch lathes has recently been
issued by the manufacturer. Copies
of this book, No. 50-B may be had from
South Bend Lathe Works, 398 East
Madison Street, South Bend, Indiana.
Electric Motor Controls. A new catalogue describing the complete line of
electric motor controls made by the
Square D Co. has just been published.
It is made up in loose-leaf form so that
additional sheets may be inserted as
they are issued. Copies may be obtained
by writing to the Square D Co., Industrial Controller Division, 4041 N.
Richards Street, Milwaukee, Wisconsin.

NO ENGINEER
whose work takes him into
the field of sensitive electrical devices can say-today-that he is thoroughly
grounded unless he "knows
his electronics."

Because electronic circuits more and more are

getting into industrial
work as an automatic
hand, an automatic eye, a
new means of generating
heat, etc., etc., they have
become the background for
a new cycle of industrial
progress.

Are you trying to

get along without
ELECTRONICS?
subscribe today!
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Instrument Catalogues. Products of
Weston Electrical Instrument Corp.,
are covered in four new bulletins.
Catalogue T -11-C describes Weston
temperature gauges; No. B -19-A covers
relays and photronic equipment; No.
R -9-B shows the new panel instruments; and No. R -24-A deals with
Weston test instruments.
Fuse Catalogue. Fuses, including aircraft antivibration, high voltage, instrument, radio, video, and vacuum
types are listed in catalogue No. 8 of
Littlefuse Inc., 4757 Ravenswood Ave.,
Chicago, Ill.
Aluminum Information. A series of
articles called "The Cold Working of
Aluminum" which originally appeared
in American Machinist have been compiled into a booklet entitled "Forming
Aluminum" by the Aluminum Company of America, Pittsburgh, Pa.
Some of the items covered are: available alloys, blanking, piercing, drawn
shapes, spun shapes, shape forming,
embossing, coining, and stamping.
Welding Machine Bulletin. The Taylor Winfield Hi -Wave welding machine
which uses a stored energy welding
process is briefly described in bulletin
1405 of the Taylor -Winfield Corp.,

for all AIRCRAFT
nd AUTOMOTIVE uses

WHITE
FLEXIBLE
SHAFTS

S. S.
AIRCRAFT USES OF
WHITE SHAFTS

THEY are universally used on the
applications listed at the right
and left for these excellent rea-

POWER DRIVE

sons:

S. S.

Engine Tachometers
Fuel

Pumps

Controllable Pitch Propeller Governor
Ammunition Rounds
Counter
Windshield Wipers
Cowl Flap Mechanism

I. Outstanding quality
formance.
2. Proven reliability.
3.

Radio Receivers
Receivers

Compass Loop
Antenna Loop
Antenna Reel
Heating Register
Tab Control
Turn Bank Indicator

ELECTRONICS

-
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anisms

REMOTE CONTROL
Auto Radios-panel and
underseat
Radio Antennas
Clock Setting
Trip Mileage Reset
Choke and Needle Valve
Engine Governor
Search Light
Gear Shift
Heaters

Air Conditioning

WHITE

The S. S. White Dental Mfg. Co.

DIVISION
INDUSTRIAL
East 40th St., New York, N. Y.
E,

Department

10

'íN

angrid"

GRID WIRE

House Organ. A method of checking
r -f power and tuning to peak efficiency
using dummy antenna resistors is described in bulletin 111B of the Ohmite
Manufacturing Co., 4835 Flournoy
Street, Chicago, Ill.

Bulletin. Aircraft voltmeters and ammeters are described in bulletin 43-347
issued by Dept. 7-N-20, Westinghouse
Electric and Manufacturing Co., East
Pittsburgh, Pa. The instruments mentioned are designed and rated in full
accordance with government and commercial specifications.

and

WRITE FOR THESE BULLETINS
BULLETIN 839 Flexible Shaft Combinations for Aircraft.
BULLETIN 1238 Flexible Shafts for
Power Drives.
BULLETIN 38 Flexible Shafts for Remote Control.
ENGINEERING COOPERATION on
Remote Control
Power Drive and
problems freely given. Write us.

Tube Data. Technical features of 128
new types of tubes have been added to
the new edition of the Ken -Rad Essential Characteristics booklet which may
be secured from Ken -Rad Tube and
Lamp Corp., Owensboro, Ky.

quest.

types

they satisfy
Army, Navy, and S.A.E. Specs.
Dependability of S. S. WHITE
as a source of supply.

S. S.

Condensers. The Solar Mfg. Corp., Bayonne, N. J., has issued catalogue No.
11 which covers its line of condensers.
A folder entitled "Defense and You"
listing recommended condenser types
which will be readily available may be
had with the catalogue if desired.

Non-Metallic Materials. "What Material ?" is the title of a new folder
issued by the Continental Diamond
Fibre Co., Newark, Delaware. It describes the applications of various
kinds of non-metallic materials such
as dilecto, diamond vulcanized fibre,
micabond, celoron, and vulcoid which
are made by the company. A large
wall chart designed to help engineers
select the proper type of material for
a specific job is also available on re-

of

Windshield Wipers
Speedometers
Service Car Crane
Portable Tools
Automatic Carburetor
Convertible Top Mech-

4. Ready way in which
5.

Warren, Ohio.

selection

per-

POWER DRIVE
Taximeters
Truck Recorders

sizes.

REMOTE CONTROL
Beacon

Wide

and

AUTOMOTIVE USES OF
S. S. WHITE SHAFTS

eoossosny uxiih.

cc>

WILBUR

B.

2ualitiy

DRIVER CO.
0©-,..

NEWARK, NEW JERSEY

g. STOP

the LITTLE LEANS and you'll
PREUEIIT the FLOOD!

RESISTORS are " little things
can cause a deluge of errors,
actual cash loss.
Instrument Resistors, Inc., can
with wire wound resistors of closer tolerances, more
at less expense than they can be produced in your

", but they
delays and
supply you
rapidly and
own plant.

We take the `resistance' out' of resistor problems.
TYPE S
1 Wurt

Catalog upon request.

It1STRUAIE11T

RESISTORS,

inc.

Little Falls,

11.

J.
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You asked for it!

New Products
Receiving Station
THE RSC -1, a complete radio receiving
station is the latest addition to the

Hallicrafter (Chicago, Ill.), line of receivers. The unit tunes continuously

The RA -330 Sound Level Meter

has all the features needed

to meet your performance
requirements.

It features: L. Moving coil microphone, 2. Feedback stablized amplifier, 3. Self-contained calibra-

tion check, 4. Simplified controls,
5. Compactness, 6. Economy.
Write for bulletin giving full
details.

Electrical Research Products Inc.
76 Varick Street, New York, N. Y.
Subsidiary of

A

Western Electric Company

'Ter
TAY L O R

Rotary Drive Rheostat

LAMINATED PLASTICS
Vulcanized Fibre

AA

Phenol Fibre

SHEETS, RODS, TUBES, FABRICATED

from 1.8 to 2730 meters (110 kc to
165 Mc). A monitoring speaker connects to any one of the three units
though separate speakers may be connected if desired.

PARTS

THE TRIPLEX ROTARY DRIVE RHEOSTAT,

in which the resistances of three rheostats are simultaneously varied, is being marketed by the Rex Rheostat Company, 37 West 20th Street, New York

TAYLOR FIBRE COMPANY
Norristown, Pennsylvania

11111.1d411.110,
Kt,,

PFP..AIANFNT MAGNETS

-

ALL SHAPES
ALL SIZES
FOR ALL PURPOSES

Stamped, Formed, and Cast; Chrome, Tungsten Cobalt and ALNICO** (cast or sintered) under G. E. license.

THOMAS & SKINNER
STEEL
1116

E.

-

23rd

PRODUCTS

STREET

COMPANY

-

INDIANAPOLIS,

-

INDIANA

Laminations for Radio Transformers
Tools
Dies
Heat Treating
Stampings

40 YEARS EXPERIENCE
8(i

City. Each rheostat may be varied separately if desired. These rheostats are
for switchboard or table mounting.
They are equipped with a dial having
an angle of rotation of 330 degrees
showing the position of the slider.
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Mobile Sound System

COILS

ILLUMINATED SLOPING CONTROL PANEL,

stand-by switch to conserve power, a
jack for headphone monitoring, 30
watts of power output, and a speaker
selector switch to permit adding or
dropping speakers without affecting
the tone quality are among the features of the new Knight mobile sound
system currently featured by the Allied
Radio Corporation, 833 W. Jackson
Blvd., Chicago. The equipment, which
includes a 30 -watt amplifier with a
phonograph turntable, two 12 -inch
dynamic speakers with 30 -foot cables,

Windings

Electrical

ACOMPETENT and experienced organization devoted fo the design and
manufacture of coil windings.
Paper interlayer sections-form wound
end bobbin wound coils.

0

REPRESENTATIVES
W. A. JORDAN

PARAGON SALES CO.
(C. H. Fryburg)
402 Cherry St.,
Philadelphia, Pa.
A. I. LOEB SALES CO.
1836 Euclid Ave.,
Cleveland, Ohio

GILBERT GISLASON
82 St. Paul St.,
Rochester, N. Y.

0

0

CARBONYL
IRON
POWDER

Equipped for prompt production
on quantify or small orders.

295 Madison Ave.,
New York, N. Y.

e

MAGNETIC WINDINGS COMPANY
Sixteenth and Butler Streets

EASTON, PENNA.

We

RELAYS...
all types for
all purposes
Autocall

Relays are

the

acknowl-

Comparison"
because of superior engineering,
designing and manufacture. Many
types and sizes are carried in stockothers are made to customer's own
specifications.
"Standard

edged

TYPE

of

REA

Potential type.

-+
position,
residual gap, cchee^°*{eirti.
spring tension seeKe!t-(di}`
and contact po-

Coil

.

sitions are all
adjustable. Can
be adjusted to
operate at low
differential voltages. Armature
is pivoted on

A -C

ings.

bear-

The AUTOCALL Co.

----Na

SHELBY, OHIO

a

Send for

FREE

AUTOCh

Without
a

Catalo

COMPANY
Ohio
Lobligation,
please

copy of your new
on
lodes ice, ant eq uipment.

send me
No.
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Address
City

..
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IBM

numerous iron core
manufacturers with
G.A.W. CARBONYL IRON
POWDER. * This remark-

able iron product, with
each individual particle a

true spheroid averaging

four microns, yields
performance warranting
your early investigation.
FOR INFORMATION
ADDRESS
THE MANUFACTURER

Power Plants

rpm, a -c plants
have been added to the line of Kato light Plants manufactured by Kato
Engineering Co., Mankato, Minn. The
new sizes will deliver 5, 7.5, and 10 kw,
and are available with two or three
wire service, or three phase, all at 60
cps. The prime movers are LeRoi,
4 -cylinder, 4 -cycle watercooled engines.
The engine and generator assembly is
mounted on rubber which permits installation of plant without bolting
down on foundation. Voltage regulation ranges from 6 to 8 percent. The
generators are filtered, and ignition
systems are shielded for radio operation.
THREE LOW SPEED, 1200

cone pointed
hardened

dynamic microphone with a 25 -foot
cable, and a collapsible floor stand, is
housed in two portable cases. The
amplifier, which may be operated from
a 6 -volt storage battery or the 110 volt a -c line has four input channels;
two for high impedance microphones
with individual volume controls, and
two for phono on a single fader control. The output impedance may be
varied to 2, 4, 6, 8, 250, and 500 ohms
by means of a selector switch. The gain,
on the microphone, is 135 db and on
phono, 80 db. Hum is 60 db below rated
output. Eight tubes are used: two
6SJ7's, one 6SA7, one 6SC7, two 6L6G's,
and two 6X5G's.
a

Ntat.
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are now supplying

GENERAL

ANILINE WORKS
435

Hudson Street, N.Y.C.
OR THE DISTRIBUTOR

ADVANCE SOLVENTS
& CHEMICAL
245

CORPORATION
Fifth Avenue, N. Y.

C.
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Storage Battery

FOR

A NEW TYPE

BETTER

PERFORMANCE

OF STORAGE BATTERY

for

use in portable sets is being sold by
the Willard Storage Battery Company,
241 E. 131st St., Cleveland, Ohio. This
battery is 4 inches long, 3 inches wide,
and 51 inches high. The case is made
of a strong, acid -proof transparent
plastic. A spill -proof cover is provided
to prevent loss of electrolyte. This
makes it possible to operate a receiver
in a tilted position, on its side, or even
upside down. A charge indicator is
built into the battery. A green ball
sinks when the battery is 10 per cent
discharged, a white ball when 50 per
cent discharged, and the red ball when
completely discharged. The balls float
as the battery takes charge. A new
type of electrolyte -retaining insulation
soaks up the electrolyte like a sponge,
keeps the solution in contact with the
plates, and greatly reduces the quantity of free solution required. The

Drafted for
NATIONAL
DEFENSE
* In

aircraft plants, engine shops, powder
works, ballistic laboratories, radio and
electrical factories yes, in virtually
every industry engaged in our National
Defense activities, you will find the
DuMont Type 208 Oscillograph at work,
checking up on vital data.

-

USE CETRON
ELECTRONIC TUBES

- *

*Phototubes
*Mercury Vapor Rectifiers
*High Voltage Discharge Tubes
*Ultra -Violet Lamps
*High Vacuum Gauges
*Special Lamps and Tubes

Write Today for Data

CONTINENTAL
ELECTRIC COMPANY
Merchandise Mart
Chicago, III.

Plant:
Geneva, Ill.
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plates used are of heavy construction,
specially designed to withstand cycling
service and overcharging. The cost is
about that of two sets of batteries for
the old type of portable receiver.

Smoke Control Robots
Two PHOTOELECTRIC smoke indication
and elimination control robots for operation on 115 volts, a.c., or d.c. have
been put on the market by Rehtron
Corp., 2159 Magnolia Avenue, Chicago,
Ill. Model SC-301, the indicator -signal
type, has an illuminated density meter
which continuously indicates smoke
density in breeching or stack and provides for a bell or light signal when
the smoke exceeds the maximum allowable density.
The robot and light

projector list for $40.00. Model SC -302
incorporates all the features of model
SC -301 plus full automatic control for
magnetic solenoid valve or blower motor supplying steam or air to over -fire
jets. Adjustable time-delay on load
circuit insures correct amount of steam
or air to mix with unburned gases and

supply oxygen deficiency which causes
smoke to burn in the firebox. This
robot and light projector list at $65.00.

Introduced a year and a half ago. this
oscillograph with its many new and attractive features has proved a most popular instrument. Priced right, it has come
within reach of all serious technicians.
Meanwhile an adequate production of
this fine instrument has kept pace with
the widespread and growing demand.

* Write for DATA ..

.

Illustrated bulletin on this instrument is
yours for the asking. Also data on other
DuMont oscillographe, electronic switch,
cathode-ray tubes and associated equipment.
Your cathode-ray and oscillograph problems are invited.

NW-

ALLEN B. DU MONT
LABORATORIES, Inc.
Passaic

*

New Jersey

Cable Address: Wespexlin, New Yolk
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Television Equipment in Units
is now
being built in individual units which
connect and work together to form a
chain for given video broadcasting requirements by Allen B. DuMont Labs.,
Inc., 2 Main Avenue, Passaic, N. J.
This makes it possible to obtain just
the units required for certain video
program work, while the flexibility of
the chain permits addition or substitution of units as changing conditions
TELEVISION PICKUP EQUIPMENT

Design Engineers and Purchasing Agents:

*

Complete your files with this new free manual-"Relays by
Guardian" showing the largest line serving American industry.
Strictly informative ... it points the way to apply the maximum
degree of Electrical Control in a minimum amount of space ...
thereby eliminating costly priority materials, machine time,

man-hours.

44 PAGES Devoted Entirely to RELAYS
illustration clearly depicts the compact design and easy
mounting of controls by Guardian. Each carries complete data on
contacts-coils-construction-mounting-specific applications.
Each

may dictate. Part of a typical group
of units is shown in the illustration.
It is a dual camera chain which is made
up of two cameras, each with its power
supply, electronic view finder, and view
finder units, working in conjunction
with their individual camera control
and power supply, camera monitor and
monitor supply units. Both chains
work directly with line amplifier and
power supply, line monitor and supply,
and a synchronizing generator. One
of the cameras and its associated
equipment is not shown.

*7,146 Standard Control Parts-Yes ... more than *7,146 standard parts
are available to make up any combination of controls shown in the
Guardian Book. These represent thousands of design and tooling hours
already spent... give you a big head -start unobtainable elsewhere.
NO COST-Get your new Guardian Book postpaid by return mail. Your
copy is waiting. Send for it today. Write

GUARDIAN
1625 West Wclnut Street

Series BK -16 Relay. Built to
minimum tolerances and the
most exacting requirements in
production quantities for the
U. S. Signal Corps.
*Inventory Count Jan. I, 1941

ELECTRIC
Chicago, Illinois

LARGEST LINE OF RELAYS SERVING AMERICAN

INDUSTRY

Metal Shielded Wire
THIS NEW

PRODUCT

consists of shield-

ing any type of insulated wire or wires
with either seamless aluminum or copper tubing, tinned or untinned. This
affords protection against moisture,
corrosion, mechanical damage, and

BUD
"AIR -WOUND"
COILS

fire hazards.

Metal shielded wire is

manufactured by Precision Tube Co.,
3824 Terrace Street, Philadelphia, Pa.
It is available in lengths up to 50 feet,
and comes in a variety of sizes from
a single conductor with an outside
diameter of 0.018 inch to multi -cable
types of one inch outside diameter.

ELECTRONICS

-
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For efficient performance and rugged construction,
specify BUD "Air -Wound" Coils for your circuits. They
are made in a variety of stock sizes or to your exact
specifications. For prompt quotations, send blue -prints
or detailed description of your requirements.
Write for your copy of the No. 291 BUD Catalog.

BUD RADIO, INC.
CLEVELAND, OHIO
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UHF Tubes

Control Need at
Get the Right Unit for Each

nrE
extensive range of types
THE
available only at Ohmite,

and

Write on company letterhead for your
copy of Ohmite Industrial Catalog and
Manual No. 40

-g

RHEOSTATS

OHMITE MANUFACTURING COMPANY
Chicago, U. S. A.

4817 Flournoy Street

RESISTORS

*

There IS

a

*

HMITE
TAP

SWITCHES

Reason WHY

Manufacturers SPECIFY "PRECISION"
INDUSTRIAL

AND

LABORATORY TESTERS
31 RANGE AC -DC

NEW SERIES 834
6000 Volts

600MA

COMPACT CIRCUIT TESTER

70 DB 6 AC -6 DC-6 output voltage ranges to 6000 volts
4 current ranges to 600 MA
3 selfcontained resistance ranges to 5 megs
6 DB ranges to +70 DB
All 1% multipliers and wire wound bobbins
Size 7" x 41/2"
x 3" overall.
An incomparable value at only $19.95 net
5

series of vacuum tubes
ultrahigh frequency use.
a sharp cut-off pentode
use as an r -f amplifier.

designed for

RCA -9001 is

intended for
RCA -9002 is

sizes

plus the
ability to produce special units for
unusual applications, assure you of getting exactly the right resistor, rheostat
or tap switch for your needs. Resistors
from 1 to 1000 watts; fixed, adjustable
or tapped; regular, precision or non inductive. Rheostats in ten wattage sizes
from 25 to 1000 watts. Tap Switches
in 10, 15, 25, 50 and 100 amperes, A.C.

e etiefd ania.

THE RCA MANUFACTURING CO., Harrison, N. J. are making available a new

Megohms

triode which has two cathode and
two plate leads. It has a moderately
high amplification factor, and is useful
as a detector, amplifier, and oscillator.
RCA -9003 is a remote cut-off pentode
designed for mixer and i -f or r -f amplifier applications. These midget tubes
a

are of single -ended design, and have
two cathode leads which permit completion of the plate and screen r -f circuits with minimum circuit inductance.
This makes possible increased gain at
ultrahigh frequencies.

Aircraft Communication Units
JEFFERSON -TRAVIS
CORP., 380 Second Ave.,

THE

RADIO

MFG.

New York, is
introducing a new line of aircraft communication equipment. Among the
models featured is model TR -5, a two
way communication unit. The crystal
controlled transmitter has a range of
2.8 to 6.5 Mc, and a power output of
5 watts with 100 per cent voice modulation. The transmitter is housed in a
small cabinet which can be mounted on

Series 844J-All-Purpose AC -DC INDUSTRIAL
CIRCUIT TESTER Combining the well-known PRECISION Series 844. . 34 range
AC -DC volt-ohm-decibel-milliammeter-ammeter and the new
Series "I" (8 range AC Ammeter) in one compact portable
unit.
6 AC and 6 DC voltage ranges
to 6000 volts at 1000 ohms/volt.

0

current ranges from
6 DC
to 1.2 MA to 0-12 AMPERES.

BROOKLYN. N. Y.
PRECISION APPARATUS COMPANY
647 KENT AVENUE
Export Division: 458 Broadway, New York City, U.S.A. Cable Address: Morhanex

the panel of the plane. The receiver
covers the 200 to 400 kc band, and is
iii a case matching that of the transmitter. A vibrapack, or a dynamotor
power supply may be had with the
Model TR-5. Another unit in this line
is the Model PR -5, a portable receiver
whose range is 200 to 400 kc, with a
marking on the dial for the control
tower frequency of 287 kc. The batteries and the receiver are mounted in
a fabric covered case, and the total
weight of the equipment is less than
10 lbs.

90
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internally powered resist6 DB ranges from -12 to 70 DB.
ance ranges to 10 MEGOHMS.
8 AC Ammeter ranges from 0-300 MA to 0-60 AMPERES.
6 output ranges to 6000 volts.
with
tool
portable
case
dual
compartment and removable
Series 844-1 (illustrated) in hardwood
hinged cover-complete with batteries and extra high voltage test leads. Net Price
548-95
WRITE FOR "PRECISION" CATALOG 42-E describing more than 40 radio and electrical test
Testers,
Tube
and
Set
AC
-DC
Multi
-range
equi¢men models
Tube Testers, Combination
.
Testers, Vacuum Tube Multi -Range Testers, Signal Generators, Industr`al Circuit Testers, etc.
O 4

D[#331i143ú X11 PM X11
INDUSTRIAL LABORATORY RADIO TELEVISION
0

-
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Portable Potential Transformer

PATCH CORDS
JACK PANELS

NEW
PORTABLE potential
transformer, model PV-130, for use with
portable instruments and recorders is
announced by Westinghouse Electric
and Manufacturing Company, East
Pittsburgh, Pa. The instrument can
be had for input voltages between 230

A

-

PATCH CORDS

PLUGS

These cords and plugs are built to take
abuse. Cords are heavy, reenforced at
ends. Unique construction of plugs not
only makes cords easily replaceable, but
provides for the ruggedness which is so
necessary. They will fit any standard
jack panels. Standard color, black.

Cord Length

Type
PJ-11

1

PJ-12
PJ-13

2
3

i

NSW I.t>IM_

ft.
ft.
ft.

Price

Type

List $5.40 ea.
List 5.50 ea.
List 5.65 ea.

PJ-15
PJ-10

es

5

ttttttN

!

ft.
ft.

10
Plug only

PJ-1

mud
t>It r.rlii Ami ttr11410410410040
ef8

Price
List $6.00 ea.
List 6.75 ea.
List 2.25 ea.

Cord Length

d tsl/

*

I
I

PANELS

These panels have standard jack spacing for use with any double plug. Mounting holes
fit all standard jacks. Pairs are so spaced that plug cannot be inserted incorrectly.
Panels are of solid laminated Phenolic. Slotted brackets for mounting. Fit standard
19" relay rack. Improved designation strip included. Panel width: double row (48 jacks)
21/s"; Single row (24 jacks) 13/4".

PJ33, single row-$4.75
PJ-31, as illustrated-$5.45
PJ-31 panel with 48 PJ-118 jacks (normal contact) assembled-$29.20
REPRESENTATIVES
NEW YORK CITY
HOLLYWOOD. CALIFORNIA
DALLAS, TEXAS
CANADA

and 2300 volts with 115 volts output
on 60 -cps lines. The accuracy is plus
or minus per cent both on ratio and
phase angle up to 200 per cent of rated
value. All terminals are of polished
nickel, and terminal markings and
polarities are clearly marked. The
device is housed in an aluminum case
designed to withstand wear and to
insure lightness for portability.

Bruce O. Burlingame, 69 Murray Street
Norman B. Neely, 5334 Hollywood Blvd.
Edward F. Aymond Co., 3750 Urban Avenue
Walter P. Downs, Ltd., 2313 St. Catherine St. W. Montreal. Quebec.

AUDIO DEVELOPMENT CO

122 BRYANT AVE. NO.
MINNEAPOLIS, MINN.

business paper publishers for over fifty
years, McGraw-Hill is uniquely equipped to
offer complete, authoritative direct mail coverage of Industry's major markets. Extreme
accuracy is maintained (guaranteed to 98%)
and through careful analysis of markets,
complete classification of companies and personnel, etc., the widest possible selections
are available. Send for handy reference
folder, "Hundreds of Thousands of Reasons
Why" which describes how McGraw-Hill Lists
are built and maintained.
As

Crystal Pickup
an offset head, low cost,
and an output of 1.4 volt at 1000 cps,
are some of the features of a new
crystal pickup made by Shure Brothers,
225 W. Huron Street, Chicago, Ill. The
unit weighs one ounce which improves
LIGHT WEIGHT,

What Fields Do You Want to Reach?
Aviation

B -as & Electric Railways
Civil Engineering and Construction

reproduction and practically eliminates
record wear. New type cartridge bearing seats permit easy up and down
motion of moving system to overcome
"pinch" effect and follow record
grooves correctly. Model 97AN "Hi-Lo"
pickup, complete with permanent
sapphire point needle lists at $6.50.
Model 97A which is the same as 97AN
without the needle lists at $5.50.

ELECTRONICS

-

August 1941

Coal Mining
Electrical Construction
Electrical Industry
Food Industries
Metal Mining
Metal Working Industries
Process Industries
Textile Industries
Administrative Executives
Electrical Dealers & Wholesalers
Mill Supply Houses
Power Services
Product Engineering & Design
Procuction and Maintenance
Radio Dealers & Wholesalers
Radio Engineering and Design

A Precision Crystal
Secondary

FREQUENCY

"Designed for Application"

..

Lists

7CT
!I...11114,1

Covering Industry's

Major

Markets

Mall DIVISION....
McGRAW-HILL PUBLISHING CO
)3o w.

and

{MET

NEW

You.

standard capable of
being adjusted to WWV or some other
primary standard and putting out uniformly
accurate calibrating signals with 10, 25, 100,
1000 KC intervals. Uses the new GENERAL
ELECTRIC No. 18A 1000 KC crystal having
a frequency temperature coefficient of less
than one cycle /Me/C°. The crystal is sealed
in Helium in a standard metal tube envelope.
The self-contained AC power supply has
VR150-30 voltage regulator tube.
In addition to oscillator, multivibrators,
and harmonic amplifier, a built-in miter
with phone jack and gain control on pan21
is incorporated.
A precision frequency

For further details
selections from
above basic
counts,
classifications,
prices, etc., or estimates on special lists
,
ask any représentative or write to
Complete

STANDARD

THAT HAS BEEN

N. S.

Complete Lls-s Covering Industry's Major Markets

JAMES MILLEN
150 EXCHANGE ST.

MFG. CO. INC.

MALDEN. MASS.
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Save
trouble
time and

Sanding Device
TOOL for experimental and
production shops is a Bandsander being manufactured by Mead Specialties
Co., 15 South Market Street, Chicago,
Ill. It is a compact, motor driven de-

A USEFUL

PROFESSIONAL

Nit ondreg

SERVICES

with the «id of this
practical radio

(listes en Application(

engineering
help

JOHN C. BATCHELOR
INDUSTRIAL PHYSICISTS-ENGINEERS
Specialists in industrial, technical and
marketing investigations for manufacturers and bankers, on products being
considered for production and financing.
100 E. 42nd Street
New York City

1. 945 pages of carefully selected,
accurate data-charts, tables, circuits,
diagrams, formulas.
2. Covering all the most needed subjects for engineers, from fundamentals
to specialized applications.

3. Every section prepared

by one or
more specialists, to assure you dependable, expert answers to your problems
in design and practice.

Just Out
Enlarged, Up-to-date, 3rd Edition

DUDLEY
vice which can be used for sanding and
polishing wood, metal, and plastic ma-

terials.

It operates at about

1'750

rpm. The table may be tilted from the
horizontal position to a 45 -degree angle
with the band thus permitting a wide
range of beveling.

RADIO ENGINEERING
Hearing Aid Battery
HANDBOOK
IIERE is a book
that

gives the

engineering
profession its own

radio

handbook, compar-

Prepared by 23
radio specialists
KEITH HENNEY
Editor -in -Chief

able to the standard
945 pp.. 836 illus.
handbooks available
over 100 tables
in other fields of
$ 5.00
engineering. It conveniently presents a
great deal of constantly needed reference
material covering all fields and aspects
of radio engineering-concise, dependable,
arranged in easy -to -get -at form. To meet
the greatest and most lasting needs in
such a rapidly developing field as radio,
material has been chosen carefully for its
importance to the practicing engineer.
With the deletion of obsolete material
and addition of material on important
new developments, this new third edition
brings you:
new data on crystal control circuits, ultrahigh frequency apparatus, modulation systems.
audio-frequency transformer design, vibrator
power supply, long -line oscillators, etc.
completely rewritten sections on aircraft

Send me Henney's Radio Engineering Handbook
for 10 days' examination on approval. In 10 days
I will send you $5.00 plus few cents postage or
return book postpaid. (We pay postage on orders
accompanied by remittance.)
Name
Address
City and State
Position
L 8-41
Company
(Books sent on approval in U. S. and Canada only.)
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CLARK

Industrial Tube and Circuit Design.
Electronics as applied to Metal and Chemical
Industries.
Research Laboratories and Shops

Palm Springs

Calif.

ELECTRICAL TESTING
LABORATORIES
Characteristics
of Vacuum Tubes
Tests of photo cells, glow lamps, crater lamps.
Tests of electronics and optical devices

East End Avenue and 79th Street
New York, N. Y.
Phone. Butterfield 8-2600

A NEW LIQUID TYPE, rechargeable bat-

tery for hearing aid users is being
featured by the Koehler Manufacturing Co., Marlboro, Mass. The case, a
light weight (acid resisting, transparent Monsanto Lustron plastic is molded
by the American Insulator Co., New
Freedom, Pa.

INTERNATIONAL ELECTRONICS, INC.
Special Instruments, Equipment and Methods to
control gauging, welding, communications, signaling, safety, inspection, color and testing.
Quality control and cost reduction for mechanical,
electrical, metallurgical and chemical industries.
Rockefeller Center
New York City
Telephone: Circle 6-8494

HAROLD J. McCREARY
Mein. A.I.E.E. & W.S.E.

Consulting Engineer

105

Laboratory Facilities
Research
Electronics
Development
Television
Design
Radio
Factory Practice
Railroad Signaling
Patent Studies
Telephony
W. Adams St. Phone STate 4033 Chicago, III.

JOSEPH RAZEK, PH.D.
Consulting Physicist
Electrical and Mechanical Engineering Problems
Instruments and Control Devices
Electronics
Specialist in Colorimetry, Spectrophotometry and
Industrial Color Control
Laboratory and Shop Facilities
430 Greenview Lane
Lianerch, Pa.

radio, television, detection, loud speakers, facsimile, oscillators, etc.
revision throughout to make the book as
useful as possible in modern practice.
FOR 10 DAYS' FREE EXAMINATION
mail this couponMcGRAW-HILL BOOK CO., INC.
330 W. 42nd St.. N. Y. C.

B.

Consulting Engineer

F.

H. SHEPARD, JR.

CONSULTING ENGINEER
ELECTRONIC APPLICATIONS

Record Preservative
for preserving professional and home recording discs is being sold by the National
Recording Supply Co., Hollywood, Cal.
It minimizes surface noise on acetate
or nitro cellulose blanks by reducing
the cutting point friction thus lengthening the life of needles.
"SLIK",

Specializing In:
Industrial Control
Special Amplifier Design
Follow -Up Devices
Photoelectric Application.,
Radio and Carrier Operated Remote Control
6167 Cedar Ave., Merchantville, N. J.

Telephone Merchantville 1111

A LIQUID PREPARATION

Professional Assistance

...

.

in solving your most difficult problems in the specialized field of electronic devices is offered by consultants whose cards appear on this
page.

August 1941
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Compact Converter
A NEW CONVERTER, built for high
efficiency, quiet operation and long life
is announced by the Eicor Co., 1060 W.

Adams St., Chicago. This unit converts
direct current to alternating current
for use with amplifiers, projectors,
phonographs,
medical
equipment,
musical instruments, and similar applications. Available for 6, 12, 32, 115, 230
volts or other standard d -c input, the
converter has a standard a -c output.
All the units are equipped with ball
bearings and may be had with or without a filter.

SPEED UP

Production Testing

BROADEN
Laboratory Facilities
\-70F;)L77:7".

*

MODEL 670

Signal Arrestor
THE RV AUTOVALVE ARRESTOR iS an

improved single pole unit designed for
protecting low voltage, low energy systems against insulation breakdown
and apparatus failures. The internal
elements consist of a porous block
with a series gap formed by a mica
spacer separating two metal electrodes.

A.C. AMMETER
plus New Current Transformer
Model 67) is a Handy, Compact, Easily Portable little tester with wide uses in countless
fields. Seif -contained current transformer permits measurements on these ranges: 0-1; 0-2.5;
0-5; 0-10; 0-25. AC Amperes. (For use on 60
cycles.) Large 31/2-inch Meter carries RED
DOT Lifetime Guarantee.
Red

Case

Molded

Ivory Panel.

.

.

NET

.

with

DEALER
$9.90

Model 125-T Transformer can be used with Model 670 or with any 5
Amp. instrument to give a full complement of ranges (Six in all; the
maximum 250 Amperes with one primary turn through the center opening. Others are 2.5, 10, 25, 50 and 125 Amperes at the binding post
terminals), for commercial current measurements. Dealer Net..$23.34.
Model 100-T Donut Transformers provide three ranges in use with
Model 670 or any 5 Amp. meter..Dealer Net.. $12.68.
Write for Catalog-238 HARMON AVENUE

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY
Bluffton, Ohio

STABILIZED A. C. VOLTAGE
UP TO
The 60 cps arrestor breakdown is 800
volts rms, permitting signal circuits
to be tested with a 500 -volt megger.
The impulse breakdown is 2200 volts
peak. A discharge capacity of more
than 10,000 amperes affords protection
from lightning surge currents. Repeated discharges do not impair the

25 KVA

Constant Output Voltage
%%a
115 VOLTS

Varying Input Voltage

95-130 VOLTS

arrestor's characteristics.

Glass Base Recording Disc
THE

PRESTO

RECORDING

CORP.,

West 55th Street, New York, announces
a new high quality sound recording
blank using a plate glass base. The
disc is 0.104 inch thick, and has two
center holes, one for the turntable
shaft and the other for the cutting
mechanism drive pin. Each hole is
bushed with a brass eyelet to insure a
snug fit over the turntable shaft and
to prevent chipping due to careless
handling. The glass base discs come in
12 -inch and 16 -inch sizes only. The
same firm also announces an aluminum
disc recoating service to radio stations
and recording studios that have used
aluminum base discs on hand. This
service takes about ten days, and the
charges for recoating are considerably
less than the prices formerly charged
for new aluminum discs.

ELECTRONICS
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NO MOVING PARTS

INSTANTANEOUS ACTION
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When
an

a

a critical process is powered from
Raytheon Voltage Stabilizer will permanently eliminate

precision electrical device or

AC line,

a

all of the detrimental effects caused by AC line voltage fluctuations.
Made For all commercial voltages and frequencies, single or three phase.
Raytheon's twelve years of experience in successfully applying the
Stabilizer to hundreds of perplexing voltage fluctuation problems is at

your service. It will pay you to take advantage of our engineering skill.

Write for Bulletin DL48-71

JE describing Raytheon Stabilizers.

RAYTHEON MANUFACTURING CO.

loo

Willow Street, WALTHAM, Massachusetts

Cartlioid Microphone
11111111>,

FAMOUS
for years

..

.

for their uniform accuracy
and great strength ,
for the unique self-locking
feature on the "Unbrako"
Hollow Set Screw with the
Knurled Points
for the

...

REG.

Socket Head Cap Screw
with the Knurled Head
that gears right to the
fingers and saves assem-

U.S. PAT. OFFICE

SCREW
PRODUCTS

bling time.

"Unbrako" Products are
available in a complete

STANDARD PRESSED STEEL CO.
Box 596,

range of sizes from number 4 up. For free samples
and literature, write today.

JENKINTOWN, PENNA.

DESIRABLE FEATURES Of the dynamic and the velocity microphones are
combined in an instrument recently announced by the Turner Company, Cedar
Rapids, Iowa. Two elements are used;
one has a response pattern shaped
like a figure eight, and the other is in
the form of a circle. The combination
of the two gives a response pattern
shaped like a cardioid. This makes the
instrument very sensitive to sounds
originating in front of it, and insensitive to sounds originating to the rear
of the microphone.
Model IBR, a radial intercommunicator booster speaker, designed for use
where a radial speaker of high effi-

THE

WAXES COMPOUNDS for
ELECTRICAL INSULATION
Zophar offers prompt service on Insulating Compounds for
a wide variety of electrical applications, including:
power
. insulation for CONDENSERS, TRANSFORMERS, COILS,
packs, pot heads, sockets, wiring devices, wet and dry batteries, etc.
Also WAX SATURATORS for braided wire and tape. WAXES for
radio parts.
Special compounds made to your order.

INC.
ZOPHAR MILLS
Brooklyn,
III
130 -26th St.
FOUNDED 1846

N. Y.

ciency and compact size is required,
is another product of the same company. Complete with built in pm sealed
driver unit, the IBR is waterproof for
outdoor installations. The bell diameter is 8 inches, the height is 9 inches,
the impedance is 8 ohms, and the
power capacity is 10 watts.

SEARCHLIGHT SECTION
OPPORTUNITIES

BUSINESS

EMPLOYMENT

UNDISPLAYED

INFORMATION:

RATE:

word, minimum charge $2.00.
(See
on Box Numbers.)
(full or part-time
POSITIONS WANTED
salaried employment only), t/2 above rates.
IO

cents

a

Q

PROPOSALS, 50 cents

a

line an insertion.

NEW ADVERTISEMENTS received by

10

York, N.

-to

a

is
3

page.

i

ELECTRONIC TUBE EQUIPMENT

Complete line of used equipment for the manufacture of Radio Tubes, Neon Tubes, Incandescent
Lamps, etc. Write for Bulletin showing 25 to 75%
savings.

CALLITE TUNGSTEN CORPORATION

INCH:

measured 7/s inch
columns -30 inches
E.

534 39th Street, Union City, N. J.

TELEPHONE PARTS

MACHINERY

KAHLE ENGINEERING CORPORATION

t,

this and other advertising
in this or any issue of
ELECTRONICS does not
furnish all the information you wish, of prodwanted
ucts or services
or available-please write:

-

formerly Eisler Electric Corp.

Y.

USED

Specialists in Equipment for the manufacture of
Neon Tubes, Radio Tubes, Incandescent Lamps,
Photo Cells, X-ray Tubes, etc.
900 DeMott St., North Bergen. N. J.

PER

advertising rate is $6.00 per inch for all
advertising appearing on other than a contract basis. Contract rates quoted on request.

DEPENDABLE
Used

ifane Stock of Eras Type and Variety

94

PRODUCTS CO.

St. Charles, III.

communications, seeks part-time
(graduate student Columbia) employment
junior engineer, New York metropolitan area.
First class radiotelephone license. PW-290.

TUBE

AN ADVERTISING INCH
vertically on one column,

ELECTRONIC

B.S.E.E.,

ELECTRON

DISCOUNT of 10% if full payment is made in
advance for four consecutive insertions of
undisplayed ads (not including proposals).

METERS

POSITION WANTED

HIGH GRADE

The

New Weston model 151s, 0-125V- AC flush type,
$10.00 each
New Weston 456's, two meters in one flush type
case, each meter has two differential coils on
$15.00
bobbin 5-0-5 ma. Res. 9 ohms
Write for list of other meters and laboratory parts.

LARGE MIDWESTERN radio receiver manufacturer has openings for experienced automotive and household radio receiver design
engineers. Applicants should state education,
experience and give references. Our own employees know of this ad. P-270, Electronics,
520 N. Michigan Ave., Chicago, Ill.

330 W. 42nd St., New

DISPLAYED-RATE

BOX NUMBERS in care of any of our New
York, Chicago or San Francisco offices count
10 words additional in undisplayed ads.

August 25th will appear in the September issue, subject to limitations of space available.

A. M.

POSITION VACANT

EIrrtronics,

EQUIPMENT-USED or RESALE

Signal Corps type Telephone plugs, $25.00 per
hundred.
Signal Corps type cord plugs and jacks, per set 45c.
WE decade resistors, assorted values from 10
ohms to 7500 ohms. $5.00 per hundred. Write for
list of other parts at money saving prices.
ELECTRONIC PRODUCTS CO.
St. Charles, Ill.

ELECTRONICS
111111.8014
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III
li

We

manufacture

a

'IRlh!EIIFEIED®FI

complete line of equipment

SPOT WELDERS, electric, from r/4 to 500 KVA
AC ARC
TRANSFORMERS, special and standard types
WELDERS
INCANDESCENT LAMP manufacturing equipment
From 100 to
FLUORESCENT TUBE MAKING EQUIPMENT
400 Amps.
ELECTRONIC EQUIPMENT. vacuum pumps, etc.
WET GLASS slicing and cutting machines for laboratory use
GENERAL GLASS working machines and burners
COLLEGE GLASS working units for students and laboratory
EISLER ENGINEERING COMPANY, CHAS. EISLER, Pres.
751 So. 13th St.

(near Avon Ave.)

FINE RIBBONS

.1 Tungsten and Molybdenum
Molybdenum in widths .006" to 1"
in thickness to .0005"
Tungsten Ribbon to specification
15

Beeman

H. CROSS
St.

New York

SIGNAL & INDICATOR
PILOT LIGHTS
for all electrical devices.

Newark, New Jersey

MICROMETER
FREQUENCY

for
checking

WRITE FOR CATALOGUE
showing a complete line of
assemblies for all purposes.

transmitters,

from 1.5 to 56 mc.,
within 0.01 per cent.

LAMPKIN LABORATORIES
-Bradenton, Fla.,

U. S.

d

1

A.-

SIGNAL INDICATOR Corp.
140

NEW YORK, N.

CEDAR ST.

Y.

CRYSTALS by

"What Can
It Do
For Me?"
Advertising that is read with this
thought in mind, may provide the
solution to a problem that has kept
you awake nights for weeks.
Remember, back of the signature of
every Electronics advertiser is another organization, whose members
have thought long and hard about
your business in the course of introducing and applying their products or services to your industry.
their offerings can improve the
quality of your company's product
or save your company's money
they can contribute to your company's income.
If

...
...

We all know, "It pays to advertise."
It pays just as big to investigate

2IIp0es2
The Hipower Crystal Company,

on

Each month, Electronics advertisers,
old and new, invite you and over
14,000 other subscribers to investigate further the advantages they
can provide.

Departmental Staff

turer

of precision crystal units. in able
broadcaster and manufacturer attractive prices because cf their
large production and the exclusive
Hipower grinding process. Whatever
your crystal need may be, Hipower
can supply It. Write today for full

to offer the

.

2

HIPOWER CRYSTAL CO.
Sales Division-205 W. Wacker Drin, Chicago
Factory -2035 Charleston Street, Chicago. Ill.

facilities permit
production of practically
all types of coil windTaper interlayer sections, bob-

COILS
ings
.

.

.

Our

bin wound, etc.

A complete line of fluores-

LIGHTING cent ballasts and reactors
approved by Underwriters Laboratories.
WE INVITE YOUR INQUIRY

JAMES W. DOYLE, INC.
Desplaines St.

Chicago, III.

812 Broadway, New York

We welcome your inquiries for

LUMINESCENT MATERIALS
Fluorescent and Phosphorescent Chemicals for Lamp and Allied Industries

New York City

GENERAL LUMINESCENT CORP.

August 1941

Federal St.

1

HOLE

FOR

Illile

for Tcrt Page Cutaloo

Type T2 Unit
The .shell is molded in the same color as the lens -cap
to prevent error in replacement
furnished with a
24 volt slide -base lamp, (.038 amp.)
used with a
series resistor assembly for operation on voltages up to
440
live different colors
brilliant 100 degree
.

..

L.ibflits

Chicago, III.

.

-

.

-

.

...

.

Inu ìn eost-

hi,slribtttcd nrtFiunsi74 bit

GRAYBAR ELECTRIC CO.

Mfr'd by H.

e

R.

KIRKLAND

CO., Morristown, N. Y.

EAIY
IN

MILES REPRODUCER CO., INC.

732 S.

RADIO CORP.
Stores in New York City
68 WEST 45TH STREET
80 CORTLANDT STREET
Phone VAnderbilt 6-5050

NEW ALL -PLASTIC
SWITCHBOARD
LAMP
SINGLE
PANEL MOUNTING

Sound -on -Film RECORDER
and REPRODUCER (Patenfedl
Simplest and most economical method for sound
on film, instantaneous playback. Cost of recording
12ó,c per hour. Lengthy recordings-may be indexed for easy ref erence.
Dept. EL

.

Ì

Audio, power, filaTRANSFORMERS ment
w
age transformers and filter chokes for
all industrial applications.
REACTORS for FLUORESCENT

311 N.

.

TERMINAL

information.

ELECTRONICS

-

Many years of dealing only
in radio have won for us an
enviable reputation for reliability. We know our merchandise
The better to
serve you, gentlemen!

cf

America' oldest and largest manufac-

FILMGRAPH

what is advertised!

ELECTRONICS

SPECIALIZATION

STOCK

for national defense
slowing up
deliveries from radio parts are
For your convenience, HARVEYmanufacturers.
is ordering
Orders

-

"stock" supplies . . so that you may have
the product you want
WHEN you want it!
HAVE YOU A 1941 HARVEY CATALOG?
Call BRyant 9-1946 for SERVICE!
.

HARVEY RADIO CO.

Conveniently located at Times Square
103 W. 43 ST.
NEW YORK, N. Y.

95

INDEX TO ADVERTISERS
A

M

84
Acme Electric & Mfg. Co
87
Advance Solvents & Chemical Corp
Aerovox Corp
74
80
Allied Control Co
9
American Lava Corp
13
American Screw Co
4
American Transformer Co
Amperex Electronic Products, Inc
Inside Front Cover
96
Audak Company
91
Audio Development Co
87
Autocall Co
78
Automatic Electric Co

87
Magnetic Windings Co
16
Mallory & Co., Inc., P. R
65, 92
McGraw-Hill Book Co., Inc.
95
Miles Reproducer Co
91
Millen Mfg. Co., Inc., James
Inside Back Cover
Monsanto Chemical Co

N
National Screw & Mfg. Co
New England Screw Co
New York Transformer Co

"RELAYED -FLUX"

Microdyne
"The Standard by Which Others
Are Judged and Valued"
Most important wide -range develop-

ment since the advent of the pickup in 1926. The "RELAYED FLUX" principle makes possible a
moving system far beyond anything
yet devised
. capable of reproducing all the fine detail engraved
at the original recording-MICRODYNE bears ont the contention of
scientists that high-fidelity is possible only with a Moving-Inductor
system.

Flat within ± 11/2 db to
over 10,000 cycles
Vibratory momentum extremely low
Absence of distortion
nigh stylus compliance
Low Point -pressure
Complete with special arm
With or without Jewel Point, the
sharp, clean-cut fac simile reproduction of MICRODYNE
regardless of climatic conditions
is a
marvel to all who have put it to the
only test that really counts . .
the EAR test.

--

Bakelite Corp
Ballantine Laboratories, Inc
Benwood Linze Co
Biddle Co., James G
Blaw-Knox Co
Bliley Electric Co
Brand & Co., William
Bud Radio, Inc

HIGH FIDELITY CUTTERS
List to $98.00

WITH OUR COMPLIMENTS
"PICK -UP -FACTS" is yours
for the asking. It answers many questions concerning record reproduction.
A copy of

AUDAH COMPANY
500 Fifth Avenue

New York City

"Creators of High Grade Electrical
and Acoustical Apparatus Since 1915"

96
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Carborundum Co
Carter Motor Co
Central Screw. Co
Centralab Div., Globe-Union, Inc
_
Chandler Products Corp
Cinch Manufacturing Corp
Fibre
Co
Continental Diamond

6

Ohmite Mfg. Co

90

Parker Co., Charles
Parker-Kalon Corp
Post Co.. Frederick
Pawtucket Screw Co

13
13

50
13
13

Pheoll Mfg. Co
Pioneer Gen -E -Motor Corp
Precision Apparatus Co
Precision Tube Co
Presto Recording Corp

70
90
71
77

80
13
2
13

45
10

gg

Continental Electric Co
Continental Screw Co
Corbin Screw Corp
Cornell-Dubilier Electric Corp
Cross, H.

13

13
57
95

R
72

R -B -M Mfg. Co

Radio Engineering Labs., Inc
RCA Mfg. Co
Raytheon Mfg. Co
Remler Co., Ltd
Rex Rheostat Co

Richardson Co
Russell, Burdsall

&

Ward Bolt

D

11

Back Cover
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Nut Co

93
74
95
76
13

S
64

Daven Co
Doyle, Inc., James W
Driver Co., Wilbur B

95
85
88

Du Mont Labs, Allen B.

E
Eicor, Inc
Eisler Engineering Co
Eitel -McCullough, Inc
Electrical Research Products, Inc
Erie Resistor Corp

74
95
51

86
59

Scovill

13

Mfg. Co

Shakeproof Lock Washer Co
Slayter Electronic Corp
Signal Indicator Corp
Southington Hardware Mfg. Co
Sola Electric Co
Stackpole Carbon Co
Standard Pressed Steel Co
Standard Transformer Corp
Solar Manufacturing Corporation
Synthane Corp

13
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95
13
68
60
94

48
62
47

T
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49,

69
95
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Ilallicrafters Co
Hardwick Hindle, Inc
Harvey Radio Co., Inc
Heintz & Kaufman, Ltd
Hewlett-Packard Co.
Hipower Crystal Co
Hudson Wire Co

Union Carbide

95
86
93
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Carbon Corp

61

80
73
95
55
56
95
78

I
Instrument Resistors, Inc
International Resistance Co
International Screw Co
International Telephone Development Co.
Irvington Varnish & Insulator Co

86

Taylor Fibre Co
Terminal Radio Co..
Thomas & Skinner Steel Pds Co
Triplett Electrical Instrument Co

U

H

Pickup List Prices

$12.50 to $188-00

61

Callite Tungsten Corp

General Electric Co
General Luminescent Co
Graybar Elec. Co
Guardian Electric Mfg. Co

52

o

B

AUDAX

13
13

W
Webster Electric Co
Western Electric Co
Weston Electrical Instrument Corp
White Dental Mfg. Co., S. S
Wilson Co., H. A
Whitney Screw Corp

63,

58
68
8
85
82
13

85
14
13

12
75

Zophar Mills, Inc

94

J

Jones, Howard B

70

Professional Services

92

K
Kenyon Transformer
Keuffel & Esser Co

Co

81
3

(Classified Advertising)

L
Lampkin Laboratories
Lanson & Sessions Co
Lapp Insulator Co
I.ewyt Metal Products Co
Lingo & Son, Inc., John E
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EMPLOYMENT
USED EQUIPMENT FOR SALE
Callite Tungsten Corp
Electronics Products Co
Kahle Engineering Corp

August 1941
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