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MALLORY VIBRAPACK¥

Provides Dependable Plate Power
for Portable Electronic Equipment
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Operating characteristics of Mallory Vibrapack VP-552

(i Wherever dependable high voltage is required from a

e low voltage DC source, Vibrapacks* are built to deliver
plate power efficiently and economically over a long life. Vibrapacks are used success-
fully in operating radio receivers, transmitters, PA systems, direction finders and
other electronic apparatus on police cars, aircraft, automobiles, farms, boals, in mili-
tary, naval, forestry and lighthouse service . . . wherever a source of commercial AC
is not available.

Features of Mallory Standard Vibrapacks include:

Nominal input voltages of 6, 12 and 32 volis DC.

Nominal output voltages from 125 to 400.

Models available with switch for four ountput voltages in approximate 25-volt
steps.

All standard Vibrapacks are equipped with -new Mallory Hermetically-Sealed

Vibrators for top performance in extremes of atmospheric pressure or humidity.

Heavy-duty Vibrapacks are available that will deliver up to 60 watts power. You can
obtain Mallory Vibrators and Vibrapacks at your nearest Mallory Distributor. Ask
him for literature, or write us today.

Inquiries are invited from manufacturers for Vibrators and Vibrapacks for use in original equipment.

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

*Reg. U. S. Pat. Off.

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

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

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

RIMPEREX ELECTRONIC CORPORATION

79 WASHINGTON STREET : - . . . BROOKLYN I.N VY,
Export Division: 13 E. 40¢h S¢., New York 16, N. Y, Cables: “Arlab”

NOW IS THE TIiME WHEN" YOUR DOLLARS COUNT PLEASE SUPPORT THE RED CROSS WAR FUND
2 ELECTRONIC INDUSTRIES @ March, 1945
www.americanradiohistorv.com



Long Lite and Tobe are
interchangeable trademarks
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To fulfill Long Life
is the goal of every

Tohe Capaciior

even under extreme
temperature conditions

Hr

SPECIFICATIONS OF JUST ONE TYPE OF THE MANY TOBE OIL-IMPREGNATED
AND OIL-FILLED PAPER CAPACITORS. ..

J
=
=
=
—
=
RATINGS :
600 YDC Single Units
Dual Units
‘Triple Units
1,000 VDC  Single Units

ual Units
Triple Units

.05,

1,
.05, 0 l,

.05, 0.1

.05, 0.1
.05

STANDARD CAPACITANCE TOLERANCE
plus or minus 20.%**

TESTVOLTAGE . . . . . .

OD*-CAPACITORS

.05, 0 1 .25 Mfd

Md.

twice DC rating

GRGUND TEST . . . . . . . 2,500 Volis DC
OPERATING TEMPERATURE . . 559F. to 1859F.
SHUNT RESISTANCE:

.05 to 0.1 Mfd.—20,000 Megohms
25 Mfd. —12,000 Megohms

POWER FACTOR . . 1,000 cycles—.002 to .005
CONTAINER SIZE:

Wideh9/16; length1-11/16; height1-17/32"
MOUNTING HOLE CENTERS . . . . . . 2-1/8"

Illustration shows capacitor with bottom terminals. Capacitors also available with top terminals.

A SMALL PART IN VICTORY TODAY — A BIG PART

ELECTRONIC INDUSTRIES @ March, 1945
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*Data sheets showing complete code
number for units having a specific capaci-
tance value and voltage ratings available
on request. **Other tolerances available.

IN INDUSTRY TOMORROW
3



THE COVER

The original Kodachrome photo-
graph, made especially for “Elec-
tronic Industries,” illustrates one
phase in the preparation of special
phosphers such as are used for
cathode ray tubes. Samples of
luminescent material, normally col-
orless, are examined under irradia-
tion from the overhead ultra violet
lamp which brings out their col-
ors; after-glow may be examined
by switching off the lamp. For
cathode ray tube screens, phosphers
must be carefully selected to ob-
tain the highest efficlency or
brightness. In addition they must
be accurately proportioned to ob-
tain the desired color. It is the
chemist’s problem to produce high
efficiency phosphers of suitable col-
ors which will remain stable dur-
ing tube manufacturing and which
will give satisfactory performance
in the tube in use.

10 Million Crystals

If you have been wondering
about quartz and quartz crystals,
consider this: Western Electric has
manufactured nearly ten million
frequency controlling crystals for
the tank radio transmitter (BC604)
alone. Incidentally, these erystal
units are about seven millimeters
square and less than one millimeter
thick. They are what are known as
CT cut, have a zero temperature
coefficient at a specified tempera-
¢< ‘X/ ORK - ture and less than 0.02 per cent

I vartation between —40 and <4130
degrees Fahr.

F IGH T, Two-Watt Radio

A new type radio set, which uses
( : only two watts, will soon be for

IVE— sale in liberated Holland, accord-
ing to Aneta, Netherlands news
agency. This represents a great
saving in electric current as com-

. pared with older models now in

Make Demmracy Dutch homes that require ten to
. twenty watts, Cost of the radio
Live!” : will be forty-five guilders ($24.30).

[ During the German occupation

Hollanders had their radios confis-
cated; thousands of sets were sent
to Germany., However, many per-
sons were lucky enough to retrieve
their radios after the liberation as
scores of sets were found stored in
warehouses. But even those for-
tunate enough to have their radios
back found little use for them;
with the extreme shortage of elec-
tricity and fuel, it has become nec-
" essary in Eindhoven and other

large cities to curtail their usage.
Between the hours of 6 and 10 p.m.
J listening is prohibited, though it is

MERIT COIL & TRANSFORMER CORP.

TELEPHONE common knowledge that not too
- - much attention is paid to the
4427 North Clurk S'. Long Bea;_h 6311 cHKAGO 40, ".I-. ‘ prohibition. =
P ELECTRONIC INDUSTRIES @ March, 1945
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Metals for G-E
electronic tubes are

scoured clean at heats
up to 2,000°F

As a user, you gain importantly from G.E.’s policy of
building tubes for toughness and top performance

Methods of heat-treatment em-
ployed by General Electric mean
much to the dependability of your
electronic tubes, their efficiency and
low replacement average. Burning
hydrogen gas is forced into white-
hot metals which later will become
tube cathodes, grids, and anodes
operating at high temperatures. One
result is to scour the metals free of
gas-forming and other impurities
that mar tube performance and
shorten life. Another is to anneal
parts to withstand vibration.

G.E. carries through afterwards by
requiring all workers who touch or
handle metals to wear gloves in
order that parts may stay clean.
Moreover, in the General Electric
tube factory in Schenectady—most

modern of its type in the world—
the air is filtered to remove dust,
and conditioned.

The end result of this watchful-
ness at every stage is built-in quality
which pays dividends to you, the
user of G-E electronic tubes, in
better, longer tube service.

For ratings and full information
on any industrial tube in G. E.’s
complete line, consult your nearest
G-E office or distributor, or write to
Electronics Department, General
Electric, Schenectady 5, N. Y.

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

THERE ARE 265 G-E AND GRAYBAR MAIN SUPPLY OUTLETS FOR G-E ELECTRONIC TUBES, BACKED UP
BY CENTRALLY LOCATED STOCKS IN 26 LARGE CITIES FROM COAST TO COAST

ELECTRONIC INDUSTRIES e

March, 1945
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PJ-2 Gl-441

TYPIFYING G-E STANDARDS
OF BUILT-IN QUALITY ARE

PHOTOTUBES

These General Electric tubes that “see” are
widely known for unfailing service. Of the
representative types shown, GL-868/PJ-23 is
gas-filled and the other three are vacuum types.
Spectral response of GL-8638/PJ-23 (R. M. A.
standard) is S1, sensitivity 10 light 90 micro-
amperes per lumen, anode voltage 100—price
$2.60. For PJ-22 the same ratings in order are
51, 20 mu a, 500 v—price $2.60. For GL-441
ratings are 84, 45 mu a, 250 v—price $4.50.
For FJ-405 (a special ultra-violet-responsive
tube) ratings are $6, 12 mu a, 200 v—price
$42. Within these rating limits G. E. also man-
ufactures other phototubes designed for spe-
cific uses. Detailg,d data on any G-E phototube
or the complete line will gladly be sent.

GENERAL ;9 ELECTRIC

162-05-83%0



A STATEMENT OF POLICY
TO THE EQUIPMENT MANUFACTURER

CONCERNING Gammatron [ubes

E at Heintz and Kaufman Ltd. believe
that equipment manufacturers, many
of whom are making their long-range plans
now, will be interested in the policies for

the sfandardization and stabilization of"

tube types which have been established
for Gammatrons. These policies merit
consideration when designing equipment
either for military or civilian use.

Practically all tubes now sold to the
Government must conform tospecifications
covering electrical standards and physical
dimensions.

We are heartily in favor of the Signal
Corps and Bureau of Ships joint standard-
ization of electronic component parts. The
good work of the Radio Manufacturers
Association likewise deserves the highest
commendation. We believe that the Joint

SOUTH S AN
BUY WAR

BONDS

Army and Navy Specifications for Vacuum
Tubes (“JAN specs”) will be accepted
voluntarily by tube manufacturers as post-
war commercial standards, since they
offer many advantages to the equipment
manufacturer.

AUl H&K Gammatrons when again man-
ufactured for commercial use will conform
to the rigid physical and electrical specifi-
cations now required by “JAN specs.”

Thuswhen you design equipment around
Gammatron tubes you can be sure that
neither electrical nor physical changes in
these tubes will make redesign of equip-
ment necessary, or replacement difficult.

We planto tell you more about our stand-
ardization and development policies in
future advertisements. So please be on the
watch for them each month.

HEINTZ ano KAUFMAN v1Dp.

FRANCISCO -

édmmdtwa Febes

ELECTRONIC INDUSTRIES @ March, 1945
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‘More often than not the socket in service is a “CINCH”

}

t. S |
“'. l-l-: -»-n‘«" *J#J
—_—— T
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IT’S “"KNOW HOW~

For reliable Communication all factors must be
coordinated. So the CINCH contribution to the
electronics program, the radio tube socket is a
record of achievement. From the first socket
manufactured sixteen years ago to the complete
line now in service everywhere ... a volume of
CINCH Fasteners * Miniature Sockets

Filler Necks * Octal Sockets * Bugs
Terminal Strips * Metal Stampings

ELECTRONIC INDUSTRIES ® March, 1345
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increase that always exceeded the pace of the in-

dustry. Such a record signifies “KNOW HOW". As
evidence of intensive research and resourceful
engineering, CINCH was the first in the field with
a complete line of miniature socket assemblies, to-
gether with nut straps, shield and associated items.

MANUFACTURING CORPORATION
2335 West Van Buren Street, Chicage 12, {llincis
Subsidiary of UNITED-CARR FASTENER CORPORATION, Cambridge, Mass..

-
&

www.americanradiohistorv.com



My Make-Believe Ballroom
Needs Transcription Equipment
That’s Really Rugged!”

“That's why our installation is PRESTO"

“Our PRESTO transcription turntables get a real
workout here at WNEW,” says Martin Block, popular
announcer and director of the Make-Believe Ball-
room program. ‘“We keep them running almost con-
tinuously throughout the day. And they’re giving
the same fine, clear reproduction today that they
gave when we installed them years ago. As an an-
nouncer, that means a lot to me. It’s a nice feeling
to know that my transcribed show is getting out
‘in good voice?”

WORLD’S LARGEST MANUFACTURER
OF INSTANTANEOUS SOUND
RECORDING EQUIPMENT

AND DISCS

From users of PRESTO equipment all over the country
comes the same story: “It’s rugged, it’s dependable, it
stands the gaff!” The increased use of transcribed
material in wartime broadcasting has placed a heavy
burden on all recording and playback equipment.
PRESTO users—including many ‘of the major broad-
casting stations—have found that their equipment is
handling the job with ease. That’s because PRESTO
devices are products of integrity—built to do more
than will ever be expected of them.

PREST(

RECORDING TCRPORATION

242 West 55th Street, New York 19, N. Y,
Walter P. Downs Ltd., in Canada
ELECTRONIC INDUSTRIES @ March, 1945
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Ideal General Purpose Condensers

Fed
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STYLE K

STYLE F

STYLE L

.

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

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

When specifying Ceramicons under JAN-C-20 for
general purpose use, temperature coefficient characteristic
“'SL"' should be given. If Erie designations are used, specify
‘‘any temperature coefficient between P100 and N750."
The temperature coefficient of these Ceramicons will be
between 4150 and —870 parts/million/°C, as determined
by measurement at 25°C and 85°C. Particularly in the low
capacity ranges, this temperature coefficient limit will, in
many cases, permit us to ship quickly from stock, since the
Ceramicons can be selected from any one of the 10 stand-

Electronics Division
ERIE RESISTOR CORP., ERIE, PA.

ENGLAND

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

LONDON,

* *= * Do More Than Befo

ERIE CERAMICONS*

STYLE M

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

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

CHARACTERISTICS
]
CAPACITY RANGE JAN-C-20 ERIE MAXIMUM DVERALL
IN MMF STYLE STYLE DIMENSIONS
CC20 A .200 x .400
1 to 51 cc21 X .250 x  .562
CC25 B .200 x .656
52 to 110 CC26 L 250 x .812
CC35 C 265 x 1.125
111 to 360 CC36 M .340 x 1.328
361 to 510 CC40 D 375 x 1.110
511 to 820 CC45 E .375 x 1.560
821 to 1100 CCc45 I F .375 x 2.00

FOR HIGH ACKIEVEMENT
IN WAR PRODUCTION

* * TORONTO, CANADA

www.americanradiohistorv.com . =
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Radio and electronic products built by Del:o Radio are serving in every
theater of war . . . helping to coordinate the action of all units of the Aarmed’
forces. Good performance is essential. Dependability.must be insured under
extreme conditions of service. These characteristics are attained -through

% Delco Radio’s effective combination of engineering vision, manufacturing
oy

precision. Delco Radio Division, General Motors Corporation, Kokomo, Indiana.

~

k- KEEP BUYING WAR BONDS

P
v

DIVISION OF

@@D‘]@M& M@?@E’R@

10 WWw.americanradichistory. com ELECTRONIC INDUSTRIES "® March, 1945



Prominent engineers consistently show
their preference for Solar Capacitors. Solar
pledges continued production of superior
quality capacitors to merit that preference.
Solar Manufacturing Corporation,
285 Madison Avenue, New York 17, N. Y.

CAPACITORS &
ELIM-O-STATS

& 7759

LECTRONIC INDUSTRIES ® March. 1945
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G-E CAPACITORS

that conform to

AMERICAN
WAR STANDARD

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

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

E and F, and with capacitance

tolerance of 10 per cent (K), in the STANDARD RATINGS

following case styles: = e -
_ CP-50, -51, AND -52

CHARACTERISTIC F

CP-50, -51, -52, -60, —62, -64, and | Range of Capacitance Values in Mu §
Voltage == & o = =B —
-70. l Single Section Dual Section™ | Triple Section™
. : 600 [ 0510 2.0 0510 1.0 0510.5
The CP-70 units are available 1000 , 0510 1.0 | 05t0 .5 \ .05 to .25

with B (solder lug) terminals, and

"~ cP-60, -62, AND 64
with D and E (pillar insulator) '

CHARACTERISTICS E AND F-

Range of Capacitance Values in Mu §

: Voltage l B = =
terminals. l Single Section *Dual Section
: 600 0510 1.0 0510.5
Removable mounting brackets of o= - P p B
cither the footed type or the screw- Hetes = AU |
spade-lug type can be supplied for =~ CP-70 (SINGLE SECTION) CHARACTERISTICS E AND F
H i 3 Range of Capacitance Values in Mu f
mounting the CP-70 units. Voltage | P )
i o B Terminals [ E Terminals | D Terminals
= ‘ a5,
The service reliability of these =0 i o 2510 10- I o
G-E capacitors is backed by more 1000 oll U oll 85 Uz =
] 1500 Jd tols A 1015 -
than a quarter century’s experience 2000 i 1 to 15 =
‘. . 2500 — | . te12 I 1106
in the manufacture of capacitors of 3000 - 1 to6 A0 6
: 4000 - Jd to4 -
all types. For complete data, write e = i -
g ) 6000 — .1 te2 1 .-
for Bulletin GEA-4357. 3sbb B Lortid Bk
10000 - 1 102 l -
Buy all the BONDS you“can 12500 — 5 102 .110.25

—and keep all you buy e - e = - — —
*Capacitance per section of dval and triple section units. Dual and triple section units have
capacitance tolerance of plus 20 per cent, minus 10 per cent (V).

GENERAL @ ELECTRIC
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A LOT OF INSTRUMENT

in a little space

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

TO KEEP TABS ON TIME

For applications in which it is
desired to keep track of the total

GEnERALE it T operating time of electronic

i tubes or other electric devices,

our Type KT time meters can
provide an accurate record—in
hours, tenths of hours, or
minutes. Powered by precise,
long-lived Telechron synchro-
nous motors, these meters are available for panel or conduit
mounting, and in portable form. For use on 60-, 5¢-, or 25-
cycle circuits of 11 to 460 volts, to match the operating
characteristics of various machines. Bulletin GEA-3299.

VOLUME-LEVEL INDICATION

via
vu standard

To standardize meas-
urement of sound, and
make broadcast mon-
itoring more effective,
these vu volume-level
indicators were devel-
oped to meet the rigid
electric, dynamic, and
mechanical specifications formulated by NBC, Columbia, and
Bell Telephone Laboratory engineers. This G-E instrument
employs the vu, a new standard of measurement. The zero
reference is one milliwatt in a load of 600 ohms, and the vu
unit is numerically equal to the number of decibels above
or below this reference level. Ask for Bulletin GEA-3145A.

ELECTRONIC INDUSTRIES ® March, 1945

Timely Highlights
on G-E Components

Q
; MMHM |

Capacitors ® Sensitive confrol and time-delay

relays ¢ Limit switches ®* Motors, dynamotors,

amplidynes ® Motor-generator sets ¢ Alnico
magnets ® Small panel instrumens ®-Formex

magnet wire ® Radio tran sformers® Switcheftes

¢ Selsyns ® Chokes ® also tubes, crystals, plostics
products, insulation materials, and many others

General Electr; Company, Seencrs
Schcncctady 51:1&‘N-C0}£K.1
Please send me
...... GEA-

GEA-Zgész ({g: ?:12?] papcti-c!iclcuric Capacitors)
...... GEA-3299 (on time e mstrumcntsf

- g meters)
GEA-3145A (on volume-Jevel indicators)

——

pany, SccA642-6,

www americanradiohistorv com
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SPRAGUE

50
@ 40 SCHEMATIC TEST CIRCUIT
QI = 300 N
3 30 - -
(o}
od //
el .
O 20 20
452 g BT 2
o |
v {0
E 5

0

5 1 2 5 10 20 30

FREQUENCY-MEGACYCLES

Curve showing insertion loss of

Vte Solution z‘a “WHAT T0 DO
WITH ANTI-RESONANT FREQUENCIES ?”

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

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

SPRAGUE ELECTRIC COMPANY, North Adams, Mass.

{Formerly Sprague Specialties Co.) * .M REG. U, 5. PAT, OFFICE

i -‘ “"i L9 ) ¢ "h".‘-ﬂ-‘_;- ".‘-

Lol e i \" I iE-L__.-LQ 4
l.*IL.lE" z .m rn[-__. hie .;rl:: 2 1{.&".-“3 |H':¢Ir
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T
hz have Eeen making Washers
r mare than 4 years from
materials such as

BERRYLIUM COPPER

PHOSPHER BRONZE COPPER
SILVER SOLDER ERASS
MICARTA FIBRE
ASBESTOS PAPER EANELITE
FISH PAPER CARDBOARD
LEAD CANVAS
STAINLES3 STEEL ]
RUBBER FELT
MASONITE LEATHER
ALUMINUM o
DURAL

The outstanding Manufactur
tremendous advantages in using the
No longer do they have to
d of making o complete
Instead, they ma

washers.
slow metho
e of washer.

WASHER DIES whicd
possible 1o easily and quickly remo

ABLE PARTS without dismantling the
by the patented Hovis S¢
holding imerchcngeoble py

he initial investment is ma

Once 1t
ments, the

sizes to meet require
5 small imerchcngecb\e poarts
are the only items necessary
to purchase 10 make any size
It eliminates process
engineering, tool designing,
tool making and tool tryout.
Saves time, storage space, ma-
terial and labor. Washers
made on short notice as Yyou
need them. . . - No necessity

for large inventories.

washer.

Write for literature today.

MAKING
wASH L R‘ on the

ers in the electrical fiel

new die for each n

h do not become obsolete.
ve FIVE SMALL INTERCHANGE-

die. These ports aré h

rewlock principle,
nches and button dies.

vE

d recognize the

Hovis modern way of making

resort to the old, expensive and
ew size ond

investment-in MASTER
From these dies it is

eld in place
the some as is used in

de in Master Washer Dies of the

Made in 5 sizes:

T e e

H
OVIS SCREWLOCK COMPANY

8096 E. NINE-MILE ROAD

®
VAN DYKE, MICHIGAN

Suburb of Detroit . .
Phone: CENTERLINE 1575

EL|
_ELECTRONIC INDUSTRIES ®. March. 1945
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STROB0DIE
MOVEL
SO

e

Rotary speeds from 600 to 600,000 RFM—
or vibrations from 10 to 10,000 CPS —can be
“*stopped'’ and studied with the Model 1200
Stroboscope. The light source is mounted in
a smail probe at the end of a five-foot Aex-
ible cable.

This makes it easy to examine small objects
at close range. Provision is made to operate the
unit from external tuning fork or crystal stand-
ards, where extreme accuracy is required. The
motion of objects moving at irregular speeds
may also be ‘‘stopped’ with the Model 1200

New in Principle!
Revolutionary in Range!

CML MODEL 1200

STROBOSCOPE

““FREEZES”’
MOTION IN

RANGE OF

600 TO 600,000
RPM

Ar axurale repeti-ive pulse rate is obtained,
as tne pulses are derived from a stable audio
oscillator. i

Not only does this eliminate the necessity for
constant readjustment of the repetitive rate,
but it aiso insures clearly defined images at
high speeds.

Fcr greater flexib'lity, a light intensity con-
trol switch is also provided. This enables the
user 10 control botb the intensity of the light
and the duration of the pulse length.

SEND FOR COMPLETE DESCRIPTIVE BULLETIN

COMMUNICATION MEASUREMENTS LABORATORY

Rotobridge * Electronic Generators « Power Supply Units

116-118 GREENWICH STREET

NEW YORK 6, N. Y.

www americanradiohistory com ELECTRONIC INDUSTRIES ® March, 1945



RAYTHEON VOLTAGE STABILIZER

INSURE ACCURATE
OPERATION of
ELECTRICAL EQUIPMENT

TR Tsibinn 4 €340 VEIVREE GOS0 ¢

Stabilize Varying Input
Voltage Within 2 Cycles
fo
Constant Output Voltage
at 22 of 1%

Raytheon Voltage Stabilizers, in-

i!v-'--"- e
Eﬁﬁ%'m’:z:
by providing < » ,\ . ’\ 4
sfcbilized'A.C.volfcge to :l;% of ey LE '::A::"n:)tf / vJ

PV VYV Ve VNS I
JJIIIII LTt

SUPOT NOLTAGE'
“A\\\\\\N\\\\\_

ANSL PAL no LoAD
FIL, LOM
Nl IV ECE BN

corporated into electrical equip- ENDBELL

ment, insure accurate, depend- bl

able operatio :
P e ST OSCILLOERAM RO € D804

RAYHEON MFE CO.
#aLTHEM, MESS.

1%. They are available in three

. [ y. .
designs . . . uncased, cased and gar ) i f

endbell . ..to meet every instal- oo TR
lation requirement whether it is
f ﬁ Fllt'lﬂ- A

to be built into new equipment

or products already in use. Entire-

ly automatic in operation, it is TIME CONSTANT

Transient changes in output veltege and their behavior Is vsually unimpor-

ideal for equipment in un-

Tune in the Raytheon radio program:

attended locations.
Write for Bulletin DL48-537.

gives the complete story.

result from variatioms in line voltage.
These transients disappear enmtitely in
6 cycles. The major effect of the transient
recovery is proctically complete in 2
cycles. These changes are not avidenced
on a volt meter of normal characferistics

“MEET YOUR NAVY', every Saturday nighi on the Blue Network. Consult your local newspaper

tant. Transients resulting from connecting
or disconnecting the load require some-
what longer time for recovery. Smaller
changes in load cause proportionately
smaller transient disturbances in output
voltage.This characteristicis shownabove.

for time and station.

The coveted Army-Navy “'E”, for
Excellence in‘the manufacture of
war equipment and tubes, flies

RAYTHEON

over all four Raytheon Plants
where over16,000 men ond wom-
en are producing for VlCTOBY.

MANUFACTURING COMPANY

Electrical Equipment Division

190 WILLOW STREET, WALTHAM, MASS.

Devoted to research and manufacture of complete electronic equipment ; receiving, transmitting and lLearing aid tuhas; transformers; and voltage stabilizers.

ELECTRONIC INDUSTRIES @ March, 1945 ; = 17
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5 YEARS AHEAD OF ITS TIME

hallicrafters Model 5-36

XACTLY five years ago—in 1940 — Hallicrafters introduced a very high
frequency communications receiver with a range of 27.8 to 143 Mc. This
model was clearly five years ahead of its time in its anticipation of new and
exciting possibilities for superior performance on the higher frequencies.
Today Model $-36 stands by itself as the only commercially built receiver cov-
ering this range. It is outstanding for sensitivity, stability, high fidelity. With its
extraordinary VHF versatility it is ready for immediate application in the ever
w1demng fields of FM and higher frequency development work. Engineering
imagination at Hallicrafters is reaching out beyond the next five years, beyond
the present known limits of radio technique so that Hallicrafters equipment will
continue to be always ahead of its time, above and beyond your best expectations.

X

BUY A WAR BOND TODAYI

~ hallicrafters RADIO

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

_ =N s

18 . o ELECTRONIC INDUSTRIES ® March, 1945
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To assist the equipment designer Federal offers com- ductor and dual coaxial, air-spaced, low capacitance

prehensive data on high frequency cables. lines, and antenna lead-in wire . .. there’s a right
This technical information sheet provides the design- type for your job, backed by the built-in superiority

engineer with pertinent electrical and physical that’s a tradition with Federal.

characteristics...including impedance, capacitance, - Special developments in flexible low-loss cables

attenuation, diameter, materials, and weight by Federal have resulted in superior cables for
... for Federal’s wide variety of high-frequency
cables.

Single and double braid, armored, dual con-

all types of transmission. For a better job, see
Federal first.
Write for your cable information sheet today.

19
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more efficient
...1n miniature

The modern hearing aid is a fine example of greater
efficiency . . . in miniature. No longer does the awk-
ward ear trumpet or an apologetic “a little louder
please” embarrass the hard of hearing. The com-
pact hearing aid of today with its inconspicuous ear
button, now admits these people to a world from
which partial deafness had formerly isolated them.
This has been made possible by smaller tubes.

In countless applications, TUNG-SOL Miniature
Tubes do everything the large old style tubes did
and in most cases are doing it better.

To manufacturers of radio sets and electronic de-
vices, size and weight reduction is so important that
TUNG-SOL is now producing many of the new

TUNG-SOL LAMP WORKS

INC-.,

miniature types. The development
of other miniature types to func-

tion where larger tubes are now
used is also foreseen.

Designers of electronic equipment are invited to
work with TUNG-SOL engineers in the planning
of circuits and in the selection of tubes. Consul-
tation work of this character is held in strictest
confidence.

TUNG-SOL

ELECTRONIC TUBES

NEWARK 4, NEW JERSEY

Also Manufacturers of Miniature Incandescent Lamps, All-Glass Sealed Beam Headlight Lamps and Current Intermittors

www.americanradiohistorv.com
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CONPOVENTS Y
L BXCLUSIVELY! X

No, we don’t claim to be a “Jack of all trades”! Our
line is, and has been—for more than two decades—

radio components.

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

job still claims our all-out attention. .

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

in our specialized realm of radio components. _

We still have capacity for urgent war assignments.

CORPORATION - o

829 NEWARK AVENUE
ELIZABETH 3, N. J.

ndustiy fp
S Y,
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NATIONAL

RECEIVERS

| NATIONAL COMPANY

NC-200 MALDENY BN MASS, U. S, A.

THE EARS OF THE FLEET

bl

e

ARE IN SERVICE THROUGHOUT THE WORLD

www.americanradiohistorv.com ELECTRONIC INDUSTRIES @ Mareh. 1048



More than just a number, the production of our two
millionth crystal is the symbol of long years of work
...the produc: of am experienced organizat.cn...the
result of techmical research in the manufacture of
precision crystals. All this, plus adequate facilities,
are at the service of the radio industry today. A
limited number of inquiries is invited.

5PRODUCTS COMPANY
1519 McGEE STREET, KANSAS CITY, MO.

Producers of Approved Precision Crystals for Radio Frequency Control
ELECTRONIC INDUSTRIES @ March,..1945

Hare's your copy of the
most informative catalog
of crystal unit design and
specifications—just

— — P — — — — - — = — — —

| MAIL THIS COUPON!_T-‘:
CRYSTAL PRODUCTS CO.,

| Dept. O, 1519 McGee, Kansas City, Mo. |
Gentlemen: [ would appreciate a copy of your new catalog,

| 1 am interested in :

| |

R L e TN I

15T T M M N Sl I

Bt - LAY = . S |

‘ ADDRESS e e :
CITY SIS % . oo

ST ey S ]

www.americanradiohistorv.com



o R '

EVERYDAY Is wWAasHDAY AT Triplett

® The special equipment and solutions with which jewels are washed are
minor parts of the Triplett method of manufacturing fine electrical
measuring instruments but they are significant. They typify the dozens
of out-of-sight Extra Precautions that assure your permanent satisfaction
with Triplett Instruments. These Extra Care provisions are routine in
Triplett plants but through them Triplett maintains in mass production

the hand-made quality of fine instruments.

Extra Care in our work puts Extra Value in your Triplett Instrument.

ELECTRICAL INSTRUMENT CO. srurerox, ono

24 . L ELECTRONIC INDUSTRIES @ March, 1945
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FORM A i FOP 8 FORM D -

DRM C

Contcct sprngs employing any
of these basic forms can be fur-
nished.

Contacts ore welded to nioxel
silver springs by special prac-
ess. Moy be of precievs
melols or olicys In 12 differ-
ent standard or special types

Double ara armpturs assem-
and sizes.

bly cf -tomlesl ste=l shaft,
opercting . a marw brass
yoke. Fedpiece, ore and
armature essembly ore of
mageetic metal.

High voRage springs pile-up ,'é
insulclors ef specicl heat-
trected Bazelite, Hes minis
mum cole Asw prope fies, low
moisture  ossorption  content
and germitz punching without
~<rechs or chec 1.

Spring bushing insuiators are

mode of Bokelite rod under

patented process. Resist wi-

bration and withstand hecvy
duty service.

'CLARE RELAYS

March, 1945

ELECTRONIC INDUSTRIES o

Bl RELAYS

in Electro” Matic

sn Response ¥

i
”ic mpulses:
/

00 GHMS, )
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® The Electro-Matic Two-Phase Dispatcher, manufactured by the
Automatic Signal Corporation of East Norwalk, Conn., is a distinct
advance in modern traffic control. It literally counts and times the
cars in heavy traffic.

Six Clare Type *“C” Relays open and close the contacts .. . cause
the lights to change at the proper time . .. on actuation by electronic
impulses.

These Clare “Custom-Built” Relays were selected by the Automatic
Signal Corporation for this “‘super traffic cop” because of their accu-
rate and precise operation, their ability to open and close circuits
quickly and their rugged construction of the finest materials.

The Clare Type *“C” d.c. Relay, like all Clare *“Custom-Built” Re-
lays, has that unusual flexibility which permits design and production
engineers to have just the relay for the specific function required.

By ‘‘custom-building” to exact specifications, Clare Relays assure
exceptional service in spots where hard usage, long life and absolute
dependability are prime factors. Special features of Clare construc-
tion adequately meet severe conditions .of temperature, humidity,
atmospheric pressure, voltage and vibration.

Pictured and described here are a few of these Clare “Custom-
Built” Relay features that make it possible for Clare Relays to reduce
overall relay cost, simplify installation and insure more dependable
performance in such applications as sequence control of machine
tools, radio, radar or other electronic controls, electric eye controls,
counting equipment and alarm systems.

Whatever your design problem, there is a Clare “‘Custom-Built”
Relay to meet it. Clare engineers are ready at all times to assist in
developing a relay “‘custom-built” to your exact requirements. Send
for the Clare catalog and data book. Address: C. P. CLARE & CO,,
4719 West Sunnyside Avenue, Chicago 30, Illinois. Sales engineers
in all principal cities. Cable Address: CLARELAY. W

www americanradiohistorv com . -
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ORE o MORE anp MORE

for the
ELECTRONICS INDUSTRY

-

L

e T

We took up the production of electronic future, too. You can give us that oppor-
equipment as a part of our war effort. It was tunity by sending us your specifications
quite a change for a manufacturer of steel — today.

office furniture — took a little time to acquire BUY WAR BONDS

the know-how of a business foreign to our own..

Gradually we picked up speed and volume.
As we went along we picked up more and
more compliments on the quality of our pro-
duction. Today we feel definitely at home in
the electronic ejuipment field. We want to
stay in it after the war in addition to our
office furniture work.

We’d like to prove to you that we have earned
and deserve your consideration now and in the

26 o ELECTRONIC INDUSTRIES @ March, 1945
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THERE'S A
TYPE FITTED
PRECISELY TO
YOUR NEEDS...

1

0

L]
£l
¥

. i L
¥
]

Tamibie n e

AEROVOX
MICA

(gpacii

SPECIFY AEROVOX

Be sure you have the Aerovox
Capacitor Manual in your
working library, for general
guidance. And for final insur-
ance covering satisfactory re-
sults, just specify Aerovox
Capacitors.

® Aerovox selection ranges from tiny “postage-
stamp” molded-in-bakelite units to giant porcelain-
cased stack-mounting units. These many varied
types are standard with Aerovox—in daily produc-
tion—available at quantity-producticn prices.

The following factors are suggested in guiding
your selection:

Electrical: (a) Capacitance and tolerance; (b) D.C.
voltage rating; (c) Current-carrying capacity and
frequency characteristics; (d) Allowable fempera-
fure rise and maximum operating temperature; (e)
Special characteristics such as temperature co-
efficient, retrace, etc.; (f) Special operating condi-

tions such as high humidity, altitude, extreme
temperatures, etc. Mechanical: (g) Basic type; (h)
Terminals; (i) Case; (j) Mounting holes; (k) Name-
plate data.

Yes, Aerovox expects you to select that type best
fitting your particular requirements in every way.
And Aerovox is ready to help you make the proper
selection. Remember, Aerovox Application Engi-
neering — that “know-how’ second to none in the
industry-can make all the difference §
between disastrous makeshifts and \
the most satisfactory fesults. "

INDIVIDUALLY TESTED

SALES OFFICES IN ALL PRINCIPAL CITIES

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S. A.

Export: 13 E. 40 ST., NEw York 16, N. Y. < Cable: ‘ARLAB’ - In Ganada: AEROVOX CANADA LTD., HAMILTON, DA™

® March, 1945 27
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WATCHFUL EYES Tuis ideally arranged Mica Inspection Depart-
ment is equipped with most modern facilities so that accuracy beyond a
doubt is at all times possible. Each inspector is highly treined in this impor-
tant job of inspection. Mica Capacitors play a vital part in the correct

functioning of mamy types of equipment. Thus, expert inspeetion must be
maintained constantly. =

R R T ey e
F" o 4 "'_-;r';'l ’_'J- i

SANGAMO ELECTRIC

SHED 1898 . . . MICA CAPACITORS . » .

__ ESTABL

28 ELECTRONIC INDUSTRIES ® March, 1945
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CAPAQITORS
MHeca Tuspection

Long trouble-free life of mica capacitors is
entirely dependent upon the quality of the
mica dielectric used in the capacitor. Care-
ful splitting, precision gauging, accurate
sorting, and clean punching of mica sheets,
contribute to long trouble-free life of fin-
ished capacitors. Every piece of mica must
be carefully inspected before it is assembled
into a capacitor unit. Such inspection is
necessary to assure freedom from all flaws
such as fractures, cracks, air bubbles, pin-
holes, or the inclusion of metallic 6r other
extraneous material.

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

The keen eyes of alert, well trained opera-
tors are quick to detect the slightest imper-
fections of the punched mica sheets, so that
only mica films free from flaws are passed to
be used 1n the final assembly operaticns.

COMPANY

SPRINGFIELD
ILLINOILS

. . - WATT HOUR METERS -

ELECTRONIC INDUSTRIES @ March, 1945
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gmm@ %e &mm% SWW ooperates

CLUTCH HEAD Screws . . . and because the screwdriver is a universal tool . . .
there need be no ‘“‘stalling’ in the performance of your product in the field.
Even in the absence of an ordinary type screwdriver, a piece of flattened
steel rod or any flat blade will do, the only requirement being that the
blade be reasonably accurate in width. Because of the roominess of the
CLUTCH HEAD recess, the thickness of the blade is a secondary consideration:

Note, if you please, that CLUTCH HEAD is the only recessed-head screw on
the market that is specifically designed for screwdriver operation to elimi-
nate field service “headaches” and, at the same time, to give you all the
advantages of safer, faster, and lower-cost power driving on the assembly
line with the cLUTCH HEAD Type “A’" Bit.

Personal examination will reveal to you many
additional economy features incorporated in
this modern screw. Ask us to mailyou a package
assortment of CLUTCH HEAD Screws and sample
Type ““A” Bit with fully illustrated Brochure,

Production of CLUTCH HEAD N For tool economy, compare
Machine Screws in regular ' the durability of this rugged
and thread-forming types | = Type “A” Bit for longer con-
1s backed by the resources = | tinuous service . . . also for
of this organization and repeated “No-cost’ recondi-
by responsible Licensees. tioning to original efficiency.

UNITED SCREW AND BOLT CORPORATION
CHICAGO 3 CLEVELAND 2 NEW YORK 7

30 ELECTRONIC INDUSTRIES @ March, 1945
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WHO MADE IT?

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

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

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

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

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

Ask for catalog 968 (0)

J(]HNS(]N

Specialists

CONDENSERS
INSULATORS
SOCKETS
PLUGS
INDUCTORS
CHOKES
COUPLINGS

ANTENNA PHASING
UNITS

(3 éamoas name n )Qddlo

F. JOHNSON COMPANY « WASECA

ELECTRONIC INDUSTRIES @ March, 1945
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Tiny precision wire for springs giveS
Chronometer-timed convoys split-second timing.

* %k k X ' * *x Kk

ALLOY WIRE

Spencer Wire Company

WEST BROOKFIELD PLANT

WEST BROOKFIELD e+ MASS.

FINE STEEL A

32 ELECTRONIC INDUSTRIES @ March, 1945
WwWW.americanradiohistorv.com



»+ MEANS PRECISION **

N\

John Meck crystals are now—and always will be—characterized by
bigh quality and rigid precision. In an industry as exacting in mechan-
ical design and as intricate in concepiiop and execution as the field of
sound electrically controlled and ampl_iﬁed, the engineering staff must
work to standards of “absolute” preeision. This devolion to accuracy
jis reflected in the attitude and work of every individual contributing
%o the completion of John Meck products. The low percentage of final
test rejections at John Meck Industries is a tribute to the splendid,
conscientious personnel and their ability. L

=y JOHN MECK INDUSTRIES, INC,
PLYMOUTH, INDIANA, U, 8, A,

John Meck Industries, Inc., establishing dependable sources

‘ELECTRONIC INDUSTRIES o

will produce radio receivers and
phonographs on the resumption
of civilian production. Your sales-
men will find that our purchas-
ing department is interested in

March, 1945

for parts and supplies. Our re-
quirements will represent a

growing volume of % (/,(

business through

the years.
4

EE
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Portrait of a man who
no longer cares about
the cigarette shortage,
the meat shortage...or
gas shortage!

It's just a question of time when all We, the management and employees
shortages will be replaced by plenty  alike, at Kenyon, are building better
—thanks to this boy and to millions transformers than we ever built
like him. before — and building them faster
Give them a helping hand. for the armed forces.
Buy Bonds — Donate Blood.

KENYON TRANSFORMER CO0., Inc. oo™

ELECTRONIC. INDUSTRIES @ March, 1945
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The5eal

THAT MEANS
PERFECT
HERMETIC SEALING

IMMERSION VACUUM TEST of each unit— INDJCTION SOLDERING insures muality VACUUM IMPREGNATION with vern sh
not just rondom wnits —afer finol assem-
bly, is standare procedurme ot AmerTran.

Quality control of harmetiz sealing is thus
rigidly maintainad. = pressure changes. Son, resulting in long trouble-free life.

sealing of all ccse semms enabling “Fe unit mmoves moisture from coil and prevides

to withstand wvibra-on and sevsre air excellent turn, loyer and section imsulla-

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

THE AMERICAN TRANSFORMER CO., 176 Emmet St., Newark 5,N.J.

ELECTRONIC INDUSTRIES @ March, 1945
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How many places can you use
this VERSATILE CERAMIC?

ANYENNA SPREADERS

ENTRANCE

BU6\INGS

TUBE BASES “\_

/

CO-AXIAL GAS-FILLED
ANTENNA ASSEMBLIES

- ona

Illustration from Westinghouse book B-3244

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

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

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

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

36

/s | TUBE

POWER SUPPLV

; . TRANSFORMER
SOCKETS . B BUSHINGS

“

BUSHINGS

TERMINAL
BOARD

VIBRATOR S8

SOLDER SEAL
CAPACITOR BUSHINGS

— -
How ZIRCON PRESTITE compares
icon | A
Property Prestite Porcelain
Specific Gravity.............. .00 } 3.68 | 2.4
Water Absorptionin %................ | 0.00 0.00
Dye Penetration. . ......... ... ....... | None None
**Linear Coeff. of Thermal Expanslon (20
to 700 deg C) per deg C..... .. .l 49x10-6 5.3 x 10-6
Tensile Strength, Ibs per sq in. 1| 12,700 5,000
Compressive Strength, 1bs per sq R 90,000 48,000
Transverse Strength, lbs per sq in. . ... 25,000 11,000
Impact Resistance (modified Charpy
method) in gm per sq cm...... N 17,800 6,000

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

**This is one of the characteristics that gives Zircon Prestite its
remarkable thermal shock properties and warrants comparison with
other Jow-loss, high-frequency ceramic materials.

www.americanradiohistorv.com
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A QUICK CHECK LIST OF WESTINGHOUSE COMMUNICATIONS PRODUCTS

...one of many Westinghouse

contributions to improve
electronic and communication

design

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

Weight reduction, high altitude and humidity

resistance, greater strength and sensitive

Hipersil ...

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

Dynamotors...

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

Capacitors...

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

COMMUNICATIONS

oy

EQUIPMENT FOR THE
INDUSTRY

ELECTRONIC INDUSTRIES @ March, 1945

by these new Westinghouse developments.

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

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

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

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

Electronic Tubes...

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

instruments...

Westinghouse instruments range in sizes
and types from miniature panel instruments

to 4-foot boiler room indicators for all types.

of mountings—round, wide-flange; round,
narrow-flange; rectangular; and American
War Standard. (B-3283)

www.americanradiohistorv.com
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HOLD ON BOYS! WE SAID ALBION HAD
PLENTY OF COILS—NOT GOILS!

SUPER-QUALITY COILS AT REASONABLE PRICES

More and more every day, the industry is turning to Albion
for fast, quality and quantity production of coils, chokes,
and transformers. That’s because here you benefit from
the unbeatable combination of management “know how,”

COMPANY

skllle‘d workmanshnR, streamlm.ed fac1l‘1t1es, and central ALBION, ILLINOIS
location. Your requirements will be given prompt and R. F. AND TRANSMITTING COILS AND CHOKES;
thoughtful attention, I.F. TRANSFORMERS

38 ELECTRONIC INDUSTRIES ® March, 1945
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I-cé‘ Amo*ng all the miracles that have been talked cbout for a great
 and glorious postwar era, here is one thmg on which you can really count:
" Speakers will be built around the wartime developed »4[#/”0 5 | 1ENSEN naturally

~ pioneered in the use of this remarkable new magnet material which weighs only a

fraction of other maqnetlr' alloys of equal strength. Thus yenseN postwar speakers with Ainrco ? 5
will be lighter and more compact, but still as highly efficient and rugged as

ever. [ JENSEN military loud speakers are now -using Atwrce 5 in great quantities. o
And as soon as condmons permit, Anico 5 wxll " oy

JENSEN RADIO MANUFACTUIING COMPANY + 660l SOUTH LAIRAMIE AVE\NUE CHICAGO 38, lI.I.lNOIS
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TYPE 201A RECTIFIER. Designad to furnish
filament and plate current to line amplifiers
such as the langevin 102 Series. Delivers 275

. Y. at 75 MA, 6.3 V. at 8 A. length 1043".
Width 57", Maximum height 6%” (5%”

above, 1”7 below mounting chassis). Occuples

one third langevin Type 3A mounting frame.

ype 201 Series Rectifiersiconsist of Type 201A, described above, and 201B.
Type 201A is supplied with a sin}gle filter stage, whereas Type 201B has a dual filter
stage. Latter type designed to ‘(supply filament and plate power for quiet pre-
amplifiers such as Langevin Typ:‘}a 106 or 111. In addition supplies associated line
amplifiers such as Langevin 1012 Series. These units possess excellent regulation

and low ripple content. !

Y

Send today for complete engineering information about these and other

Langevin apparatus.

The Langevin Company

{NCORPORATED
SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING

NEW YORK SAN FRANCISCO LOS ANGELES

37 W. 65 St1., 23 1050 Howard 5t., 3 -. 1000 N. Seward St., 38
WWW.americanradiohistorv.com




PLASTIC PARTS WE'VE SPECIFIED

ARE FROM GENERAL THEIR MOTORS, TOO
INDUSTRIES 7 -

YOU’LL be in good com-

pany when you specify

General Industries mold-

ed plastic parts or low-

torque electric drives, or

both. From one plant,
under one management,
we supply both these
products to the most
rigid specifications.

YOU CAN sp:clrvsorﬁ

FROM GENERAL INDUSTRIES

/@
- @ - In our molded plastics division, we have the
know-how to do large or small jobs, simple or intricate,
in any quantities. While we don’t attempt to design or
redesign your parts, our skilled and co-operative team
of engineers, mold makers and machine operators
frequently make suggestions for better, faster or lower
cost moldings that will meet or beat your specifications.

et
nﬁ”
2" You’ll find similar ability in our small motors
division. For years, we’ve built Smooth Power drives for THE
our own lines of recorders, record-changers and turn-

tables, and for electric and electronic products of lead- ENERA
ing manufacturers. If one of our many standard motors L
or drive assemblies won’t meet your specifications, we’ll 3 NDUSTRIES

design and build one that will, exactly.
COMPANY

So, if you’re specifying molded plastics
or small motors, we’d like to work with
you. Definite commitments must wait
until the end of our military work is in
sight, but a start now may help you get
to the markets quicker with your
postwar products. It will be appreciated
if you will address the specific division
. . . molded plastics or small motors.

41
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Increased Output from

RAYTHEON
OZ4 and OZ4G Tubes

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

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

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

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

RAYTHEON

RADIO RECEIVING TUBE DIVISION

Newton, Mass. - Los Angeles - New York - Chicago - Atlanta

K Specifications of OZ4 & 0Z4G g

0Z4 0Z4G
Maximum Overall Length 2-5/8 in. 2-5/8 in.
Maximum Seated Height 2-1/16 in. 2-1/16 in.
Maximum Diameter 1-5/16 in. 1-3764 in.

Typical Operation Ratings as a Full Wave
Condenser Input Rectifier:

Heater Pawer None
Minimum DC Output Current 30 ma
Maximum DC Output Current 90 ma
Maximum Peak Anode Current 270 ma
Minimum Starting Voltage—

Peok-(P to K} 320 volts
Average Dynamic Voltage Drop 24 volts
Maximum Peak Inverse Yoltage 880 volts

Listen to

““MEET YOUR NAVY"
Every Saturday Night
All Four Divisions ENTIRE BLUE NETWORK
H:ve Been Awarded Coast-to-Coast
rmy-Navy “'E** Y .
I 181 Stations

A\

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

42
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THE PAPER SECTION construction used by Anaconda is

exceedingly flexible and a wide variety of coils can be
made by this method. Standard Paper Section Coils may
be wound on round, square or rectangular cores. The
thickness of the inner layer of the paper is especially se-
lected to suit the size of wire used for the winding.

In addition, special types of Paper Section Coils are -

designed for high voltages, ranging up to 85,000 volts or

more, such as in the case of X-ray transformers.

Anaconda High Voltage Paper Section Coils are made
with special methods of insulation and construction to
accommodate high potentials. For example, the paper
margin is substantially larger; the number of inter-layer
paper wraps is graded throughout the coil; the inner and

outer layers of wire are usually wound with increased
pitch to separate the individual turns; the type of paper
used is carefully selected to meet specific conditions.

Paper Section Coils are one of the many fine engineered
products of Anaconda. Any of our sales offices will be glad
to refer inquiries to our coil engineering staff. wzs

@% ?7&;@} nwilrwrire ard cocba. Aj*o_A
ANACONDA WIRE & CABLE COMPANY

GENERAL OFFICES: 25 Broadway, New York 4 Subsidiary of Anaconda Copper Mining Company
CHICAGO OFFICE: 20 North Wacker Drive 6 * Sales Offices in Principal Cities

ELECTRONIC INDUSTRIES @ March, 1945 43
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For Low Power Voltage Conirol . .. these NEW

AUTOMATIC
REGULATORS

by SECO

RACK OR CABINET MODELS —
NO WAVE-FORM DISTORTION —

LOW COST PER KVA —
COMPACT — LIGHT WEIGHTY

In the past, SECO Automatic Voltage Regulators have found wide
use in maintaining constant voltage to equipment of 6 KVA capacity and
greater. The introduction of SVR 4101 and SVR 4102 provides the SECO
type of electronic voltage control for 1 and 2 KVA appiications.

These new models possess many notable improvements to sup-
plement the remarkable characteristics of larger SECO regulators. In
addition to such features as zero wave-form distortion, high efficiency
and adjustable output voltage, the SVR 4101 and SVR 4102 are compact
and light weight. As illustrated, these models are available in self”
contained cabinets and in rack units for installation as a component
part of existing equipment.

SPECIFICATIONS
Nominal Output
’ Input Voltage Qutput Output Over-all
*Type p‘i(an]ge i ‘9&&2;; ‘;&l;agg: Phase Curreat !&1\}":‘{ Dix;:;siaons
SVR 4101 95-135 115 100-120 1 10 1 914" x 10" x 1954”
SVR 4102 95-135 115 100-120 1 20 2 914" x 10" x 2115"
SVR 4106 95-135 115 100-120 1 52 6 9%%," x 10" x 2614

*When the regulator is used for mounting in customer’s rack, add the letter “*R” to the type number. For table or wall
mounting add the letter “H”.

Detailed information is gladly given by SECO engineefs upon request.

Send for Bulletins 149 IE and 163 IE

SUPERIOR ELECTRIC COMPANY

462 LAUREL STREET . BRISTOL, CONNECTICUT

44 ELECTRONIC INDUSTRIES @ March, 1945
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enolite Bobbins
help speed the production of high strength NYLON Yam

No, not for ladies” hosiery right now, but for Uncle
Sam’s war needs—such as\parachute fabrics and
glider tow ropes—Phenolite laminated Bakelire
Bobbins play an important role. Their exceptional
resistance to deformation at high speeds and
stresses—combined with their lightness in weight—
contributes to the uniformity of the nylon yarn in tke
bigh speed “spinning” and “throwing” operations.

This application of Phenolite is typical, illustrat-
ing how the unusual combination of properties of
this laminated plastic may be utilized in practically
every vndustry to good advantage.

Nativnal Engineers are at your service to assist in
the design of your improved products . . . in which
Phenolite may have an advantageous / 7 \

application. Wire, phone or write today! l' ,”
: y
\2 )

NATIONAL' VULCANIZED FIBRE CO.

Wilmington, Delawaré®

Offices in Principal Cities

www.americanradiohistorv.com
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" aNEW
[wdstoer)
POWER TUBE
;_f” 2ieral

Federal presents a new and

power tube that fills an immediate

ddéand — a power tube that has been

.~ specially de51gned for industrial use in

thigh-frequency heating equipment, both
IJ'dielectric and induction.

\fl Really built to withstand the constant jars,
shocks, and vibration commonly encoun-
ed in manufacturing operations, this
-duty vacuum tube is very conser-

y rated, and will stand up under

\Wldely paced, unusually sturdy filament
an #d elements, without internal ceramic
insulation, give this tube a ruggedness that

makes it the logical choice for depend-
Fe.5303 ability in the design of industrial heating
Bilsinent, Validsoh i LR ol e & . . 110 vou equipment.
Filament Current . e . 215 a‘:;x)pss ™ P
Maximum Ratings for M f 50 M C 1 i
DC Plate Voltage igaeEey) 2L DI AT For .1ndustr1al power tl.]b?s, and also for
DC Plate Current . . & . . . . . . 10amp rectifier and transmitting tubes, see
Plate Dissipation . . . . . . . . . 1200 watts
. ) Federal first...because «“Federal always
Overall Height . . . . . . . . . . . . app. 7
Maximum Diameter . . . . . . . . . . . 3% has made better tubes.”
Supplied with 6 ‘“flexible copper leads, 2 on each terminal.
Typeof Cooling . . . . . . . . . . . Forced-air
(Also supplied for water-cooling, type F-5302.)

- ML . v e s T e

FPederal Telephone and Radio Corporation
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HAVE YOU CO-AX PROBLEMS?

ATTENUATION

TRANSMISSION TIME
CHARACTERISTIC IMPEDANCE

FA“LTS ® e o

P The quickest method for deter-
mining co-ax line characteristics is
that of applying a pulse to one énd
and observing reflections that fol-
low. Type 248 Oscillograph, pro-
viding high-speed driven sweep
and self-contained pulse genera-
tor, has proved invaluable for such

work in our own laboratories and "

at the DuMont New York Television™
Station WABD.

Oscillograms herewith are !Ypl-
cal of those obtained when !elﬂ'ng
a 200- or 300-foot 75-ohm calile,
indicating respectively: (1) Reflec-

L

ELECTRONIC INDUSTRIES o March, 1945

tions from an open-circuited far

«-2nd:(2).The absence of reflections

iollowing the initial negative pulse,
when line“is correctly terminated;
and (3) Reflections of reversed po-

._arity from a shorted far end. (In
, each case the pulses are viewed

'at sending end, which js terminated

".In a'resistance much greater than

. 75.0hms.} 1
Transmlssxon time can of course

- ‘be xmmed:alely aetermmed !rpxp.-

(@)
You can get practical answers with the

TYPE 248

DuMONT 0SCILLOGRAPH

cuit. Reflections illustrated are ap-

.proximately 1 microsecond apart.

Attenuation can be calculated from
difference in height of successive
peaks.

Proper terminating impedance
can-be found by varying resistance
across receiving end until no reflec-
fions are visible. This resistance
when measured gives characteris-
. tic impedance of cable very accu-
;rataly R?Y discontinuities along

interval between reﬂecnons, using - line gyre sreflections indicating lo-

Morlo micrpsecond markers avail-

able from oscillograph’s timing cir-

P Write for literature...

cations and natures of faulis by
their spacing and polarities.

© ALLEN B. DUMONT LABORATORIES, INC.

ALLEN B. DUMONT LABORATORIES,

INC., PASSAIC, NEW JERSEY CABLE ADDRESS: WESPEXLIN, NEW YORK




Experience to solve

The illustrated unit typifies the many
compact designs incepted by N-Y-T
for mobile, airborne and portable
equipment. Resourceful N-Y-T engi-

neering, new materials and advanced

techniques make possible full retention
of desirable characteristics where such
drastic paring of size and weight is

imperative for efficient functioning.

transformer

problems

of America

A bitter pill for humanity is the realization that
progress transcends ordinary development in time
of war. Dually destroying—by death dealing de-
vices, and advancing—by knowledge gained, the
future is molded by mankind itself.

A ray of optimism and hope is the re-interpretation
of warborne research for peacetime betterments.
Already new techniques, new materials and new:
processes have added greatly to transformer effi-
ciency. N-Y.T engineers have played an important
part in these developments.

To you engaged in the fulfillment of America’s fu-
ture—through product or equipment utilization of
transformers, solenoids or filters—a cordial invita-
tion is extended for near-future collaboration,

NEW YORK TRANSFORMER €O.

22-26 WAVERLY PLACE

48
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PERFORMANCE

in a tiny package

It had to be small, this new
MULTIPLE CHANNEL BAND PASS FILTER,
because it's destined to do a special military job.
FOSTER designed and is building it, meet-
ing the high performance standard required, kept
it light in weight, and sealed it in a case that
measures only 2% x 2% x 3%"'!
Terminals are sealed in VITROSEAL, a basic advance in transformer manufacture, exclusive with

Foster. VITROSEAL terminals are fused uniformly, simultaneously, into the metal, in multiple. The
job is neat, fast, economical. The seal is sure and extremely resistant to vibration and thermal shock.

In the past12 months Foster Engineers have solved more than 1000 individual transformer problems,
designing and building entirely new units or “upping’’ the performance of units already in use.

If you manufacture electrical and electronic equipment, it may well be worth your while to address

your special transformer inquiries to Foster.

REPRESENTATIVES
BOB REID 810 WEST 57TH STREET INDIANAPOLIS 5, IND. TELEPHONE: BROADWAY 2725
BAUMAN & BLUZAT 2753 WEST NORTH AVENUE CHICAGO 47, ILL. TELEPHONE: HUMBOLT 6809-10-11-12

SPECIALISTS IN BUILDING TRANSFORMERS SINCE 1938

A.P. FOSTER company

TRANSFORMER ENGINEERS & MANUFACTURERS
719 WYOMING AVENUE, LOCKLAND 15 OHIO (susure of CINCINNATI)

ELECTRONIC INDUSTRIES @ March, 1945 49
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Many fhoqsunrds of Hammarlund
"Qpeé-l’ro?’_ radio receivers
_assist the Army Alrways Communications System
in providing flight information
for Allied planes.
in the s.kies everywhere . ..
Below we see a battery of

*'Super-Pros” in action

Somewhere in the Pecific.

-/

\\
E€STABLISHED 1910
MANUFACTURERS OF PRECISION TOMMUNICATIONS EQUIPMENT
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CoLLiNg 1000-C MULTI-CHANNEL TRANSMITTER

Smart engineering design halves the cost per channel

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

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

The cost per section is comparable to that of conventicnal single channel sections. The / -
_ . A X N Available: Additional
actual cost per channel is thus cut approximately in half. af-modulator and rf
In addition, relays permit selection of three crystals per channel (six per vertical section) multi-channel sections . ..
it 27 £ th il (e TRt i 3 T Supplemental Collins Autotune
spaced within 2% of the nominal center frequency. Twelve requencies are therefore 8. & Hieouenc) shift
available in a single cabinet, arranged as needed within the four channels. keying . . . Complete remote

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

sections. The power supply cabinet is in the center. All sections are of highly advanced FedmETETER
design, and are of the vertical chassis type.
We shall be glad to discuss applications of this rugged, versatile J— Sl
equipment to suit your operating requirements. 7 A
Collins Radin Company, Cedar Rapids, Iowa. o .‘\ ‘ -
y E I e =
d | e—
1 y J v
= = b
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F SPACE requirements dictate a small relay 1. Vibration-resistance is not just “added on'—it's
I —and service conditions a powerful one. .. designed right into Class ““S” Relays. And they
b e relay to fit your needs. It's the withstand with a large margin of safety the most

A . s N i rigorous operating tests of the Signal Corps and
Automatic Electric Class “S” Relay—tiny in the Air Forces.

size, light in weight, but dependable and 2. A unique spring design provides high contact
packed with power. pressure within small space limits.

Class "S” Relays have been designed espe_ 3. An added assurance of rellabllny is provided by
cially to meet the exacting conditions of serv- Wikl comtecty:
1ce O{J fa.st, modern alrcraft._ They offer a length bearing provides the Class ‘S” Relay
combination of features never before found with excepfionally long life even under the
on any relay, large or small. For example: toughest conditions.

4. The new type of pin-pivoted armature with full

The Automatic Electric Catalog gives full details. Write for your copy.

‘\F/ﬁ
— : n— " - : - - S——] - .,..‘ W

AUTCMATIC ELECTRIC SALES CORPORATION

AND OTHER CO‘NTROL DEVICES 1033 West Yan Buren St., Chicago 7, lil.

AUTOMATIC IS gt |
E I- E c T R I c \_ 4% omatic Reguie (lc“ud'u) Limited, Toronto
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THE NEW HEINEMANN LINE

Of interest to designers and engineers of electrical apparatus is the new, smaller, more com-
pact HEINEMANN Circuit Breaker with more efficient blowout action, faster latch mechanism
and improved magnetic overload trip unit.

Of all known lasches, this one acts with the least amount of friction and mechanical delay.
The latch makes it impossible to hold the breaker closed against overload or short circuit.

Magnetic blowout contacts mounted in individual arcing chambers add speed to the arc
interruption. As the strength of the current to be interrupted increases, the quenching effect
becomes greater due to the intensified magnetic blowout field.

The overload trip unit is FULLY ELECTRO-MAGNETIC and has a fixed instantaneous
trip point independent of its time-delay characteristics. The time delay is governed by a liquid
contained in a hermetically sealed tube.

ELECTRONIC INDUSTRIES o March, 1945



CETRON
CE-304

In the Cetron CE-304 tube shown here,
Continental Electric Company engineers
have reached a new high in concentrat-
ing super-efficiency in the smallest pos-
sible space.

CE-304 is a mercury vapor filled tube
with a peak current rating of 125 am-
peres and an average current rating of
12.5 amperes DC. This high current thy-
ratron-type tube is designed to be par-
ticularly useful in welding control and
motor control applications.

CE-304 uses industrial type 4-pin base;
is sturdily constructed. Patented filament
design gives exceptionally high output
with minimum of cathode power.

CE-304 is built to give long life in all
sorts of industrial and other applications
where dependability is an important
consideration.

Write for
Bulletin No. 119

QRN

\\.\\‘l\\\‘l\\“\\\‘\ ORI

A Shaso OFFICE, 903 Merchardise Mart
NEV! YORX OfTICE, 765 West 14th Steeet
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The Greeks gave us a word for 1t. ..
NOW Wwe give 1t to you

WHEN Sperry first developed its

velocity-modulated, ultra-high-
frequency tube, the word “KLY-
STRON"” was registered as the name
of the new device.

This name — from the Greek, as
coined by scientists of Stanford Uni-
versity — is an apt description of the
bunching of electrons between spaced
grids within the tube.

“Klystron” is a good name. So
good, that it has come into wide-
spread use as the handy way to des-
ignate any tube of its general type,

whether a Sperry product or not.
This is perfectly understandable.
For the technical description of a
Klystron-type tube is unwieldy,
whether in written specifications, in
conversation, Or in 1nstructing mem-
bersof the Armed Forces in the opera-
tion of devices employing such tubes.

These conditions have prompted
many requests from standardization

agencies—including those of the

Army and Navy—for unrestricted use
of the name Klystron, In the public
interest, Sperry has been glad ‘to

comply with these requests. . .

From now on, the name KLYSTRON
belongs to the public, and may be
used by anyone as the designation
for velocity-modulated tubes of any
manufacture.

Sperry will, of course, continue to
make the many types of Klystrons it
now produces, and to develop new
ones.

On request, information about
Klystrons will be sent, subject to
military restrictions.

SPERRY GYROSCOPE COMPANY, INC. crear Neck, N. V.
gv'w'u'an 0/ the .%mwy %Wm(azn

*

LOS ANGELES * SAN FRANCISCO * NEW ORLEANS

HONOLULU

X CLEVELAND L] SEATTLE

GYROSCOPICS « ELECTRONICS » RADAR ¢« AUTOMATIC COMPUTATION « SERVO-MECHANISMS
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Light throug'-h earlobe works an electric meter!

Any light source can be made to operate
meters and meter relays without costly,
bulky amplifiers. Luxtron* photocells,
developed and manufactured by Bradley
Laboratories, do this today for many
purposes. .. such as looking at a patient’s
earlobe and instantaneously telling you
the oxygen content of his blood . . . at a
warehouse and warning of fire . . . or
at a furnace to gauge its temperature.

New chapters in the story of the ‘sim-

plest way to transform light into electric
*TRADE MARK REG. U. S. PAT. OFF.

energy are daily written by Bradley's
Luxtron photocells. For information on
how they can help you, write Bradley
Laboratories. 4

Copper Oxide Rectifier Advances
T,
development and

manufacture of a unique line of “Coprox”
rectifiers. Write for illustrated bulletin giv-
A3 a c

ing ratings and special advantages.

Bradley applies
knowledge of elec-
trical circuits to the

PHOTOCELLS—MASTERS OF lIGHA ““ k“ \E‘\ MASTER OF PHOTOCELLS

BRADLEY LABORATORIES, INC., 82 MEADOW STREET, NEW HAVEN 10, COMNECTICUT

56 ELECTROMIC INDUSTRIES o
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@ Decide AT THIS POINT to use TAYLOR FIBRE

WHETHER YOUR POST-WAR PRODUCT will be in the field of electronics or

aviation, automotive or home appliance, or any field in which light
weight, ease of machineability, high insulating qualities or structural
strength are important, decide now—in the blueprint stage—to give
thorough consideration to the advantages of using Taylor Laminated
Plastics. New, war-born developments in Phenol Fibre and Vulcanized
Fibre may change your whole conception about the possible applica-
tions of Laminated Plastics. Our engineering’ department is ready
to consult with you on this subject, without obligation, either in our

plant or yours. Start the ball rolling, by writing us today.

TAVLOR FIBRE COMPANY

LAMINATED PLASTICS: PHENOL FIBRE * VULCANIZED FIBRE * Sheets, Rods, Tubes, and Fabricated Parts

NORRISTOWN, PENNSYLVANIA . OFFICES IN PRINCIPAL CITIES . PACIFIC COAST HEADQUARTERS: 544 S. SAN PEDRO ST., LOS ANGELES
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but still these
tubes keep going

For better and more precise control of stop-and-go currents, as
in resistance welding, mechanical methods have given way to
electronics. For this application the WELTRONIC Company of
Detroit, Michigan, builds Electronic Timers and Welding Controls
distinguished for their fine construction and efficient operation.
In the heart of these units lies the toughest proving ground of
tube stamina.

The rapid and instantaneous changes in load conditions im-
posed on the power tubes in this function would bring sudden
death to tubes built.to ordinary standards. Impulses up to 300

per minute are commonplace and put the best tubes to the
severest test.

For this gruelling job WELTRONIC Engineers have standard-
ized on United Mercury Rectifiers. Their sterling workmanship,
unusual physical ruggedness and excellent electrical design are
the reasons underlying this preference. Built to withstand the
continuous, severe conditions of these and other industrial ap-
plications, tubes by United are appearing more and more in
important places.

Where the going is extra tough and several thousand hours
of dependable service are essential . . . United Mercury Rectifiers
are demonstrating their superior qualities. Get the facts about
these better tubes today. Write for a copy of our latest catalog.

UNITED

MERCURY RECTIFIERS

UNITED ELECTRONICS COMPANY - NEWARK 2, N. J.

Transmitting tubes exclusively since 1934

wWwWw americanradiohistorv com
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BUSINESSES, like people, usually have distinct, in-
dividual personalities. The smaller the business, the
more clearly it will reflect the character of the man who
built it.

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

sonal character. This aim has never been changed by

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

Mr. Biddie or his associates during the last half century,
It will continue to be an important factor in the policies
of the James G. Biddle Company in the years to come.

We are committed to this.

In celebration of our 50th anniversary, we have prepared a
brief booklet entitled **Report at Mid-Century.” It touches
upon interesting points regarding the growth and advance-
ments of the electrical field in general and our business
in particular. We would be pleased to send you a copy

upon request.

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

""MEGGER"* INSULATION TESTERS,

GROUND TESTERS AND OHMMETERS -

““FRAHM" TACHOMETERS AND

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

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

ELECTRONIC INDUSTRIES @ March, 1945
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F

y STEEL EQUIPMENT COMPANY \
Experience and “know-how” are why so many of America’s lead-

!,' ing manufacturers depend upon ““Cole Steel Equipment” for
I|

We welcome tough assugnmenfs . . . instrument housings .
water-test boxes . . . chassns some made to extreme preasuon,
\ others to gauge limits. Send us your blueprints!

Send for our Brochure
““The Plant Behind Your Plant’’

349 Broadway, New York 13, N. Y. .
Factory: Brooklyn, N. Y.

R N

(N

COLE STEEL
OFFICE EQUIPMENT

will again be available
after the war
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NO. § IN THE IRC NEW PRODUCT PARADE

IRC PRESENTS

WIRE WOUND RESISTORS

Flat as a flounder, efficient as a standard tubular wire wound . . . and available

right now for essentfial uses . . . the new Type FRW packs a wealth of features to

recommend it for many limited-space applications.

Five standard sizes, covering the 0.1 to 22,000 ohm range, are now being
built to JAN-R-26 specifications for RW20, RW21, RW22, RW23 and RW24

requirements. o

Non-magnetic mounting brackets extending through the resistor allow easy and
economical mounting, aid in uniform heat distribution along the entire length of Ssemass

the resistor, and serve as conductors to transfer internal heat to the chassis. !

FRW’s may be mounted vertically or horizontally, either singly or ‘stacked.”
Although light in weight, they have exceptional mechanical strength and withstand

severe vibration. They reflect in every detail IRC's traditional high quality.

o INTERNATIONAL |

For more complete details

write for FRW engineer- ‘
ing data bulletin, now in

. . e —
preparation.

Dept. 2-C
401 NORTH BROAD STREET, PHILADELPHIA 8, PA.

IRC maokes more types of resistance units, in more shapes, for more applicotions than any other

manufacturer in the world.

e D I W e —— o Pe——
{  {

-'-'v-r-!—r-i
‘ + 5 |

NG....COMING....

: Ho 8 dSEasLasie Siaen, Shosdsess o TR Mg T G T
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2 Rivdosiot Mn-lh.'_ﬂi— c Reduion ; ] T 3
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70 Types
PLUGS & CONNECTORS FOR VICTORY

SIGNAL CORPS « NAVY SPECIFICATIONS Remler is equipped for the mass production of many types of
radio and electronic devices from humble ‘plugs and connectors
Types : PL

50- e s 3
52 3 :; ;: ::; ::2 to complete sound amplifying and transmitting systems. In-
55 63 77 1200 160
56 64 104 124  291.A genious production techniques contribute to Remler precision,
58 &5 w08 1Y f2sh i S84
59 67 109 127 o . !
“ RYTre reduce costs and speed up deliveries. e The Axis is on the run
_PLP PLQ PLS and final Victory is in sight. Let us help you finish the job.

56 65 56 65 56 64
59 67 59 67 59 65
60 74 60 74 60 74
61 76 61 76 61 76 REMLER COMPANY, LTD. « 2101 Bryant St. ¢ San Francisco, 10, Calif.
62 77 62 77 62 77
63 104 63 104 83 104

Wire or telephone if we can be of assistance

64 64
e REMLER
1136-1 No. 212938.1
SINCE 1918 -
Other Designs to Order | -ﬁnnoancing & Communieation fgug)ament
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Put your hand
here!

PARAGON

REG. U. S. PAT. OFF.

DRAFTING
MACHINE

[ Y ANDLING is believing. Get the finger tips of your left hand on
H4 the control ring of a PARAGON Drafting Machine. The
lightest pressure is all you need to set the scales at the angle you
want, anywhere on the drawing board. Your right hand is always
free. For the full story of PARAGON features, convenience and

handsome modern appearance, write on your letterhead to Keuffel u Ec

& Esser Co., Hoboken, N. J.

Drafiing, Reproduction, Surveying
K E U FF E L &' E Ss E R Co' Equipment and Materials.

EST. 1867 Slide Rules. Measuring Tapes.

CHICAGO - DETROIT « ST. LOUIS « NEW YORK - HOBOKEN =« SAN-FRANCISCO « LOS ANGELES - MONTREAL
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ELECTRONIC HIGH FREQUENCY HEATERS CAN DO FOR THEM

e are manufact.urers_of
r bag and converting
nd are inter=
as

pape
pachinery a
ested in the Heaters
applied to 1aminating
and heat sealing paper

in the producv.ion of

paper bags: &

"We are intersted in the
application of heating

and drying tobacco, par-
ticulary as to the dry-
ing in hogsheads.”

"We are interested in
rmatron electronic

high frequency heat..ing
system for the drying of
sole leather.”

your The

% -
]
sed \
snafly
2 orddT s
«gout Ly o orevt?
a X ©
?"‘r?dms bri e o v }i’ i
vul ““\ﬁ g
10 4 Come
w3t ng.

q&e Wls THAT APPLICATIONS FOR WMhermmatrom INTERNAL HEAT
GENERATION ARE SO VAST THAT WE HAVE NOT AS YET EVEN TAPPED THE SURFACE.

* é 3 3 3
Thermatron _heat without flame—can be extensively used in the setting of plastics.

It heats and dries all types of non-metallic materials, indicing textiles, paper, powders,
wools, ceramics, etc. It cires rubber and sets glues.

SUBMIT SAMPLES of yous materials, along with details of your
problem, to Radio Receptor engineess We will be glad to make all
necessary tests, and give you a full, unkiased and confidential report,
including our opinion as to whethsr > not it will pay you to use
this type of heat. There is no charg2 or obligation for this service.

Write, on your own letterhead, for our new Wherimairon
folder to Dept. I-3.

Standard sizes from 500 watts bo 30 kilowatts output.
Units of special sizes. and frequencies built to order.

Thermatrom Divisiomn

RADIO RECEPTOR COMPANY, In~c.

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

SINCE:= 1922 IN RADIO. AMND ELECTRONICS

64 ELECTRONIC INDUSTRIES e March, 1945
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KNOW-HOW BEGINS AT HOME

SPECIAL tools, ingenious manufacturing devices,
and elaborate test equipment which makes delicate
measurements almost as easy as telling the time . . .
these things seem to interest our visitors particularly.
We are always proud to point out that most of these
aids to swift, precise production were developed by
our own men and women.

There’s a world of skill and experience at Con-

CATHODE RAY SCREEN TESTER

Tests a telephone or radio aeadset for respoase
over the entire range of audislz sound in a macter
of seconds, and charts the reults on a television-
type screen. Developed for oar own use by our
own people, this instrument has been a priceless
aid in maintaining high quali-yand quantity in war
production for the U. S. Signa. Ccrps and Air Corps.

S oy ol -
.

necticut Telephone & Electric Division . . born of
nearly fifty years of practice and progress. This know-
how isn’t confined to our engineering departments,
either. Some of our most useful suggestions come
straight from the production hnes.

Purchasers of C. T. & E. products benefit from
this skill and ingenuity .. . in better, more advanced

devices, produced faster, for less.

CONNECTICUT TELEPHONE & ELECTRIC DIVISION
GREAT AMERICAN INDUSTRIES, INC. « MERIDEN, CONN.

TELEPHONIC SYSTEMS e SIGNALLING EQUIPMENT o ELECTRONIC DEVICES ¢ ELECT RICAL EQUIPMENT
HOSPITAL AND SCHOOL COMMUNICATIONS AND SIGNALLING SYSTEMS e IGNITION SYSTEMS
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-

700 900
SERIES SERIES

1 A
DIAMETER DIAMETER
(.952} (1.235)

,NTERFERENCE e o o can spoil any pick-u;a. Electronic equip-

ment can't operate satisfactorily with outside interference, either. The best
transformer, coil or relay washes out when moisture wades in. That's the
“why’' for FUSITE hermetic seals. They keep out the wet outside by sealing
in .the dry inside. No damp amps are the positive result. In the lab,
FUSITES pass the tough thermal shock test of dry ice to boiling water. In
your plant, they can and do stand production handling . . . and later,
on-the-job manhandling. FUSITE is the only glass-insulated, multi-terminal
panel interfused within a reinforced metal shape, all in one piece. This
means that one and only one sealing operation is required to provide a
perfect hermetic seal. !t all adds up to this . . . parts and labor saved,
«costs downed, production upped and performance guaranteed, regardless
of time, place or temperature. Write for samples on your business letter-
head. A four-page illustreted file-folder, telling all about FUSITE and
its many applications, is also yours for the asking.
—_ TN
/l'\M MISTER AMP, ™
THE 'LECTRIC SCAMP,
FOR WHOM DAMPNESS HAS THAT FEELING,
BUT WHEN I'M DRY,

I''4 REALLY HIGH,
AND 1 GO TOR FUSITE SEALINGY/

CINCINNATI ELECTRIC
PRODUCTS COMPANY

NO DAMP AMPS/
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WMSTANDARD -
FREQU ENCIES — Ocfas

jmlooddié/é? M/e/li Aere it is —

|This Multi-frequency generator fur-

nishes the frequencies shown above at
the turn of a switch. All frequencies are
obtained from a temperature-compen-

sated tuning fork and voltage-stabilized
circuit.

With this unit it is possible to calibrate
oscillators at many selected points with-
out encountering complex oscilloscope
patterns. One of the uncertainties in-
volved in development work on tuned

Manufacturer of

the

Warch (=
6———-———% ’r--f‘.

‘and distributor of

280 Fifth Avenue

Western Electric
Watch -rate Recorders

—

- Accuracy 10 parrs in 1,000,000
- Output: 30 volts at 500,000 obms

- Input: 105-125V, 50-60c, 40 waits
Weight: 50 pounds

circuits, filters, reeds—and in time meas-
urement can be minimized with the aid
of this instrument.

Developed primarily to check frequency
meters for precision war work, this
Multi-frequency generator possesses a
rugged durability and dependability in
service that will prove an extra value to
many laboratories.

Additional information available on re-
quest.

°

INC.

New York 19, N. Y.

h
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RESISTOR /77¢/ e s

il

NO. GC-252

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

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

ELKHART « INDIANA

ELECTRONIC INDUSTRIES @ March, 1945 ) -
www.americanradiohistorv.com

- NO.

VARIABLE RESISTORS

TELEPHONE GENERATORS

A v 4

NO. GC-45

NO. GC-25

25

exist. And in the course of many years' experience, the
soundness of this practice has been demonstrated time
and time again. 1t has saved many a manufacturer
untold grief and very considerable sums of money.
Chicago Telephone Supply Company is a specialist in
the field of variable resistors. As such, they feel obli-
gated to do more than merely fill orders. They do their
utmost to make sure that their variable resistors will
do the job they are meant for.

741anad'amw-~:rod‘gmé'ty EloctroMecharical Corponent: Stece 1556

REPRESENTATIVES
R. W. Farris Co.
406 West Thirty-fourth Street
Kansas City 2, Missouri
Phone: lLogan 7495
Frank A. Emmet Co.
2837 West Pico Boulevard
tos Angeles 6, California
Phone: Rochester 9111

BRANCH OFFICES

S. J. Hutchinson, Jr.
401 North Broad Street
Philadelphia 8, Pernsylvania
Phane: Walnut 5369

IN CANADA

C. C. Meredith & Co.
Streetsville, Ontaria

PLUGS AND JACKS
SWITCHES, RINGERS
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@® For more than two decades the name
CENTRALAB on a volume control has been a
synonym for QUALITY.

The long wall-type resistance sector, the smooth
performance and the satisfactory operation of
these controls are in no small measure responsi-
ble for the fame of Centralab. Whether for orig-

inal equipment or replacement always specify

CENTRALAB Radiohms

Division of GLOBE-JNION INC., Milwaukee

Producers of VARIA3LE RESISTORS — SELECTOR SWITCHES — CERAMIC CAPACITORS,
TIXED AND VARIAELE — STEATITE INSULATORS — SILVER MICA CAPACITORS

ELECTRONIC INDUSTRIES @ March, 1945
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y Wosrern {d/ Electric /

...and here’s one good reason why!

It’s the Western Electric Synchronizer— an-
nounced in 1940 as a real contribution to FM
—now proved outstandingly successful in
years of operation.

In Western Electric Synchronized FM
Transmitters, the mean carrier frequency is
maintained continuously and precisely by a
sing)le low temperature coefficient crystal.

The Synchronizer compensatesimmediately

72

In KM Broadcastin
Wesrtern Eleciric

equipment leads the way

and automatically for a change in the mean
frequency of the modulated oscillator arising
from any cause. It is uncannily accurate in
keeping stations on frequency.

Developed by Bell Telephone Laboratories,
the Synchronizer is a good example of the

advanced design —and the leadership—you
can count on in all equipment manufactured Buy all the War Bonds you
by Western Electric. can...and keep all you buy!

ELECTRONIC INDUSTRIES @ March, 1945
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Highly significant among countless new materials developed for war requirements is Styraloy—trade-mark
name for a remarkable group of plastics possessing properties intermediate between rubber-like materials
and rigid thermoplastics.

“Working it out together” with the Armed Forces, Dow developed the first of this impressive new line—
—Styraloy 22—to provide a one-piece cable sheathing with a low power loss at high frequencies and possessing
great durability and flexibility. These unique qualities—combined with others presented below in capsule form
—point to its use in a broad range of products. As a result, unlike many war-born materials, Styraloy anticipates
a peacetime career of great importance.

Now that Styraloy is available for commercial purposes, molders and manufacturers or designers will find

Dow equally willing to cooperate with them in developing to the fullest extent the numerous applications
indicated by the impressive list of Styraloy’s properties. “‘Let’s work it out together.”

/
4.

PRESENT AND POTENTIAL USES: One-piece cable sheathin%; handles for
tools, household appliances, ete.; gaskets; bushings; coil forms; floor
mats; scuff plates; many applications still to be ascertained.

PROPERTIES AND ADVANTAGES: High dielectric strength, low power loss
over all frequencies. Power factor only .005 at 100-300 megacycles.
Flexible and shock resistant from —90° F. to 212° F. Specific gravity
less than 1 (floats in water). Water absorption only .2 to .5%,. ﬁesists
heat, ozone, and most chemicals. Highly resistant to abrasion. Resists
permanent indentation. Ideally suited to extrusion of complex cross . ~
sections and readily fabricated by other molding techniques. Easily P l I\ S rs‘ i C S

machined.

THE DOW CHEMICAL COMPANY - MIDLAND, MICHIGAN STYRON o ETHOCEL e« ETHOCEL SHEETING

SARAN + SARANFILM « STRIPCOAT  STYRALOY

New York o Boston o Philadelphio ¢ Woshington < Clevelond s Detroit
Chicage ¢ St Louis o Houston + San Franclsco + Llos Angeles + Seaftle
- wWwWw americanradiohistorv com



The need for maximum dependability in transformer
products has swung UTC production into high gear
on Hermetic designs. Work at our Varick Street plant,
for example, is now 98% Hermetic.

‘A”“ 4

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

wWww.americanradiohistorv.com
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O. H. CALDWELL, EDITOR

% M. CLEMENTS, PUBLISHER %

480 LEXINGTON AVE., NEW YORK (17), N. Y.

Five Rillions “Out of Thin Air”

Never in all history has a group of trained engineer-
ing specialists been handed such a huge responsibility
as has been imposed on radio men in the last two
or three years.

Think of this: In 1944 over five billion dollars’ worth
of radio equipment and service—five thousand million
dollars—was produced, based on the technical dis-
coveries and designs created by the members of the
IRE and their fellow engineers. For each of the voting
members of the IRE, this was nearly one and one-half
million dollars per man, in 1944. Even more will be
produced in 1945. , And all of this five or six billion
dollars of actual wealth per year has been created lit-
erally “out of thin air” by radio engineers and radio
inventors.

When Radio Engineer Is Boss

Radio engineers must not be satisfied, we insist, to
be merely employes and staff aids in the huge indus-
tries they have created. Radio engineers should them-
selves take business and industrial leadership. It is
time for the radio engineer to be the “big boss” of
his own concern and shape its general policies. In-
stead of avoiding and evading business responsibility
in order to keep close to the design room and slide-
rule, radio engineers should prepare to reach out,
themselves, for the top management position—for in-
dependent proprietorships—for public service in fitting
radio into broader usefulness to humanity.

All too often, some skillful lawyer, clever salesman
or quick-minded accountant is chosen to fill the top
place in a radio organization—a post which K would
have been far better served by a trained radio-minded
man having the broad grasp necessary to relate our
radio art to general business problems.

Perfectionists All!

Radio engineers are “perfectionists.” And so they
like to keep close to their technical work, improving
detail parts into the highest possible efficiency.

But even from this aspect of perfectionism alone,
radio men will admit that fullest perfection in radio
cannot come unless the radio engineer has the greatest
freedom in which to work. And this means that there
must be radio engineers at the top who can give sym-
pathetic encouragement to radio engineers through-
out the organization.

Let Radio Man Collect, Too

That is why we look forward to the day when radio-
electronic industries are officered by radio men—from
top executive posts on down to the design rooms and
production departments. This is absolutely necessary,
for the good of the radio industries and the public
they serve. Let radio men accept and even seek out
these responsibilities of management and direction.
And let us see that the radio man collects in full,
for himself and his family, his share of the wealth
he is producing!

Echo-Technique in Navigation

Echo-technique detection devices already are finding
important navigation uses in thick foggy weather.
Commanders today tell of the irreplaceable usefulness
of these devices for locating buoys, lighthouses, and
lightships, as well as for discovering oncoming vessels
in a pea-soup fog. Even the impeccable gyro com-
pass has been checked (and on occasion found want-
ting) by the ever-faithful radio echo, which in specific
instances revealed that the gyro was erroneously steer-
ing the ship in a big circle! Through radio-echo-tech-
nique, the sea will be safer, postwar.

$1000 IN AWARDS
to Authors of Best Articles Published in “ELECTRONIC IN DUSTRIES” in 1945

In addition to regular contributors’ rates paid to authors of technical articles appearing in these pages, the pub-
lishers offer extra Awards totaling $1,000 for the best three articles published during the remainder of 1945, as follows:
Ist Award, $600; 2nd, $300; 3rd, $100. Selections will be made by a jury of competent engineers to be named later.
Awards will be announced by January 31, 1946. Further details on page 95.

Authors are invited to submit articles in the usual way.
remainder of 1945 will automatically be entered for these Caldwell-Clements $1,000 Awards.

Industries, 480 Lexington Avenue, New York 17, N. Y.

All articles published in Electronic Industries during the
Address Editors, Electronic

ELECTRONIC INDUSTRIES ® March, 1945
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DC SATURABLE REACTORS

® Although dc¢ saturable reactors
have been used as control devices
for a number of years, their appli-
cation did not become very exten-
sive; the rapid development of the
electron tube, and the limitation
of magnetic materials are the main
reasons for their retarded growth.
Because of the improvements in
existing silicon steels, and the de-
velopment of new magnetic alloys
within the past ten years, it be-
came possible to obtain better re-
sults with saturable reactors, and
therefore their use as control de-
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Fig. 1—Three-legged saturable reactor

vices has been increasing. This is
especially true if the amount of
power to be controlled is not large.

D¢ saturable reactors are often
compared with the electron tube as
a control device. Their similarities,
however, are small. In the case of
the electron tube, an instantaneous
voltage applied to the control grid
changes the plate resistance, and
we are therefore able either to ap-
ply a direct voltage to the grid of
the tube and get an increased con-
tinuous current through the plate,
or we may apply a varying voltage
to the grid and obtain a plate cur-
rent that varies in the same man-
ner as the grid voltage. In this
case, the electron tube becomes a
linear amplifier. In the saturable

76

By HARRY HOLUBOW

Electronic-Engineering Co., and Holubow & Rehfeldt, Consuiting Engineers, Chicago

Design factors covering core structure materials
used in chokes engineered for optimum performance

reactor a direct voltage applied to
a control winding changes the ac
impedance of another winding.
Because of the characteristics of
the magnetic material the change
of the ac impedance is, in general,
not proportional to the voltage ap-
plied to the control winding.

Core structure

The most commonly used core
structure in the manufacture of
saturable reactors is the shell type
iron, or as it is usually known, the
three-legged reactor, as shown in
Fig. 1. The dc winding is placed on
the center leg, and the ac windings
are placed on the two outside legs.
The ac windings may be connected
either in parallel or in series. The
dc flux shown on Fig. 1 in dotted
line is present in all three legs
while the ac flux shown in a solid
line is present in the outside path
of the core. In calculating the ac
flux densities, inductance, and core
losses, the center leg does not enter
into consideration.

A number of different types of
structures (1, 3), some requiring as
many as five or six coils, have been
used, but these have a curiosity
interest only. Occasionally, how-
ever, it is necessary to use a con-
struction differing from the three-
legged reactors. This is true in
instances where either an L-shaped
lamination only is available, or
when it is desired to use the sev-
eral varieties of wound cores or
grain-oriented steel.

In sueh cases a structure as
shown in Fig. 2 may be used. Al-
though the mechanical construc-
tion resembles that of the three-
legged core, electrically it is
different and inferior. As shown
by the dotted line, the dc flux path
in this type is the same as that
of the core shown in Fig. 1. The
ac flux path, however, is different
from that of the shell type iron
shown in Fig. 1. The whole core in
Fig. 2 is subjected to the ac flux,
and the iron losses are conse-

quently larger. The ac windings are.

placed on the outside legs of the
core assembly and may be con-
nected either in series or parallel;
electrically, however, they consist

WwWW.americanradiohistorv.com

of two separate reactors connected
either series or parallel. This re-
sults in a lower inductance for the
same core size.

For example, if the two ac coils
consisting of N-turns each in Fig, 1
are connected in series, the in-
ductance in henries is

_ 0.4nNZu A
|084e|

where u. is the apparent ac permea-
bility, A is the cross-sectional area
of the outside leg and 1; is the
effective length of the ac flux path.
The inductance in henries of the
structure in Fig. 2 is

~ O.2nN2uaA
1084,
where lp is the effective length of
ac flux path of each core. If N, u.
and A are the same in each case,
the ratio Ls/L; = 1;/2l. For the
average lamination size lz = 0.75];
and I»/L; = 0.67. The inductance
of the two separate cores in Fig. 2
is then only 67 per cent that of
the core in Fig. 1. The iron losses,
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Fig. 2—Three-legged saturable reactor having
two cores

however, will be about 50 per cent
higher because of the larger
amount of iron exposed to the ac
flux.
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Fig. .3—Saturable reactor in series with R

In the construction of a saturable
reactor core it is important to have
as good a magnetic circuit as pos-
sible. Even a small air gap in the
magnetic circuit will reduce the ac
permeability greatly and waste a
great deal of polarizing current, as
may be seen from the following
example: Let us assume that we
have a magnetic circuit consisting
of a magnetic path of 10 in. in the
material and 0.001-in. air gap. The
effective permeability may be ob-
tained from the relation

el
| +auglf

where p. is the effective permea-
bility of the complete circuit,
neglecting. the air gap, k. is the
apparent permeability of the mag-
netic material, a is the length of
air gap, 1 is the length of the
magnetic circuit.

For such a magnetic circuit if
the apparent permeability of the
material varies from 20,000 to 200
as the polarizing current is ap-
plied, the actual variation of the
effective permeability will be from
6,700 to 196. Thus, not only will the
initial inductance be reduced, but
the ratio of inductance change also
will be reduced.

Be *

Effect of Air Gap

The effect of an air gap on the

de saturation may be shown as

follows: Let us assume that it is

desired to establish a polarizing

flux density of 5,000 in the 10 in.

core. If the de¢ permeability Is

20,000, a polarizing magnetomotive
5,000

force of = 0.25 Gilbert/cm

20,000
or 05 ampere-turn per inch will
be required. For 10 in. a total of
5 ampere-turns will be needed. The
ampere-turns to establish the same
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polarizing flux in the gap may be
calculated from the following:
B = 0.4 » NI/a where a is the length
of the air gap. For B = 5,000 and
a = 0.001 in. or 0.00254 cm., NI = 10.
From this it may be seen that only
about 33 per cent of the direct cur-
rent is utilized to establish the
polarizing flux in the core. A
permeability of 20,000 and a 10 in.
length of magnetic path was used
in this illustration; as the length
of the path becomes greater or if
the permeabilities are lower, the
effect of the gap will become
smaller.

Reactor design

A dc saturable reactor to give
the optimum performance in a
given circuit should be properly de-
signed for the application. In ap-
plications involving considerable
amounts .of power, the reactor is
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Fig. 4-—Saturable reactor in shunt with Ry,

usually placed in series with the
load resistance, and the generator
resistance is usually low. The load
may be a pure resistance such as
lamps. The control winding may
operate either from zero dc or from
a given low value of dc to a larger
value to obtain the necessary
saturation. The initial value of in-
ductance is to be of a certain
minimum, and the inductance at
saturation is not to exceed a given
maxXimum.

To illustrate, let us assume that
we have a constant resistance of
50 ohms, and it is desired to have
the voltage across the resistance
20 volts maximum without satura-
tion, and 100 volts minimum with
saturation from an initial line
voltage -of 115. Inasmuch as the
load is a pure resistance, the
voltage drop across the reactor
Erx = (1152-202)% = 113 v when
the voltage across the resistor is
20 v and Er = (1152—1002)*% = 56.5
v at 100 v across the resistor. The
alternating currents at these two
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Fig. 5—Permeability curve for silicon steel
with superimposed dc excitation

instances are 0.4 amperes and 5
amperes respectively. The values of
the saturable reactor are then
calculated from the voltage and
currents in the reactor. At 113 v
and 0.4 ampere the impedance of
113
the reactor —— = 282 ohms, repre-
04
senting an inductance of 0.75
henries at 60 cps. At 565 v and
56.5
2 amperes the impedance is — =
2.0

2825 ohms for an inductance of
0.075 henries.

The problem then consists of de-
signing a reactor with a minimum
inductance of 0.75 henries at either
zero or low value of dc saturation,
and a maximum inductance of
0.075 henries at full saturation.
From the curves of apparent ac
permeabilities (Fig. 5 to Fig. 8), the
needed core size is determined and
the design is carried out as in an
ordinary reactor taking into con-
sideration the ac flux densities and
core losses. If the initial ac flux
density at zero dc is selected at 10
kilogauss, at the maximum dc, it
will drop to about 5 kilogauss. To
obtain a 10 to 1 change in permea-
bility for silicon steel core, a dc
variation of magnetomotion force
of from 0 to about 12 ampere-turns
per inch will be required. (See
Fig. 5.)

Low power reactors

The development of nickel-iron
alloys having high permeabilities
and low saturation values made it
possible to design and build satu-
rable reactors having a wide range
of inductance from zero dc to com-
paratively low valve of dc excita-
tion. The low saturation value of
these alloys, however, limits their
application to conditions where the
amount of power handled is com-
paratively small; for applications
where the dc power to be handled
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is large, saturable reactors using
nickel-iron alloys would be too
large and expensive for economic
use.

The growth and development of
the small electron tube and photo-
tubes capable of generating larger
values of direct voltages played an
important part in the development
of small saturable reactors where
the variation of inductance is
larger than that obtainable with
the silicon steels, and the use of
nickel-iron alloys in saturable re-
actors. is becoming more wide-
spread.

The design of saturable reactors
for small power applications does
not differ from that of the large
power application; in either case
the reactor has to be designed to
fit a given load application, whether
it is expressed in terms of watts or
load resistance. When the load to
be handled is comparatively large,
the generator impedance usually is
very small and the reactor is gen-
erally placed in series with the load
to get the necessary control; when
the load is small and the genera-
tor resistance may be considerable,
the saturable reactor may be placed
either in series or parallel with the
load as shown in Fig..3 and Fig. 4.
The voltage across the load re-
sistance Rw in the series circuit is
expressed as follows:

EgRL

EL = 2 24 4
[(Rg+RL) + X4]12
Where E; = generator voltage
E. = load voltage
Ry = generator resistance
"Ry = load resistance
X = impedance of the

reactor.

In the parallel circuit the voltage
across thé load resistance is as
follows:

EgR) X
Rg:+R. [RZRZ/(Rg+ R )2 + X3

EL=

The value of the reactor im-
pedance for the desired load volt-
age may be obtained from the
above equations and by means of
the ac permeability curves the de-
sign may be carried out as in an
ordinary reactor.

AC permeability curves

Graphical data on ac permea-
bility curves are to be taken with a
grain of salt. Besides the normal
variation in performance which
may be 10 per cent or even higher
for supposedly the same grade of
steel, there also are present the
variations because of the different
methods of measurement. The nor-
mal permeability of a magnetic
material is defined as B/H, where
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H is the instantaneous magnetizing
force and B is the resultant flux
density. In ac measurements, B is
a measurement of an emf and H is
a measurement of current. If both
the emf and the current varied
sinusoidally, the expression B/H
would give a true indication of
permeability. However, the mag-
netizing current is not sinusoidal
and may contain a very large com-
ponent of third and fifth harmonic,
and therefore the permeability is
variable throughout the entire
cycle. The data presented in these
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Fig. 7-—Permeability curves for 789% nickel
iron alloy with superimposed dc excitation

graphs is obtained from RMS. values
of emf and current, the voltage
being maintained a sine wave and
the values are therefore apparent
permeabilities RMS ac.

As it has been seen from the
previous discussion the apparent
permeabilities and de saturation
will depend to a great extent upon
the continuity of the magnetic cir-
cuit. For measurement purposes
the ring sample is the ideal shape,
but unfortunately samples of this
shape are different and require
special machines for winding. Be-
sides, such shapes generally are
not used in actual construction.
The interlaced magnetic circuit
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usually presents an air gap equiva-
lent to about 0.0001 in. The neglect
of such an air gap will not seri-
ously effect the calculated per-
formance, unless the total length
of the magnetic circuit is very
small or the permeabilities are very
high. A magnetic circuit of about
8 in. to 10 in. was used to obtain
the data given in this paper. Un-
less the magnetic circuit is less
than about 3 in., the result will be
fairly accurate within the normal
performance variation even for the
high permeability nickel-iron alloys.

The most important factor affect-
ing the accuracy of the calcula-
tion is the distorted wave shape of
the magnetizing current. The dc
saturable reactor is generally used
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Fig. 8—Permeability curves for grain oriented
steel

in series with a load which may be
either a pure resistance or re-
sistance and reactance. When a
sinusoidal emf is applied to the
system the drops across the load
and across the saturable reactor
are distorted and therefore the ap-
parent ac permeability cannot be
calculated with any degree of
precision.

Calculating core loss

The departure is not bad at zero
or at low values of de excitation;
first, because the harmonic content
in the exciting current is not large,
and secondly because the load im-
pedance is comparatively much
smaller than the impedance of the
saturable reactor. At high values
of dec excitation the harmonic con-
tent is very large and also the im-
pedance of the load is greater than
the impedance of the reactor,
therefore the error in calculating
the performance of a saturable re-
actor from the permeability curves
at a high polarizing current is
unusual.

The calculation of core losses
from graphs is also subject to the
same errors as is that of inductance.
These calculations, however, are
not always of much importance.
In the larger reactors that are to
handle a considerable amount of
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power, only the maximum core loss
is of interest. Subject to normal
variations in iron data, curves in
Figs. 9, 10, 11 will give fairly ac-
curate results.

The most commonly used ma-
terials in the design of saturable
reactors are the various grades of
silicon. The maximum permeability
.of silicon steel occurs at about
5,000-6,000 gauss and it varies from
about a permeability of 8,000 in the
higher grades to about 2,000-3,000
in the lower grades. At high values
of de excitation the permeability is
nearly the same for all the silicon
grades.

Silicon steels

The silicon steels are superior to
the nickel-iron alloys in the re-
spects that they saturate at much
higher flux densities, and thus for
the same volume of magnetic ma-
terial they may be operated at a
much higher power level. If the
design is so made that the ac flux
density is at the point of maximum
permeability, an inductance change
of about 20 to 1 easily may be
obtained without using too much
de power. Such design, however, is
not always practicable; the point
of maximum permeability which
oecurs at about 6,000 gauss is nearly
half the ac flux density commonly
used in the design of small and
medium transformers.

An inductance change of ap-
proximately 10 to 1 can be obtained
using ac flux densities of 10,000-
11,000 gauss. Such changes are
usually satisfactory in most small
or medium power applications.

The core loss of silicon steel in-
creases considerably with the ap-
plication of a polarizing cur-
rent; fortunately in almost all
applications involving de¢ saturable
reactors, as the dc saturation in-
creases, the ac saturation decreases.

Fig. 9—Core loss of .014 in. silicon steel with
de saturation
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In the example previously shown,
if at zero dec, the ac flux density
was 10,000 gauss, then with full
de excitation, the flux density would
be only 5,000 and from the graph
on Fig. 9 the core loss per pound
would vary from 0.6 to about 1.2
watts.

Of the nickel-iron alloys the
45-50 per cent alloy, commercially
known as Hypernic or Electric
metal, and the 78 per cent known
as Permalloy or Mumetal are com-
monly used. The 45-50 per cent al-
loy has a higher saturation value
than the Mumetal and therefore
may be operated for higher power
levels. The maximum permeability
of the Electric metal« occurs at
about 5,000 gauss, and occurs as
high as 20,000 for medium size
cores. Although silicon steel may
be operated at higher densities
than Electric metal, the ac range
in saturable reactors is about the
same. Where the price of the
product is not very important, a
much greater range of inductance
change and lower core losses may
be obtained with this alloy.

Wound vs. cut cores

Permalloy or Mumetal, definitely
belong to the low power level group.
The maximum permeability is 20,-
000 and it occurs at about 2,000
gauss. The material saturates at

Fig. 10—Core loss of .020 electric metal with
changes in dc saturation level
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6,500 gauss and therefore cannot be
used at higher ac flux density. For
applications where a very great
change in inductance for a small
chapge in dc excitation is required,
the 78.0 per cent nickel-iron alloy
is the best available.

Oriented, wound core silicon ma-
terial is used.in the construction
of dc saturable reactors, but be-
cause of the difficulty in manufac-
turing, the use is limited. If a cut
core is used, the inherent high
Jpermeability of oriented steel can-
yiot be utilized because of air gap

www americanradiohistorv com

6 ) I L) o 5 S O et O
] | 44eD-C SATURATION IN AMPERE TUKNS PER INCH
I
] P
1
P
s
7
»
4
©
. Y\,s“'z
A -
ﬁ .
o
g3 P
2 g
<
ES
i
2
BEP=e
d (3
2 1 =60t
T | -0 ]
I
et bt
-
[}

6 8 10 12 14 16 1=
A-C FLUX DENSITY By IN KILOGAUSS

Fig. 11—Core loss of .013 in. grain oriented
steel with dc saturation level changes

present, especially in the small
sizes. When the size becomes large
so that the effect of the gap is
minimized, the oriented steel has a
definite advantage over the silicon
because of the lower core losses.
The data shown in Figs. 8 and 11
have been obtained using a cut
core having a length of the mag-
netic path of about 8 in.

The data shown in this article
have been obtained at 60 cycles,
at higher frequencies, the range of
permeability variations decreases as
the frequency increases. Even at
400 cycles the unsaturated permea-
bilities of the nickel-iron alloys be-
come considerably smaller than at
60 cycles as shown in Fig. 12, At
frequencies greater than 500 cps
the permeability, even of silicon
steel, begins to decrease consider-
ably and therefore the use of
saturable reactors at the higher
frequencies is limited.
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ELECTRONIC TACHOMETER

@ An arrangement that will give a
continuous record of instaneous
speed, that is not limited to
comparison methods involving dis-
creet steps (as is usual with a stro-
boscope) has an important role in
the development of many industrial
devices. A direct reading electronic
tachometer recently developed
avoids possible errors of multiple
and fractional magnitudes that
sometimes occur with a stroboscope.
In this system a steady beam of
light is interrupted by the move-
ments of a reflecting surface on
the rotating mechanism and picked
up by a photocell. The resulting pul-
sating current is amplified and ap-
plied to a special visual frequency
meter.

It provides a continuous record of
the instantaneous speed, which can,
if necessary, be transformed into a
permanent record by connecting a
recording milliammeter to the out-
put of the instrument. It is capable
of measuring very high speeds of
rotating parts having small energy
or which for other reasons cannot
be mechanically connected to any
measuring device.

The Model 505A Hewlett-Packard
tachometer consists of two sections,
a tachometer head assembly, and
an electronic frequency meter. The
tachometer head assembly contains
a photocell pickup in combination
with a light source. The light source
is used to illuminate the moving
part to be measured, which must be
prepared by suitable means to have
alternate reflecting and absorbing
surfaces. The interrupted light re-
flected is picked up by the photo-
cell, and the electrical impulses
generated thereby are transmitted
to the frequency meter.

Method of setting up equip t for e-
ment of rotative speed in a horizontal plane

80

Continuous record of
rotation eliminates

In the pickup a 924 photocell is
mounted in a shielding tube of the
same size as the light source. It
also is provided with a condensing
lens to concentrate the available
light on the moving part. To pre-
vent restricting its use, and per-
mitting ite application to the study
of a wide range of mechanisms,
a cable is provided for connecting
these units to the frequency meter,
which allows the lamp and photo-
cell to operate at any angle.

Operating principle

As shown in the photograph, the
light source is mounted in a shield-
ed tube. It is provided with a con-
densing lens to concentrate the
light on the part being measured,

adequate for most applications
where good reflecting surfaces are
available, especially if the light

source and the pickup should be
mounted within about six inches of
the part being measured. A 15-cp
6-volt automotive bulb provides the
light source.

This frequency meter operates by
generating a square wave from the
signal voltage, and applying it to
a discriminating circuit, which pro-
duces a fixed current pulse at each
half cycle. The pulses are rectified,
and their average value indicated
by a dc milliammeter. The reading

|
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fractional

instantaneous speed at high

or multiple errors

of the meter is then proportional to
the number of pulses per second,
or the signal frequency.

As will be noted in the circuit the
photocell amplifier consists of three
resistance-coupled stages, using
6SJ7 tubes. Voltage to drive the
“switching” tubes is taken from the
plates of the second and third
stages. For normal signal voltages,
overloading begins in either the
first or second stage, hence the
voltage applied to the switching
tubes is nearly balanced. Any un-
balance is unimportant because
each switching tube is driven to cut
off alternate half-cycles.

To produce the signal conversion
to square waves, two 6V6 tubes,
connected as triodes, are used to
switch a constant current to alter-
nate load resistors. The action is
made very rapid by applying a
large voltage to the grids of the
switching tubes. This voltage is
normally a square wave because of
overloading in the voltage amplifier.

A dc current regulator is used to
make the current applied to the
load resistors independent of the
characteristics of the switching
tubes and the voltage applied to
them. The regulator consists of a
6L6G tube, whose grid and screen
grid voltages are obtained from a
gas type voltage regulator (VR-
150). A large amount of degenera-
tion is used in the cathode, making
the plate current practically inde-
pendent of plate br filament volt-
ages, or tube constants. The imper-
fect regulation of the VR tube is
compensated for by feeding a small
amount of current from the high
voltage dc source to the cathode of
the current regulator tube. .

Pulse conversion

At each half cycle the regulated
current is switched from one load
resistor to the other (R30 and R43),
and a current pulse is sent through
the meter because of the change
in charge on the pair of capacitors
C7 and C26. Care should be taken
to see that the signal voltage is
sufficient—0.5 volts rms or more.
If the signal voltage is less than
the required amount, the reading
depends on the voltage. The signal
voltage should not exceed 200 volts
rms. The design is such that the
current pulse decreases to prac-
tically zero before the current
source is switched (at the particu-
lar full scale frequency). The cur-
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Schematic wiring diagram of the electronic tachometer which is calibrated for speeds up. to 3,000,000 revolutions per minute

rent pulses are rectified by a diode
bridge rectifier, and their average
value read by a dc¢ milliammeter.
The reading is proportional to the
number of pulses per second, hence
proportional to the signal fre-
quency. The value of each pulse de-
pends upon the regulated current,
and the capacitors and resistors in
the diseriminating circuit. Provision

Principle of operation showing alternative
methods of preparing rotating part to present
successive absorbing and reflecting surfaces

PHOTOCELL PHOTOCELL
TUBE
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is made for checking the regulated
current on the dc meter, so that
the calibration is independent of
tube constants and voltages, and
dependent only upon the RC values
of the discriminating circuit. The
range switch selects the proper pair
of capacitors for each frequency
range, the load resistors being kept
ccnstant for all the ranges.

Zero emission current in the
diode rectifiers is suppressed by
applying a small negative voltage
to the plates of the diodes. This
voltage is obtained from the drop
across resistor R53 in series with
the VR tube. The bias voltage thus
varies with line voltage, and is ad-
justed to compensate for changes
in the emission velocity of the
diodes over the line voltage range
of 105 to 125 volts.

With measurements being made
on a direct ratio (one light segment
and one dark segment per revolu-
tion), the speed ranges will fall into
ten divisions, having convenient
and overlapping steps ranging from
3,000 to 3 million rpm full scale
values.

Measurable speeds

The lowest speed which can be
measured conveniently on a one-
to-one basis is about 600 rpm (10
rps) on range 1. However, slower
speeds may be measured by blank-
ing off the reflecting surface into
a larger number of segments. If,
for example, two reflecting and two
absorbing segments are provided
on this reflecting surface, the speed
which can be measured is then re-
duced to 300 rpm (5 rps). Addi-
tional segments provided on the

www.americanradiohistorv.com

rotating part will allow much lower
speeds to be measured.

While the instrument is cali-
brated up to 3,000,000 rpm, the
highest speed it is practical to
measure will depend upon several
factors. First, the response of the
924 phototube, which is down ap-
proximately 3 db at 600,000 rpm.
‘Second, the shunting capacities of
the interconnecting cable, sockets,
tubes, etc., of the photocell head
will cut down the voltage applied
to the frequency meter input at
these higher speeds, so that a much
more intense light source will be
required for proper operation.

At 600,000 rpm the shunting ef-
fect of these capacities will cause
the generated voltage to be ap-
proximately 16 db less than at the
lower frequencies—making a total
loss of 19 db, thus requiring the
maximum light intensity to be
nearly ten times as great as for the
lower speeds. And third, the rela-
tive reflecting and absorbing abili-
ties of the segments and the in-
tensity of light shining on them
will have a direct bearing on the
amount of light reaching the
phototube.

In order to obtain the proper
interrupted light for this measure-
ment, it is necessary that the ro-
tating part have a light-reflecting
surface, half of which can be
blackened or otherwise treated so
that the light beam.is not reflected
into the photocell during one part
of each revolution.

There are several features in-
corporated in the instrument not
shown in the basic diagram. One
feature utilizes the fact that the

(Continued on page 208)



ENGINEERING DOUBLE

® This development started with
the aim of providing a radio re-
ceiver in which the only tuning
means was push-buttons, and in
which the desired station frequency
was punched out in a manner simi-
lar to the operation of a cash reg-
ister. This tuning method was
found feasible and practical by
means of a double superheterodyne.

Fig. 1 shows in block form the
basic circuit of a double superhet-
erodyne which is tunable in steps
of 10 ke from 500 to 1,590 kc. The
first oscillator is switched in steps
of 100 kc and simultaneously tunes
the input in steps of 100 ke. The
second oscillator is switched in
steps of 10 ke and simultaneously
tunes the input in steps of 10 kec.
The first IF is made 100 k¢ wide
and the second IF 10 k¢ wide.

The high frequency first IF en-
ables excellent image response to
be obtained and the low frequency
second IF provides the required ad-
jacent channel attenuation. The
switches are shown in position for
reception of the 850 ke¢- channel.

By JOHN D. REID, JR.

Manaéer of Research
The Crosley Corp., Cincinnati

Cheoice of high first and lew second intermediate fre-
quency permits design of set entirely push-button tuned

This simplified diagram shows rot-
ary switches, but the actual receiver
was constructed with push button
switches.
. Fig. 2 is a table illustrating the
tuning of the range from 800 to
890 kc in steps of 10 ke, which is
done by varying the frequency of
the second oscillator in steps of 10
ke. It will be observed that the
difference frequency is used for
both- conversions. The table is
based on a first IF of approximate-
ly 4 mc and a second IF of 200 kc.
Fig. 3 is a table illustrating tun-

ing from 500 to 1,500 k¢ in steps of’

100 ke, which is done by varying
the frequency of the first oscillator
in steps of 100 ke.

Eliminating birdies

Interference points, or birdies,
caused by beats between oscillator
harmonics are minimized by the
choice of the IF frequencies. It
was found that by choosing a first
IF frequency at least twice the
highest frequency it was desired to

Front view of the double superheterodyne recciver showing the decade tuning buttons, and a rear
view showing the shaflow chassis and cabinet, the loud speaker and the rotatable loop antenna
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receive, and a second IF frequency
at least half ‘the lowest frequency
it is desired to receive, spurious
responses were reduced to negli-
gible amount.

An example of this form of inter-
ference can be seen by examining
the table in Fig. 3. If the second
IF' were chosen as 250 ke then the
second oscillator frequency would
need to be 4,350 k¢ instead of 4,300

ke, which for reception of 500 kc

would beat with the first oscillator
at 4,600 ke, producing 250 ke the
second IF frequency.

The image of the first oscillator,
8,600 to 9,700 kc, is greatly attenu-
ated by the input circuit as it falls
in the high frequency region. The
direct IF response, which is very
troublesome on a conventional
superheterodyne, is also practically
eliminated by the input selectivity
which rejects 4 mc.

The image of the second oscilla-
tor is attenuated by the selectivity
of both the first IF and the input
circuit. This image ratio depends
on the rejection of the first IF for
frequencies 400 k¢ higher than res-
onance and the attenuation of the
input circuit for frequencies 400 k¢
lower than the desired signal.

Fig. 4 shows the schematic dia-
gram of the input tuning in sim-
plified form, only three of the
switch positions being shown. A low
impedance loop was used due to its
freedom from power line noise
pickup. The 100 kc¢ steps. in tun-
ing are obtained by varying the in-
ductance, and the 10 kc steps in
tuning result from a change in ca-
pacity.

The inductance values are chosen
50 as to be correct for the capacity
across the circuit with the “50”
switch closed; that is, the input
circuit is exactly tuned for 550 ke,
650 ke, 750 ke, etc. The capacitor
values are chosen so as to correctly
tune over the range of 900 k¢ to
990 kc. This results in less than the

‘desired change in input tuning with

the “10’s” steps for lower frequen-
cies and more than the desired
change for higher frequencies.
‘This mistuning is a maximum of
approximately 15 kc for the low
end of the band, 590 ke or 600 ke,
and 25 ke¢ for the high end of the
band, 1,590 ke¢. This mistuning
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SUPERHET RECEIVERS

could be corrected by the use of
combination inductance and capac-
ity tuning for the “10’s” steps, but
the complication was thought un-
warranted.

Physically, the variable induct-
ance is made a large diameter sol-
enoid with a series of taps brought
out. The wire size and spacing be-
tween turns was made such that it
was mechanically convenient to
solder the tap wires where desired.

Fig. 5 shows the schematic dia-
gram of the first oscillator in sim-
plified form, only three of the
eleven switch positions being shown.
The 100 ke steps in oscillator tuning
are ganged with the 100 kc steps
in input tuning and obtained by
shunting adjustable iron core in-
ductances across the oscillator cir-
cuit. This is a Hartley type of
oscillator with a relatively high
shunt C and with the coil tap and
grid condenser chosen for maxi-
mum stability.

Frequency calibriation

The second oscillator, which is
varied in steps of 10 ke, uses @ simi-
lar circuit except that it was found
convenient to make the variation
consist of small series inductances.
Fig. 6 shows the schematic diagram
in simplified form, only three of
the ten switch positions being
shown. These series inductances
take the physical form of self-sup-
porting wires between switch points.
The wiring is formed in the shape
of a two-turn coil and line-up is
accomplished by varying the spac-
ing between the turns.

The frequency calibration .of the

receiver and its maintenance de-

TUNED INPUT IST. I.F. 2ND. I.F.
500 - 1590 K.C. 4005~ 4105 K.C. 195 - 205 K.C.
1ST. . 2ND. \
[.] 50 1 — -
8.9.'. ;'..z i :o. .20.10 CONVERTOR CONVERTOR o xe,
e o3 208 080 100 K.C.-
e o4 'g: 30 ;
5% 100's °"® 10's \ 5
\ S -
T
\\ DIODE DET.

4600- 5600 K.C.

4210 - 4300 KC.

i

Fig. 1—Block dlagram of the

500 to 1590 kc; first oscillator is tuned in steps of 100 ke,

ting and stability of the two oscil-
lators. Excellent stability is ob-
tained with the clrcuits described.
In addition, any changes in humid-
ity which affect the two oscillator
circuits equal amounts is largely
balanced out. That is, if a large
change in humidity should shift
both oscillators .02 per cent, this
would amount to a change of ap-
proximately 10 ke in the first oscil-
lator and 8 ke in the second oscil-
lator or a maximum net change in
tuning of only 2 kc as represented
by the difference between the shift
in both oscillators.

double superheterodyne receiver, tunable in steps of 10 kc from

the second in steps of 10 ke

checked after a period of three
years, during which it was shunted
from storeroom to storeroom, was
found to be within 5 kc or better
of calibration over the entire band.

A considerable line-up problem is
entailed with the twenty-one oscil-
lator adjustments which must be
made accurately. This naturally
suggests the elimination of this
problem by the use of crystal con-
trolled oscillators.

Fig. 7 shows an experimental cir-
cuit for crystal controlled oscilla-
tors. This circuit, which was sug-
gested by A. A. Leonard of North

pend entirely upon the initial set- The sample receiver, when American Philips -Co, uses the
Fig. 2—Table iliustrating tuning ,of _the' range from 800. to 890  Fig. 3—Table illustrating tuning range from 500 to 1500 kc in
ke in steps of 10 kc by varying frequency of second oscillator steps of 100 k¢ by varying frequency of first oscillator
ANT. TUNING | 1ST.05C. TUNING 1 0, 2 ND. 0SC. 2ND1LF ANT. TUNING | 1ST OSC. TUNING IST. I F. 2ND.OSC TUNING 2ND. |.F
(DESIRED SIGNAL) | (100°S BUTTONS) | (100KC BANDPASS) | (10'S BUTTONS)| {10KC BANDPASS) (DESIRED SIGNAL) | ("100'S” BUTTONS)|{100 KC.BANDPASS)("10'S" BUTTONS) | (10 KC. BANDPASS
(NO. 8) (4005 - 4105) © 10 9) (195 - 205} (5 TO 15} (4005 - 4105) (NO. O} {195 - 205)

500 4600 4100 4300 200

800 4900 4100 4300 200 600 4700 4100 4300 200

810 4900 | 4090 4290 200 700 4800 4100 4300 200

820 4900 4080 4280 200 800 4900 4100 4300 200

830 4900 4070 4270 200 900 5000 4100 4300 200

840 4900 4060 4260 200 1000 5100 4100 4300 200

850 4900 4050 4250 200 1100 5200 4100 4300° 200

860 4900 4040 4240 200 1200 5300 4100 4300 200

870 4900 4030 4230 200 1300 5400 4100 4300 200

880 4900 4020 4220 200 1300 5500 4100 4300 200

890 4900 4010 4210 200 1500 5600 4100 4300 200
ELECTRONIC INDUSTRIES @ March, 1945 83
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Flg. 4—Schematic diagram of the input tuning in simplified form,
only three of the switch (push button) positions being shown

series resonance of the crystal to
control a Colpitts type oscillator,
and requires no tuning adjustment
over a frequency range as great
as 2/1.

The experimental chassis is
mounted in a conventional console
cabinet. This model was completed
prior to the war. The two rows of
push buttons are arranged vertical-
ly, and the tone and volume con-
trols are mounted at each side. The
left row of 11 push buttons is
marked 5 to 15 and tunes the re-
ceiver in 100 k¢ steps. The right
row of 10 push buttons is marked
00 to 90 and tunes the receiver in
steps of of 10 ke. Thus, a total of
10 times 11, or 110 channels, are
available from the 21 buttons. The
tuning range is therefore 500 to
1,590 kc.

Rotatable loop

To tune to the frequency of any
broadecast station, two buttons must
be pushed. For example: to tune
to WLW, operating at 700 ke, the
“7” button in the 100’s row and the
“00” button in the 10’s row would
be pushed. All that is necessary is
to know the frequency of the sta-
tion it is desired to receive.

The overall depth of the chassis
behind the front panel is only 5%
in. and would allow a very shallow

console to be used. It can be real-
ized that many new styling possi-
bilities are afforded by this type of
design. The low impedance loop
can be seen in the lower left corner
of the console. This particular loop
is of a size that can be rotated
within the cabinet by means of a
front control which allows an add-
ed factor of directivity in reducing
shared channel interference.

One of the factors considered at
the time this design was made was
to keep the use of metal to a mini-
mum. The chassis, therefore, was
formed from a sheet of pressed
composition board as shown in the
close-up of the rear view.

The tapped antenna tuning coil
and the shunt first oscillator coils
are clearly visible on the trans-
former side of the switch in the
front view of the chassis. The two
small coils on the same side are
the first and second oscillator coils.
A type 6SN7-GT dual triode was
used for each of the two oscillators.

The fixed mica condensers for the
10’s step of input tuning and the
small series coils for the second
oscillator can be seen mounted di-
rectly on the switch. The two
solenoids mounted alongside the
switch constitute the first IF trans-
former, which resonates at approx-
imately 4 me. The two small uni-
versal wound coils form the second

Fig. 5—Schematic diagram of
only three of the switch (push button) positions being shown

the first oscillator in simplified form,

IF transformer, which is tuned to
200 ke. 6ACTs were used for both
converter stages due to their high
conversion conductance and low
noise.

The first IF with circuit capaci-
ties of 35 wuf and 100 ke bandwidth
at 90 per cent gives a conversion
gain of 100. The second IF band-
width of 10 ke at 50 per cent and
circuit capacity of 200 ppf gives a
conversion gain of 125. This af-
fords a gain of over 18,000 from
input to diode detector.

Shielding eliminated

The volume control is mounted
on a bracket adjacent to the sec-
ond IF transformer. The tone con-
trol and power switch is mounted
on a bracket adjacent to the power
transformer.

The remainder of the receiver is
conventional in that a 6SQ7 is used
as the diode detector, AVC and first
audio stage. A 6V6-GT is used for
the single-ended output stage and
a 5Y3-GT serves as the high volt-
age rectifier.

The entire absence of shielding
was made possible by the circuit
used. The lnput and output of all
high frequency stages are tuned to
different frequencies, and there is
no problem of regeneration. The
choice of IF frequencies, as previ-

TO CONVERTOR
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TO 2ND
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Fig. 6—Schematic diagram of the second oscillator in simplified form,

only three of the switch (push button) positions
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being shown
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Fig. 7—Simplified schematic In which oscillator tuning is crystal con-
trolled needing no adjustment over a range as much as 2 to 1
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Fig. 8—Two views of the underside of the double superheterodyne chassis showing the tapped antenna coil, and shunt first oscillator coils.
The fixed mica condensers for the 10°s steps of the input tuning and the small series coils for the second oscillator mount directly on the switch

ously described, prevents spurious
response due to beats between
oscillators.

The overall performance of the

NEW TYPE HIGH

Portable Army and Navy radio
equipment is currently using as re-
placement for dry cell power packs
previously specified by the U.S. Sig-
nal Corps, an entirely new type of
power pack builf around a rad-
ically different type of dry cell
which has been kept very much
under wraps and about which no
technical data have been permitted
to become public. The new battery
was invented by Samuel Ruben, a
New Rochelle (N.Y.) inventor with
substantial achievements to his
credit in the field of electro-chem-
istry. It is being manufactured by
the P. R. Mallory Co., with which
Ruben has long been associated, in
Indianapolis, and under license by
the Ray-O-Vac Co., in Madison,
‘Wis.; Magnavox Corp., and Sprague
Electric Co. also have been licensed.

Greatly extended life

Compared with the battery which
it replaces, the Mallory Tropical
Dry Cell as now supplied to the
armed forces provides four to six
times the operating life, has great-
ly increased shelf life, its hermeti-
cally sealed individual cells will
withstand high temperatures which
seriously impair conventional bat-
teries. The cells comprising the

ELECTRONIC INDUSTRIES @ March, 1945

receiver is excellent and equals that
of a conventional superheterodyne
with a tuned RF stage. In listening
tests conducted in suburban Cin-

RATE DRY CELL

battery have what is known as a
“flat discharge” characteristic,
which maintains voltage practically
constant up to the end of cell life,
instead of dropping continually
throughout operating life. Within
its rated current range, the new
cell provides the same ampere

AAF’S “HEROIC”

Ten radio transmitters, trans-
ported over trackless: wastes of
China by truck and oxcart, and
often operating from caves and
temples, are credited with carrying
the burden of American air force
ground communications on that
Asiatic battlefront from the arrival
of the Flying Tigers in 1941 until
the present. The outstanding per-
formance of military radio equip-
ment was revealed by Major Charles
H., Whitaker, Communications Offi-
cer of General Chennault’s 14th Air
Force on his return to the United
States after 25 months of service in
the Orient.

The radic equipments described
by Major Whitaker were manufac-
tured by RCA Victor Co. of Canada,
Ltd.,, for the Royal Canadian Air
Force through whom it was made
available to the Chungking Govern-
ment.
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cinnati locations, it was found pos-
sible during evening hours to re-
ceive interference-free signals on
40 of the 106 assigned channels.

hours service life whether the bat-
tery is operated intermittently or
continuously. Under normal con-
ditions, no recovery time is re-
quired. At present entire produc-
tion is going to the armed forces;
commercial exploitation is indef-
initely postponed.

TRANSMITTERS

The transmitters were obtained
to serve the original AVG—or Fly-
ing Tigers—in 1941. They provided
the eyes and ears of the American
Volunteer Group until 1942 when
the regular Army Air Force took
over operations, and have con-
tinued to give reliable service ever
since.

The sudden thrust of the Jap-
anese at the Malay Peninsula and
Burma changed original AVG plans
with the result that the Flying
Tigers became engaged in the re-
treat through Burma, successfully
withdrawing their precious com-
munications system with them into
China.

“The transmitters were first un-
loaded at Rangoon in the Fall of
1941. The fighting started soon
after their arrival,” Major Whit-

(Continued on page 138)
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IRE STAGES LARGEST

Lengthy program of engineering papers draws over 3000
registrations — FM allecation uppermeost in interest

® Beyond question, the most inter-
esting single feature of the Winter
Technical Meeting staged by the In-
stitute of Radio Engineers, January
24-217, in New York, was the highly
controversial subject revolving
about the frequency allocations pro-
posed by the Federal Communica-
tions Commission and particularly
those for FM. Two sessions devoted
to the general subject, one, based
on the paper by K. A. Norton,
formerly FCC and now of the War
Department, and D. W, Allen, Jr,,
FCC—“Very High Frequency and
Ultra High Frequency Signal
Ranges as Limited by Noise and
Co-channel Interference”—and the
other a session especially added to
permit extended discussion of that
paper, may well prove to be a pretty
accurate preview of the public
hearings which FCC has scheduled
to let in more light on the whole
subject, and that will open in
Washington on February 28th, the
original date of February 14th hav-
ing been postponed two weeks.

In the broad, both sessions were
essentially attempts on the part of
FCC to justify its position in mov-
ing FM upstairs to an as yet un-
tried spot in the spectrum and both
drew fire from the FM contingent.
Since, FM Broadcasters, Inc., has
let it be known that the organiza-
tion is planning a vigorous protest
against the move “upstairs.” It will
participate in the oral arguments
scheduled by FCC and file briefs
setting up its contention that FM
broadcasting has been operating
satisfactorily for over five years in
its present position in the spectrum
and protesting any move to an un-
explored region for which neither
receiving sets nor transmitters have
been designed. RTPB, which origi-
nally recommended that FM be left
substantially “as is” has authorized
its Panel Chairmen to consult with
their memberships to determine
whether they will file briefs and
participate in the oral arguments.

At the time the proposed alloca-
tions were made public, FCC let it
be known that the shift had been
made entirely for engineering
reasons and because studies which
had been made by that body, and
predictions which had been pro-
jected as a result of studies made
by the Bureau of Standards, in-
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dicated continuing and probably
increasing interference with FM
signals in their present position in
the spectrum. Both Norton and Al-
len reiterated those statements and
amplified them. The FM people,
on the other hand, are generally
against going to higher frequencies
and made no bones about saying so.
The Norton and Allen paper in-
cluded a series of charts based on
measurements made at 46 and 73
mc¢ and projected to 105 me¢ which
indicated that continuing inter-
ference might be expected at the
lower frequency but that at 105 mc
little or no interference from spora-
dic E or other effects might be ex-
pected.

For better FM service

Allen pointed out that for broad-
cast service with a high antenna
and a high power the service area
increases with an increase in fre-
quency. Norton added that there
is no question but that there will
be some interference at the higher
frequencies but it will be for ex-
tremely short periods. In the mean-
time, FCC’s studies indicate that
it is logical to expect sky wave in-
terference to FM reception amount-
ing to 1 per cent of the time at 40
mc; 0.1 per cent at 60 mc and 0.01
per cent at 88 mc. This, then, is the
basis upon which the proposed new
allocation was made and according
to Allen the shift is proposed purely
in order that better FM service may

be made possible for the listening
public.

Against these theories the most
important point made by the cur-
rent FM contingent is that the
proposed allocation is made entirely
on predictions rather than on
measurements and experience. Nor-
ton claimed that the facts on inter-
ference have never been refuted.
Major Armstrong, on the other
hand, pointed out that the service
range presently predicted is some-
thing “which I do not know how to
get,” and added that in his judg-
ment it is possible to furnish an
interference-free service starting
where we are now as well as we
can by going up 30 mc¢ as FCC pro-
poses. He stated further that the
present controversy appears to be
“the age-old battle between theory
and practice.”

Time and again the statement
was made that the time is not ripe
for any change in frequencies for
the reason that no one has had
enough experience and that “know
how” is conspicuously lacking. C.
M. Jansky, Jr.,, chairman of FM
Broadcasting Panel No. 5 0f-RTPB,
echoed the feelings of many in the
crowded room when he said, “what-
ever is done should be done on a
basis of facts and not on some in-
terpretation of those facts.” “The
question is,” he said, “can we get
more good out of going ‘upstairs’
with FM than there is harm in
staying where we are?” v

BRIEFING THE WINTER TECHNICAL MEETING PAPERS

SIGNAL RANGES

K. A. Norton, U. S, War Department, and E, W.
Allen, Jr., Federal Communications
Commission

The paper first considered the
theoretical ranges of ground wave
signals for broadcast and land
mobile services in the frequency
band from 30 to 300 mec. It was
shown that the distances to the
theoretical broadcast contours
which are to be protected from co-
channel and adjacént channel in-
terference increase with increasing
frequency, whereas the broadcast
interfering range and the extended
rural broadcast range and mobile
ranges, which are limited by re-
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ceiver noise, decrease with increas-
ing frequency. The possibilities of
increasing the service ranges by the
use of transmitting and receiving
antennas with more antenna gain
were ‘discussed and the practical
limits of their application indicated
for both services.

Factors which may modify the
theoretical ranges are: ambient
noise levels, terrain, tropospheric
propagation effects, long distance
F layer and sporadic E layer inter-
ference.

A graphical illustration of the
combined effects of such of the
above factors as may be generalized
is given by a comparison of the
expected service areas of two FM
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140 SERVICE AREAS FOR A STATION WITH A RADIATED POVWER' OF 340 KW
(FREE SPACE FIELD AT ONE NILE EQUALS 2540 MV/M)
130 \\ 46 MC 105 ¥C
\ PRIMARY SERVICE PRIMARY SERVICE
120 B AREA 17,908 AREA 17,203
Q\ SQ. MI. sQ. MI.
RNLS RADIUS 75.5 RADIUS 74 MI.
N g NILES
e N & ) EXTRA RURAL
AREAS
100 \ - - 3 WAVE ANTERNA
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14 T~ < 114 MI. RADIUS
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[ 0 uv/m TN SERVICE AREAS FOR A STATION WITH A RADIATED POWER OF 1 KW
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= 70 —~—— 46 1C 105 _KC
= N ~=] PRIMARY SERVICE PRINARY SERVICE
] \ 50 av/mf ol PO LR AREA 4,072 SQ.MI. AREA 5,027 S3. MI.
2 6o < - = ] RADIUS 36 MILES RADIUS 40 MILES
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=] ~ i RADIUS 80 MILES 9,500 SQ. MI.
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— ’\;::7"‘ oo 80 WI. RADIUS
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Y T 2 =8 - REDUCTION IN SERVICE AREA DUE TO SKYWAVE INTERFERENCE AT 46 MC
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Telee REJECTION RATIO REJECTION RATIO
10 i - 9,677 SQUARE MI. 2,376 SQUARE MI.
TTtteeete... 55.5 MI. RADIUS 2 / 27.5 MILES RADIUS
Y SERVICE AREA FOR RECEIVER WITH SERVICE AREA FOR RECEIVER WITH
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MEGACYCLES

.2000 elaler 3,848 SQUARE MILES

35 MILES RADIUS

633 SQUARE MILES
14.2 MILES RADIUS

Left—Variation with frequency of ground wave service and interference range (Broadcast transmitter antenna horizontal lz-wave at 1000 ft.,

receiving at 30 ft. for 50 kw — — — and 1:kw — — —,

For mobile service, land station antenna vertical 1;-wave at 100 ft., vehicle antenna

Y4-wave at 6 ft., for 250 watt —.—.— and 50 watt .. ... Right—Comparison of FM service areas available on 46 mc and 105 mg¢, with
transmitting and receiving antenna heights 500 #t. and 30 ft.; 6 db allowed for terrain irregularities

broadcast stations of equal power
operating at 46 me¢ and 105 me,
when the service range is limited
by (1) set noise, (2) the 50 uv/m
protected contour, (3) F layer inter-
ference and (4) sporadic E layer
interference.

It was shown that the noise-
limited service range is greater at
46 mc than at 105 mc for stations
of 1 kw and 340 kw effective radi-
ated powers. For the large station
the area within the 50 uv/m con-
tour is greater at 46 mc than at 105
me, while for the small station the
105 mc area is greater. Under con-
ditions of interference via sporadic
E from a station of equal power,
the large station at 46 mc is ex-
pected to have a reduction in its
protected area for 0.1 per cent of
the time amounting to 46 per cent
for a good receiver (2/1 rejection
ratio) and to 78 per cent for an
average receiver with a 10/1 rejec-
tion ratio. The 1 kw station at 46
mc will suffer a 5 per cent reduc-
tion in its protected area 0.1 per
cent of the time for a poor receiver
while for a good receiver reduction
in area occurs for less than 0.1 per
cent of the time.

For F layer interference, the area
of the large station is estimated to
be reduced for 5 per cent of the
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time by 86 per cent for a good re-
ceiver and by 96 per cent for the
average receiver. The small station
area for 5 per cent of the time will
be reduced by 41 per cent for the
good receiver and by 84 per cent
for the average receiver. The time
during which the reduction in area
is effective is expected to increase
materially with increase in the
number of co-channel stations. In
contrast to the serious interference
situation at 46 mc, sporadic E and
F layer interference is expected to
be negligible at 105 mc.

MEETING HIGHLIGHTS

Setting. an all-time record with over
3000 registrations, IRE wound up its
largest gathering (Winter Technical
Meeting) on Jan. 27 ‘in New York after
four days, with a program of some 42
engineering papers. The count at the
annual banquet was 1260. Among news-
worthy items: Presentation of the IRE
Medal of Honor to RCA’s Dr. H. H.
L Beverage, the Morris Liebmann Memor-
ial Prize to Sperry’s Dr. W. W. Hansen;
award of Fellowships to H. H. Buttner,
0. H. Caldwell, W. H. Doherty, A. W,
Hull, A. L. Loomis, A, V. Loughren,
F. X. Rettenmeyer, S. A. Schelkunof’
R. L. Smith-Rose, K. S. Van Dyke, Capt.
E. M. Webster, P. D. Zottu,
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HIGH FREQUENCY
WATTMETER

Eugene Mittelmann,
Jilinois Tool Works, Chicago

A new approach to the problem
of measuring the useful power out-
put of high frequency industrial
and medical heating equipment re-

sulted in an instrument that gives

useful answers in all practical cases.
A measurement of the power dissi-
pation in the external load is pos-
sible by a method which uses the
equivalent no-load loss conductance
of the oscillator circuit as a stand-
ard of comparison. It was shown
that the power absorption by the
load is given by the expression

m (eo—€1)

Ro €

P = E2

in which E is the RMS value of the
high frequency voltage across the
tank circuit, Ro the equivalent par-
allel loss resistance of the oscilla-
tor circuit under no-load conditions,
eo and e; the resonant voltages
across the tank circuit under no-
load and load conditions, measured
at any arbitrary level of the input
power, and finally, m, a factor
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which is a function of the instru-
ment constants.

Accordingly, any square law in-
strument capable of- measuring
high frequency voltages will meas-
ure the correct amount of power
dissipation in the load if the sensi-
tivity of the indicating instrument
is made proportional to the expres-
sion in the bracket on the right
side of the equation.

SUPERREGEN RECEIVERS

Alten Easton, Emerson Radio and Phonograph
orp., New York

To study the effects of circuit
parameters on the selectivity of a
super-regenerative receiver,.a pro-
duction receiver was constructed
consisting of a selective antenna
transformer, buffer amplifier,
super-regenerative detector, quench
oscillator and audio amplifier. Since
the quench frequency and ampli-
tude could be varied over a wide
range of values, a dependence of
selectivity on these factors was
found. The total bandwidth is
roughly proportional to quench fre-
quency and amplitude. The data
showed no simple correlation be-
tween sensitivity and quench con-
stants but the signal to noise ratio
is- greatly improved as quench fre-
quency and amplitude are reduced.
The optimum conditions for 90 mec
operation were 50 kc and 3 v rms

BUFFER

ANT. TRANS. v

Schematic diagram of super-
regenerative receiver under
study by Easton

amplitude. It is relatively easy to
control bandwidth by simple cir-
cuit changes. It was found that
the selectivity of a high frequency
super-regenerative detector is bet-
ter than can be obtained with
tuned circuits.

NOISE MEASUREMENT

Jerry B, Minter, Measurements Corp.,
Boonton, N. J.

To properly measure receiver
susceptibility, the simultaneous ap-
plication of impulse noise and de-
sired signal is necessary. A pulse
modulated carrier is satisfactory as
the synthetic noise source for most
applications. Choice of pulse width

8+

SUPERREGEN DETECTOR

TO AUDIO
AMPLIFIER

V3

QUENCH
0sC

and repetition rate was discussed
and a suitable selection for FM and
television suggested. Suitable ar-
rangements for connecting the two
sources to the receiver under test
were shown. A peak to peak output
meter was recomended. Typical
data on FM and television receivers
was presented.

DISK SEAL TUBE

E. D. McArthur, Research Laboratory,
General Electric Co.

Several factors which limit the
operation of grid-controlled tubes
at ultra-high frequencies were dis-
cussed qualitatively. Starting with

Left—Percentage of the listening hours experiencing F-layer interference estimated from BuStan, ionosphere measurements at Washington. Right—
Percentage of time for which sporadic E-layer interference is expected, estimated from BuStan. fonosphere measurements.
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these problems, certain new basic
principles in tube design were de-
veloped and it was shown that
ultra-high-frequency tube design
and development must include de-
tailed knowledge and consideration
of the entire electro-magnetic sys-
tem rather than just the evacuated
bulb. The evolution of typical gen-
eralized cavity circuits was traced
and from these units the grid-sep-
aration circuit developed. It was
shown how the disk tubes used in
conjunction with cavity resonators
cooperate to alleviate many of the
aforementioned problems so that
very much higher operating fre-
quencies can be attained. The de-
tailed structure. of several typical
disk tubes was shown as was an
example of the grid-separation type
resonant cavity oscillator.

ANODE COOLER

DC BLOCKING
CAPACITOR

QUTPUT

COUPLING

ouTPUT
CAVITY

BLOCKING CAPACITORS

GRIOD
B1AS
RESISTOR|

INPUT CAVITY

/| _ANNULAR SLIDING
I”'PISTON TO TUNE *
H INPUT CIRCUIT

—HEATER LEADS

Diagrammatic section used by McArthur to
show development of the disk seal tube

EXALTED CARRIER

Murray G. Crosby, Consulting Engineer,
Formerly RCA Laboratories, Riverhead, L. I.

Carrier exaltation system of re-
ception proves useful in improving
radio communication reliability in
cases where discrimination caused
by cross interference between sig-
nals received over several paths
produces a reduction in the carrier
amplitude. Briefly, the system
builds up the carrier by picking out
the small carrier signal with highly
selective filters, and amplifying and
reinserting it at a later point. The
circuit is readily convertible to
either amplitude or phase modula-
tion. As shown in the figure here,
the various parts of such a receiver
include the carrier filter, auto-
matic - frequency - control discrimi-
nator, and the detecting system. An
analysis was given of the selectivity
effect produced by carrier exalta-
tion with both diode and multigrid

detection. The optimum degree of

carrier exaltation and the effect
of carrier limiting were discussed.
Results of observations of reception
on an exalted-carrier diversity re-
ceiving system were reported.
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HIGH FREQUENCY HEATING

Paul Zottu, Thermex Division,
Girdler Corp., Louisville, Ky.

This paper described the process
of generating electrical heat in
non - conductors, semi - conductors
and conductors. The variation of
the electrical properties of the ma-
terials to be heated with tempera-
ture, molsture content, and other
factors were listed. .The general
requirements of radio - frequency
power generators as to frequency,
power output, controls and circuits
were discussed together with a de-
scription of a number of dielectric
heating units and some commercial
installations.

" POWER SUPPLY
R. L. Freeman and R. C. Hergenrother,
Hazeltine Corp., Little Neck, N. Y.

This paper, “High Voltage Recti-
fied Power Supply Using Fractional-

16

CONTROL
ELEMENT

50 uu'

= é '
»;g

ANQDE

a

+ =
Top—Feedback oscillator with Inverted triode.
Below—More effective circuit with tube utiliz-
ing repelling forces from special control
electrode
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Mu Triode Radio-Frequency Oscil-
lator,” described an oscillator cir-
cuit using a special tube having an
amplification factor less than unity,
which proves useful in providing a
negative high-voltage power source
adapted for oscilloscopes and tele-
vision, etc. The dc voltage across
the grid leak of such an oscillator
greatly exceeds the magnitude of
the anode-supply voltage. Conven-
tional triodes may be employed as
inverted tubes, whereby the grid
functions as an anode, and the
plate as the control element. The
» of the inverted tube then becomes
the reciprocal of the conventional p.
Such a connection does not satisfy
all requirements for a dc¢ high-
voltage generator, since the large
grid conductance and low limit of
grid dissipation in most tubes lim-
its the anode voltage to less than
100 volts and usual tubes are not
capable of withstanding high volt-
age’between elements.

A fractional @ oscillator tube to
be used as a generator of dc volt-
age of the order of 6,000 volts from
anode-supply voltages of 300 volts
should have a p of about 0.1, have
a control element equipped to with-
stand a negative voltage of 12,000
volts with respect to all other ele-
ments and supports, and have a
transconductance, with a small or
zero bias on the control element,
high enough to exceed the total
circuit conductance.

A special tube was developed to
obtain large anode conductance.
Here the central element is the
cathode composed of a directly-
heated, w-shaped filament or a
parallel array of indirectly heated
cathodes. The anode and the con-
trol element are plates located on
opposite sides of the cathode plane.
In this tube the x becomes less than
unity when the control element is
more distant from the cathode than
the anode. The anode conductance
and, in consequence, the transcon-
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ductance is increased by decreasing
the cathodé-anode distance. Coat-
ing the cathode on one side only
greatly reduces the value of the un-
controlled anode current.

Tests on a tube, constructed as
above, in an oscillator circuit using
a tuned circuit with a by-passed
grid leak connected in series be-
tween the control element and the
cathode and with a feedback coil
in the anode circuit gave the fol-
lowing:The voltage across the grid-
leak was 16 times the anode-supply
voltage, and the efficiency or ratio
of power developed in the grid lead
to the power input was 23 per cent.
Other performance data:

E, E, L I B, E, EI,
Voits  Voits ma ma  Megohms E, ESI.
220 3160 147 134 236 144 .13
312 4900 21.5 .208 23.6 157 .152
362 5900 255 .250 236 163 .16
490 8400 352 .355 236 172 a7
300 4540 250 360 126 12. 217
485 7750 430 617 126 126 .228

SERVO PROBLEMS

E. B. Ferrell, Bell Telephone Laboratories,
New York

The servo mechanism system,
used in many applications to re-
produce a mechanical movement at
a place or at a power level that is
different from the original signal
(but is under its control) was com-
pared to electronic circuits such as
a feedback. The servo uses nega-
tive feedback as do some of the
others. Its circuit elements include
motors, gears or thermostats. Its
noise and distortion are called er-
ror. But the basic problems of sta-
bility, bandwidth and linearity are
just the same, and it was shown
that the same general rules found
useful in feedback amplifier design
could be applied to servo systems.

The methods of Nyquist and Bode
are useful in the design of servo
systemis. They aid in the determina-
tion of the significant constants of
the system by experimental means
involving steady-state amplitude
measurements of the loop transmis-

A

sion characteristics. These meas-
urements lead to quick estimates of
errors and stability and of the
transmission changes required to
give various degrees of performance.

SHIELDING PROBLEMS

G. W. Klingaman and G. H. Williams,
RCA, Camden, N. J.

This paper reported an investiga-
tion of the effect of various
amounts of shielding upon the ra-
diation from a dielectric heating
installation operating on a fre-
quency of 9 me. The radiation was
measured with a field intensity
meter. The relative effectiveness
of single and double shielding of
the applicator was reported. The
most effective method for reducing
the radiation from open work-ac-
cess doors in the shielding was
found in extending the door edges
outward in the form of a “ves-
tibule.” ‘

9m = M3p

9m =MQp

‘O
' M
u =
1 +6/ (gm+9p)
[ -9m
gm =

2+G/ (gm+gp)

The double triode circuit with cathode inter-
coupling provides a non-reversing one-way
voltage and current amplifier. Has lower trans-
conductance but much less feedback coupling

TRIODE NETWORKS

Harold A. Wheeler, Hazeltine Corp.,
Little Neck, L. 1, N. Y.

This paper analyzed the three
ways of connecting a triode in a
four-terminal network, (with the
“common” or “grounded” electrode
either the cathode, anode, or grid.)
The grounded-cathode circuit is the
usual form. The grounded-anode

(cathode-follower) circuit is 2 non-.

reversing one-way repeater but

E
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 5m Hm’ ’ I l 1%
I 8" Sm HKm 6 N .
=— r S/ 2 Mechanical analog of a typical
/“‘) ANREE o) servo mechanism with its char-
S u o acteristics expressed in “‘ampli-
62 & e MRt fier’’ concept
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amplifies only the current and, in
a lesser degree, the power. The
grounded-grid circuit has degen-
erative feedback by conductive
coupling, in such a manner that it
amplifies only the voltage and, in
a still lesser degree, the power. It
may be treated as a hypothetical
“repeater-transformer” with an im-
pedance ratio of p plus one, which
also multiplies the’ power in the
same ratio. The equivalent net-
work circuits developed for these
alternate connections should prove
valuable in circuit analysis.

MINUTE CURRENT TUBE

W. A. Hayes,
Westinghouse Electric & Mfg. Co.,
Bloomfield, N. J.

In this paper an electrometer
tube is described which permits the
measurement of minute currents
and/or potentials down to 10715 am-
pere and 10°¢ volt, respectively. The
sensitivity of the tube is made pos-
sible by an extremely low grid cur-
rent and a high grid-to-cathode
resistance. Technics involved in
maintaining the standards required
for sensitivity, stability and long
life were given. Characteristics were
included with data relative to line-
arity of output current as a func-
tion of grid bias. Zero control cur-
rent is effected by proper selection
of negative grid bias. This feature
was described and data given. Sta-
bility of the tube with respect to
random fluctuations internal and
external to the tube was summar-
ized relative to the accuracy of test
results. Several special applications
of the tube in the field of chem-
istry, metallurgy, and the medical
professions were described.

REFLEX OSCILLATORS
J. R, Pierce, Bell Telephone Laboratories, N. Y.

The reflex oscillator is a form of
high frequency long transit time
tube which has distinct advantages
as a low power source. It may be
light in weight, need have no mag-
netic focusing field, and may be
made to operate at comparatively
low voltages. The reflex oscillator
may serve as a beating oscillator in
double detection receivers or as a
frequency modulated oscillator in
low power transmitters. So far the
efficlencies which have been at-
tained are quite low, but that need
not be a severe handicap in some
applications.

A reflex oscillator is illustrated.
An electron stream from the cath-
ode passes through the longitudinal
radio frequency field in the “gap”
between two grids, where the
stream is ‘“velocity modulated”,
then into a retarding field produced
by a “repeller” electrode where the
beam becomes “bunched.” Finally
the bunched stream returns across
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Left—Basic circuit for reflex oscillator and (right) curves delineating frequency characteristic in

relation to applied voltages.

This illustrates a feature of reflex oscillators of this type—tuning

by electronic means without physical manipulation of the cavity

the gap, exciting the resonant cir-
cuit or “resonator.”

Bunching in a retarding field,
may be, for example, the gravita-
tional field of the earth. The
“drift time” may be the time a ball
thrown upward takes to return. If
the ball is thrown upward with
some medium speed v, it will re-
‘turn in some time T.. If it is
thrown upward with a low speed v
smaller than v., the ball will re-
turn in some time T smaller than
T,. If the ball is thrown up with a
speed v greater than v,, it returns
in some time T greater than T..
Now imagine three balls thrown
upward in succession, evenly spaced
but with large, medium, and small
velocities, respectively. As the ball
first thrown up takes a longer time
to return than the second, and the
third takes a shorter time to re-
turn than the second, when the
balls return they will be closer to-
gether than when they were thrown
upward. Thus “bunching” occurs
when the velocity with which a
uniform stream of particles is
projected into a retarding field is
progressively decreased.

An important aspect. of reflex
oscillators is the electronic tuning
which they exhibit. The frequency
of oscillation can be changed by a
substantial amount, usually several
tens of megacycles, by varying the
voltage of the repeller electrode.

It is. well known that frequency
of oscillation may be influenced by
the load coupled to an oscillator.
One sort of influence is obvious. A
reactive load coupled to the reso-
nant circuit changes the resonant
frequency of that circuit and hence
the frequency of oscillation. An-
ther sort of frequency change with
load is particularly important in
the case of reflex oscillators which
have a wide electronic tuning range.
Imagine, for instance, that the os-
cillator is operating off circuit re-
sonance by means of electronic
tuning. Such operation is repre-
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sented by a point away from the
common intersection of the fre-
quency vs. repeller voltage curves.
Thus it may be seen that if the
repeller voltage is kept constant
and if the circuit conductance is
changed, that is, the load is
changed in purely resistive sense,
not changing the resonant frequen-
cy of the resonant circuit, the fre-
quency of oscillation will change in
shifting to a new frequency vs. re-
peller voltage curve.

The nature of the load is im-
portant as well as its impedance at
a given frequency. For instance,
coupling a reflex oscillator tightly
to a high Q resonant circuit makes
the variation of frequency with re-
peller voltage less rapid and may
result in other undesirable efIects.

EVACUATED TRANSMITTER

Major H. A, Zahl, J, E. Gorham, G, F. Rouse,
Signal Corps, Ground School Agency,
Asbury Park, N. J.

A push pull triode transmitter
type of construction was described
in which the resonant circuits are
contained inside the evacuated en-
velope to reduce lead effects and
make it possible to use the reso-
nant circuits to increase the anode
dissipation. The internal resonant

Type of evacuated
transmitter in
which the entire
resonant circuit is
enclosed within
the tube envelope
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circuits consist of short circuited
sheet tantalum parallel trans-
mission lines attached directly
to the tantalum plates and grids
in such a way as to provide cou-
pling between the plate and grid
loops. Each side of the push pull
circuit has two sets of plate, grid,
and thoriated filament elements in
parallel.

Although the tuning of the loop
circuits inside the envelope cannot
be changed, a limited control of the
frequency is possible because of the
tunable external filament line. The
rf output circuit consists of a paral-
lel transmission line, which is con-
nected directly to the two pairs of
plates. The combined tube, trans-
mitter, and appropriate shielding
occupy a much smaller volume than
is required for external resonant
circuits at frequencies of 200 to 700
megacycles and weigh only a few
pounds.

NEW ANTENNA TYPES

A. G. Kandoian,
Federal Telephone & Radio Corp.

Three new types of antennas have
been developed for use primarily in
VHF and UHF spectrum. Type I,
styled discone, is intended primar-
ily for vertical polarization, giving
an omni-directional pattern in the
horizontal plane. A distinctive fea-
ture of this antenna is its extreme
simplicity of construction and feed-
ing. Its most important character-
istic is that it operates satisfactor-
ily, both as to radiation pattern and
impedance, over an extremely wide
band of frequencies — several oc-
taves—without a substantialchange
of either input impedance or radia-
tion pattern. This type of antenna
has wide applications wherever ex-
tremely wide frequency ranges are
encountered and simplicity of me-
chanical design and installation are
required.

Type II antenna is intended pri-
marily for horizontal polarization.
It is a loop antenna with an omni-
directional radiation pattern in its
own plane. The radiators forming
the loop are metallically supported
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from the mast or other supporting
structure. Furthermore, both sup-
ports and radiators form part of the
coaxial feeding circuit. No bal-
anced lines are used anywhere in
the circuit. The bandwidth is con-
trollable, though in general much
narrower than the type I antenna.
No stubs are necessary to obtain a
match to any common type of co-
axial feeder of 50, 70 or 100 ohms.
The most important feature of this
antenna is its simplicity of me-
chanical design and construction
and the ease with which a larger
number of antennas may be
“stacked” for high degree of direc-
tivity in the vertical plane, still re-
taining omni-directional radiation
in the horizontal plane. Typical
applications of this type of antenna
are FM broadcast, television and
general communication.

Type III antenna is similar to
type II except that associated with
the loop and perpendicular to it is
a vertical dipole. As a result, though
the radiation pattern of type III
antenna is essentially the same as
that of types I and II, the free
space field at all points has both
horizontal and vertical components
in equal amounts.

‘The equality of amplitude of
horizontal and vertical polarization
is not necessary as any desired ratio
of amplitude as well as phase rela-
tionship between the horizontally
and vertically polarized fields may
be obtained.

The mqst interesting application
of this type of radiator is in high
directivity arrays or in illuminating
a highly directive parabolic reflec-
tor for general communication ap-
plication. The presence of both
vertical and horizontal components,
it is felf, will be helpful in reducing
fading. There is also a possible ap-
plication of this type of antenna to
VHF and UHF broadcast.
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QUARTZ CRYSTALS

The crystal program was the
subject of one entire technical ses-
sion. Major Edward W. Johnson,
Signal Corps, Office of the Chief
Signal Officer, Washington, D. C.
(“Quartz Crystal Supply Program”),
detailed the industry’s growth from
100,000 to 30,000,000 units per year
in the face of many problems of
manpower, facilities, and raw ma-
terials. ‘“Crystal Quality,” by I. E.
Fair, Bell Telephone Labs., Inc.,
discussed the complexities of es-
tablishing performance criteria and
measurements. A companion paper,
“The Performance Index Meter,”
by C. W. Harrison, Bell Telephone
Labs., Inc., explained the instru-
ment which was designed to meas-
ure the anti-resonant impedance
of the quartz crystal and associated
circuit.

Clifford Frondel, Reeves Sound
Labs., Inc.,, New York, present-
ed the paper, “Frequency Adjust-

Centrifugal drier used with UHF heating unit
speeds up dehydration and concentration of
materials
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ment of Quartz Oscillator Plates
by X-Rays.” The equipment used
was described and illustrated by
Charles Roddy, North American
Philips Co., Inc.,, New York, N. Y.
A paper titled, “Aging of Quartz
Crystal Units,” given by Virgil E.
Bottom, Signal Corps Ground Signal
Agency, Asbury Park, N. J., dis-
cussed the gradual drifting of fin-
ished crystals in terms of “powder-
ing,” or the accumulation of tiny
particles on the crystal surfaces as
a result of beneath-the-surface
meeting of the many microscopic
cracks left by the abrasive particles.
Artificial aging by baking and other
technics was found to be useless,
acid-etching effecting the best so-
lution to the stability problem.

RF DEHYDRATION

George H. Brown, R. A. Bierwirth, and Cyril N.
Hoyler, RCA Laboratories, Princeton

Methods have been worked out
and equipment developed for using
radio frequency in the dehydration
of certain pharmaceuticals which
are sensitive to high temperatures.
As applied particularly to penicll-
lin, the process has been divided in-
to two discrete steps; bulk concen-
tration and complete drying in the
final container.

In the first step the dilute solu-
tion is drawn into a glass flask
equipped with electrodes and main-
tained under a moderate vacuum.
A radio-frequency current is passed
through the solution to supply the
energy of evaporation while the
vacuum establishes a boiling point
near room temperature. A standard
2-kilowatt oscillator operating at 28
megacycles will evaporate about 3
litres of water per hour. In the
second step, a small measured
quantity of the concentrated solu-
tion is placed in the final containers
and then compietely dried under
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sterile conditions by radio-ire-
quency power in vacuo.

Loss of the inherently foamy
material from the bottles is pre-
vented by rapidly spinning the
bottles during treatment. Centri-
fugal force spreads the solution in
a thin layer on the side of the bottle
and at once the coupling problem
is improved. At 3000 rpm the force
is about 100 times gravity so that
no solid material can be lost by
foaming or frothing.

Each drying chamber now pro-
vides 34 plastic cups which are in-
dividually rotated between elec-
trodes. There are six such cham-
bers in an installation—three of
which are being simultaneously
treated by radio frequency at any
one time. Under normal operation
a 2-kilowatt oscillator can remove
the moisture from 2000 bottles in an
hour, which represent 200 million
Oxford units of penicillin.

VHF TETRODE

Clayton E. Murdock, Eitel-McCullough, Inc.,
San Bruno, Cal.

The Eimae 4-125A, which is a
medium-power transmitting tetrode
is adapted to operate well into the
vhf region. In a conventional push-
pull arrangement a pair will deliver
about 750 watts at frequencies as
high as 120 mec., with low driving
power, since less than five watts will
satisfy the requirements of two
4-125A’s under maximum output
conditions. Interelectrode capaci-
tances for a tube having such sub-
stantial power capabilities (C.,x =
0.03 ,ufd), C; = 10.5 ,,fd) and C;
= 3.0 uufd) respectively, are low.

Lead inductance has been kept to
a minimum through the use of a
“dish” type stem and short, heavy
leads. To aid in holding the screen
grid at ground rf potential, two
screen leads have been provided.
The tube has a seated height of
only 4 34 in.

The 4-125A has no internal in-
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sulator. The 32-watt thoriated
tungsten filament, tantalum control
grid and tantalum screen grid are
supported by their leads from a
dish-type stem. The tantalum plate
is supported by a single lead from
the top of the envelope. A large
shield structure, which serves to
join the screen grid to its support-
ing leads, separates the tube into
two sections. Below this shield are
those parts of the tube associated
with the input circuit, while the
output circuit is concentrated in
the space above the shield. This
shielding feature is carried into the
external structure by allowing the
metallic base shell to extend up to
a roint opposite the internal shield.
When the base shell is grounded,
the shielding between input and
output circuits is nearly complete.
Two typical test rf amplifier
units are illustrated. One which
served for several relatively low
frequency tests at 14 mc was com-
pletely contained in a cabinet
measuring 15 by 11 by 9 in. This
unit, which employed two tubes,
was easily capable of handling an
input power of 1000 watts at a
plate efficiency of 75 per cent. On
several occasions the low driving
power requirements of the 4-125A
were illustrated by driving the 14-
me. amplifier to its full rated 1000
watts input by means of an oscil-

lator-doubler unit, with a 6L6 as
the output-doubler stage.

For tests at 100 mc. and above,
a unit utilizing linear grid and plate
tank circuits was employed. There
were no significant differences be-
tween the operation of the tubes at
14 mc.' and 100 me¢. The driving
power at 100 mc. was found to be
less ‘than 5 watts per pair of 4-
125A’s, and there was no difficulty
in obtaining a plate-circuit effi-
ciency of 75 per cent.

RADIO LINKS AND RELAYS

An interesting technical session
was devoted almost entirely to a
two~way, wide band radiotelephone
relay across twenty-odd miles of
water between Cape Charles and
Norfolk, Virginia. A paper, titled
“Cape Charles-Norfolk Ultra-Short-
Wave Multiplex System,” by N. F.
Schlaack and A. C. Dickieson, of
Bell Labs., described the general
features of the 160-me, 12-channel,
12 to 60 ke band equipment to han-
dle radio transmission and recep-
tion of the standard type K cable-
carrier signals.

“Ultra-Short-Wave Multiplex,” by
Charles R. Burrows, Bell Labs., Deal,
N. J, and Alfred Decino, formerly
of Bell Labs., New York, outlined
the requirements of an ultra-short-
wave multiplex system and de-
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scribed how they were met by em-
ploying a sufficient amount of
envelope feedback.

The following three types of dis-
tortion that require consideration
in this system are discussed:

(1) The non-linear distortion re-
sulting from deviations of the
overall input-output amplitude
characteristic from a straight
line.

(2) The distortion resulting from
deviations of the gain-fre-
quency characteristic from
symmetry and the phase-fre-
quency characteristic from
skew-symmetry.

(3) The generation and detection
of parasitic phase modulation.

The signal of 12 speech channels
In the type K frequency range from
12 to 60 kc is applied to the input
of the signal frequency amplifier.
‘The output of this amplifier is used
to plate-modulate the 50 watt
bridge-neutralized radio-frequency
power amplifier. Part of the mod-
ulated output of ‘this amplifier is
picked up, demodulated, and fed
back to the input of the signal fre-
quency amplifier.

Since the demodulator 1s in the
beta circuit, any distortion produced
by it appears in the output of the
transmitter. This is reduced to a
satisfactory value by applying local
feedback to the diode demodulator.

The main feedback amplifier is
based on Bode’s design. A fixed
gain margin is provided at fre-
quencies at which the phase is un-
favorable and singing would result
if the gain were greater than unity,
and a fixed phase margin is pro-
vided at frequencies for which the
gain is greater than unity and an
unfavorable phase would result in
singing. In the design of a com-
mercial transmitter it is necessary

to have these margins in order to

allow for variations in the manu-
facture of tubes and the circuit ele-
ments. A gain margin of 10 db is
provided. This will allow the use
of tubes whose transconductances
are greater than their design value
by this amount. No decrease in the
transconductance of the tubes can
produce singing.

A phase margin of 30 deg. is pro-
vided to allow for variations in tube
capacities and the electrical con-
stants of the circuit elements. It is
also desirable to provide more feed-
back than is necessary to limit the
non-linear distortion to the de-
sired value. In the transmitter un-
der discussion 10 db of feedback is
provided in addition to that neces-
sary to meet distortion require-
ments. This allows the aging of
the tubes to the point where their
combined transconductance is less
than the design value by this

(Continued on page 196)
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Simplified schematic of the broadband radio relay transmitter

NAVY'S DOW SUGGESTS RADAR PATENT POOL

Advocating establishment of a
radar patent pool, Captain Jen-
nings B. Dow, Director of the Elec-
tronics Division of the Navy’s
Bureau of Ships, told the large au-
dience that gathered for the en-
gineering session sponsored jointly
by the American Institute of Elec-
trical Engineers and IRE, that
something of the nature should be
worked out.

On the basis of information from
the industry, Captain Dow, who has
directed the Navy’s radio-electronic
procurement program since before

Captain Jennings B. Dow, Director of the Elec-
tronics Division of the Navy’s Bureau of Ships

wWwWw americanradiohistorv com

Pearl Harbor, estimated that for
several years following the war
there will be sales of radar equip-
ment for government and com-
mercial purposes amounting to
$75,000,000 per year. The figure
might be even larger, he noted,
since the estimate does not take
into account all equipment utiliz-
ing radar technique.

Stating that, except to a few

-government agencies, there is little

information available about the
number, nature and scope of radar
patent applications now on file.
Captain Dow urged that the elec-
tronics industry take appropriate
steps to avoid undesirable condi-
tions when the U. S. Patent Office
sheds its secrecy after the war. He
warned that a reasonable adjust-
ment of the radar patent situation
may require as long a time as 10
years.

Failure to arrive at a solution
might result in the following con-
ditions, Captain Dow felt: (1) man-
ufacturers will not be able to sup-
ply the armed services and the
public with the most suitable de-
signs of radar equipment because
of adversely held patents; (2) a
pyramiding of royalty rates will
contribute to excessive costs of
equipment; and (3) a great amount.
of litigation will follow the issu-

(Continued on page 199)
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$1000 EDITORIAL

AWARD

Three Awards to be made by ELECTRONIC INDUSTRIES for engineer-
ing articles of outstanding value in advancing electronic principles

e ELECTRONIC INDUSTRIES, pub-
lished by Caldwell-Clements, Inc.,
herewith announces Special Edi-
torial Awards totaling $1,000 to be
presented for outstanding articles
or papers contributed for publica-
tion and conforming with editorial
policies, dealing with timely sub-
jects intimately related with the
practical application of electronic
principles.

The awards will go to the author,
or authors, of those manuscripts,
published in this magazine during
the remainder of 1945, judged to
be the best, taking into considera-
tion originality of thought and the
practical value of the particular
application in advancing electronic
engineering precepts.

The awards are three in number:
A First-Award of $600; a Second
Award of $300, and a Third Award
of $100. The simple conditions un-
der which the Awards are to be
made are given in an adjacent
column.

Object of awards

The purpose of the Awards is to
encourage the publication of orig-
inal thinking, planning and
achievement which may be of prac-
tical value. It is the belief of the
Editors that there is a vast store-
house of engineering information
locked up in the accomplishments
of many engineers and that the
publication of such material will be
of immense value to a very large
percentage of engineers who are
directly responsible in shaping the
destinies of their companies.

A principal object in making the
Awards is to draw out such mate-
rial so that it may be readily avail-
able; to put it on paper where it
may do the greatest good to the
greatest number; to stimulate en-
gineering thinking; to help in the
solution of engineering problems
that must be solved in order that
the already great and rapidly
growing electronic industry may
continue the upward curve of its
successes.

Obviously there is a certain
amount of engineering information
that is buried under the veil of
military secrecy and that for se-
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curity reasons cannot emerge until
after the war shall have been won.
Such material may well have a
profound effect on postwar devel-
opments and it is hoped that at
least some of such information may
be made available in time for con-
sideration under the terms of the
Award.

Type of articles

ELECTRONIC INDUSTRIES ac-
cordingly opens its pages to any
and all engineers who have a story
of real accomplishment to tell. The
Awards will not be made on the
basis of past reputation. The con-
test is not confined to any one class
of engineers, but is open to all. The
engineer of some small, almost un-
heard of company has exactly the
same chance of winning an Award
on the basis of originality of think-
ing and practical application as has
the biggest engineer of the biggest
company. Nor has the contest any

geographical limitations. Manu-
scripts will be welcome, regardless
of their source. The only proviso
is that manuscripts must be print-
able in so far as the Armed Forces
are concerned and must be prop-
erly cleared by the author’s em-
ployers.

Manuscripts intended for con-
sideration under the terms of the
Awards must, in the judgment of
the Editors, be suitable for publi-
cation in ELECTRONIC INDUS-
TRIES. If suitable for publication
in ELECTRONIC INDUSTRIES they
will be published and payment will
be made for such manuscripts at
the time of publication. They will,
in addition, be considered for one
of the Special Awards.

One thing more—to be eligible
for consideration under the terms
of the Awards, a manuscript must
have been published in ELEC-
TRONIC INDUSTRIES during the
period between and including May,
1945, and December, 1945.

1—Manuscripts should be pri-
marily engineering in nature
and may include conly orig-
inal material not previously
presented or published and
‘must be of a nature suitable
for publication in ELEC-
TRONIC INDUSTRIES.

2—All manuscripts are to be-
come the exclusive property
of ELECTRONIC INDUSTRIES
and may not be reproduced
elsewhere in whole or in
part.

3—AIll manuscripts must have
Army, Navy and other clear-
ance, as required, permit-
ting publication.

4—Manuscripts may deal with
any electronic engineering,
research or scientific subject.

5—Manuscripts should be illus-
trated with photographs,
diagrams, ete., as may be
needed to supplement the
text.

Y6—All manuscripts deemed suit-
able for publication in ELEC-
TRONIC INDUSTRIES will be
published and paid for at
regular rates and will re-

AWARD CONDITIONS

ceive the consideration of
the judges as to their suit-
ability for one of the Awards.
7—The Award period shall start
with the May issue of
ELECTRONIC INDUSTRIES
(closing date April 1, 1945)
and conclude with the De-
cember issue (closing date
November 1, 1945) and only
manuscripts published during
that period will be consid-
ered in making the Awards,
8—The Judges will be a Panel
of engineers recognized in
their respective fields and
their judgment will be final.
9—Iin the case of more than one
author collaborating in the
preparation of a manuscript,
any Award will be equally
divided among the authors.
10—The basis of the Awards
shall be originality of thought
and the practical value of
the manuscript in advancing
the electronic arts.
11—The contest is open to all
contributors except em-
ployees of Caldwell-Clem-
ents, Inc., their families or
relatives.
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1-[ HIGH SPEED TESTING of 42-step resistor decade assemblies to 1 per cent tolerance is accomplished by Richardson-Allen Corp., New York,

using eleetronic limit bridge and ‘’standard” decade units arranged for mechanical ganging to assembly under test. Engraved panel identifies
switch point being tested. Contacts to the assembly are automatic and front or rear decks of twin assembly may be selected by toggle switch

FACTORY SHORT CUTS

2 SAVING OF TIME results from wse of pre-cut masking PISTOL-TYPE DISPENSER for silver solder originated at Portsmouth Navy

stlckers over nameplates during finish-painting, instead Yard. Made of sheet metal, the handy tool unwinds solder ribbon from coil
of returning unit to production line after finishing, for name in handle in easy steps and provides a method of holding solder conveniently
plates. Made by Avery Adhesives, Los Angeles against the work. Diagram gives construction details

-

CAM WIRE\\

cvcie NN O

arm
SERCAL NO.
SKILSAW. INC.
MACK (N U AA KT CHICAGO

THROW-BACK SPRING

WIRE COIL

4 COTTER PIN-PLIERS, at left, represent a short cut from the Flour

City Ornamental Iron Co., Minneapolis. Modified pliers are used as
shown in steps one to three, Efficiency increased 335 per cent in an
operation involving castle nuts
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Capacitor Plate
Straightening Technie

1. Remove gear pin to allow op-
erator to move rotor from 0-180°.

2. From back of condenser or end
opposite gear:

A. Use centering screws to the
right to adjust stator until all the
-rotor blade tips to the left of rotor
shaft are in the exact center.

B. Using centering screws to the
left; adjust until rotor and stator
blades are in the exact center and
parallel to each other.

3. Face gear of condenser and
turn condenser so as to bring trim-
mer screws downward.

A. Move stator blades into the
center by inserting blade straight-
ener between the two right-hand
tie straps and bend blades as close
to the stator tie post as possible.

4. Face condenser end opposite
gear—top up.

A. Open condenser until short
rotor end is level with short stator
end. Center blades by inserting
straightening blade between rotor
and stator blades on the right of
condenser shaft. Straightener must
be inserted until it hits the stator
tie post. Do not bend tip of blades.

5. Face gear end of -condenser
from top

A. Straighten and center the

short rotor end tips by inserting
straightening blade until it hits the
rotor shaft. Bend entire rotor blade.

B. Advance the condenser rotor
to the end of the second segment
of the tracking blade (approxi-
mately 30°). Center rator plates in
this position, insert straightening
blade until it hits the shaft.

C. Advance condenser rotor to
the end of the fifth segment of the
tracking blade (approximately 60°).
Center rotor blades in this position.

6. Face gear and back of con-
denser. Close condenser to 180°.

A. Center rotor blades to the
right of bottom tie straps by open-
ing condenser and moving the rotor
blades near the third segment posi-
tion until the blades are in the ex-
act center position.

B. Close rotor. Center rotor
blades at the left of bottom tie
strap by opening condenser and
moving the rotor blades near the
fifth segment until all blades are
in the exact center position.

7. Face back of condenser from
end opposite gear.

A. Move rotor blade right-hand
tips (see photo) into center posi-
tion by inserting straightening
blade between the two right-hand
frame tie straps in such an angle
downward, and deep enough so as
to hit the rotor tie strap. Then
bend rotor blades into the desired
position.

8. Close condenser and inspect
with .014” gauge for close blades in
the usual manner.
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CENTERING SCREW
(Righf & Left

of each
STATOR,) 4

5 CAPACITOR FLATE 3>TRAIGHTENING
technic developed by Dr. K. P. Eichler
of Fastman Kodak Co. saves heacaches Com-
plet2 story in column at left. Speckl tool
must be highly polished, with roandec edges

6 PREVENTING EXPLOSIONS handling lig-
wid air depends on keeping spedal cap
on can at all imes, according to Westinghouse,
Bicemfield, N. J. If liquid is alloved to
evaparate  disect to -he atmesphare, mwoisture
condenses amnd freeges in neck, leading to
disaster [llusrrated
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PE TUBE SMOKE SENSING

® Many applications of photocells
and phototubes are concerned with
the determination of the presence
of smoke, contaminants, or other
foreign substances in liquids and
gases. An instrument using ultra
violet light of a critical wavelength
for the detection of dangerous, al-
though invisible, concentrations of
carbon disulphide gas attendant

A.D.T. smoke detector in ventilating duct,

using, mirror for two crossings

By GILBERT SONBERGH

Typical applications of photoelectric devices and associ-
ated tube circuits for protection and combustion control

-

upon certain chemical manufactur-
ing operations was described in the
March, 1944, issue of “Electronic
Industries.” The use of P-E flame-
failure devices to stop fuel flow in
oil and gas-burning furnaces is
well known.

Simple barrier-layer photocell
arrangements have been in use for
some time as fire or smoke alarms.
“Where there’s smoke there’s fire”
may not always be true, but smoke
alone ecan do costly damage to
many varieties of merchandise.
Where there’s smoke there is eer-
tainly cause for alarm.

At any rate, where there is fire
there is usually smoke, and in heat-
ing, ventilating, or air conditioning
ducts or other more or less enclosed
spaces, the use of reduction of light
transmission through a sample of
the local air provides a measurable
variable for constant, 24-hour fire-
protection supervision.

Air ducts with forced circulation
are, unfortunately, excellent fire
spreaders, and are natural flues for
large scale blazes. Fires have been
known to travel from basements to
every floor of “eight or ten story
buildings within a matter of min-
utes. Outdoor fires, via sparks, fre-
quently enter supposedly immune
buildings through air intake ports.
Safe, modern construction utilizes
a simple photoelectric “watchman,”
near the intake and at other dan-
ger points in such duct systems,
which sounds alarms, shuts down

forced circulation systems, and
closes duct dampers immediately,
on the presence of even minute
quantities of smoke in the circulat-
ing air.

Since such smoke is not often
accompanied by heat in the early
stages, ordinary fixed temperature
or rate-of-change thermal fire de-
tection sensing elements are not
responsive. An ordinary self-gen-
erating photocell circuit is sensitive
instantaneously to such contamina-
tion. Amounts of white or black
smoke just barely susceptible to the
eye cause a drop of about five per
cent in the cell output in typical
installations. Actually, any danger-
ous condition will usually involve
much higher concentrations of
smoke.

Duct protection

An artist’s drawing of a smoke
detectar of the type used by Amer-
ican District Telegraph Co., New
York, operators of Central Station
protection systems of various kinds
in all large cities, is shown. A three-
inch beam from a prefocused six-
volt lamp and condensing lens;
mounted on one side of the duct
in a heavy cast housing, is pro-
jected across the space to be pro-
tected. In this case, a mirror re-
flects the beam back to another
housing containing another con-
densing lens and the photocell.
Output of the cell under “safe”

€. N. Cahusac, C-O-Two Fire Equipment Co., demonstrates the smoke detecting cabinet of the
carbon dioxide shipboard fire extinguishing system. Heart of the unit is the photocell reflection
detection method diagrammed below and described in the text

BUCKING PHOTOCELL
\\ £
N PATH OF SMOKE
TO ALARM
CIRCUIT

/
/

e
+

L]

EXCITER LAMP

el

8

PARALLEL PHOTOCELLS

=

7
ADJUSTABLE SHUTTER  RELAY

WWwWW.americanradiohistorv.com

ELECTRONIC INDUSTRIES ® March, 1945



conditions keeps a sensitive, gal-
vanometer-type normally-closed re-
lay open. Of course, failure of the
light source (usually good for 30,-
000 hours) or other trouble in the
system itself sounds an alarm, mak-
ing the equipment self-supervising.
Means are provided for maintain-
ing constant line voltage, aging of
the light source, and slow fouling
of the lenses and reflectors exposed
to the circulated air.

Shipboard detection

Photocells of the barrier layer or
tube type may be used to actuate
an alarm on an increase of cur-
rent output by causing light to be
reflected from airborne smoke par-
ticles to cells located outside of the
licht beam itself. An interesting
unit of this type is the carbon di-
oxide fire extinguishing system
made by the C-O-Two Fire Equip-
ment Co., Newark, N. J., for pro-
tecting holds and other enclosed
spaces on ships.

In this system, air drawn contin-
uously from each protected space
through piping enters a cabinet lo-
cated in the wheelhouse, passes
through the smoke-detecting com-
partment of the photocell device
housed in the cabinet, and is then
exhausted to the atmosphere.

Should smoke from a fire in any
of the spaces appear in this air, the
detector gives warning by causing
a red lamp to light and an alarm
to sound in the wheelhouse of the
ship. At the same time, the smoke
stream becomes visible in one of a
series of individually numbered ob-
servation windows of the smoke de-
tecting cabinet and instantly iden-
tifies the space affected. This space
is then flooded with carbon dioxide
by manual control, to extinguish
the fire.

A novel arrangement of photo-
cells is employed. Two or more
“operating” cells, connected in
parallel to the input circuit of a

Sensing element of the Brooke eleclroni‘c re-
lay. Left, P-E tubes; right, light source
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sensitive relay, are mounted face
upward in the lower part of the
smoke-detecting compartment. Di-
rected by a lens, a beam of light
from an exciter lamp, mounted
outside the compartment and oper-
ated on a 120-volt dc circuit, passes
over these cells, so that they nor-
mally receive only stray illumina-
tion. This illumination is, how-
ever, sufficient to generate some
current; and, when the cells are
installed, their position with re-
spect to the stray light falling on
them is adjusted until their com-
bined output to the relay is ap-
proximately 5 microamperes.
Another photocell, mounted in
any convenient position where it is
reached Dby direct rays from the
exciter lamp, is also connected to
the input circuit of the relay but
with polarity opposed to that of
the operating cells. Around this
“bucking” photocell is an annular
shutter, which can be raised or
lowered by turning a control knob,

‘thus varying the amount of light

WwWw.americanradiohistorv.com

falling on the cell and also the
electrical output of the cell.

To set the detector for opera-
tion, the shutter of the balancing
cell is adjusted until the output
of this cell equals that of -the oper-
ating cells and the current in the
relay circuit becomes zero. This
balance is attained when a needle
attached to the relay points to a
red arrow on its dial.

Operation

With this arrangement, smoke
entering the smoke-detecting com-
partment is illuminated by the ex-
citer-lamp beam and reflects light
to the operating cells, while de-
creasing the direct illumination on
the bucking cell. This upsets the
balance in the relay circuit. The
relay contacts close, actuating a
power relay, which, in turn, closes
the various circuits for an alarm,
smoke indicating lamp, or other
use. Temporary changes in the

radiation from the exciter lamp,
due to voltage variations and other

Indicating unit removed from cabinet

operating causes, do not result in
false alarms, because both the bal-
ancing cell and the operating cells
are equally affected, the zero-cur-
rent balance is maintained, and
the relay is not operated.

The exciter lamp has a 500-watt
rating but is operated at 400 watts
input. In addition, it is burned at
this wattage for only 4 seconds out
of every minute, through. the use
of a motor-operated timing device.
These safeguards, together with
rugged mechanical construction,
give this lamp a life of many years,
minimizing replacements.

The brilliancy of the exciter lamp

99



is adjusted, occasionally, with the
help of an auxiliary photocell,
which is illuminated by the lamp
(but plays no part in smoke detec-
tion) and is connected with a mi-
croammeter. By varying a resistor
in series with the lamp until the
needle of the microammeter points
to a red arrow setting, the light
output of the lamp is adjusted to
the proper point.

Further protection from operat-
ing trouble is provided by a super-
visory system, which lights a
“trouble” lamp and sounds a buzzer
when any lamp or other piece of
equipment forming part of the
smoke-detection system fails to
function.

A simpler type of smoke detector,
employing one operating cell and a
balancing cell, with a continuously
burning exciter lamp, has been de-
veloped for airplane applications.

Combustion control

If a photoelectric smoke detector
is constructed with sufficient ac-
curacy and installed in a flue or
chimney, its varying output signal
may be used as a visual indication
of combustion efficiency in furnaces
for heating or power generation.
Coupled to suitable amplifying and
control circuits, the principle may
be utilized to regulate continuously
the fuel-air ratio for maximum
economy.

One such equipment is the Brooke
electronic relay. Manufactured by
the Brooke Engineering Co., Phila-
delphia, this device is used to con-
vert impulses from a pair of photo-
tubes into current to run a re-
versible motor. This motor, through
the electronic relay, runs at a speed
proportional to the signal and has
full torque at all times. The elec-
tronic relay provides electrical com-
pensation by means of a patented
circuit varying the rate of con-
denser discharge. Such compensa-
tion is similar in results to me-
chanical throttling and reset types,
but is accomplished all-electrically,
without the use of electromagnetic
relays.
time delay are both readily adjust-
able.

Referring to the circuit diagram,
bias to tubes J1 and J2 is supplied
from one plate of rectifier tube Y.
This dc output is filtered through
group R5, C1 and C2 and then ap-
plied to voltage regulator tube B.
From this regulated voltage the
bias to tubes J1 and J2 is selected
from resistors P4 and P3 respec-
tively. With equal grid voltages,
tubes J1 and J2 will have equal
plate outputs through their respec-
tive half of the primary of trans-
former T2. Equal opposing currents
through the two halves of the pri-
mary of transformer T2 will cause
complete cancellation with result-
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This throttling action and

ant zero voltage across . the sec-
ondary.

Any unbalance of plate currents
will result in a secondary potential
proportional to the degree of un-
balance. The instantaneous sec-
ondary voltage sign is dependent on
which half of the primary has the
higher current. The entire opera-
tion of the electronic relay is based
on the balance or unbalance of the
currents in the two halves of the
primary with the resultant sec-
ondary voltage changes. Assuming
plate currents from J1 and J2 are
equal, there is upon application of
light to photo electric cell V2 an
additional potential applied to the
grid of J1 in proportion to the light
intensity on V2. With a certain
light intensity the bias to J1 and
J2 is readjusted until both plate
currents from J1 and J2 are again
equal. From this point on, any
change in light intensity will cause
an unbalance in transformer T2.

Thyratrons Gl and G2 are biased
just above their firing point from
the dc potential off the other plate
of rectifier tube Y through resistor
P7 to center tap on secondary of
T2 through Pl and P2 to grids of
G1 and G2. Any plus potential ap-
plied to the grids of Gl and G2
from the secondary of T2 will cause
one or the other of the thyratrons
to fire, depending upon the direc-
tion of unbalance in the primary.
The plate output of G1 and G2 are
connected through a split series
fractional horsepower motor so that
firing of thyratron G1 will run the
motor in one direction and thyra-
tron G2 in the other direction.

Stepping action

The firing of either thyratron in-
troduces a reversal of voltage to
their grids by ‘means of a feedback
circuit from the plates of G1 and
G2 through resistor R9 and P7 to

center tap on secondary of trans-
former T2. This feedback voltage
causes discharge of condenser C3
with subsequent change of voltage
on grids of thyratrons Gl and G2
which causes them to stop firing.
Condenser C3 then recharges and
restores normal voltage to thyra-
tron grids G1 and G2.

This results in a pulsating or
stepping action which becomes in-
creasingly effective as the induced
voltage on the secondary of T2 ap-
proaches zero. The action prevents
control mechanism from overriding
the balance point. It should be
noted that each firing step pro-
duces full power from the motor
regardless of the nearness to bal-
ance point.

From this we have an electronic
relay which will upon a certain
light intensity on V2 cause a motor
to stand still and with a slight
increase or decrease of light cause
the motor to run in one direction
or the other. If this motor is then
connected to a mechanism which
will correct the conditions which
caused the change in light intensity
we have a control device.

Time delay action

In combustion control the damper
is moved to regulate the amount
of air to the fire. In practice there
is usually some degree of time lag
between the time a correction
movement is made and the time the
correction actually occurs. This
must be compensated for by intro-
ducing an adjustable time delaying
action in the electronic relay over
and above the compensation pro-
duced by the feedback circuit.

This action originates in variable
resistor unit P9 which is driven
through its entire range by being
mechanically connected to the con-
trol mechanism. Across resistor P9
there is a dc potential from the

(Continued on page 194)
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