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EENERAL CHARACTERY

Capacitance....80 vuf +2% ¢ Maximum Peak Voltage....30,000
Maximum RMS Current...65 Amps at 10 Mc. » 40 Amps at 60 Mc.
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Higher current handling ability and lower 12R
losses in reduced space simplify equipment
design — meets new FCC frequency stability
regulations for industrial and electro-medical
oscillators using Amperex-developed circuits

Design and manufacturing techniques evolved for
high power copper anode tubes were successtully
brought to bear in developing the unusual quali-
ties of the Amperex VC50 Vacuum Condenser. This
unique all-copper construction with large area

seals, no welds and increased mechanical rugged- . '
. e s . 3 and. of Am
ness insures efficient and economical operation. Sind "vpical piars ‘;’,'{";- other :.::,-:;'m:“‘; cam.
32 mc with ndusteiof eqy: nutactyr.,
READY FOR YOU: Detailed technical rating and data sheets, 2000 v.o.c. ;:Icl: f,? u,u, vocuum ":::I:’::::, °Perating ,
PPly ense,
o R ¢

TUBE SPECIALISTS SINCE 1925

AMPEREX

ELECTRONIC CORPORATION AMPEREX
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betrer portable playback —compact, easy to carry, simple to set up.

The remarkably clear, wide range of reproduction—far superior

to what is ordinarily expected of a portable playback—makes it a favorite
with broadcasting stations and advertising agencies who demand top
performance in demonstrating recorded programs to prospective clients.
Model L plays 6 to 16” records, 78 or 33%3 R.P.M.. on a 12 rim-
driven turntable. Standard equipment includes high quality 16” pickup

on a swivel mounting which folds into a case when not in use, four
stage amplifier, 8” loudspeaker with 20’ extension cable, and a Presto
Transcriptone semi-permanent playing needle. For use
on 110 volts AC only.

The complete equipment, in an attractive

grey carrying case, weighs only 46 lbs.

&Sl

RECORDING CORPORATION
242 West 55th Street, New York 19, N. Y.
WALTER P. DOWNS, LID., in Canada

WORLD’S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT

Proceepings of Tine LR.E. axp Waves anp ELectrons, July, 1946, Vol. 34, No. 7. Published monthly in two sections by The Institute of Radio
Engineers, Inc., at 450 Alnaip St., Menasha, Wis., or 330 West 42nd Stieet, New York 18. N.Y. Price $1.00 per copy. Subscriptions: United States and
Canada, $10.00 a year; foreign countries, $11.00 a year. Entered as second-class matter, October 26, 1927, at the post office at Menasha, \Wisconsin
under the act of March 3. 18679, Acceptance for mailing at a special rate of postage is provided for in the act of February 28, 1925, embodied in Paragraph
4, Section 412, P. L. and R., authorized October 26, 1927.

Table of contents will be found following page 32A



Ceramic Trimmers

Division of GLOBE-UNION INC., Milwauvkee Bulletin 695

2
Variable Resistors . )
PRODUCERS OF Bulletin 697 Tubulor Ceramic Selector Switches
Capacitors

Eulletin 722

Ceramic High Voltage Capacitors Bulletins 630 and 586
Bulletin 814

Proceedings of the I.R.E. and Waves and Electrons
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Ordered in Quantity by Eastern Airlines

FEDERAL’S NEW single channel ground station receiver
139A is especially designed for post-war commercial
aviation service, in the band from 108 to 132 Mc; this
range covers the recently assigned band for air-to-ground
communication. This receiver offers many time- and
trouble-saving features, with emphasis on reliability and
simplicity of operation and maintenance.

This compact unit permits clear, dependable AM voice
reception for airport control towers or remote unat-
tended stations. Airlines and airport owners will find it a
valuable means of safeguarding their vital communica-
tion systems. Eastern Airlines has already ordered a
quantity of these units.

Design Features of the FTR-139A
1. Designed for compact mounting in standard 19-inch relay
rack

2. Front panel is hinged at bottom, giving unobstructed ac-
cess to wiring for checking or maintenance

3. Designed for expected 100 KC channel separation
4. Crystal-controlled superhet circuit gives high performance
5. Either heated or unheated crystal holder can be used

6. Has carrier-operated noise-suppression circuit with adjust-
able threshold control

7. Includes provision for remote rf gain control
8. Amplified AVC

Federal Telephone and Radio (orporation

VHF RADIO RECEIVER 1394
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Front view, showing panel in operating position. Hinged at
the bottom, this panel, when open, allows voltage measure-
ments and inspection of all components to be made while
set is operating, without removing it from the rack.
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Rear view, showing transformers and tubes harizontally
mounted on back, for free ventilation and ready accessi.

bility.

DATA
Power Output. . . .. Max. undistorted, 750 MW
Max. output, 1000 MW

Frequency Range ..... 108 to 132 Megacycles
Power Input

70 Watts, 105-125 Volts, 50 to 60 Cycles
19” long by 7" high by 9” deep
Write today for complete information and per-
formance data.

Dimensions . .

In Canada:—Federal Electric Manufacturing Company, Ltd., Montreal
Export Distributor:—International Standard Electric Corporation

Proceedings of the I.R.E. and Waves and Electrons July, 1946
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? W ANNOUNCES

JUST OFF
THE PRESS!

The most complete, most carefully-
indexed, most usable and informa-
tive catalog of war surplus electronic
equipment yet offered! Describes
more than 5000 items, with specifi-
cations and PRICES. . ..

SEND FOR
CATALOG

TODAY!

4A Proceedings of the I.R.E. and Waves and Electrous July, 1946



...A READY SUPPLY
OF ELECTRONIC EQUIPMENT and COMPONENT PARTS

available for immediate delivery
to wholesalers, retailers and manufacturers

H ere is merchandise you need. Electronic find immediate use for. It’s all in the cata-

merchandise you can sell at a profit, with log —carefully described —priced —easy to

or without further processing. And there’s find and easy to order. And of course it's all

plenty of it! Enough to “plug the gap” top-quality equipment, made to Govern-

Excellence ére Eleclronécs

until your normal sources of supply can ment specifications by America’s finest

replenish your shelves and stockrooms. electronic manufacturers.

It's Army and Navy gear —now being returned to the You’ll be missing a bet if you don’t take immediate ad-

regular channels of trade by the War Assets Administra-
tor. Acting as agent, Raytheon has a plentiful supply for
you —together with a carefully indexed, easy-to-choose-
from catalog that’s literally bursting with news about the
kind of goods you want, need, and can obtain right away.
Send for this catalog—it means business for you. Good
business, ready business, proficable business.

Most of the equipment is in the communications field
—but there are large supplies of components too, electri-
cal and electronic parts that you and your customers can

gt

b, '&.}f‘-\%o East 42nd Street, New York 1 N
GE! n,éa‘(m Send your new Catalog of salable 1N

vantage of this opportunity to sell merchandise at a profit.
The market is hungry for this equipment. The business is
there. Get your share of it.

Sending for the Raytheon catalog is the first step. Do
that at once. Then get in touch with Raytheon for tech-
nical advice and merchandising plans for speedy action.

RAYTHEON MANUFACTURING COMPANY
Acting aos Agent of the
Wor Assets Administrotor under Controct No. S1A-3-46
60 East 42nd Street, New York
West Coast Office : 2802 N. Figueroa St., Los Angeles 31, Cal.

Proceedings of the 1. R.E. and Waves and Electrons July, 1946




HE MAJOR CAPACITOR
AND WIRE-WOUND RESISTOR
DEVELOPMENTS OF THE PAST 5

YEARS HAVE BEEN ENGINEERED

vA

ENERGY STORAGE capacitors of greatly

THEY INCLUDE:

*VITAMIN Q@ impregnated capacitors
for higher voltages, higher tempera-
tures and higher insulation resistance.

*HYPASS 3J-TERMINAL NETWORKS that
set new standards of performance in
solving anti-resonant frequency prob-
lems at frequencies as high as 150
megacycles or more.

GLASS-TO-METAL hermetically-sealed
capacitors fully proofed against leakage,
moisture, fungus, corrosion and shock,

increased capacity in smaller physical
sizes.
®

MEGOMAX high-resistance, high-volt-
age resistors. Megohms of resistance
operated at thousands of volts.

®
SPRAGUE *KOOLOHM RESISTORS with

glazed ceramic coating and new type

end seals in one standard type for use
under any climatic condition.

®
Catalog of any type on request
*Trademarks Reg. U. §. Past. Of.

SPRAGUE ELECTRIC CO., NORTH ADAMS, MASS.

Proceedings of the I.R.E. and Waves and Electrons July, 1946




SYMBOL OF FIDELITY...

Fidelity to the world’s most critical employer . . . the international press . . . Ficelity to the

task of engineering, developing and fabricating communication equipment and systems to stand
the gaff of delivering tens of thousands of words of vital, high speed, radio communications
traffic each day as demanded by the press of the world.

Back of this Fress Wireless Symbol of Fidelity is an organization of men who for years have
been charged with the responsibility of planning, installing and operating the vast array of
equipment which makes up the Press Wireless international radio press circuits.

The communication equipment, designed and fabricated to serve the international press, is

now available to all who require dependable radio communication equipment and systems.

RESS WIRELESS MANUFACTURING

Executive Offices: 38-01 35th AVENUE, LONG ISLAND CITY 1, NEW YORK J

.
B

Proceedings of the I.RE. and Waves and Electrons July, 1946 7A
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® PRECISION MADE TO YOUR BLUE PRINT FROM THE

ALSIMAG COMPOSITION HAVING EXACTLY THE PHYSICAL

CHARACTERISTICS REQUIRED FOR YOUR APPLICATION

o CHART OF PHYSICAL CHARACTERISTICS FREE ON REQUEST

NEWYT
wx il é

AMERICAN LAVA CORPORATION

CHATTANOOGA 5, TENNESTSEE
43RD YEAR OF CERAMIC LEADERSHIP




. MOISTURE PROOF )

HERMETICALLY
SEALED

LESS
AIR DRAG

Developed by Bendix engincers to increase aero-
dynamic elliciency, the type MN-60A Iron-Core Loop
reduces air drag 1o only 2.57 pounds at 300 mph. Use of
the iron core permits reduction in size, while retaining
the signal pickup efliciency of larger loops.

All moving parts are hermetically sealed in dr:
nitrogen, eliminating oxidation and minimizing maigas
tenance problems. The Type MN-60A loop assur 4.
thousands of hours of trouble-free operation. £

A low-inertia a-c induction motor rotates the ldop.
A combined quadrantal error corrector and ‘‘Autodyn’"
trunsmits corrected bearings accurately to a refmote
indicator

A\ streamlined phenolic-impregnated anti-static
housing is available for belly or top mounting, |

Write for new brochure, ““Toward Automatie I lfght."

|
BENDIX RADIO DIVISION, BALTIMORE 4, MD.

R —\—
BENDIX RADIO

PRODUCT OF

L\

AVIATION CORPORATION

~
OR THE Y
AViATION INDVS

10A Proceedings of the I.R.E., and Waves and Electrons July, 194



RMATURE assemblies fit when C-D MICA-
BOND insulating rings and segments are
used. They fit because C-D manufacturing stand-
ards assure close tolerance production of MICA-
BOND materials and parts. The consistent qual-
ity and accuracy of C-D MICABOND products
justify the confidence C-D MICABOND en-

joys from the many manufacturers of arma-
tures who specify C-D MICABOND. When your
electrical insulating problem dictates “mica
insulation,” C-D engineers will be glad to
help you to design to use mica to the best
possible advantage—and in its most usable
form — C-D MICABOND.

The Plastics
DILECTO—Thermosetting Laminates.
CELORON—A Molded Phenolic.
DILECTENE—A Pure Resin Plastic
Especially Suited to U-H-F Insu-
lation. Fabricated, Formed or
HAVEG — Plastic Chemical Equip-
ment, Pipe, Valves and Fittings.

The NON-Metallics

&qmwﬁzdw&wz DIAMOND Vulcanized FIBRE

vuiLcoib—Resin Impregnated Vul-

(ontinental ‘Diamond

KYC-46

C-D PRODUCTS

MICABOND—Built-Up Mica
Electrical Insulation.

Standard and Special Forms

Available in Standard Sheets,
Rods and Tubes; and Parts

Molded to Specifications.

Descriptive Literature
Bulletin GF gives Compre-
hensive Data on all C.D
Products. Individual Cata-

logs are also Available.

l canized Fibre.

BRANCH OFFICES

NEW YORK 17 ¢ CLEVELAND 14 + CHICAGO 11 o SPARTANBURG, §. C. s SALES OFFICES IN PRINCIPAL CITIES
WEST COAST REPRESENTATIVES: MARWOOD LTD., SAN FRANCISCO 3
IN CANADA: DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8

(;(w/uwn/a/ DI(II)I(II(/ Flcowi COCM©P A

Eetobliched 1695. . Manufacturers of Lamiza’ & | lasiic: since 1511-~NEWAKK 48 o1

LLA VA RE

Proceedings of the I.R.E. and Waves and Electrons July, 1946 1la



FOR INDUCTION HEATING COILS
REVERE DRYSEAL TUBE

Revere Dryseal Copper Tube is ideal
for fabricating coils for induction
heating applications. It is pure copper,
seamless, high in both electrical and
heat conductivity. Temper, dead soft,
so it can be easily formed 1nto a coil

by hand or machine. Sizes from 15"
to 3", with .035"” wall. Supplied
in standard 50-foot coils, dehydrated
and sealed at both ends. Sold by
Revere Distributors in all parts of
the country.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, N. Y.
Mills: Baltimore, Md.; Chicage, 11l.; Detroit, Mich.; New Bedford, Mass.; Rome, N. Y.
ales Offices in Principal Cities, Distributors Everywhere.

Listen to Exploring the Unknown on the Mutual Network every Sunday evening, 9 to 9:30 p.m., EDST.

12a Proceedings of the I.R.E. and Waves and Electrons July, 1946
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G-E AUTOMATIC VOLTAGE STABILIZERS

/ Less than = 19, variation on all applications!

v
4

Practically instantaneous voltage correction!
No moving parts; no adjustments!

Will operate continuously at open or short
circuit without excessive damage!

This General Electric voltage stabilizer is excellent for
use where it is necessary to keep a-c output voltage right
where it belongs. It provides a constant, precisc output
of 115 volts from any a-c source that may vary from 95
to 130 volts.

The G-E voltage stabilizer protects costly laboratory
and other equipment from sudden over-voltages, speeds
production line testing. It gives longer life to testing
apparatus, radio transmicting tubes, x-ray filament

July, 1946

Torn T Kok andd 5ot the Unlitage

For giving the right voltage when you
want it, this variable-voltage autotrans-
former is an asset to any laboratory or
shop bench. By merely turning the con-

GENERAL @ ELECTRIC

circuits, motion-picture equipment. Here are some of its
more outstanding characteristics which qualify it as a
precision voltage stabilizer:

® Maintains voltage regulation for fixed loads to within
%1 per cent. Maintains regulation to within 2 per

cent on hca\:{' variations occurring between no load
and full load.

® Automatic action climinates moving parts, adjust-
ments, ctc.

@ Instantancous action provides voltage correction in
less than three cycles time.

@ Limits current at short circuit to approximately 180
per cent of full load.

@ Low harmanic content, negligible variation over wide
load range.

For complete details on this stabilizer’s unusual pos-
sibilities, write for Bulletin GEA-3634, Apparastus Dept.,
General Electric Company, Schenectady 5, N. Y -

trol knob, you can have any voltage from
zero to 135 volts from a 115-volt a-c in-
put, zero to 270 volts on a 220-volt a-c
input. For complete description, ask for
Bulletin GEA-3635A.

403-89-6207

13a



more efficient
...1n miniature

lower lead inductance, lower inter-
element capacitance and higher
mutual inductance.

TUNG-SOL engineers will be glad
to help you interpret your tube re-

i

With the aid of a little hand micro- ACTUAL SIZE

TUNG-SOL LAMP WORKS,
Offices:

phone. the ship’s officer, speaking in a normal voice,
can be heard by any vessel in the fleet. Contrast this
to the ineffectual lellowings through the huge
megaphone of yesterday. The trend of science has
been to develop greater efficiency in miniature. It
was Irue of the megaphone, it is true of the elec-
tron tube.

TUNG-SOL Miniatures offer many advantages,
especially in high-frequency currents. They are
more impervious to shock and vibrations. The glass
bases have better dielectric properties. They offer

I NG

quirements in terms of Miniatures.

TUNG-SOL is a tube manufacturer, not a set
builder. The disclosures of your plans you make
in consultation will be held in strictest confidence.

TUNG-SOL

velralion-lested

ELECTRONIC TUBES

NEWARK 4, NEW JERSEY
Atlanta « Chicago - Dallas + Denver - Detroit - Los Angeles - New York
Also Manufacturers of Miniature Incandescent Lamps, All-Glass Sealed Beam Headlight Lamps and Current Intermittors

Proceedings of the I.R.E. and Waves and Electrons
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PACKAGED R. F. RADAR ASSEMBLY
ELIMINATES DESIGN HEADACHES

The DeMornay-Budd packaged R. F. Unit provides a
complete R. F. assembly for microwave radar. It is now
possible to obtain as standard items all the microwave
R. F. components necessary in the fabrication of a com-
plete radar —DeMornay-Budd Standard Transmission
Line Components plus packaged R. F. Unit.

The R. F. Raddr Unit is delivered complete and ready
to operate. It is wired and contains all the necessary
tubes and crystals. The unit uses a packaged magnetron
capable of delivering 20 kw., peak power, at 9375 mc.
Two type 2K25 local oscillator tubes are provided, one
for receiver and A.F.C. and the other for beacon opera-
tion. A type 1B35 A-T-R tube, a type 1824 T-R tube and
the necessary type 1N21 crystals are included in the as-
sembly. A 20 db. directional coupler permits accurate
measurements to be made at any time with a maximum
of convenience and safety.

Since the use of radar beacons is contemplated in the
near future, the unit has been designed with a beacon
cavity and crystal mount. The unit can be supplied with-
out the beacon cavity and crystal mount and beacon local
oscillator, and a termination supplied in their place so
that it becomes a simple matter to convert to beacon
operation when necessary.

We offer complete laboratory research facilities and have avail-
able such production test equipment as: Standing Wave Detectors,
Calibrated Attenuators, Siug Tuners, Power Supplies, Square
Wave Modulators, in addition to transmission line components
shown in diagram above. Write for information or catalog.

Froceedings of the I.R.E. and Waves and Electrons July, 1946

3% R. F. RADAR UNIT #412

R S
>

= REFLECTOR
PR

i /L—“' FEED HORN
s J‘F—_

ROTATING JOINT

FLAT 90° ELBOW
90° TWIST
MITERED. ELBOW

STRAIGHT
(Tt
SECTION =

EDGE 90" ELBOW' 90° TWIST

R.E UNIT

R. F. Radar unit #412 (indicated by
asterisk) used in conjunction with
standard PeMornay-Budd transmis-
sion line components.

EQUIPMENT
FOR
97% OF ALL
RADAR SETS

DE MORNAY-BUDD, INC.
475 GRAND CONCOURSE, NEW YORK, N. Y.



can get this

SQUARE
A typical application showing how the WAVE

type 5SP may be used to examine both the | T e
input signal to a circuit and the resultant
output signal. Here, a square wave has
been applied to an L-C network. Both input A=INPUT
and output signals appear simultaneousl

on the face of the Type 5SP. Either signayl B=OUTPUT
may be expanded for detailed study.

DU MONT’S
A8

TwWo-GuN Type 5SP ,

Cathode-Ray Tube Shows Two

Patterns Simultaneously

. NOW —a superior method for viewing two inde-
pendent signals simultaneously. Not subject to the
frequency limitations encountered when using the
electronic switch. More convenient than using two
oscillographs side by side.

Du Mont's Type 5SP tube contains two complete
electron guns in a S5-inch flat-faced envelope. The X,
Y and Z axes of each electron gun can be indepen-
dently controlled, thus permitting two traces to be spaced from zero to any
value desired within limitations of the tube diameter, and also modulated
as desired. Adequate shielding betweens guns and deflection plates mini-
mizes “cross-talk” particularly at higher frequencies. Short side-wall con-
nections to deflection plates minimize shunt-input capacitance and lead
inductance. Army-Navy approved diheptal 12-inch base.

Further Details on Request

© ALLEN 8, DU MONT LABORATORIES, INC,

16A Proceedings of the I.R.E. and Waves and Electrons July, 1946



Since its inception, the designs of the UTC Engineering

Department have set the standard for the transformer field.

Hum Balanced Coll Structure: Used by UTC in
practically all high fidelity designs. . . . Hum
balanced transformers are now accepted as
standard practice in the transfarmer field.

Ultra-Compact Audio Units: A camplete series of
light weight audio and pawer companents
far aircraft ond portable applications. Ultra-
Compact Audio units are hum balanced . . .
weigh approximately six ounces . . . high
fidelity response.

Ouncer Audio Units: Extremely compact avdio
vnits far portable applicatian were a prab-
lem until the development af the UTC Ouncer
series. Fifteen types far practically all applica-
tions . . . range 40 ta 15,000 cycles.

Plug-In Audio Units: These units are a modifi-
cation of our QOuncer series, incorporating a
simple octal base structure. Fifteen stondard
items caver all applicatians.

Light Weight Alraaft Filters: RRF-5 Radio Range
Filters and ather special filters far light weight
applicatians embady unique size and weight
saving features. A typical unit, made by an-
other source with 32 Ib. weight, weighed 13,
Ibs. after UTC cesign.

Toroldal Wound High Q Coils: UTC type HQA
and HQB Coils offord a maximum in Q . . .
stability . . . ard dependability with a m
mum of hum pickup. Standardized types avail-
able for all aucio requirements,

Sub-Audio and Supersonlc Transformers: Embody
new design and constructional principles, far
special frequency ranges. % to 60 cycles for
geaphysical, brain wave applications . . . 8
ta 50,000 cycles for labaratory service, 200 ta
200,000 cycles far supersonic applicatians.

Woeo = - Q= VWO = NWo-— Vo= WO =

Nnd Q=

o H O = E-X K [ X% - 00 WO =~ [ WX R o WO -

O Hh O

Linear Standard
Avdlo Units: Fla:
from 30 to 20,000
cycles . . . A god
far others to shoct
at.

e 2 1000

Trl-Alloy Shielding: The combination af Linear
Standard frequercy respanse and internal tri-
alloy magnetic saielding is a difficult ane fe
approach. Used >y G. E.,, RCA, Western Elec-
tric, Westinghause, M G M, Woalt Disney
NBC, etc.

Universal Equalizers: The UTC Universal Equal-
izers, Attenvatar:, and Sound Effects Filters fill
a specific need >f the broadcast and recard-
ing field. Almast any type of audio equipment
can be equalized to high fidelity standards

Sub-Ouncer Units: A series of %3 ounce minio-
ture units with non-carrosive—long life conr-
struction for hearing oid, miniature radia, and
similar applications. Five types cover pract.

" eally oll miniature requirements.

Hermetic Seal Pleneering: Realizing the esser-
tiality of herme‘ic sealing for many applicc-
tians, UTC pianzered o large number af the
terminals and :iructures far hermetic tran--
farmers . . . naw available far commercial use.

Standardized Flisers: UTC type HPL, LPI, and
BPI (low pass, high pass, and band pass)
Filters are stardordized to effect minimum
cost and goad delivery time. Available fecr
frequencies thrawghaut the entire audio range.

New Items: The UTC Research Lloboratary s
develaping new items and impraving standard
designs in 1946. While same af these develap-
ments will be described in our advertisements,
many are applied to custamers’ prablems.

MAY WE COOPERATE WITH YOU ON YOUR PROSBLEM?

FREQUENCY IN CYCLES PEF SECOND



/‘ The Rauland Visitron
R-6025 is a 10-inch, virtually

P ! // flat face, direct-viewing Cathode

4

Ray Tube especially suitable to

television. The electromagnetically

focusing and deflection method employed
allows the screen to be excited by a
relatively high beam current, insuring

good contrast with excellent focus.

Specifications of the Rauland Visitron R-6025
Heater Voltage 6.3 A.C. orD.C.
Heater Current 0.6 amp.
Focusing Method Electromagnetic
Deflection Electromagnetic
Deflection Angle 50 degrees
Screen - Phosphor P4 oy
Bulb Diameter (Max.) 10%/ at screen end ‘
Length (Max.) 17%" + 3" ]
Base Small Shell Duodecal 7 Pin
Anode Volts (Max.) 11,000
Anode Volts (Operating) 8,000

124 Proceedings of the 1.R.E. and Waves and Electrons July, 1946



Microwaves make their journey from
apparatus to antenna not by wire,
cable, or coaxial — but by waveguide.

Long before the war, Bell Labora-
tories by theory and experiment had
proved that a metal tube could serve as
a pipe-line for the transmission of elec-
tric waves, even over great distances.

War came, and with it the sudden
need for a conveyor of the powerful
microwave pulses of radar. The metal

waveguide was the answer. Simple,

EXPLORING AND INVENTING, DEVISING AND PERFECTING FOR CON-

TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE

rugged, containing no insulation, it
would operate unchanged in heat or
cold. In the radar shown above, which
kept track of enemy and friendly
planes, a waveguide conveyed micro-
wave pulses between reflector and the
radar apparatus in the pedestal. Bell
Laboratories’ engineers freely shared
their waveguide discoveries with war
industry.

Now, by the use of special shapes
and strategic angles, by putting rods

across the inside and varying the di-
ameter, waveguides can be made to
separate waves of different lengths.
They can slow up waves, hurry them
along, reflect them, or send them into
space and funnel them back. Bell Lab-
oratories are now developing wave-
guides 1o conduct microwave energy
in new radio relay systems, capable of
carrying hundreds of telephone conver-
sations simultaneously with television
and music programs.

BELL TELEPHONE LABORATORIES




3. RADAR PLUMBING

l here is no substitute for 35 years

of manufacturing skill and

4l experience when it
= o
PR comes to building

3 cm. RADAR

-

=2
"",," > plumbing equipment.

Write for full information
about our engineering and

production facilities in this new field.

G ALIGIAGLI

A THE HAMMARLUND MFG. CO., INC., 460 W. 347H ST., NEW YORK 1, N.Y.

ESTABLISHED 1910 MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT

20A Proceedings of the I.R.E. and Waves and Electrons July, 1946



MAKING TuBES 15 EASY--

DISTILLATION
TANK

Distilled
water

MIXING
TANK

Sodium carbon
solution

ate

Distilled
water

Sodium carbonate
solution

cium-stron-

arium-cal R
B oluticn

fium nitrate s

=y -

PREClPlTATlON
TANK

Bcr'lum-colcium'

strontium carbonate
- -
Ea= ~

Washed and
filtered carbonate

Dried
1 carbonate

Lacquer binder
\ milled with carbonote

; CATHODE
COATING

First floor of Hyton chemical precipitation system. MHote the
flow meter, precpitation tanks, and ceramic vacuum filters.
Spotless cleanline:s is vital to avoid contaminat on of carbonates
precipitated for cathode coatings.

AGAIN HYTRON «now-How woRrks For You. ..

THIS photograph and flow chart may look strange in
an advertisement on radio tubes. Chemistry and
metallurgv, however, are a vital part of Hytron engi-
neering. The picture illustrates the first of three floors
used by Hytron’s ckemical system which precipitates
the carbonates for cathode coatings.

Prewar, Hytron purchased such carbonates—as
did most other tubs manufacturers. Wartime mass
production demanded much better quality control
than suppliers offered. By doing the job itself,
Hytron gained extra know-how which serves you in
peacetime.

For these carbonates, absolute control is required of
formulation, crystal size and shape, density, purity, and

viscosity. Most cathode coatings are p-epared from
carbonates compouaded of barium, calcium, and stror -
tium. The percentage of each of these elements affects
the performance o- different types of tubes. Crystzl
size and shape, deasity, freedom from impurities, a.l
determine the degree of electronic emissioa. Variatiors
in viscosity must be minimized to assure vniforn: appl -
cation of coating or: the cathode.

There is still much “black magic’’ in obtaining proper
cathode emission. But Hytron makes easier the prok:-
lems involved by zccurate chemical and metallurgical
controls. No resezrch is too tough or too unrelated,
if it leads to know-aow which will give better perform.-
ance of the Hytron tubes you buy.

DEST MANUFACTURER SPECIALIZING IN RADIO RECEIVING TUBEZ

@

MAIN OFFICE: SALEM, MASSACHUSETTS
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BRENTWOOD, N. Y.

..;i"‘- - Key Station. of MACKAY
| RADIO & TEL. CO., INC.

|
|

is “alive’’ with

AMERTRAN
TRANSFORMERS

LIVE in every respect! Brentwood, one of the
busiest of commercial radio stations, handles
large volumes of traffic over a complex array of
transmitters and frequencies. Station equipment is
kept excited for long periods of continuous duty.

There are literally dozens of AmerTran Trans-
formers, Retard Coils, and Reactors, indoors and

] — g 3
AmerTron voltoge-ragulating transformers—132 KW out, feeding controlled voltages to various trans-

mercury vapor rectifier. Filament Transformers visible

of feft. mitter units in this station. Some of these, in the
rectifier circuits of a 132 KW transmitter, are
shown here.

The 1.64 KW Filament Transformers, at left, have
been on the job for 15 consecutive years. This is the
kind of consistent performance engineered into
every AmerTran.

AmerTran Transformers are “built-in’’ components
in the best-known communications and industrial-
electronic assemblies now in operation. They are
designed by authorities in electronic energy trans-
formation, and are built in a plant devoted exclu-
sively to the production of transformers and allied
products. You may feel free to use the entire
facilities of the AmerTran organization.

Closeup view of AmerTran Dry Type Filament Trans-
formers. Roted 1.64 KW, 460—32/16 V.

AMERICAN TRANSFORMER COMPANY
178 EMMET ST, NEWARK 5, N. J.

We'll be glad to send you a copy of the
new Bulletin "G”, showing the wide
scope of AmerTran Products.

Pioneer Monufocturers of Tronsformers, Reoctors and
Rectifiers for Electronics ond Power Tronsmission

Group of AmerTron Plate T-onsformers, outdeor in-
stollotion. Supply 132 KW Tronsmitter. 18,600 V.
secondaries.

MANUFACTURING SINCE 1901 AT NEWARK. N )
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ERIE RESISTOR has developed
and manuiactured a complet i
of CeramiC on
ceiver an
tions; Silver-
Button Condensers;
sistors and Suppressors:
ion Molded Plastic K
, Bezels, Name
Forms. Complete tec
mation will be sent on request.

ERIE RESISTOR CORP

ERIE, PENNSYLVANIA

‘. c

Proceedings of the I.R.E. ard Waves and Electrons July, 1946
Yy




MOLDED COIL FORMS

THE MODERN ANSWER TO INEXPENSIVE MECHANICAL

COAXIAL LEADS each end
Type DR-1 ., . .75%50" x .220"
Type DR-2 .. .875" x .280"

]

SINGLE HAIRPIN lead each end
Type DR-3 .. .87%" x .280"

SINGLE HAIRPIN lead one end
DOUBLE HAIRPIN lead other end
Type DR-4 .. .87%" x .280"

DOUBLE HAIRPIN lead each end
Type DR-% . . .87%" x .280”

R E—

Typical use of molded coil form
with Stackpole W.1976 iron
sleeve core attached

SUPPORTS FOR WINDINGS

Reduced space factor . . . simplicity of
assembly . . . point-to-point wiring . . .
one third fewer soldered connections
. . . extreme flexibility of application . . .

absolute minimum cost

These proved advantages mean wide use for
Stackpole molded bakelite coil forms in a
variety of applications. Hairpin anchored
leads mean that the soldered core wires are
not disturbed or strained when leads are
flexed or moved. The forms being smooth,
coils may be wound on separate tubes and
slipped over the forms—or windings may
be wound directly on the forms. Where re-
quired, forms may be provided with Stack-
pole molded iron sleeve cores, thereby
increasing Q materially, decreasing the
amount of wire for a given inductance and
reducing stray magnetic fields. Write for
details or samplesto meetyour requirements.

STACKPOLE CARBON CO., ST. MARYS, PA.

Electronic Components Division

hairpin leads

Note the

anchored

Typical $tackaole Molded Boil Form Applications

UN:-VERSAL WINDING

e

SOLENOID WINDING

BENT AT 90

ANTENNA OR COUPLED

WINDINGS

POWDERED
IRON SLEEVE

IRON TORED UNIVERSAL

WINDINS Y
POWDERED

JRON WASHER IRDON SLEEVE

IRON CORED I-F TRANSFORMER
OR COUPLED COILS

FIXED AND VARIABLE RESISTORS * IRON CORES * SWITCHES

24A
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ASK HIM TO...

Assist you in the selection of the
best insulating material for the job.

Familiarize you with their proper
application.

Suggest ways to eliminate waste.

Increase your production.

as well as to see you get what you need when you need it.

'l'HE lMC ENGINEER 1S

E - N
\
-

The IMC engineer makes his recommendations on the basis

" O Wour STFF-

But Not on Your Payroll

of his knowledge and experience—not of one or a few electrical insulating T—
materials but of many, each made by a leader in his particular product field. He is a
specialist in electrical insulation. He knows which
product is best suited for each application. He and the
IMC organization are at your service to give technical assistance

IMC PRODUCTS

Macallen Mica Products—Vartex Varnished Cloths and Tapes—
Varslot Combination Slot Insulation—Fiberglas Electrical

Insulation—Manning Insulating Papers and Pressboards—Dow Corning
Silicones—Dieflex Varnished Tubings and Saturated Sleevings—National Hard
Fibre and Fishpaper—Phenolite Bakelite—Permacel Adhesive

Tapes—Asbestos Woven Tapes and Sleevings—

Inmanco Cotton Tapes, Webbings, and Sleevings—Pedigree

Insulating Varnishes—W edgie Brand Wood Wedges.

o

INSULATION

MANUFACTURERS CORPORALTION

QECTRC,,
“CHICAGO 6 - “+®  .CLEVELAND 14
565 W. Washing- ﬁ: t:" 1005 leader Bldg.
ten Blvd.

Adgp
~s‘..... -

Representatives in MILWAUKEE 2, 312 East Wisconsin Avanve;
DETROIT 2, 11341 Woodward Avenue; MINNEAPOLIS 3, 1208
Harmon Place; PEORIA 5, 101 Heinx Court; and other cities

-——



P:“n'ﬁ'. Shie 5 NSRS S = S e P R S S 3 S e :

In ratings from 1000 volts to 10,000 volts test . . .

MICA CAPACITORS

@ The 1650 Series is the most rugged
of the heavy-duty molded-in-bake-
lite mica capacitors of the extensive
Aerovox line. These high-voltage
units are intended for the most crit-
ical service of low-powered trans-
mitting circuits, buffer stages, T Low-loss ceramic mounting insula-
power amplifiers, laboratory equip- fors are available for mounting on
ment, etc. Also recommended for = metal surfaces. Standard units mold-
use in ultra-high-frequency circuits, ed in brown bakelite. Also available

Standard units with tapped holes
take 6/32 screws which serve for
terminals. Also available with clear-
ance holes through which screws or
rods may be slipped, so that two or
more units can be stack-mounted.

and accordingly their r.f. current in low-loss (yellow) XM bakelite.
ratings are given in the Aerovox Capacitor Catalog. In 100C, 2500, 5000, 7500 and 10,000 volts D.C. test.

The extra-generous use of high-grade dielectric Capacitance ratings from .00005 mfd. to .06 mfd. in
material provides that greater factor of safety for Type 1650 at 1000 v. D.C. test; .00005 mid. to .001
longer service under severest operating conditions. mid. in Type 1654L at 10,000 v. D.C. test.

® Literature on request. ..

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPLICATIONS
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Western Electric
25B speech input console

It’s got sparkling eye-appeal — that’s the first thing
you’ll like about this new audio unit designed by Bell
Laboratories. When you see how completely it opens
up for inspection and maintenance—almost as easily
as turning the pages of a book—you’ll like that too.
And when you study the list of operating advantages
it gives you at moderate cost, you'll agree it really is
a honev! Ask your nearest Graybar Broadcast Equip-
ment Representative for all the the facts about this
pacesetting 25B.

Neat modern styling. through for prograni transmission or send-
ing or receiving cue.

¥

)

Complete nnit design —including table

and NEW plug-in cables. All controls arranged and coordinated for
Uniform, noise-free, distortionless oper- max'imum operating flexibility and con-
ation over a 15,000 cycle range. venlence:

8 low level miicrophone channels and 3 Compact—only 36" high, 55%"* wide, 28%"
line level channels. Any 4 microphone deep.

channels and three line level channels— Designed for maximum ease of installa-
7 in all —can be used simultaneously. tion—junction boxes supplied.

2 high quality main amplifier channels Completely wired for easy plug-in con-
that handle 2 programs simultaneously — nection.

plus separate monitorand cueing channel. Al parts readily accessible for inspection

7 remote line input eircuits—3 normalled and maintenance.
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NEW i
TRANSFORMERS

These new IF transformers are de-
signed to meet the highest standards of
performance in high frequency FM and
AM. All operate at 10.7 MC,, making
them ideal for the new FM band. Iron
core tuning is employed and the tuning
does not affect the bandwidth of 100
Ke. for the IFN or 150 Kc. for the IFM.

The discriminator output is linear
over the full 150 Ke. output and remains
symmetrical regardless of the position
of the tuning cores.

Insulation is polystyrene for low

losses. Mechanical construction s

simple, compact and rugged. The trans-

former is 17 inches square and stands 3l/g inches
above the chassis.

[ ] EWE 1 | HENEEEEW EEEW [ 1
[ | | [ 1rn Ransrorue IFl_TRANSFORMER IFL DISCRIMINATOR TRANSFORMER
1 2
72 B AR 3
L 14 $ o s
- ] Xd e Q4
" < RN Ll X L.
3, =6 P AL 9
8 EREr S \ 1 g.: v
S, T T rvecac I NN TR g, p 11
o ' 3 1 sececriviry O[T A
Zao ] ) [ curves N S T
g 3 sTAGES G
] (4 TRANSFORMERS) 1 1 1| o
I} 4 et - &azpt
= Lt L] ol ] v ry afs I
e J o -] SCRNAL (S0
444 4 1 | 3 '& [N 4
f S ia :
EEE®R @) ciuen | ] B I S DR & A
H HHH HHH R : it
11 1] | [ J1o0xc- Banowwri at 6 osisoxe — N[ K} 1
=1y 1o 04 1085 W08 a7 1o o T 200 4% 100 50 0 80 00 180 200
FREQUENGY « MEGACYCLES FREQUENCY DEVIATION- KC.
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TOTALIZ NG
R3SISTANCE DECADE

TOTALIZING ATTERUATION
NETWOFK

CALCULATING BRIDGE

FOOLPROOF MEASUREMENTS

Daven Totalizing

and

Calculating Instruments

In the operation of multi-dial test equipment, the greatest
single source of error has been the incorrect addition
or interpretation of dial settings. To eliminate such
errors, the Daven Company has developed a line of test
equipment having calculating and totalizing indicators*.

These new devices automatically totalize the various
dial settings at one point on the face of the units,
where the total can be seen quickly and without eye-
strain. Another feature of these calculators is that on
bridges, the decimal point is automatically set in the
right place, without any mental calculations.

In order to insure the serviceability of the calculating in-
dicator, life tests were conducted on this new feature.
These tests proved conclusively that perfect functional
results will be obtained after millions of operations.
As a time saving device, the calculating indicator will
speed up measurements in some cases as much as 100%.

These totalizing and calculating devices will be avail-
able shortly on a wide variety of equipment including
bridges, resistance decades, voltage dividers, attenu-
ation networks, etc. For further information write to
our Engineering Department.

*Pctent Applied For

mz 1) AVEN CoMPANY

191 C!NT!AL AVENUE
NEWARK 4, NEW JERSELEY




- SYi

> [
-

r’-?v

JULY

CIRCUIT ENGINEERING EDITION

Prepared by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa.

ANIA

m

EWS

wlifhh
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1916

More compact television receivers will he
made possible bry the T-3.

Much Smaller Sets Possible

Radical reductions in the size and
weight of many types of electronic
equipment are seen as a distinet pos-
sibility arising from Sylvania Elec-
tric’s development of the extremely
small T-3 tube. The T-3 is the com-
mercial version of the peanut-sized
electronic tube of proximity fuze
fame.

Tiny as it is, the T-3 tube is char-
acterized by exceptional ruggedness.
It has a life of hundreds of hours
and is ideally suited for operation
at high frequencies.

Savings in Space and Weight

The small size of the T-3 contrib-
uted directly to compactness and
lightness in the design of radio and
television receivers and other types
of electronic equipment. Other fea-

SYLVANIAN ELECTRIC

RO0 ash  aink

S Yy

3® 5

RUGGED ELECTRONIC TUBE TINY ENOUGH
T0 REVOLUTIONIZE DESIGN OF RADIO
RECEIVERS AND OTHER EQUIPMENT

The T-3 tube is shown here

in its actual size.

Weight-saving features of the T-3 will be

of special value in air-borne equipinent.

tures of the tube make possible still
further reductions in space and
weight.

Range of Applications

The design possibilities openel
by the T-3 are naturally of greatest
interest in the case of portable and
air-borne equipment. However, its
potentialitiez are not limited to
these fields. W rite Svlvania Electrie
Products Inc., Emporium, Pa.

Emporium, Pa.

Lquipment for motor boats
and yachts can be made
smaller and lighter.

MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS
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Secu-iry Councii Chamber, United Nations, duater College, New York. Robert Glenn, irc, Bui der, N.Y.C.

Tor Wertad S estos...

<« « toc the United Nations Security Council in session, whether by radio,
by television, or by newsrecl, it is listening through the latest in audio facil-
ities. The entire system in the Security Council Chamber, which feeds all
services, is Langevin engineered, designed and manufactured, with the ex-

ception of the microphones which are Western Electric.

The Langevin Company

INCORPORATED

SOUND . RE'NFORCEMENT AND REPRODUCTION ENGINEERING

NEW YORK, 37 W. 65 §1.,723 - SAN FRANCISCO, 1050 Howard S*., 3+ LOS ANGUILES, 1000 N. Seward SI1., 38




For dependability when the heat ison...

Two ovuistanding RCA power triodes
for electronic heaters of | to 8 kw

THE RCA-833-A and 7C24 power
triodes offer the manufacturer of
dielectric or induction heating equip-
ment considerable latitude in designs
involving outputs ranging from 1 to
8 kw.

Both triodes provide good stability
under changing load, with moderate
excitation requirements, because they
are in the medium-mu class. Being
air-cooled, they permit simplified de-
signs of apparatus having complete
mobility.

The RCA-833-A delivers 1.0 kw to
the load with natural air-cooling—

32a

1.4 kw under forced-air-cooled con-
ditions. It operates at full ratings up
to 30 Mc, and as high as 75 Mc. at
reduced ratings.

The RCA-7C24 forced-air-cooled
triode is a high-perveance iube of
rugged construction having a large
efficient copper radiator. It delivers
4.0 kw to the load and operates at
full ratings up to 110 Mc.

Higher outputs are readily obrained
by using these tubes in push-pull.

The steady and increasing demand
for these tubes assures you of unfail-
ing quality and uniformity.

TUBE DEPARTMENT

RADIO CORPORATION of AMERICA

MHARRISON, N. J.

Proceedings of the 1.R.E. and Waves and Electrons

RCA tube application engineers
will be glad to cooperate with you in
the adaptation of these or other RCA
tube types to your equipment designs.
Just write RCA, Commercial Engi-
neering Department, Section D-18G,
Harrison, New Jersey.

Princeton Laborotories

THE FOUNTAINHEAD OF
MODERN TUBE DEVELOPMENT IS RCA

July, 1946
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* One of the major functions of a scientific and professional engineering so-
ciety is to bring about close intellectual contact and interchange of helpful |
information between the members of the organization. The promotion of these
desirable aims is greatly furthered by the organization and effective operation
of Subsections of the Institute, as is pointed out in a particularly illuminating
guest editorial written by the chairman of the South Bend, Ingliana, Subsec-
tion of the Institute. As a member of the department of electrical engineering
of the University of Notre Dame, he is in a favorable position to judge the
tutorial and technical advantages of the Subsection activities. The Editor.

| S— — —_— .

Subsections in the I. R. E. Program
HAROLD E. ELLITHORN

I want to outline briefly the advantages of the Subsection program to the members of the
Institute and the importance of the Subsection in the development of The Institute of Radio
Engineers.

The need of Subsections is made evident by the fact that, when engineers, who are located
in small cities, are approached to join the I.R.E., they reply that membership in the I.R.E. is
the same as subscribing to the I.R.E. PROCEEDINGs. This reply results from the fact that the
engineer feels that he cannot devote the required time for travel to and from the nearest Sec-
tion meetings. For these men, the Subsection performs an invaluable service by bringing
speakers, on subjects of special interest, to the Subsection meetings. The difficulty of time used
in travel is hard for the Section to overcome no matter what the nature of its program may be.

The contact with fellow members and the privilege of hearing speakers of national repute
means much to the I.LR.E. member and creates the feeling of being an integral part of the
Institute. Moreover, the Subsection allows those engineers who are interested in the freedom
and variety of engineering work, associated with being a member of the engineering staff of a
small company, to avail themselves of these advantages and still receive all the benefits asso-
ciated with I.R.E. membership.

The Institute is benefited by the Subsection program because of increased membership in
the areas of the Subsection. There is also an increased interest in Institute affairs and policies
because of the discussion group provided by the Subsection. As a result of discussion, the
membership may vote more intelligently upon national I.R.E. issues. Also, there is a greater
incentive for officers and members of the Subsection to attend and participate in national
conventions. The Subsection also provides training in Institute affairs and policies for more
men who may later hold office in a Section or on national committees.

The Subsection program must be integrated with a strong Section program because the
sponsoring Section can schedule nationally known speakers for the Subsection or provide it
with speakers from the Section membership. The latter possibility provides a source of papers
which may later be published in the PROCEEDINGs, but in any event there is a greater inter-
change of information between I.R.E. members. The Subsection officers will be guided, to a
large extent, by the Section executive committee, where Institute procedure and policies are
concerned.

To promote an active Subsection program, there are definite questions which must be
answered; namely, is it worth the speaker’s time to address a group of twenty-five or thirty?
How is the Subsection to be financed? How are Subsections to be originated? The answer to the
first, from experience, is definitely yes. The smaller group enters into discussions with a greater
freedom and pointed questions are asked. The Section question cannot be answered by the
Subsections themselves, but must await Section and national action. The third question will
be answered by small groups when they recognize that the Subsection program is encouraged
by the national organization and that the Sections are willing to aid the group in organizing.

Proceedings of the 1.R.E. and Waves and Electrons
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W. Cullen Moore

Chairman, Chicago Section, 1946

W. Cullen Moore was born on November 17, 1912,
in Portland, Oregon. He received the B.A. degree in
physics from Reed College in 1936. Prior to graduation
he did field observation and research for the United
States Forestry Service on the characteristics of elec-
trical storms and lightning discharges. Following
graduation he collaborated in the design and installa-
tion of a photoelectric remote control for foghorns for
the United States Lighthouse Bureau. During 1937 and
1938, Mr. Moore was with the communications labora-
tory of United Air L.ines, where he was engaged in the
design of equipment for typetesting aircraft radio and
research on the characteristics of the disturbances radi-
ated by the discharge of static electricity and their
control.

Since 1938, Mr. Moore has been employed in the
engineering department of the Galvin Manufacturing
Corporation (“Motorola” Radio). His prewar work was
on frequency-modulation receiver design and the con-
struction of television-picture signal-generating equip-
ment. His wartime activities included: project engineer
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in charge of the development of the SCR-511 “Cavalry
Set” and the redesign of the SCR-536 “Handie-Talkie,”
systems for the remote control of aircraft radio, and
design work on very-high-frequency pack and aircraft
radio equipment. Out of his activities as a licensed pri-
vate pilot he developed for the Navy a flight computor
used with radar. Currently he is a project engineer on
microwaves in the television division at Galvin.

Graduate work consists of study at Armour Insti-
tute and the Northwestern Technological Institute. He
also has taught elementary radio and electronics.

In 1937, Mr. Moore became an Associate Member
in the Institute of Radio Engineers, transfering to
Senior Member grade in 1944. He served simultaneously
as chairman of the Meetings and Papers Committee of
the Chicago Section and as Program chairman of the
Radio Engineers Club of Chicago, and as vice-chairman
and vice-president of both organizations. At present
he is a member of the Board of Directors of the National
Electronics Conference and chairman of the Chicago Sec-
tion of the Institute of Radio Engineers for 1945-1946.
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The Image Orthicon—A Sensitive Television
Pickup Tube’

ALBERT ROSEft, SENIOR MEMBER, LR.E., PAUL K. WEIMERY, ASSOCIATE, I.R.E., AND
HAROLD B. LAW{

Summary—The image orthicon is a television pickup tube incor-
porating the principles of low-velocity-electron-beam scanning, elec-
tron image multiplication, and signal multiplication. It closely ap-
proaches the theoretical limit of pickup tube sensitivity and is ac-
tually 100 to 1000 times as sensitive as the iconoscope (1850) or
orthicon (1840). It can transmit pictures with a limiting resolution
of over 500 lines and, if properly processed, is relatively free from
spurious signals. At low lights, the signal output increases linearly
with light input; at high lights, the signal output is substantially
independent of light input. The tube is completely stable at all light
levels. The signal output is sufficiently high to make the operation of
the tube insensitive to many of the preamplifier characteristics that
are normally considered significant. The comstruction, operation,
electron optics, and performance of the tube are discussed.

I. INTRODUCTION

HE IMPORTANCE of sensitive pickup tubes to
T the success of a well-rounded television service

needs little emphasis. One has only to be reminded
that, insofar as the television pickup tube is called upon
to replace the human observer, the sensitivity of the
pickup tube should match that of the human eye. The
demands on a television service are often more stringent
than on news photography, for example. The latter
can, within wider limits, select the times and conditions
under which it will record pictures. Thé pickup tube,
once committed to transmitting an event, such as a
football game, must steadily transmit pictures under
the whole gamut of lighting conditions. It is, accord-
ingly, highly desirable to have a pickup tube which can
transmit pictures both at very low and at very high light
levels.

The iconoscope! has transmitted excellent pictures at
high light levels; the orthicon? has operated best at
medium light levels. The image orthicon extends the
range still further toward lower illuminations by a
factor of approximately 100. At the same time, the
image orthicon can operate stably at medium and high
light levels. Unlike the orthicon, it is not subject to
transient loss of operation caused by sudden bursts of
illumination. The use of the image orthicon in the
higher light ranges is not, however, emphasized relative
to the iconoscope or orthicon. The additional complexity
of the tube needed to provide its increased sensitivity
has not yet permitted pictures whose quality equals the

* Decimal classification: R 583.6. Original manuscript received by
the Institute, February 12, 1946. Presented, 1946 Winter Technical
Meeting, New York, I\?, Y., January 24, 1946.

t R.C.A. Laboratones, Prmceton New Jersey.

! V. K. Zworykin, G. A. Morton and L. E. Flory, “Theory and
performance of the iconoscope, » Proc. L.R. E., vol. 25, pp. 1071
1092; August, 1937.

* A. Rose and H. A. Tams, “The orthicon,” RCA Rev., vol. 4,
pp. 186—-199; October, 1939.
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best that the iconoscope or orthicon can transmit.

The present paper describes the construction, opera-
tion, and performance of the image orthicon. It is hoped
to treat some of the electron-optical and constructional
problems in more detail in separate papers.

II. GENERAL DESCRIPTION OF THE IMAGE ORTHICON

The usual storage type of pickup tube (Fig. 1) has an
electron gun, a photosensitive insulated surface, referred
to as the target, and a means for deflecting the electron-
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Fig. 1—Typical parts of storage type of pickup tube.

scanning beam. The scene to be transmitted is focused
on the target on which it builds up by photoemission a
charge pattern corresponding to the light and shade in
the origina} scene. The beam of electrons, generated by
the electron gun, is made to scan the charge image in a
series of parallel lines. While a constant stream of elec-
trons approaches the target, the stream which leaves is
modulated by the charge pattern. A signal plate located
close to the target surface picks up the modulation by
capacitance and feeds it into the grid of the first ampli-
fier tube. The same video signal, however, appears in
the modulated stream of electrons leaving the target,
and if these electrons could be collected on a single elec-
trode, the signal could be fed through it into an amplifier.

,—~CATHODE (ZERO) - DECELERATING RING
(ZERO)

/  —SECONDARY
SECONDARY [ FOCUSING COIL / e
:uc'morasD [ DEFLECTION VoKE l I_,_ —~ELEC TRON IMAGE

LS _}:Wlﬂm ——

SCANNING BEAY

-fi?\Kl

n' N/ WALL COATING C+180V)
/ it e | =4
$1GNAL ouTPuT [ I~ PHOTO-CATH
ELECTRODE | opE

C-s00v)

\ /
Cr1500v) \ / - nn(.rz’r scn)r.r.u

ALIGNM /
LIGNMENT COIL - TWO-SIDED TARGET

Fig. 2—Diagram of the image orthicon.
The image orthicon (Figs. 2 and 3) has, in addition to

the usual gun, deflection means, and target, three parts
that contribute to its sensitivity and stability. An
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electron multiplier, built into the tube near the gun,
multiplies the modulated stream of electrons returning
from the target before it is fed into an amplifier. Sensi-
tivity gains of 10 to 100 are thereby made possible. The
charge pattern on the target, instead of being generated
by photoemission, is formed by secondary emission
from an electron image focused on the target. The elec-
tron image is rcleased by light from the scene to be
transmitted falling on a conducting semitransparent
photocathode and is focused on the target by a uniform
magnetic field. The combination of the higher photo-
sensitivities that can be obtained for a conducting sur-
face than for an insulated surface, together with the
secondary-ecmission gain of the electron image at the
target, provides another factor of about fivefold increase
in sensitivity. The use of a separate conducting photo-
cathode is made possible by a two-sided target in
place of the usual one-sided target. The two-sided target
allows the charge pattern to be formed on one side and
the scanning to take place on the opposite side. Further,
it permits the tube to operate stably over a large range
of scene brightnesses.

Fig. 3—The image orthicon.

The electron multiplier, two-sided target, and clec-
tron-image section will be recognized as elements whose
virtues and incorporation into a pickup tube have been
discussed frequently in the literature.!*-¢ The image
orthicon represents one way of including all three ele-
ments in a useful, sensitive, and stable pickup tube.

V'  IIL TypicAL OPERATING CYCLE

The scene to be transmitted is focused on the semi-
transparent photocathode (Fig. 2). Photoelectrons are
released in direct proportion to the brightnesses of the
various parts of the scene. The photoelectrons are ac-
celerated from the photocathode toward the target by
a uniform electric field and are focused on the target by
a uniform magnetic field parallel to the axis of the tube.

2 H. A. lams and A. Rose, “Television pickup tubes with cathode-
ray beam scanning,” Proc. I.LR.E., vol. 2§, pp. 1048-1070; August,
1937.

4+ H. A. lams, G. A. Morton, and V. K. Zworykin, “The image
iconoscope,” Proc. I.R.E., vol. 27, pp. 541-547; September, 1939.

5 A. Rose, “The relative sensitivities of television pickup tubes,
photographic film, and the human eye,” Proc. I.R.E., vol. 29, pp.
293-300; June, 1942.

¢ P. T. Farnsworth, “Television by electron image scanning,”
Jour. Frank. Inst., vol. 218, pp. 411-444; October, 1934,
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The paths of the electrons from photocathode to target
are, except for emission velocities, substantially straight
lines parallel to the axis. The electron image, accord-
ingly, has unity magnification.

The photoelectrons strike the target at about 300
volts, at which potential the secondary-emission ratio
is greater than unity. Because more secondary electrons
are emitted than there are incident photoelectrons, a
positive charge pattern is formed on the target, the high
lights corresponding to the more positive areas. The
secondary electrons are collected by the fine-mesh target
screen.

At the same time that a charge pattern is being
formed on one side of the target, a beam of electrons
scans the opposite side. The scanning beam is of the
low-velocity type already described for the orthicon.?
It starts at the thermionic cathode of the electron gun
at zero potential and is accelerated by the gun to about
100 volts. From the gun to the target the beam is in an
approximately uniform magnetic focusing field. As the
beam electrons approach the target they are deceler-
ated again to zero volts. If there is no positive charge on
the target, all the electrons are reflected and start to
return toward the gun along their initial paths. If there
is a positive charge pattern on the target, the beam
electrons are deposited in sufficient numbers to neu-
tralize the positive charges. The re