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"For national defense or private industry ... where
dependability and adherence to specifications are

essential . . . transformer users turn to UTC."

THERE IS NO SUBSTITUTE FOR EXPERIENCE

Whether STANDARD or SPECIAL
UTC has a transformer for every purse and purpose

RT DIVISIOMN: 100 VARICK STREET NEW YORK, N. VY, CAELES ARLA
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In F-M communications and portable
service, the Armstrong phase-shift
method is the only method that has

® The Armst hase-shift H ]
e Armstrong phase-shi proved itself practical.

method of modulation has
been universally adopted as
the only practical method for

obtaining frequency stabilization in communications and portable F-M trans-
mitters. While others have been unsuccessfully experimenting with various
forms of modulation, REL, as far back as 1936, recognized the Armstrong
phase-shift method as the only practical type, and produced the first com-
mercial F-M portable transmitter.

= The first

This REL 15 Watt phase-shift F-M trans-
mitter, built in August 1939, was the
first successful portable F-M equipment.

-ﬁnc{ nous, the latest e

Here is the latest REL phase-shift F-M
portable transmitter, model 524-C. Two
hundred of this model are now being
constructed for the Chicago Police De-
partment. ’

® All REL F-M transmitters em-
ploy the Armstrong phase-shift
method of modulation with di-
rect crystal control of frequen-
cy. REL has led the entire field in F:M research, and has produced a greater
variety of F-M equipment for broadcashng, aviation, fire, police, public utility
and government two-way service than any other manufacturer More REL F-M
phase-shift transmitters are operating successtully today than any other type.

RE

Whatever your requirements, REL has avdailable F-M equip-
ment and associated receivers to fit into your specific needs.

) RADIO ENGINEERING LABORATORIES, INC.

Phone RAvenswood 8-2340
35-54 36th STREET LG T LONG ISLAND CITY, N. Y.

www americanradiohistorv com



THEREFORE . .. why is the
phase-shift method not also the most
dependable method for
broadcasting ?

F-M

® Major E. H. Armstrong’s 40 KW
F-M station, W2XMN, at Alpine, N.J.
—the pioneer F-M broadcasting sta-
tion — with equipment built by REL
in collaboration with Major Arm-
strong, has conclusively helped to
prove that crystal control F-M main-
tains frequency stability through
eliminating the possibility of con-
trol failure. Armstrong phase-shift
crystal controlled F-M is the only
method which cannot get off fre-
quency.

The newest, largest and most
powerful F-M station of all,
W1XOJ (Yankee Network), at

Station
Paxton, Mass. This view shows W2XMN
. W2XAG
the 50 KW REL Cat. 521 equip- W1XOJ
ment (on the air since May, WEOD
Q . W3XO0
1939 with 2 KW; since February, WEXVB
1940 with 50 KW, This station W2XQR
. , WIXAO
is completely REL equipped. WSEXAD
WI9XZR

F-M broadcasting stations serving the public daily*

Location
Alpine, N. J.
Yonkers, N. Y.
Paxton, Mass.
Boston, Mass.
Washington, D. C.
Rochester, N. Y.
Long Island City, N.Y.
Milwaukee, Wis.
Rochester, N. Y.
Chicago, I1L.

*All using the REL-ARMSTRONG phase-shift method

e

;.ww

Wwww americanradiohistorv com

Owned by tinuously since
Maj. E. H. Armstrong April, 1938
C. R. Runyon, Jr. Nov., 1936
Yankee Network May, 1939
Yankee Network April, 1939
Jansky & Bailey Aug., 1939
Stromberg-Carlson Nov., 1939
J. V. L. Hogan Oct., 1939
The Journal Company Jan., 1940
WHEC, Inc. Jan., 1940
Zenith Radio Corp. Jan., 1940

On the air con-

. . . And now read what Mr. Paul deMars says:

“I am pleased to report that this equipment, (REL 50 KW
F-M transmitting equipment at STATION W1XOJ), which
is the Radio Engineering Laboratories catalogue No. 521
50 KW transmitter, has not only maintained the high fideli-
ty performance in daily operation that has been so often
demonstrated as typical of the Armstrong system of phase
modulation but has demonstrated that this equipment meets
the high standards of dependability required in broadcast-
ing service.

“I am sure that it is as great a source of satisfaction to
you as it is to the Yankee Network to know that actual use
and experience with this equipment has confirmed our judg-
ment in selecting it for the world’s first 50 KW F-M Broad-

casting Station.”
TRl Q.o Wpcans

Vice-President, The Yankee Network
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Important today . . . a DEPENDABLE source of

STEATITE INSULATORS

| Typical General Ceramics die-pressed Steatite

| and Ultra-Steatite shapes. Note the deep

pressed cored-out insulators . . . also the large

beehive insulator, 4" high, and the lead-in bowl,
which is 5%" in diameter.

Backed by up-to-date production methods,
and a reputation for cooperative service
and for keeping delivery promises, Gen-
eral Ceramics Steatite and Ultra-Steatite
Insulators are widely used by leading
radio and electrical manufacturers. Let us

Extruded and machined coil forms and a metal-ended

help you solve your insulation problems. insulator with solid base.

General Ceramics Company ... .......

g illustrates standard
RCA Building, 30 Rockefeller Plaza, New York insulator shapes.
E Send for it. i

Factory, Keasbey, New Jersey
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UNEQUALLED CHECK-

- — e

Some of the scientific
theck-ups in the 16-Point
Quality-Control routine,

. « - when Parker-Kalon’s Quality-Control

eliiuje the ‘

Laboratory backs your fastening devices

You get an unequalled protection
against time-wasting, cost-hoosting
“duds” among your fastening devices
when youspecify Parker-Kalon! For,
in Parker-Kalon’s plant, an unusual
Quality-Control Laboratory stands
guard over all production, to elimi-
nate the “doubtful few” screws that
slow-up assembly work and produce
unsatisfactory fastenings.

Without counterpart in the indus-
try, this scientific Laboratory sets
standards of quality that could never
be maintained without rigid quality-

SOLD ONLY THROUGH RECOGNIZED DISTRIBUTORS

control of every production step
from chemical analysis of the metal
to micrometric check-up of finished
dimensions. It insures that every
Parker-Kalon Fastening Device is
more than “good enough” in both
accuracy and strength.

Take no chances in your assembly
jobs . . . buy Hardened Self-tapping
Serews, Socket Screws or other
fastening devices that are made in
the screw industry’s most modern
plant. Parker-Kalon Corporation,

192-194 Varick Street, New York.

Quatily- PARKER-KALON
Fastening Devices

———

COSTS NO MORE to get

this Parker-Kalon Quality-Control
Guarantee with every -box of . . ..

5 lél tg
S o

Hardened Self-tapping Screws
Types, sizes, headsiyles for every
assembly of metal or plastics

Cold-forged Socket Screws
CapScrewsSetScrews, @k
Stripper Boltsmadeto @j

anew high standard g

of quality

e 00 4}

Wing Nuts-Cap Nuts-Thumb Screws
Cold-forged . . Nea_ter, Stronger

November 1940 — ELECTRONICS

www americanradiohistorv com



¢hincreased

lem wi
over 2

For solving 2® interferenc® prob
ower, Of fo increasing signal streng
:+h no chang€ i
direction? a array offers 2 hi
factory solution:
ance of the array depends. howeverl
d com'muous\y main-

rious ele-

¢ the array-

. water OVer T
o of raning a0 2%
in capacitance as they

o

&%ﬁ:k
e

ric to
for ap .
emeﬂ( i

ELECTR
ONICS — November 1940
7

WWW
“ameri i
ericanradiohistorv com



BELDEN
WIRING DAT A CHART
HO

p WIRES

Mu\muﬂ'ﬁ‘ e

‘

| (LU L
Rl

e S SV ny

|
A —-|l F

"
W ww an
e

\m\_|_\'“.

[ — —l-=

| _n ul

PO l[__ I

BELDEN
WIRING DA

e ,..m._,,».-“\

WIRES have records, too

— and Winners

These Hook-up Wires are Approved
—they’re made by Belden

Charattorstior
fovm Tamperotice:
4 Kol

PUSH-BACK » DOUBLE BRAID » WAXED
e S - bt
e, e [

e

Solid 8830 Size 20866 Size 18
O

A ]

S
Stranded— 8831 Size 20 8867 $ize 18

RUBBER PUSK-BACK “BASKET-WERVE™ RAYOM SRAID-—LACUUERED

Stranded--8838 Size 20 only

BEAVY RUBBER PUSH-BACK *'BASKET-WEAVE" RAYOR BRAID--LACQUERED

— |
Stranded 8833 Size 18 oniy

GRUBLOSE ACETATE PUSHACH ~BASKET.WEAVE" m%n uun—ucnwm
1% 2 = A

-
Boua8I41 Size Z0—HI4S Size 18

p— S )
Strandss—BDA3 $ixs 20 8347 Size 158938 Size 14

R-F HOOX.-UP WIRE

T e a——
Y o Saolid-- 8834 Size 228841 $ize 208861 Size 18- uszsu-\s
300 49004, — I B

e 1 e

]
Strandad — 8810 Skre 228839 Sire 208844 Size 168862 Sire 16

COLORUBBER
P

Stranded 8880 Size 20 only

. |

VASINISHED CAMBRIC “BASKET-WEAVE" RAYON BRAID —LACOUERED

, DRy

Stranded enly—8DB2 Size 208869 Size 12

SHIELDED GRID WIRE

]
Stranded enly—898S3 Size 20--Shietd, 85% coverage

FIBERGLAS BRAID HIGH TENSION CORONA RESISTANT
for Cathode-Ray Television Tube Leads

(&~
Strended Wirs—2063 Sire 18—Special High Tension Construction
*D. C. Insuistion per 1. Immarsed in Mercury

are “bred’ to win for you

Don’t gamble on wires when you put them to work
in your products. Get their records—know their
past performance—be sure they won’t go “haywire.

How can you make this investigation?

Easy—when you depend on Belden. Case histories
—complete performance records are available on
Belden wires. You know before you start what each
wire has been designed to do.

You know too that careful inspection maintains
the vital characteristics in every foot of Belden wire.
You have double assurance of satisfactory perform-
ance—fewer rejections.

Use the right wire—the Winner—for every job
Specify Belden.

Belden Manufacturing Company
4625 W. Van Buren St., Chicago, Il

Dwgo#a%wm" e

-Belden

WIRES FOR RADIO AND COMMUNICATIONS
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A. Square tube coil form sanded
to size; flanges milled, sawed and
broached. B. Insulatirg tube,
sawed, drilled, reamed, and milled.
€.Sawed, milled anddrilled
Terminal Panel.

NE type of airplane propeller hub alone

contains forty parts punched and machined
from Synthane Bakelite-laminated. The plane
which last year dived to a world’s record was
literally filled with Synthane fittings. These and
other aviation applications have come about be-
cause Synthane, usually thought of as an electrical
insulator, is also light in weight, corrosion resis-
tant, structurally strong and easy to machine
accurately.

Less spectacular than the aviation examples,
though equally important, are the every-day uses
for Synthane, inspired by its combination of ex-

cellent insulating characteristics, light weight,
denseness, structural strength, hardness and re-
sistance to solvents, gases, petroleum products,
water and many acids and salts.

In dozens of industries and hundreds of prod-
ucts, Synthane’s combined properties are meeting
combined specifications not completely satisfied
by any other material.

If you are interested in improving perform-
ance, lowering costs, reducing weight or if you
have a corrosion condition to overcome, let's
see whether we can help you.

SYNTHANE CORPORATION,OAKS,PENNSYLVANIA

laminated

TECHNICAL PLASTICS
SHEETS - RODS - TUBES - FABRICATED PARTS * SILENT STABILIZED GEAR MATERIAL




Ease of machining
and combined properties of

SYNTHANE (vl TUBING

account for its thousands of uses

SYNTHANE Bakelite-laminated tubing is light in weight and non-metallic
yet it is hard, dense, structurally strong, easy to machine, resistant
to the corrosive action of oils, and many chemicals, gases and water,
and one of the best of electrical insulators.

WHO USES IT, AND WHY YOU MAY—Synthane has many more properties in
combination, therefore it is used for thousands of parts, by the air-
craft, automotive, radio, electrical, chemical, textile, petroleum and
other industries.

Any part which is tubular in character or any part which can be
machined from a section of tubing is a likely application of Synthane
tubing—especially if a combination of many properties is desired.
Examples: Chemical piping, sleeves, ferrules, bushings, valve seats,
ball bearing retainers, piston rings, washers, bobbins, coil forms,
fuse cases and explosives containers.

STANDARD AND SPECIAL SHAPES — Synthane tubing is made in standard
lengths from 13" to 22" inside diameter, and in wall thicknesses accord-
ing to your specifications. Special shapes are also available—oval,
square, rectangular or irregular variations of them. Certain irregu-
larly shaped parts can be produced by a combination of molding and

laminating, instead of machining, at an attractive saving.

IDEAL FOR AUTOMATIC SCREW MACHINE WORK—Many parts can be readily ma-
chined in your own shop—or we’ll machine them for you. Synthane
tubing is ideal for turning out small parts in large quantities because
of the speed at which it can be worked,

ARE YOU THE NEXT TO BENEFI'—Synthane finds its best applications where
manufacturers are able to make economies by utilizing its electrical,
mechanical, and corrosion-resistant properties. If you think Synthane

Inside diameters from 13" 0 22
Circular and special sections :
= " send for a sample?

tubing may be helpful to you, why not tell us your application, or

SYNTHANE CORPORATION, OAKS, PA. — '
SYNTHANE
—

[ Please send me a sample of Synthane tubing. i

U] Mail me a copy of your folder “Synthane Bakelite-

laminated Tubing.” Bakelite — & | laminated
Name TECHNICAL PLASTICS
compAanY SHEETS - RODS - TUBES - FABRICATED PARTS - SILENT STABILIZED GEAR MATERIAL
ADDRESS Representatives in principal cities

cITY STATE

www americanradiohistorv com
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CERAMIC PURE SILVER
INSULATING PLATE MOISTURE PROOF
CASE BONDING CEMENT

REG. U.S. PAT. OFF.

I

PURE SILVER
PLATE

il

CERAMIC
DIELECTRIC

Cross section of
Insulated Erie Ceramicon

PERMANENCE | Erie Ceramicons, due to the unique
OF CAPACITY [ method of applying plates directly
to the surface of the dielectric, are
inherently stable in capacity. A change of less than
Vs of 1% will be found after subjecting these con-
densers to repeated heating and cooling cycles of
200 hours at 250° F. and 200 hours at —40° F.

250° F. is recommended as a maximum safe op-
erating temperature.

EFFECT OF | Increase in power factor is less than
HUMIDITY | 20% and change in capacity is less
than V4 of 1% after 100 hours at 100%

relative humidity at 40° C. Leakage resistance after
this same test, measured at 1000 volts D.C., is over
1000 megohms.

EFFECT OF Condensers of the P120 type have
TEMPERATURE [ a positive temperature coefficient
of capacity of 120x10-¢ per degree
C. The N680 type have a negative coefficient of
680x10-¢ per degree C. These values correspond to

a rise of .36% and a drop of 2.1% respectively as the
temperature is raised from 30° to 60° C. Single unit
Ceramicons can be supplied on special order having
any desired temperature coefficient between these
limits. Tolerance on temperature coefficient is
+40x10-¢

POWER | The power factor of all Ceramicons will
FACTOR| increase slightly as the temperature in-
creases. For example, a 20% irfcrease in

power factor will result from a change in temperature
from 30° to 60° C.

FINISHING | Erie Ceramicons are conservatively
TESTS rated at 500 volts D.C. Test voltage is
1300 volts D.C. Leakage resistance at

1000 volts D.C. is over 10,000 megohms.

All Ceramicons are individually checked for capac-
ity and power factor at 1 megacycle before shipping.
Capacity tolerance is set to customer’s specification.
Power factor limit is .08%.

Reprints of this data for your files will be sent on request

§
N RESISTORS

.  SUPPRESSORS
: CERAMICONS
SILVER-MICA

CONDENSERS

o
TR AR s e
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NEW mcncfinm.u'v

EXTENDED RANGE
REPRODUCE
WITH

ar?

2 Modek are with Naw Type J Dual Loud Sp2aker and Frequency
Dividia¢ Netwcrk. 2 Modeks with PM12-CT, 127 Load Speaker 1 Model
with PMB8-CT, €” Lovc Speaker.

All with BASS REFLEX, Dealer price range, complzte Reprodace-s, $17.70
o $56.55*%. . Bll Lzad Speakers are Permaneat Magnet .. . All Loud
Speakers are available separately ... All Cabinets are available separately.

‘Ni-h the advart of Frequency Modulation ir add:tion to tke amazing
interest everywher= in the raproduction of sound at High Fidelity there is
a demand for thesz aew products. Foresight togsther with lensen engi-
neering s«ill ard ‘aciiities made these products pcssible. Writ= at once
for Catalog Mo. 119; note tae scope and wide price range cf this new
line ard observe taa: each product is characteristically Jensen in every
detnil of periormancz ability, appearance and value. Jenser Rzdio Mfg.
Co, 660l Souzh Laramie Ave. Chicago. (zable zcdress JERZD, Chicago)
*Dealer price, Loud Speakers only, from $5.40 to $27.90.
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Speed Up Receiver Production
with this Standard-Signal Generator
Accurate - Convenient to Use - Gives the Answer Quickly

LL of the basic receiver characteristic measurements A number of the design features of the G-R Signal
can be made very simply and quickly with the G-R Generator are exclusive; all of its features combine to
Type 605-B Standard-Signal Generator, so simply in fact make it the best standard-signal generator on the market
that any technician can supervise the obtaining of the at the moderate price of $415.00.
following measurements with assured accuracy:
@ SENSITIVITY OPERATING FEATURES
® SELECTIVITY DIt{:I;‘:(C)EIﬁgEADING CARRIER RANGE: 9.5 kc
@® DISTORTION EXTRA CARRIIER IéggIGJE 30 to S(I)A}fc .
LOGARITHMIC F ENCY D T wit
® TUNING RANGE geared slow-motion, smooth action incremental
@® TUNING CALIBRATION dial reading to 0.02% for selectivity measure-
ments
® FREQUENCY RESPONSE OUTPUT CONTINUOUSLY ADJUSTABLE:
@® INTERFERENCE 0.5 ¥ to 0.1 v
® OUTPUT SEPARATE ONE-VOLT OUTPUT JACK
MODULATION CONTINUOUSLY ADJUST-
® TUNING TRACKING ' INTERNAL MODULATION: 4 les —+ 5%
: 400 cycles+ 5%
® |I. F. ALIGNMENT EXTERNAL MODULATION: flat from 30
st el Ll I%chIl‘ESGtIOBIl‘SEklgREQUENCY MODULATION
N I
® AFC CHARACTERISTICS NO ATTENUATOR REACTION ON FRE-
E leglicEY;\IT SHIELDING
XCEL
WRITE FOR BULLETIN 643 FOR COMPLETE DATA A-C OPERATION with built-in voltage reg-
ulator

GENERAL RADIO COMPANY

CAMBRIDGE, MASSACHUSETTS
Branches in New York and Leos Angeles

ELECTRONICS — November 1940 11
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RECTIFIER

As a printer puts any combination of

/!{{

=

,’,/////

)
///// //._'o_!}/

words together from the individual let
ters in his type case—sothe . T.& T.
Selenium Rectifier components and
combinations, readily available in
stock, lend themselves to all voltage,
current and power requirements.
Maximum efficiency for the specific
need is thus obtained — from milliam-
peres to thousands of amperes and

from a few volts to thousands of volts.

Diversification of assembly of these
components makes possible a wide
variety of rectifiers conforming to ai-
most every conceivable mechanical and
physical detail—a feature of inestimable
value in overcoming unusual obstacles
and limitations of shape and volume.

Other Outstanding Features of I.T. & T. Selenium Rectifiers

The I. T. & T. Selenium Recti-
fier, a 1009}, domestic product,
finds wide, general-purpose ap-
plication in a variety of forms
for the rectification of large or
small currents at high or low
voltages. It also has many other
uses, such as spark quencher,
polarizer or electronic valve.

Efficiency : The high efficiency
of the Selenium Rectifier over a
wide load range assures eco-
nomical operation, low costs
and eliminates maintenance.

Compactness: The high per-
missible back voltage of the
Selenium Rectifier plates holds
to a minimum the number re-
quired. Also the high current
density permits the use of small
plates. These features together
with simplicity of design make
it a comparatively small com-
pact unit.

Overload Capacity: 1t will
withstand short overloads of
ten or more times the normal
rated current without damage.

Ruggedness: 1t is entirely
metallic, rugged in design and
construction — unaffected by
shock or vibration. Not critical
to assembly pressure.

Wide Temperature Range: 1t
operates instantly in ambient
temperatures of from — 40°C.
to+ 75°C. for continuous service
—higher for intermittent.

Regulation: Stable output dur-
ing years of wide use and good

Consulting engineering services available for specific requirements.

Address Rectifier Division for descriptive bulletin.

INTERNATIONAL TELEPHONE DEVELOPMENT CO., INC.

137 Varick Street, New York, N. Y.

regulation with varying load
demands.

Electrical Stability: 1t has no
moving parts, it requires no
adjustments or replacements,
there is nothing to get out of
order. It hasindefinitely longlife.

Low Back Leak: It has negli-
gible back leak for battery
charging. No protective devices
required to guard against in-
terruptions in A.C. supply.

November 1940 — ELECTRONICS
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Eimac Tubes go into Another Important FM Station

Mr. Phillip G. Laeser
(chief experimental engineer)
is thown at ‘the panel above

Mr. Daniel W. Gellerup, technical su-
pervisor of radio for the Milwaukee

:/Ef:}ialh&l;iég Company chose Eimac 1500T tubes for

visor the new broadcast station which uses
Major Armstrong’s new Frequency Modulation scheme.
In making this choice, Mrt. Gellerup has adopted the
tube which has played an important role in the develop-
ment of FM.

Take no chances on uatried tubes. .. choose Eimac

for your FM station. Write today for technical data or
contact the nearest Eimac represcnrtative.

EIMAC REPRESENFATIVES

California, Nevada Ohio, Mich., Ky., Ind., Minn., N. Caro., S. Caro.; Georgia,
HERB BECKER, 1530 W. Mo., Kan., Neb., lowa Tenn., Flor., Ala., Miss.
104th St., Los Angeles, Cal. PEEL SALES ENCINEER- JAMES MILLAR, 316 Ninth
Wash., Ore., Idaho, Mont. ING CO., E. R. Feel, 154 St. N. E., Atlanta, Georgia.
GENERAL SALES CO., E. Erie St., Chicago, 3ll. Texas, La., Okla., Ark.
Verner O. Jensen, 2605-07 N.Y. N.J., Penn,, Md., Del., J. EARL SMITH, 2821 Live
Second Ave., Seattle, Wash. Dist. of Col., Maine; N. H. "Oak St., Dallas, Texas.
ElTEliMCCULLOUGH, INC, Colo.,\Nyo._ New Mexico, R. 1., Conn., Mass. Chicago, llinois, Wisconsin
Arizona, Utah ADOLPH SCHWARTZ,  G. G. RYAN, 549 W.
RICHARD ‘A, HYDE, 4253 14726 Elm Ave., Elushing, Washington Blvd., Chicago,
Quitman- St., Denver, Colo. New York. 1.

San Bruro, California

EITEL-McCULLOUGH, INC.+« SAN BRUNO, CALIFORNIA
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INATION-WIDE L
»SERVICE THROUGH ™

“ 253 SELECTED,
A Dlsgmaurons;,

2 ol

Precision Products

For Your lndustrlal Electmnlc Reqmrements

Your engineering and de&gmng departments should know that this Mallory Cata-
log is available. It is a handy reference for electronic parts—and especially may
save hours of inquiry and long correspondence delays.

It may be a replacement needed for plant equipment.

—Or it may be a specified part for test or experimental work
in your engineering laboratory.

—Or it may be a part that will become a fundamental of some
product you plan to put into production.

Mallory manufactures a complete line of approved precisiqn products that have
innumerable applications in the aeronautical, automotive, electrical, geophysical,
radio and industrial fields. It would be impossible to enumerate these products
here but they are ready for reference when you have the Mallory Catalog at
your elbow.

Speedy service awaits you. Mallory’s organization of 253 selected distributors is
well equipped to supply your needs. Each distributor is a leader in his community,
maintains adequate warehouse stocks and has a stafl well trained to serve you.

Write today for the Mallory Catalog of Approved
Precision Products. It will be sent promptly, along
with the address of the distributor nearest you.

P.R.MALLORY & CQ.Inc.
A L L 0 R P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA ¢ Cable Address — PELMALLO

Serves the Aeronautical, Automotive, Electrical, Geophysical, Radio and
Industrial Fields with . . . Electrical Contacts, Welding Electrodes, Non-
FerrousAlloys and Bi-Metals ... Rectifiers, Dry Electrolytic Capacitors, F.P.(Fabricated Plate) Capacitors,Vibrators,Vitreous
Resistors, Potentiometers, Rheostats, Rotary Switches, Single and Multiple Push Button Switches, Electronic Hardware.

14 November 1940 — ELECTRONICS

WWW americanradiohistorv com



ELECTRONICS....KEITH HENNEY, Editor... NOVEMBER, 1940

W

» MICRO Certain writers of
scientific papers and editors have
raised with the National Research

Council the question of whether there
should be postponement of publication
of papers which may have some bear-
ing on national defense. The Council
appointed an advisory committee to
consider this matter and in accordance
with this committee’s recommenda-
tions a Reference Committee on Micro-
Wave Radio Developments has been
set up to consider manuscripts deal-
ing with micro-waves. Dr. Alfred L.
Loomis, Tuxedo Park, N. Y., is chair-
man and any editor or author of a
potential paper dealing with u-h-f re-
search may consult him as to whether
it is wise to publish such a paper at
the present time. If such an article
is withheld from publication and ap-
pears later, after the needs of the de-
fense organizations have been met,
proper acknowledgment of the author’s
public spirit will be made.

> LOSS Autumn of this year
saw the ranks of pioneers in elec-
tronics depleted by two names of pre-
eminent recognition: Paul Nipkow and
Sir J. J. Thomson.

The scanning disc of Nipkow was in-
vented in 1884, far ahead of any
possible use in television, but upon so
fundamental a concept was it based
that only the electron displaced it as a
scanner.

The work of “J. J.” is best known to
every modern physicist for the discov-
ery of the electron. His achievements

CROSS

TALK

are rivalled by his success in teach-
ing younger men to carry on research
of high order and to take their right-
ful places in the great universities.

Both men were in their 80’s. Sir
J. J. Thomson died in Trinity College;
Dr. Nipkow in Berlin.

» SECOND CLASS MAIL We
are amused and sympathetic with the
plaint of Mr. Charles Williams of
Seattle who says: “I am very busy.
I hope radio parts manufacturers are
busy too, but some of them appear
to be striving desperately after more
business. They send me all sorts of
literature; big, little, good, not so good.
I can’t imagine what I am to do with
it. I can’t plaster my walls with it,
I can’t read it all, most of it 1 can’t
file and a lot of it I can’t find after
filing. The “X” company sends me big
folded sheets; the “Y” News is too big
by an inch in each direction to go any-
where except in the wastebasket, “Z”
sends me little folded sheets, two
others put out nice catalogs and most
of them are of uniform size, but 1
can’t tell which are the latest issues.
They don’t number or date the cata-
logs.

“All manufacturers should number
their catalogs, date them and tell
which supersedes the others and in
what respects. Most of them also lose
sight of the fact that the consumer
has to refer to old catalogs for num-
bers of parts that require replace-
ment. Usually they can’t be found in
the new catalog and the new issue

www americanradiohistorv com

doesn’t tell what new item will be
suitable as a replacement.

“Years ago 1 worked in the archi-
tectural profession where the same con-
ditions were encountered relative to
literature on building materials. The
architects couldn’t use it or file it.
The American Institute of Architects
printed thousands of postcards and
distributed them to members. They
read in substance: ‘Dear Sirs: Your
advertising matter has been received
and consigned to the waste basket. It
does not conform to standard sizes ete.
prescribed by the A.I.LA’ Perhaps if
parts manufacturers knew what hap-
pened to their advertising matter they
would make a change.”

» EYES FRONT . . It seems that
National Union has been making radio
tubes for quite a spell—ten years or
more. Recently one of the staff com-
peted at Atlantic City in a Miss
America bathing beauty contest after
having won over the state of New
Jersey candidates. National Union sent
us a photo of Miss New, Jersey and
while we don’t lay any claims to be-
ing expert at such matters we might
as well come right out and say that
National Union has something pretty
nice right in its factory.

But—the release says, “While the
officials of National Union are very
pleased with this latest development,
they want it clearly understood that
as far as they are concerned female
beauty is secondary to the production
of quality radio products.”



- The Defense Set-up
for the Communications Industry

A news report from Washington, concerning the activities of the Federal Communications

Commission, the National Defense Research Committee, the National Inventors Council, the

Patent Office and the Defense Communications Board—agencies on which the industry and

its engineers must depend for guidance in the defense program

HE readers of ELECTRONICS are

only too well aware of the gen-
eral effect of the national defense ef-
fort on civil life. The prospect of
greatly increased taxes, the conscrip-
tion of men into the armed services,
the rapid acceleration of business
activity—all these are only too evi-
dent. What is not so evident, but
equally important to members of the
electronics community, is the effect
on the profession and the business of
communications.

Here are a few startling exam-
ples:

In the three months period from
July 10th to October 10th, the U. S.
Army and Navy awarded contracts
for communications equipment
(radio transmitting and receiving
equipment and components, for the
most part) to the extent of $38,-
786,982.10 (see table on page 98).

The Federal Communications Com-
mission has one allocation of $1,-
600,000 and a supplementary ap-
propriation of $175,000 to extend
and improve their facilities for
monitoring the ether spectrum.

The F.C.C. also has obtained the
fingerprints and proof of the citizen-
ship of more than 100,000 commer-
cial and amateur radio operators, out
of a total of 110,000 such operators
licensed by the government. Similar
information on from 30,000 to 50,-
000 operators in telephone and tele-
graph companies has been requested
from the land-wire companies, and
is being collected rapidly.

The U. S. Patent Office is now
exercising its authority, granted this
vear by Congress, to withhold the
issuance of patents and to swear
the inventor to secrecy, if an in-
vention has direct value in national
defense.
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The Institute of Radio Engineers,
acting in cooperation with the Na-
tional Resources Planning Board and
the Civil Service Commission, has
appointed a Preparedness Commit-
tee. This Committee has prepared
a questionnaire to be sent out by the
government to the I.R.E. member-
ship list, which will list the special
abilities and experience of its mem-
bers. Practically every other pro-
fessional society in the country has
offered its services in a similar way,
to aid in preparing a “National
Roster of Scientific and Specialized
Personnel.”

All this is news of the greatest
importance to radio engineers and
others in the electronics field—so
much so in fact that your editors
have thought it advisable to present
this report based on an intensive
newsgathering expedition to Wash-
ington. The report is necessarily
sketchy in spots, because secrecy is
one of the primary attributes of the
present activity.

The Six Government Agencies Now
at Work

In addition to the defense activ-
ities of the Army, Navy and Coast
Guard there are now actively at
work six government agencies whose
work bears on the communications
field: The Federal Communications
Commission, The National Defense
Research Committee, The National
Inventors Council, the Patent Office
Defense Committee, the Defense
Communications Board, and the Na-
tional Roster being compiled by the
Civil Service Commission. On its
face this long list of agencies looks
like traditional governmental bu-
reaucracy, but such is not the case.
Each agency has its special func-

tions, each is cooperating with the
others. There is practically no du-
plication of effort. And all are hard
at work.

The first named agency, the
F.C.C,, is familiar as the regulator
of all non-federal interstate com-
munication in the country. Its de-
fense activities are those of policing
the ether, in active cooperation with
the Federal Bureau of Investigation,
to track down unlicensed or other-
wise suspicious transmissions, and
to prevent the use of licensed trans-
mitters for subversive purposes. To
carry out this program the F.C.C.
needs an extensive ether-monitoring
set-up.

One of the problems is foreign
language broadcasting. There are
about 200 broadcast stations in the
United States, which broadcast at
one time or another in one of 30 for-
eign languages. The opportunity for
improper alien activity is obvious, so
the F.C.C. makes a practice of spot-
checking such broadcasts by instan-
taneous recording.

Since there are some 70,000 li-
censed transmitters in the United
States, the question of monitoring
signal strength and frequency is a
major one. To aid this work, the
President allocated $1,600,000 of his
$100,000,000 defense fund to the
F.C.C. to extend its monitoring fa-
cilities, The plan, now in the latter
stages of completion, calls for 11
primary monitoring stations, 100
secondary base monitor stations, at
least one in each state, and 80 mobile
units, all manned by a staff of 500
men. Each station, including the
mobile trucks, contains a field-
strength and frequency measuring
set covering the entire spectrum
from long waves to ultra-short, a
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direction finder, and instantaneous
recording equipment. The mobile
units contain two-way f-m communi-
cation equipment for coordinating
the actions of two trucks in tracking
down the location of signals under
investigation. Foreign sources of
programs, from shortwave stations
abroad, are also scrutinized with the
same care.

When the F.C.C. discovers evi-
dence of espionage, sabotage, viola-
tion of neutrality, or other sub-
versive activities, it turns over the
data to the F.B.1., which is responsi-
ble for the prosecution of such mat-
ters under Federal regulations.
Not the least important aspect of
this work is the fact that a large
body of radio investigators is being
trained, which in time of war will
be of the greatest value to the Army
and Navy in their own counter-espi-
onage work.

The Defense Communications Board

On September 24th, the President
established the Defense Communi-

cations Board, “to determine, co-
ordinate and prepare plans for the
national defense, which plans will
enunciate for and during any na-
tional emergency.” These plans have
to do with the needs of the armed
forces, the allocation of governmen-
tal and non-governmental radio,
wire, and cable facilities as may be
required for their use, and the con-
trol of communications to meet de-
fense requirements. The Board is
specifically prohibited from consid-
ering plans for censorship, and it
has no power to make any final dis-
position of the matters studied, but
will simply report on them. The com-
mittee is thus a fact-finding and
planning board. Its reports will be
submitted to the President who will
take final action on them, in a na-
tional emergency, through one of his
executive assistants. The members
of the Board are James L. Fly,
Chairman, (Chairman of the F.C.
C.), Major General J. O. Mauborgne
(Chief Signal Officer of the U. S.
Army Signal Corps), Rear Admiral

Leigh Noyes (Director of Naval
Communications) Breckenridge Long
(Assistant Secretary of State in
charge of international communi-
cations) and Herbert E. Gaston
(Assistant Secretary of the Treas-
ury in charge of the Coast Guard).
At the time of writing the board
had met three times but had made
no announcements, It is understood
that specialized subcommittees will
be appointed, but from the very
nature of its work, most of their
recommendations will remain in
closed files until the need for using
them arises. If a state of war or
national emergency arises, the im-
portance of the work of this group
can hardly be overestimated. Be-
yond that, little of a definite nature
can be stated, at least for the
present.

The Direction of Research Work

It appears to be an axiom of mod-
ern warfare that the strongest
army is the one backed by the most

(Continued on page 93)

This form, designed to establish the citizenship of commercial

and amateur radio operators,

7.C.C. FORM NO. 738

QUESTIONNAIRE FOR COMMERCIAL AND
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over 100,000 of the 110,000 operators
Fingerprints and birth cerlificate (or equivalent proof of
citizenship) are also on file in each case
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A STATE-WIDE
F-M POLICE NETWORK...I

The application of frequency modulation’s advantages to emergency communication is

well illustrated in this description of the equipment installed by the State Police of

Connecticut. a complete two-way system on 40-kc channels, using the wideband system

By
DANIEL E. NOBLE

Formerly Assistant Professor of
Electrical Engineering
Universaity of Connecticut

HEN the writer undertook

to develop a state-wide emer-
gency radio-telephone system for
the Connecticut State Police in July
1939, the statement of the re-
quirements did not specify whether
one-way, two-way, intermediate fre-
quency, ultrahigh frequency, ampli-
tude modulation or frequency modu-
lation was to be employed, but it
was understood that the use of fm
for the system would be investi-
gated immediately. The problem
may be clarified by a few facts
about the operating conditions which
must be met by the proposed sys-
tem. The State is approximately
ninety miles long by sixty miles
wide with very rough hilly terrain
over the entire area. Hills vary in
height up to 2400 feet and the ele-
vation changes are frequent and
often precipitous. The heavy lines
on the map of Fig. 1 divide the State
into troop areas showing that the
ten troop units, or barracks, police
the State with each unit operating
from its own headquarters. Head-
quarter locations on the map are
designated by capital letters. Ob-
viously the headquarter locations
and the troop areas were not selec-
ted with a view to the requirements
of emergency service radio installa-
tions.

One plan submitted by a com-
mercial organization proposed the
conventional one-way system utiliz-
ing one of the low frequency chan-
nels assigned to State Police emer-
gency service. There are serious
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Fig, 1—Division of the State of Connecticut into troop areas. each
served by a separate 250-watt fixed f-m station (locations shown by
jagged lines)

objections to such a proposal. To
list a few: (1) High cost of the
high powered installations required.
(2) Limitations set upon the use of
the system by sky wave interfer-
ence from out-of-state transmitters.
(3) Interference caused by atmos-
pheric static. (4) Poor adaptability
to two-way operation. Objection
number 4 is the most important of
all since it is universally agreed
that the maximum efficiency of po-
lice radio service is not possible
without a two-way system.

The use of ultrahigh frequencies
for one or two-way operation is
possible with conventional ampli-
tude modulated wave equipment but
the service would necessarily be
spotty and secondary in character.
This statement is not based upon

conjecture since the writer designed
the Connecticut State Forestry radio
system which makes use of con-
ventional short wave equipment.
Reasonably satisfactory two-way
service, adequate for forest service
requirements, is possible over dis-
tances up to thirty miles where both
receivers are in quiet locations. How-
ever, reliable service is impossible
in heavy traffic where the ignition
noise level is high. Such limited op-
eration would not be satisfactory
for police work.

The Proposed Solution

An outline of the system proposed
includes the following: (1) The use
of ultrahigh frequencies and fm.
(2) The selection of fixed transmit-
ter and receiver sites in high, quiet
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Pig. 2—Right, the original exploration
transmitier, used for testing proposed

sites in each troop area

Fig. 3—Below, a later version of the
exploration transmitter was mounted
in the radio service truck

near the center of each
(3) The use of a 250

locations
patrol area.
watt f-m fixed transmitter for each
patrol area with remote control at

each headquarters. (4) The use
of two frequencies (as eventually
determined) 39400 kc for the fixed
transmitters and 39180 kc for the
mobile transmitters. (5) The lo-
cations selected for a maximum re-
quired two-way communication of
twenty-four miles. (6) Design with
generous factor of safety for re-
liable communication.

While the reasons for adopting
some of the specifications in the
outline are obvious, more informa-
tion on the design procedure will

clarify the details as the paper
proceeds.
Mobile or portable mobile f-m

equipment was designed to conduct
proving-out tests and to survey
the proposed transmitter sites. At
the beginning of the work the con-
ventional field strength survey was
used but this approach was aban-
doned in favor of listening surveys
when it was discovered that strong
ignition noise made it impossible
to interpret field strength measure-
ments in terms of intelligibility of
received signals. The testing pro-
cedure +was simple: A fifty-watt
fixed transmitter, shown in Fig. 2,
was installed at the proposed fixed
site in the area and the mobile
unit then traveled throughout the
area to be served while observations
were made to determine the relia-
bility and intelligibility of the re-
ceived signals. Later a standard
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Oscillator

Fig. 4-—Below, the phase-modulator circuit em.
ployed in the mobile transmitters. a modification
of the Armstrong balanced-modulator

scheme

Phase shift
nff

=

mobile unit installed in the Radio
Service truck, Fig. 3, was used at
the fixed locations under test and
two-way communication maintained
as the mobile unit travelled over
the area. The speedometer of the
mobile unit accumulated a mileage
total of twenty thousand miles dur-
ing the investigation and a fair
estimate indicates that the writer
carried on communication from the
moving car while travelling more
than two thousand miles. The re-
sults of the tests will be summa-
rized in Part II of the article.

Design of Equipment
Since nb“commercial emergency

service frequency-modulation equip-
ment was available at the time the
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design of the system' was under-
taken, the development of the spe-
cialized apparatus became the first
requirement. To facilitate the con-
struction of the new test units the
services of F. M. Link were en-
listed. With the construction of spe-
cialized amplitude-modulated mobile
equipment already developed by this
organization it was only necessary
to introduce the new f-m circuit re-
quirements to produce units which
were satisfactory both electrically
and mechanically.

The transmitter modulator cir-
cuit which proved to be most effec-
tive is shown in Fig. 4. This cir-
cuit, which is an adaptation of
E. H. Armstrong’s original circuit,
had been previously used success-
fully by the writer in the University
of Connecticut’s experimental f-m
transmitter WI1XCS which was
placed in operation in 1938. The
writer also used a similar circuit
in the design of the WDRC f-m
broadcast station W1XPW.

Note that the phase shift network
is arranged to feed 7, with a car-
rier potential ninety degrees out of
rhase with the voltage on 7. and
T,. The voltages from T, and T,

Fig. 5—Block diagram of the mobile transmitter.

are 180° out of phase. Tubes 7.
and T, form the balanced modulator
whose output for our purpose may
be expressed as
i = A;sin (ot + ut) — A. sin
(wt— ut) (1)
Since the carrier voltage to tube
T, is 90° out of phase according
to usual amplitude modulation side-
band relationships the voltage sup-
plied by this component is
i.—=A; sin ot (2)
Assuming the plate tank LC cir-
cuit to present linear characteris-
tics, Egs. 1 and 2 may be combined
thus:
iy = 1.+ 1=A4,sin ot + A, sin (ot
+ nt) — A, sin (ot —put), (3)
which may be reduced to
i, = A(t) sin (ot + K sin ut) (4)
Equation 4 is the expression for a
phase-modulated wave with the am-
plitude-modulated component A (t).
Limiting in the subsequent multi-
plier stages of the transmitter

removes the amplitude variation so

that the equation may be written
ty = A, sin (wt+ K sin ut). (5)
Equation 5 is useful in the de-

termination of design factors.

A frequency multiplication

of 32 times is employed following the phase modulator output

Fig. 6—Front view of the mobile transmitter with cover removed. Note the
coaxial jacks at the left for the antenna and connecting cable to the receiver
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Let 4 = wt + K sin ut (6)
ds
Then praai + wK cos ut (7)

ds
The derivative 7 is by the usual

definition the instantaneous angular
velocity of the phase modulated

g 1 . .
wave or I o is the instantaneous
frequency. From this it can be

seen that uK represents the maxi-
mum change in the angular velocity

. . vK .
during modulation and 5 maxi-
¥
mum instantaneous frequency devi-
) nK
ation. Thus _—— = Af (8)

™~

where K is the maximum angular
displacement in radians, and nois
the angular velocity of the modu-
lating wave. For a modulating fre-
quency of 500 cps and an angular
displacement of one radian the
maximum instantaneous frequency
deviation is, from Equation (8)
500 cps. In practice, a displacement
of one radian at the modulator in
the type of modulation under dis-
cussion will introduce distortion
but fortunately this distortion will
be confined to low frequencies. It
can be shown that so long as the °
angular displacement at the modu-
lator remains small the distortion
will be small. The deviation may
then be increased to the required
degree by the use of multiplier
stages.

The ultrahigh frequency channels
assigned to the emergency services
are 40 kc apart, therefore, the emis-
sion from the f-m transmitters must
not occupy bandwidths greater than
40 kc. The design of the transmit-
ters used in the Connecticut system
is based upon the modulation re-
quirements introduced by the aver-
age male voice. Satisfactory re-
sults may be achieved in the design
if this voice is assumed to possess
characteristics presenting the great-
est average power production in the
region between 500 and 1000 cps
with a substantial reduction in aver-
age power above 1000 cps. While it is
true that individual voices and cer-
tain words will produce frequency
spectrums with high amplitude com-
ponents in the region above 1000 cps,
the small number of such components
and their short duration result in
reducing their importance to adja-



Fig. 7—Top view of the mobile transmitter. Eight tubes, with a
type 807 in the final, supply 25 watts output in the 39-Mc band.
The battery drain is 23 amperes

Fig. 8—Right, the 250.watt fixed station transmitter originally
used to prove-out the system. The units now in use are similar
except that space is provided in the cabinet for two receivers

Fig. 9—Below at right, two views of the fixed station at West-
port, Conn. All of the equipment is remotely controlled by
telephone line connections

cent channel interference. In prac-
tice, pre-emphasis of approximately
twelve decibels from 600 to 3000
cps permits a substantial extra gain
in signal-to-noise-ratio without sac-
rificing any noticeable voice quality
requirements. In the receiver the
correction network is adjusted for
best intelligibility. In other words,
a slight high-frequency emphasis is
retained to give the received voice
quality the sharpness required for
high intelligibility. Figure 5 is the
block diagram of the mobile trans-
mitter. Figures 6 and 7 show the
mobile transmitter unit used in the
Connecticut system. Figure 5 shows
that a total of 32 times multiplica-
tion is used. The modulator is de-
signed to produce a deviation of
approximately 400 cps for full modu-
lation with a 500 cps signal. The
maximum deviation at the output
of the transmitter under these con-
ditions would be 12,800 cps, which
is ample for the purpose and allows
the sidebands to extend beyond the
maximum frequency deviation. The
output of the transmitter is 25 watts
at a storage battery drain of 23
amperes. This is approximately a
two-to-one power gain over the de-
mands of the usual amplitude-
modulated mobile unit when the
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Fig. 10—The control unit at headquarters. 'The transmitter is put in operation when the operator

pushes a button on the handset.

transmitter outputs are compared
in terms of the primary power
drain. Figure 8 shows the 250
watt f-m test transmitter which was
used in the initial installation to
prove-out the system. The f-m por-
tions of the transmitter are con-
tained in the two upper sections.
The lower sections hold the power
units and control relays. Two 807
tubes in parallel are used in the
output stage of the exciter and
their grids are fed by a 6L6 tube,
otherwise this unit differs very lit-
tle from the mobile transmitter.
The exciter stage feeds the grid cir-
cuit of a single 250TH tube. Al-
though the transmitter will deliver
more than 250 watts output, it is
conservatively rated on the basis
of continuous operation with a 500
watt input to the plate of the out-
put amplifier. The transmitter units
installed permanently were similar
to the one shown in Fig. 8 but with
increased height of the cases to per-
mit the installation of two receivers.
Figure 9 shows the Westport unit,
a typical fixed station installation.
A 180 foot guyed pole supports a
coaxial antenna. At the base of the
pole an 8 ft by 8 ft by 8 ft welded
steel building houses the 250 watt
f-m transmitter and the two re-
ceivers. An automatic voltage regu-
lator of the magnetic type insures
reliable voltage regulation. Tele-
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phone connections between the
transmitter house and the barracks
office are used to control the ap-
paratus. Figure 10 shows a con-
trol unit in position. The circuit
arrangements permit flexible oper-
ation. Normal operation with the
handset on the hanger permits the
operator to listen to both receivers.
That is, he may receive messages
from the mobile units operating on
39,180 or from the fixed stations op-
erating on 39,500. If a call comes
in from a mobile unit, the operator
may cut off the audio system of the
fixed station receiver by means of a
relay switching operation which
automatically takes place when he
lifts the handset from the hanger.
The message from the mobile unit
is then heard b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>