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AMPEREX '
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You can't see many of our "Amperextras”, but their effects are apparent
in the quality, efficiency and longer life of Amperex tubes. lllustrated
is a highly specialized method of glass fabrication. Among our other novel
techniques are sealing operation on rotating fires, precise welding, unique
way of sealing glass to copper, extremely careful chemical cleaning. one,
These operations are characteristic of the standards of Amperex—the !

scientific laboratory on an enlarged scale.

Still Your Best Investment . . United States War Bonds

~ AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET BROOKLYN 1, N. Y.
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NOW AVAILABLE HERMETICAHY SEALED

The UTC Ouncer type transformer is one of the most popular units in military
equipment at the present time.

UTC glass-metal seals have been production proven for over a year. Additional
developments have now made it possible to employ this type of sealing in the
miniature Ouncer unit . . . 7" diameter.

Should you have limited space requirements, this transformer (the smallest her-
metically sealed unit now available) can be supplied to specifications.

150 VARICK STREET NEW YORK 13, N. V.
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@ Aerovox silvered-mica capacitors are de-
signed for the most critical applications
requiring precise capacitance values and
extreme stability. Although otherwise simi-
lar in external construction and dimensions
to the smaller molded bakelite units, they
are encased in molded XM low-loss red bakelite for
immediate silvered-mica identification.

A silver coating is applied to the mica and fired at
elevated temperatures. This insures not only a posi-
tive bond but permanent stability of the capacitance

with respect to time, temperature and hu-
midity. Units are heat-treated and wax-
impregnated externally for ultimate protec-
tion against moisture penetration.

Ideal for use in circuits where capaci-
tance must remain constant under all oper-
ating conditions. These capacitors are specifically de-
signed for use in push-button tuning, oscillator pad-
ding circuits, fixed tuned circuits, and as capacitance
standards, etc., where accuracy and stability are prime
considerations.

® Write for literature...

Aversge positive temperature
coefficient of only .003% per
degree C.—a remarkably low
value.

Excellent retrsce characteris.
tics; practically no capaci.
tance drift with time;: excep-
tionally high Q.

Available in three types, 1000
v.D.C.test: Type 1469,.000005
to .0005 mid.; Type 1479 (il-
lustrated), .0001 to .001 mid.;
Type 1484, .00075 1o .0025
mid., and .001 mid. in 600 v.
D.C. test.

Standard tolerance plus

minus 5%. Also avallable
with tolerances of plus/minus
3%, 2% and 1%.

Minimum tolerance for capac-
itances up to and including
10 mmi. (.00001 mid.} plus/
minus 2 mmf. Minimum tol-
erance available for all other

f

capacitances, plus/minus 1%
or plus/minus 1 mmi., which-
ever is greater.

L] L] .
Aerovoxisprepared and ready
to sccept! orders for Mica
Capacitors which will meet
American War Standards.
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INDIVIDUALLY TESTED

SALES OFFICES IN ALL PRINCIPAL CITIES
In Canada: AEROYOX CANADA LTD., HaMILTON, OAT.

AEROYOX CORPORATION, NEW BEDFORD, MASS., U. SA
Export: 13 E. 40 ST,, New Yorx 16, N. V. Cable: "ARLAB’

Moy, 1944 3a
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o A generation of experience in the
mass production of precision variable condens-
ers and more recently of automatic record
changers has placed us in a position to con-
tribute materially to the tremendously increased
war requirements in the electronics field. We
now have greatly expanded facilities and a re:
markable system for the manufacture and as-
sembly of precision instruments of wide variety
and great complexity.

¢ We are ready and eager to under-
take development and large scale production of
the many new items in the fields of radio and
radar which will utilize the special techniques
we have perfected in the volume output of such
items as variable condensers, automatic timing
mechanisms, wired assemblies, etc.

® To insure ‘44 production goals we
ask that you send your inquiry immediately.
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IF YOU NEED

HIGH VOLTAGE RECTIFIERS

FOR SPECIAL WAR APPLICATIONS

CONSULT AMERTRAN!

Recent experience shows that manufacturers can greafly
expedite their programs by incorporating AmerTran High
Voltage Rectifiers in equipment produced. for naval, land
and aircraft communications. AmerTran Rectifiers can be
completely integrated with your instruments because our
engineering staff is thoroughly familiar with present day
communications problems . . . and especially well-versed
in the application of equipment used in navigating and

locating.

Deliveries can be made, in reasonable time because we

employ a proved, fast production system, including certain

| Pioneer Manufacturers
of Transformers, Reactors
~and Rectifiers for Electronics
; and Power Transmission
L R RN

Proceedings of the I.R.E. May, 1944

recently developed techniques, and have access to stable

material sources.

Jhese AmerTran Rectifiers are in every way representa-
tive of the quality standards which the American Trans-
former Company hds maintained for forty-three years—
a further assurance of dcteptance. Responsible manufac-

turers are invited to forward their specifications.

THE AMERICAN TRANSFORMER COMPANY

178 Emmet Street, Newark 5, N. J.

S5A
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The use of DeJur precision meters in laboratory test equipment

is an endorsement of their accuracy. In many fine laboratories, these

meters are subjected to severe day-by-day service. Efficiency remains constant

because 25 years of electrical knowledge go into their design and engineering. Application
of DeJur components to your needs, in or out of the laboratory, will provide proof

of DeJur quality. Our engineers will gladly work with you on any problem of
measurement and control . . . for present or peacetime assignments.
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De JurAmsco (orporation g

Bring the Peace Closer . . . Buy More War Bonds

IAANUFACTURERS OF DeJUR MEIERS, RHEOSTATS, POTENTIOMETERS AND OTHER PRECISION ELECTRONIC COMPONENIS
SHELTON, CONNECTICUTY

NEW YORK PLANT: 99 Hudion Srraet; Now York 13, N.v. © CANADIAN SALES OFFICE: 560 xing sireer West, Toronto

Proceedings of the I.R.E May, 1944
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Radio Communlcatlons Maintained
— 1 through Reliable
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Throughout the nation, the major commercial

airlines are using Wilcox installations to assure

dependable radio communications. And through

out the world, Wilcox radio equipment is

proving its reliability in military operations

WILCOX ELECTRIC COMPANY

Manufacturers of Radio Equipmem
Fourteenth & Chestnut

Kansas City, Missouri
Proceedings of the I.R.E.
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HELP HIM GET THAT
LONG DISTANCE CALL

THROUGH TONIGHT

You can do it by not using Long Distance between 7 and 10 P, M.
Those are the night-time hours when many service men are off

duty and it’s their best chance to call the folks at home.

4
BELL TELEPHONE SYSTEM QA?
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What is this menace to flying men and

v their equipment which our scientists
Pv call“G’s”? And why are N. U. engineers

' who design tubes for airborne radio

and electronic devices taking so much pains
these days, to énow their “G’s”?

In a mild form, most of us hdve felt “G’s” at
work on a roller-coaster, when we take the
turns and hit the dips. However, in high speed
flight, with its shifting, twisting, turning, about-
fice maneuvers—“G’s"”’ really shake your in-
sides. Think of a dive bomber pilot as he pulls
out of a high vertical power dive. That's when

May, 1944

“G’s" can become dangerously high. And when
there are foo many “G’s” —look out!

Research into the effects of “G's” on the
delicate, indeed flimsy filaments and other parts
of tubes, has enabled N. U. engineers to pro-
vide our armed forces with tubes individually
tested to withstand many more “G’s"’ than a
pilot or a plane ever has survived. Here againy
science makes sure that N. U. Tubes deliver
the goods. Where tubes must perform depend-
ably—count on National Union.

NATIONAL UNION RADIO CORPORATION, NEWARK, N. J.
Factories: Newark and Maplewood, N. J., Lansdale and Robesonia, Pa.




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

10a

Some of the busiest men in the field
of electronics today are the engineers
and designers. They are spending un-
told “overtime” hours at the special skills
for which they have trained. But they still
have time to donate to the blood bank, to
be air raid wardens, to participate in scrap
drives, to aid the U.S.0. — and they buy war
bonds, too. In short, the electronic engineer
is going all out 10 win the war.

versatility

Raytheon engineers are meeting and an-
ticipating the vast needs of the military.
Raytheon is proud to be a leading manu.-
facturer of electronic tubes and equipment
that more than meet the severe wartime re-
quirements for high quality and complete
dependability.

Ry
ARMY-NAVY "E'* WITH STAR

Awarded All Four Divisions of Raytheon
for Continued Excellence in Production

Proceedings of the I.RE May, 1944




OUY OF TORAY’S RESEARCH...
' ' TOMORROW\IS ENGINEERED

THE RIGHT INSULATION
FOR HIGH-FREQUENCY APPLICATIONS

THE degree of efficiency and stability of Mechanical strength is exceptionally
high-frequency circuits depends largely high compared with ceramics in general or
upon use of the correct insulation. with organic materials.

ALSIM G Steatites are permanent mate ALSiIM ac Steatite Ceramic Insulators
rials. They are hard, rigid, do not distort by have exceptionally Low Loss Factor, High
loading, nor do they warp or shrink with time.  Dielectric Strength and High Resistivity.

ALS1MacG Steatite Ceramic Insulators are Many ALS1MaG compositions, each with
non-inflammable. As they do not contain car- its particular characteristic, are available to
bon, they do not char. Electrically conduct- meet all insulating requirements.
ing paths are not formed as a result of arc over
or other heating.

Corrosive materials do not attack them. AMER,CA" ,'AVA CORPOR‘T,ON
They do not absorb moisture. CHATTANOOGA 5, TENNESSEE

P ——

Army-Navy “E” . S

Fiest Awarded July 27, 1942 ‘ N ™)

Second Award: “Star’”’ February L l I AA, E
13, 1943 o \

Third Award: “Star” Sepiembor l .

25, 1943

TRADE MARK REOISTENED V. 5. PATINT OFFIOL

STEATITE CERAMIC INSULATORS



orelco QUALITY CONTROL.
begins at the beginning!

An example of how NoRELCO quality con-
trol begins at the beginning is the fine wire
which goes into the central elements of the
4-window X-ray Diffraction Tube illus-
trated below. The tungsten is of our own
manufacture. It is drawn into wire in our
own plant . . . through diamond dies of our
own drilling.

Quality control that begins at the begin-
ning is common to all NoreLco Electronic
Tubes. That is why they can be depended

In addition to electronic tubes and quartz
crystals for military communications on
land, sea and in the air, we make for our
war industries: Searchray (X-ray) Appa-
ratus for Industrial and Research Applica-
tions; X-ray Diffraction Apparatus; Direct
Reading Frequency Meters; Electronic
Measuring Instruments; High Frequency
Heating Equipment; Tungsten and Molyb-
denum Products; Fine Wire in many metal
and various finishes; Diamond Dies.

And For Victory We Say: Buy More War Bonds

O/'€/CO0 ricrronic provucts by
NORTH AMERICAN PHILIPS COMPANY, INC.

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

Drilling a
Dismond

upon for high efficiency, consistent perform-
ance and long life.

Although all the tubes we produce are
now going to the armed forces, we invite
inquiries from prospective users of various
types of Transmitter, Amplifier, Rectifier,
Cathode Ray and Special Purpuse Electronic
tubes. A list of tube types we are especially
equipped to produce for commercial com-
munications equipment and industrial appli-

ations will be sent on request.

Factories in Dobbs Ferry, New York; Mount Vernon, New York

{Metalix Division); Lewiston, Maine (Elmet Division)

12a
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THE LITTLE GLASS TUBE THAT HELPS

KEEP PLANE VOLTAGES CONSTANT...

Available for
Government war
emergency use
only.

means
Research in Glass

“PYRLEX™ and “CORNING” are regnlered trade- mark« of Cormng Class Works
May, 1944

Procecdings of the 1.R.E

T doesn’t look exciting but this little
Corning precision tube is flying in our
planes to help them out-perform those of
our enemy. It is the “heart” of an important
piece of apparatus called a carbon pile volt-
age regulator.

As the name implies, the function of this
equipment is to provide even, continuous
voltage regulation without lag or fluctua-
tion. This is accorhplished by pressure ex-
erted on a stack of carbon discs.

The tube which contains these discs must
be smooth, accurate in dimensions and capa-
ble of withstanding high temperatures. For
it, Eclipse-Pioneer engineers have chosen a
precision ground Pyrex tube with an out-
side diameter of .6245 plus 0 minus .001
inches and an inside diameter of 435 plus
or minus.002 inches. Tolerances unheard of
five years ago except for optical purposes!

Perhaps Corning’s*know how” in glass may
some day be of use to you, too. Under the
Army-Navy “E” flag at Corning you’ll find
glasses with high dielectric strength, ex-
treme resistance to thermal or mechanical
shock or any combination of these qualities
needed to fit your particular requirements.
Just to keep you informed we’d like youto
have a free study called “There Will Be
More Glass Patts In Post-War Electrical
Products.” Write for your copy to the Elec-
tronic Sales Dept. p.5 Bulb and Tubing
Division, Corning Glass Works, Corning,
New York.

Photo Courtesy Eclipse-Pioneer Division
of Bendix Aviation Corporation

- e
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HERE ONE MUST HEAR!

Combined Operations Demand
Noise-Free Radio Channels

Upon reception and transmission of radio
commands . . . upon freedom from local
static's message-mangling crashes . . . may
depend the timing which makes combined
operations successful.

On every front, Solar Elim-O-Stat Filters
are keeping speech channels clear . . . absorb-
ing local interference where it stacts . . . at
motors, generators, contacts.

Severe seasoning under combart conditions
gives Solar engineers war-proved products
to study, helps prepare for industry’s “‘com-
bined operations” when world skyways,
seaways and railways again are routes of
neighbor-to-neighbor trade. Let Solar advise
you on radio-noise suppression. Solar Manu-
facturing Corporation, 285 Madisan Ave.,
New York 17, N. Y.

CAPACITORS &
I ELIM-0O-STATS oo

ix Proccedings of the 1 RE May, 1944




Standard and High-Frequency Types

Long the acknowledged leader in Iron Core
manufacture, Stackpole can supply practically any
desired type from 100 cycles to 175 megacycles
and even higher. Both the Stackpole Standard and
High-Frequency types are produced in an almost
infinite variety of shapes, sizes, and characteristics
to match your needs exactly. Also available is a
complete line of Stackpole High-Resistivity Cores
in either insulated or non-insulated types, and

showing a resistance of practical infinity.
POWDERED IRON
INSULATION

Insulated Types

The screws in these integrally-constructed units
are insulated from the iron cores. Thus, the screw
STANDARD 'TYPE ~powDERED IRON. is kept out of the coil field and "Q" is greatly

SN SURATIOP) increased. The distributed capacity of the coil is
reduced and, in applications where the screw is
not grounded, there is also a big reduction in
hand capacity effect. Ask for Stackpole Engineer-
ing Bulletin No. 7.

..........

SPECIAL TYPE

Iron Cores for

CHOKE COILS
These popular Stackpole Cores are

Brushes —Contacts designed for use with audio
Sintered lron Com- chokes, "hash*’ chokes, r-f chokes,
ponents—Carban etc. Not only do they permit reduc-
Regulator Discs — tions in choke coil dimensions,
Battery Carbons — but the iron materially increases
Fixed and Voriable the "Q”. Insulated leads serve as
Resistors — coil connections and permit con-
Switches, efc., efc. venient point-to-point wiring.

STACKPOLE CARBON COMPANY, ST. MARYS, PA.

Proccedings of the 1.R.E. May, 1944 15A




HOW TO SELECT
PHOTOTUBES

lDHO’I‘OTUBES have found such a wide variety of applications
that many types have been developed to meet special needs.
The complete RCA line includes both gas-filled and high-vacuum
phototubes, with various spectral responses and a varlety of sizes
and shapes. And for applications requiring extreme sensitivity,
RCA supplies multiplier phototubes.
A phototube acts as a light-actuated electric valve. (It does not
convert light energy to electrical energy, but acts only as a con-
trol device.) The current passed is in proportion to incident light.
Some phototubes are “high-vacuum®” types; some are filled with an
inert gas (such as argon) to increase current-carrying capacity.
A multiplier phototube contains additional electrodes (dynodes)
which emit secondary electrons and thus greatly increase sensi-
tivity and output current as compared to 2-electrode phototubes.

Color Sensitivity: The cathode coating material and the envelope
glass determine color sensitivity. RCA phototubes fall into five
*color groups”:

Use Tube Types Maximum Color Sensitivity

With incandescent lamps High vacuum: 925 Red and Infra-red

, Gas.
filled : 868, 920, 924, 927°,
928

With [ncandescent lamps High vacuum: 917, 919, Similar to above. but sensi-
—and for Infra-red appli- 922°, Gas-filled: 918, tivity extended further into
cation 92)*, 923, 930° infra-red

With fight source for col- High-vacuum: 926 Blue Hght, Approximates the
orimetry appllcation human eye

With daylight. carbon-are, High-vacuum: 929°, 934, Blue fight. Very sensitive to
or mercury-vapor light Multipliers: 931-A®, {P21 incandescent light at a color

source temperature above 2700°K,
For uftra-violet measure. High-vacuum: 935, IP28 Same as above, but special
ment glass envelopo permits high

uitra-violet sensitivity
*An RCA Preferred Type Tube

Color response curves are available on all RCA phototubes.

Vacuum- or Gas- or Multiplier-Type? Several important fac-
tors to be considered in selecting the general type of phototube for
a service are given in the following table. Specific values should be
considered in selecting the actual tube type.

T aT T, T - S e m St ity |

Send for this valuoble data

Free to electronics engi- '
neers: *“RCA  Phototube
Booklet,” complete with 11 @
typical circuit diagrams,

curves, tables, and clearly ’
written text. Address: f

RCA, 715 South Fifth Street, Harrison, N. J.

- e -

Please send free phototube data to:

RADIO CORPORA

Characteristic High-Vacuum type Gas-filled typs Multiplier type
Sensltivity Low Medium VYery high
Current Qutput Low Medium Very high
Amplification factor | Up to 10 Up to 1,000,000
Relative signal-to- Low intermediate High

nojse ratlo (includ-
ing amplifier stage)

Anode VYolts
Distortion (audlo)

Up to 1250
Negligible

Not over 90
Appreclable in
some cases
Limited by tube Limited largely
performance by cireuit

Up to 500
NegHglble

Limited Jargely
by clreuit

Gas-fllled phototubes are, at present, extensively used for sound-
on-film reproduction and for relay work. Vacuum-types are widely
used where high sensitivity is needed; for precision measurement
where stability of calibration is essential; and for high-speed work.

Frequency Range

Sensitivity: The sensitivity of a phototube may vary according to
whether the light change is abrupt or continuous. Static sensitivity
is the ratio of anode direct current to constant light lux. Dynamic
sensitivity is the ratio of the variation of anode current to the
variation of light input. The sensitivity of gas-filled phototubes
drops off as light-source frequency increases.

Optical Systems: The use of phototubes usually involves some
sort of optical system. The fundamentals of optics must be care-
fully considered in the successful application of phototubes.

Mechanical Features: As lllustrat‘ed at left, several types of tubes
are available. Size, vibration, directional requirements, etc., all
may influence the choice of one of the many RCA phototubes.

Phototube Life: Phototubes are- inherently sturdy, long-lived
tubes and when operated under recommended conditions, give
extended reliable service.

Application Hints: Here are a few general suggestions on apply-
ing phototubes:

1.In relay and measurement circuits where tubes must respond
to very small amounts of light, avoid leakage currents outside
tube. Keep tube terminals and sockets clean. Erratic leakage
currents will affect results.

2.In amplifiers where low leakage is important, select top cap
types such 917, 919, or 935.

3.Shield phototube and leads to amplifier or relay tubes when
amplifier gain or phototube load resistance is high,

4.Where high-frequency response is important keep phototube
leads short to minimize capacitance shunting of output.

5.For constant calibration of high-precision vacuum phototube
devices, keep anode voltage at or below 20 volts. Keep incident
light spread over wide cathode area.

6.Design or circuit constants should be based on tests with the
equipment operating over the expected range of line-voltage
variation.

7.RCA voltage-regulator tubes can improve phototube circuit
performance.

8.Anode characteristic curves on phototubes can be used to
predict performance under given operating conditions.

What Photatube Do You Need?

Due'to space limitations, the sug-
gest.lo_ns presented here are brief
and in a condensed, summary
fo'rm,.If you have a specific ap-
plication problem or wish to dis-
cuss your phototube requirements
with us, write to RCA, Commer-
cxal Engineering Section, 715 S.
Fifth Street, Harrison, N. J. For
further published information on
RCA Phototubes and how to use
them, send the coupon at left,

ON OF AMERICA




3

ol

RRIES METAL

MYKROY is not only a close approach to the text book ideal

of a perfect insulating material, but has many desirable mechanical

properties, as well.

Unlike many other materials, MYKROY bonds with most metals. This
affords a wide variety of applications in the field of electricity and

electronics where a low loss material is essential.

MYKROY is glass-bonded mica in the most highly perfected combination
of these two insulators; it will not pass or dissipate even the highest

frequencies, and thus is as nearly ''leakproof’’ as a dielectric can be.

With vastly increased facilities we can now supply unlimited quanti-
ties of MYKROY, in sheets and rods. Or, we will manufacture to your
specifications. We have available a wide variety of electrical hard-
ware — made from our own dies — either assembled on MYKROY

or separately.

WRITE FOR NEW ILLUSTRATED CATALOG AND DATA

DR Let us help solve your high frequency insulating problems.

MYKROY 15 SUPPLIED IN SHEETS AND RODS .. . MACHINED OR MOLDED TO SPECIFICATIONS

MADE EXCLUSIVELY BY (7 AMICS 70 CLIFTON BOULEVARD » CLIFTON, NEW JERSEY
== |NC- Chicago 47 : 1917 NO. SPRINGFIELD AVENUE ... TEL, Albany 4310

Export Office: 89 Broad Street, New York 4, N. Y.
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—is assured for long service life when you use UNITED
Tubes. Despite the urgent demands upon us for tubes to
fill military needs, we have done surprisingly well in
keeping other essential requirements supplied.
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Producers of Variable Re-
sistors * Selector Switches
e Ceromic Capacitors,
Fixed and Variable °
Steatite Insulators.

Division of GLOBE-UNION INC., Milwaukee
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......RADIO
NOISE SUPPRESSION
PROBLEMS Zusccred

POWER EQUIPMENT (25 to 400 ampere ratings) — For heavy-duty
radio, noise suppression service, Sprague offers a standard
Filter line to match exacting military specifications (Wright
Field 32331). Long service has proved their ability to

answer problems of noise suppression on
airplane motors, generators, inverters,
and similar equipment.

LOW CURRENT APPLICATIONS (25 amperes and

less)—Although designed to the same

performance specifications as the fore-

going heavy-duty line, sizes and weights

of these Sprague Type JX Filters have been

reduced. High attenuation characteristics

assure high-fidelity radio reception under

adverse conditions of fnan-made inter-

ference. They are exceptionally compact,

mount in any position, have negligible

power consumption, and operate effi-

&L ciently over a broad temperature range.

CRSLETY e, Whatever your radio interference suppression prob-
ATTENTION CURVE lem "ASK SPRAGUE.” A broad background of
for Sprague Type JX-5110 ampere filter with unshielded experience in this field over many years covers

leads. Weight .37 1b.. overall size, 2%" x 2 x 14", almost every type of eqm;bmem—milirary, naval,
industrial, or home.

SPRAGUE ELECTRIC CO., North Adams, Mass,
(Formerly Sprague Specialties Co.)

“*SPRAGUE
CAPACITORS - KOOLOHM RESIST.ORS

Proceedings of the I.R.E. May, 1944




and the message DOES get through!

One of the first pieces of equipment landed on a newly established beachhead is the

h |

|

|

Army’s high powered, mobile SCR-299. In half-track or truck, this Hallicrafters-built

|

GIANT OF MILITARY RADIO is a vital link in the chain of communications. Subject to the

|
I

L

bombing and shelling of the enemy, the sturdy SCR-299 can really take it—and dishes

it out by getting the message through to direct the fire of land, sea and air forces.

wor woresoves\ o hallicrafters rapo |/

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

|

t

v

(s

FS
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N a Zone of Electronic Silence known as the Screen

Room, this radio engineer measures the directional
characteristics of a Bendix* Aircraft Radio Compass

completely surrounded by double walls of bronze mesh manufactured under the Bendix name will more than

soldered and grounded to keep out all electronic inter- meet the rigors of war service.

ference. No electronic “bugs” can creep in to disturb
the test readings during these meticulous and intricate
adjustments . . . for on their accuracy a pilot’s life may
one day depend.

The ideal conditions of the Screen Room represent
but one of several thotsand tests and inspections es-
tablished at Bendix Radio. Bendix Engineers also create
extremes of substratospheric cold and low pressure,
tropical heat and humidity, atmospheric interference
and static . . . as well as combat strain and landing

shock . . .

so that radio equipment engineered and

Every step in production is guarded by these tests
.. from individual components and sub-assemblies to
the compact, finished, aircraft radio you see being tested
in the Zone of Electronic Silence. It is this insistence
upon quality and precision that builds dependable
performance into the equipment Bendix Radio has

pioneered for the airlines and our nation’s armed forces.

.
TRADL wARK OF BENDIX AVIATION CORPORATION p

o8
lmll!l ]

[ J 11171

JI11T177]

200 mﬂ!ﬁkﬁ
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“ ..850 Many Owe So Much To So Few...”

IN peace, the Nation’s debt to the radio
amateur was great. During hurri-
canes, floods, and other disasters, he
sprang forward with emergency com-
munications. His endless hours of pa-
tient experimentation—particularly on
the high and ultrahigh frequencies—
helped open up, as if by magic, whole
new segments of the radio spectrum.
Traffic enthusiasts surprised the people
with unselfish service; DX hounds
fostered international good will.

In this “‘radio’’ war, the "“ham,’’ along
with the professional, became the back-
bone around which the Services and war

plants built the myriad, complex com-
munications systems of war. and the
cecret electronic weapons. He has trained
and inspired the new recruits—the tens
of thousands of potential “hams."’
Hytron, especially, owes much to the
radio amateur. When he entered the
Services and war plants. he took with
him a knowledge of Hytron tubes—
particularly v-h-f types—and an admi-
ration for them.Throughhis enthusiasm,
these tubes became vital parts of war
equipment. When the time comes to
speak out for the retarn of his precious
frequencies, Hytron will not forget him.

B - |
SRy
x|
BUY
ANOTHER

WAR BOND
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HE GOING IS TOUGHEST is where
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the men of the U. s, Signal Corps do business

ehind the front, at the front — yes, and
B ahead of the front lines, they are laying

wire, directing artillery fire, spotting
enemy movements and putting heir superb tech-
nical training into practice with calmness and
efficiency in the thick of battle. They don’t get as
many headlines as they deserve, but they rate and
get the thanks of every soldier, from General to
buck private.

Many of our own men, now in the service,
have been assigned to Signal Corps duty, and are
frequently using the very equipment they once
helped to build. Their experience in our plant is
being put to good use at fighting fronts all around

the world. Signal Corps training will in turn
make them all the more valuable to us when
they return. Thus, important forward strides in
communications engineered by the Signal Corps,
manufactured by the communications industry,
and put to the acid test by superbly trained
technicians will be available to serve you in the

postwar world.,

CONNECTICUT TELEPHONE & ELECTRIC DIVISION,

Great American lnduﬂriu, Inc.

MERIDEN CONNECTICUT

® TELEPHONIC SYSTEMS

AFTER THE WAR ... Adeanced

® SIGNALLING EQUIPMENT
® HOSPITAL & SCHOOL COMMUNICATIONS AND SIGNALLING SYSTEMS
® ELECTRICAL EQUIPMENT

® ELECTRONIC DEVICES

® IGNITION SYSTEMS

© 19416, 4. 1., 1Ine., Meriden, Conn,
Pro cedings of the I.R.E May, 1944



At war's end, IRC will be prepared to furnish
ample quantities of resistors of al/ fypes to meet
Industry’s post-war needs.

That these IRC units will be available on a
mass production basis is due to the fact that, in
meeting war requirements, we have developed the
Nacion's largest resistor plant using the most
improved and efficient types of specialized equip-
ment.

ENGINEERING HELP FOR YOU

At your service on any resistance problems in-
volved in your peacetime product design plans
is our Engineering-Research staff. You
may be assured that all projects dis-
cussed with this deparement will

be held in strictest confidence.
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oOTENTIOMETERS

FEATURES OF IRC WIRE WOUND
POTENTIOMETERS (TYPE W)

\. Tight uniform winding on specially processed
bakelite.

2. Uniform contact pressure which can be ad-
justed to meet application requirements.

3. Welded resistance wire terminations.

&. Only ome wiping contact-clock spring between
center terminal and contact arm.
8. Designed for maximum stability under con-
ditions of vibration and shock.
6. Avaslable as duals and triples in
combination with composition
controls.

WY

;.

s\

401 N. Broad St. Philadelphia &, Pa.

IRC makes mere types of resistance units, In more shapes,

g
@//_,//
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HE GOING IS TOUGHEST

the men of the U. s, Signal Corps do business
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is where

ehind the front, at the front — yes, and
ahead of the front lines, they are laying

wire, directing artillery fire, spotting
enemy movements and putting their superb tech-
nical training into practice with calmness and
efficiency in the thick of battle. They don’'t get as
many headlines as they deserve, but they rate and
get the thanks of every soldier, from General to
buck private,

Many of our own men, now in the service,
have been assigned to Signal Corps duty, and are
frequently using the very equipment they once
helped to build. Their experience in our plant is
being put to good use at fighting fronts all around

the world. Signal Corps training will in turn
make them all the more valuable to us when
they return. Thus, important forward strides in
communications engineered by the Signal Corps,
manufactured by the communications industry,
and put to the acid test by superbly trained
technicians will be available to serve you in the

postwar world.

CONNECTICUT TELEPHONE & ELECTRIC DIVISION,

Great American lnduurlu, Inc.

MERIDEN i CONNECTICUT

® TELEPHONIC SYSTEMS

AFTER THE WAR ... Aduanced

® SIGNALLING EQUIPMENT
® HOSPITAL & SCHOOL COMMUNICATIONS AND SIGNALLING SYSTEMS
® ELECTRICAL EQUIPMENT

® ELECTRONIC DEVICES

® IGNITION SYSTEMS

© 1945 G, 4.1, Ine., Meriden, Conn.
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At war's end, IRC will be prepared to furnish
ample quantities of resistors of all fypes to meet
Industry's post-war needs.

That these IRC units will be available on 2
mass production basis is due to the fact that, in
meeting war requirements, we have developed the
Nation's largest resistor plant using the most
improved and efficient types of specialized equip-
ment.

ENGINEERING HELP FOR YOU
At your service on any resistance problems in-
volved in your peacetime product design plans
is our Engineering-Research staff. You

5 : )
may be assured that all projects dis- \\,\“
cussed with this department will <
be held in strictest confidence. P
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FEATURES OF IRC WIRE WOUND
POTENTIOMETERS (TYPE W)

V. Tight uniform winding on specially processed
bakelste.

2. Uniform contact pressure which can be ad-
justed to meet application requirements.

3. Welded resistance wire terminations.

A, Only one wiping contact-clock spring between
center termsnal and contact arm.
8. Designed for maximum stability under com-
ditions of vibration and shock.
6. Avaslable as duals and triples in
combination with composition
controls.
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401 N. Broad St. Philadelphia 8, Pa.

IRC makes wiers types of resistance units, in more shapes, fer mere applications than any ether manufacturer In the werld.
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JACK GRAND
Burlingame Associates
10 Murray St., NY, C.

CHAS. E. SARGEANT
Burlingame Associates
10 Murray St., N.Y. C

P

J. D. RYERSON
Burlingame Associates
10 Murray St., N. Y. C.

THESE ARE -HP- MEN YOU SHOULD KNOW

One of the fundamentals of -hp- equipment is the speed
’ with which tests and measurements can be made. Accuracy,

of course, is never slighted in gaining this end. This same

fundamental permeates the entire organization from the
engineers who design the instruments to the men in the field who con-
tact you personally. Today, more than ever, time is an important factor.
The men whose pictures are shown here are at your service ... fully pre-
pared to demonstrate the speed and accuracy of -hp- instruments as well
as the speed and accuracy of -hp- service to you. We urge you to contact
the man who is located nearest your office.

HEWLETT-PACKARD COMPANY

Laboralory Instruments Sfor Speed and Accurac_y

PALO ALTO, CALIFORNIA
BOX 676D, STATION A

ALFRED CROSSLEY
549 W. Randolph Street
Chicago, Illinois

HARRY HALINTON
Alfred Crossley

549 W. Randolph Street
Chicago, Ithinois

EESSC NI &

L P

NORMAN B. NEELY
5334 Hollywood Blvd.
Hollywood, California

e\ ~
D. LOU HARRIS
Atlas Radio Corporation
560 King St, West
Toronto 2, Canada

- Proceedings of the |.R.E May, 1944
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TYPE 247 CATHODE-RAY OSCILLOGRAPH

I CATHODL . RAY OBCILLOGRAFK
N TYPE 347

somu w0
v et ey

This latest oscillograph facilitates the investiga-
tion of transient as well as recurrent phenomena
over a wide frequency range. And since a perma-
nent record of transient phenomena is usually
desirable, this instrument provides for such pho-
tographic recording by applying comparatively
high accelerating pofentials fo iis cathode-ray
tube. Furthermore, a new type of beam-control
circuit is incorporated.

. Literature on request...

LEN B. DUMONT LABORATORIES, INC., PASSAIC, NEW JERSEY - CABLE ADDRESS: WES

P P

May, 1941

Uses new Army-Navy preferred Type
SCP1 cathode-ray tube with intensifier
electrode operated at overall acceler-
ating potential of 3000 v. High-inten-
sity patterns. 5" dia. screen.

Medium-persistence green screen,
standard. Also available with short-
persistence blue screen Type SCPS
tube for high-speed photographic re-
cording. Or Type SCP2 long-persist-
ence green screen for visual observa-
tion of low-speed phenomena.

Vertical or Y-axis amplifier response
does not fall more than 10% below
the uniform value from 2 to 200,000
C.P.S. Sufficient gain for maximum
deflection factor of 0.05 r.m.s. volt
input signal for 1" deflection of beam.

Distortionless, continuously-variable
low-impedance attenuator or gain con-
trol. Stepped attenuator with ratios of
1:1, 10:1 and 100:1.

. X.axis or horizontal amplifier accom-
modates signal produced by linear
time-base generator. Reasonably uni-
form response from d-c to 100,000
sinusoidal C.P.S. Signa! amplitude ot
0.5 v. r.m.s. sufticient for deflection
of 1" through amplitier.

Recurrent, repetitive and single-sweep
operation of linear time-base gener-
ator. Continuously variable from 0.5
1o 50,000 sawtooth cycles per second.
Single sweep of wriling rates corre-
sponding to 0.5 to 10,000 cycles per
second.

Z amplifier channel for applying ex-
ternal signal to grid or modulating
electrode of cathode-ray tube.

Steel case. Black wrinkled finish. Cop-
per-tinished steel chassis. Two carry-
ing handles. 14" w.; 19" h.; 26" d.
130 lbs.

The sweep frequency range has been extended.
The instrument may be used for observations on
low-speed machinery and for other low-frequency
signal functions—even down to Y2 cycle per sec-
ond. At the other extreme, the instrument handles
radio-frequency signals as high as 500 kilocycles.
The time-base has the necessary range to display
such signals properly. Also, the vertical amplifier
can satisfactorily accommodate them.

— T —

© ALLEN B. DUMONT LABORATORIES, INC.

PEXLIN, NEW YORK
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L STUPAKOEE

Variable Piteh Coil
Easily and inexpensively made
by the Stupakoff process

TUPAKOFF quality is assured by the con-
S stant research of its engineering staff . . . by
rigid inspection of its alert “quality-trained”’

'FOR GREAT workers . . . by modern manufacturing facilities

T L .. . by wide technical and engineering knowl-

edge gained through years of experience in

T producigg.every type of ceramic used by the
1§’l \U_.'D_'.I‘L‘.g@_':_f - electronic industry,

' Y / Quality is the resule . . | quality that assures

{ S,i&a_ﬂt& )f unfailing performance wherever Stupakoff

/2 ceramics are used.

G@Nsm;im@mﬂ

Let’s All Back The A11aci Buy EXTRA War Bonds

—_— —_— ——

| STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.
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Veteran in
Search of a
Peacetime Future

HIS veteran knows of no job to co
ba
to after the war. : g

It was born of war necessity — built to per-
form a strategic purpose new in the history
of aircraft.

The requirements were an engineering chal-
lenge. It had to be strong to do its heavy
work. Yet it had to be light and fit in the

small space available.

That is why even optimists doubted such a
device could be built.

But here it is: The Lear Actuator.

Tts job is operating flaps, landing gears shut-
ters and other equipment o0 the power of an
airplane storage battery.

king round
Now, of course, our plants are wor g
the clock to make enough of these for the

ﬁghﬁng ships of Uncle Sam-

. e devices, the
nd all the 250
ot future

They may P
Dutton — or
haven't tho
That i8 why ¥
We want
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HAN-D

Hang it, hold it, mount
it on desk or floor stand

it's truly a handy
mikol

When you need crisp, clear reproduction of any sound; turn
to a Turner Microphone. These instruments are scientifically engi-
neered to reproduce faithfully all gradations of volume, amplify-
ing only the vibrations received by the diaphragm, without
adding any of the harmonics. From the faintest whisper to the
loudest train whistle, a Turner Microphone will reproduce pre-
cisely without distortion or blasting.

For indoor or outdoor use, under all climatic and acoustic
conditions, you can be sure of intelligible transmissions when
you specify and use a Turner. For broadcasting studios, vital war
communications in war plants, airdromes, ordnance plants, decks,
army camps, police transmitters and other highly sensitive spots
where accuracy is of supreme importance, you'll be grateful for
a Tumer.

Whatever you have to say — whatever sound you
want to transmit, be sure of superb performance
with a unit that's rugged and dependable — a unit
you'll be proud to have seen in your possession.
It's time to turn to TURNER.

Crystals licensed under patents of The Brush Development Co.

Turner ° g‘?ionema in lhe %m»cunt'caé’ona %ﬂ
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wherever a tube is used...

THERE'S A J0B FOR

Relays sv GUARDIAN

SERIES S D. C. RELAY. Maximum switch

In the electronic circuit there is usually a sensitive relay similar capacity —two narmally open, two nor-

mally closed, or DPDT contacts. Resistance

to Guardian Series 5, to control a heavier current in response fo :":'9' '(:L up fo 15,000 ohms. Send for
uiletin 3

the weaker "signal” of the phototube. In some applications,
however, the current to be handled may be greater than the
contact capacity of the sensitive relay. In this case a power

relay or solenoid contactor is controlled by the sensitive relay.

Guardian series SC-5 is typical of this type of contactor.

L kil K kil SERIES SC-5 SOLENOID CONTACTOR.
Contacts rated at 75 amps. continvous,
300 amps. surge. Contact combination—
Guardian are NOT limited to tube applications but may be used wher- single pole singlo or double throw. Coll

. . . . . 3 te 18-28 volts D.C. and con-
ever automatic control is desired for making, breaking, or changing :::::;;::m of 24 volts D.C. continuaus.

Sond for bulletin SC-5.

GUARDIAN 'ELECTRIC

1628-F W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SUAVING AMURICAN WAR (NDUSTAY
Proceedings of the I.R.E. May, 1944

Consult Guardian wherever a tube is used—however—Relays by

the characteristics of electrical circuits.



NC-100X A

The NC-100XA has gone to war. Under the pressure of the emer-
gency following Pearl Harbor, many stock receivers of the NC-100
series went into action, and served brilliantly. Since then growing
experience has led to a long series of minor changes and improve-
ments, culminating in the superb receiver shown in the photograph
above. We cannot show what is inside the cabinet until after the
war, but a glance at the front panel will make any amateur recog-
nize an old friend. It is stripped for action and in battle dress, but it
is still the old reliable NC100XA. And like its amateur prototype,
this new Navy model is winning an impressive reputation for bril-
liant performance and absolute reliability,

NATIONAL COMPANY, INC., MALDEN, MASS.

o Proceedings of the lL.RE. May, 1944
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ELECTRO-VOICE MANUFACTURING CO., INC, - 1239 SOUTH BEND AVENUE . SOUTH BEND, INDIANA
Export Division 13 Eost 40th Street, New York 16, N. Y U.S. A, Cobles: ARLAB
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P HERE have been many dramatic moments when radio
X history was made.

One of them came four years ago...

June, 1940: The curtain slowly rises. Suddenly a spotlight
flashes on, sweeps across the dark stage, picks out an unbe-
lievably tiny radio set—less than 3 inches high, 33 inches
wide, 8% inches long. Radio’s newest marvel is unveiled —
the “Personal Radio” — made possible because of 4 entirely
new-type RCA tubes, called Miniatures.

Wor —today: A paratrooper lands behind enemy lines. Some-
thing else has arrived seconds ahead of him — dropped, as ke
was, from the sky. The tiny beam of his flashlight flicks on —
probes the dark —and finds it: his victory-vital “Handie-
Talkie,’> made possible again through Miniature tubes.

Tomorrow, too, the spotlight will be on Miniotures, for

once Victory is won, Miniatures will play an increasingly

TORE WAR BONDS

important part in the many new radio and other electronic
devices you designers will create.

RCA, eager to help, will gladly advise you now which
Miniatures will be among the tube types most likely to be
included in RCA’s post-war “Preferred Type Tube’ list. If -
you want this information, simply write to RCA, Commerecial
Engineering Section, 705 South 5th Street, Harrison, N. J

RADIO CORPORATION OF AMERICA




Commercial leaders-in the radio-and-electronic industry have been invited
to present their views on timely subjects to the readers of the PROCEEDINGS OF
tHE [.R.E. as “guest editorials” which are published in the form in which they
are received. It is believed that such editorials will promote vigorous and sound
engineering effort.

The President of the Philco Corporation has risen to that post after success-
fully undertaking direct responsibility for the conversion of his company's
operations from civilian to war production and for the handling of its war work.
An expression of his viewpoint follows.

The Editor

Radio Looks to the Future
JOHN BALLANTYNE

The radio industry has literally performed engineering and production miracles to do what has been asked
of it in this war emergency. The industry is now producing Army and Navy radio and electronic equipment
at the rate of $3,200,000,000 annually, an output as great as that of the entire automobile industry in 1939.
This is more than six times the “normal” peacetime production of all types of radio receiving sets, radio-
phonographs, vacuum tubes, and broadcast equipment in the United States.

Such a tremendous increase in production had, of course, to be preceded by a vast amount of research
engineering. Many of radio's assignments are common knowledge, communications equipment to link infan-
try forces, tanks, airplanes, and ships into one gigantic web of fighting power; walkie-talkie sets for para-
troopers and front-line forces; and high-powered transmitting and receiving equipment to hurl messages
back and forth with the speed of light between headquarters in Washington and the distant battle areas.

In addition to all these, there are even more important uses of radio-and-electronic equipment that cannot
be described while the fighting is on. Many of the “secret weapons” now in use by the United Nations are the
result of new practical applications given to radio and electronic principles.

No wonder this has been called a “radio war,” for radio is helping in countless different ways to give our
fighting forces tremendous advantages over the Axis. That is why the lights in our radio laboratories are
burning through the night and why many of the production lines in our radio plants are on a “round-the-
clock” basis.

When the full story of this war can be told and radio’s part in winning it becomes public knowledge, every
single person in the industry will be entitled to take pride in the job that has been done and thankful that
they were privileged to participate in it.

What of the future? The next great advance in radio and electronics that will touch all our lives will be
television, the magic doorway to the future. You all know the tremendous effect that the addition of sound
had in the development of the motion-picture industry. It increased by many times the scope, the dramatic
quality, and the influence of motion pictures on the public.

The greatest of all human senses, however, is sight. Human beings place far greater value on their sight
than their hearing. Television adds sight to sound; it adds the motion picture to the radio voice and certainly
that is a far more vital contribution to radio than the addition of sound was to the movies.

Even before the war television had been developed to such a point that it was possible to provide pictures
of greater clarity and detail than are afforded by home movies. Undoubtedly much of the research and engi-
neering work that is now being done by the radio industry as its contribution to the war effort will have col
lateral benefits for television when there is time to make the necessary applications.

All the evidence now at hand indicates that television will progress rapidly to become one of the nation's
important industries as soon as the war is won and technical personnel and materials are available to erect
transmitting stations, build receivers, and produce acceptable programs for the public.

Television is going to provide a new and better kind of service for the public; and it is going to create
thousands of new jobs in research, engincering, production, sales, service and installation, and programming.
With this vision ahead of it, the radio industry can look forward to the future with confidence in the realiza
tion that its accomplishments to date, brilliant as they are, represent but a preview of what is to come.

o - . : = Taa—
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L. C. F. Horle
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L.awrence C. F. Horle was born in Newark, New Jer-
sey, on May 27, 1892. In 1914 he received the M.E.
degree from Stevens Institute of Technology. Following
graduation, Mr. Horle became a member of the faculty
of the physics department of Stevens, where he re-
mained until 1916, devoting a large part of his time to
investigations of vacuum-tube characteristics and de-
velopment of vacuum-tube circuits. In 1916 and 1917
he was a design engincer of the Public Service Cor-
poration of Newark. The war vears of 1917 to 1920 saw
him Expert Radio Aide in the Navy Department, in
charge of the radio development laboratory at the
Washington Navy Yard.

Following his Naval service, he became chief engineer
of the de Forest Radio Company and remained in this
capacity until 1921. From 1921 to 1924 he was consult-
ing engineer for the Department of Commerce Radio
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Laboratories, National Bureau of Standards, Washing-
gon, D. C. In 1924 he became associated with the Fed
eral Telephone and Telegraph Company as chief engi--
neer, becoming vice-president in charge of engineering
in 1927. Since 1929 he has heen a practicing consultant
specializing in industrial standardization in the com
munications field, serving since 1941 as civilian consult
ant to the Arm Communications and Co-ordination
Board of the Chief Signal Officer, United States Army.

J\I.r. Horle was clected to Associate membership in the
Institute in 1914, transferred to the Member grade in
1923, and to Fellow grade in 1925. He has served on
various committees ang in 1940 he was president of the
Institute of Radio Engineers. He is now a member of the
Board of Directors.

He is a Fellow of (he American Institute of Electrical
Engineers and of the Radio Club of America.
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Certain important radio-and-electronic developments are published in a form not readily available to or
usable by many readers of the PROCEEDINGS. The Institute deems it desirable to publish at this time English
translations of certain of the corresponding papers. Through the appreciated courtesy of the publishers of
the original source, the Journal of Technical Physics (Russian), the following paper has been placed at the
disposal of our readers. Thanks are also expressed to the translator of the paper, A. M. Gurewitsch for his ex-

tensive and voluntary efforts.

The Editor

A Metal Triode for Ultra-High-Frequency Operation:

N. D. DEVIATKOV, NONMEMBER, LR.E., M. D. GUREVICH?}, NONMEMBER, L.R.E., AND
N. K. KHOKHLOV}, NONMEMBER, LR.E.
TRANSLATED BY A. M. GUREWITSCHY, ASSOCIATE, LR.E.

Summary—The metal tube here described (designated type
DCM-1) is established as a practical design, suitable for production.
It can be used as a converter in the wavelength range of 25 to 30
centimeters, and as an oscillator with a power output of 1 to 5 watts
in the wavelength range of 30 to 60 centimeters. It can also be em-
ployed as an amplifier with an amplification coefficient! K of 3 to 4 at
a wavelength of 25 centimeters, or with a K of 6 to 7at A of 40 centi-
meters. If used as a regenerative amplifier, a K of 10 can be secured
at ) of 25 centimeters, and a K of 15 at A of 40 centimeters.

T AVES in the decimeter region find increasing
'—\/V application. The main difficulty of operation

below 50 centimeters wavelength was the lack
in the Union of Soviet Socialist Republics, of tubes
operating efficiently with sufficient power output. In
the United States, the appearance of three-clectrode
tubes of the type described by Samuel*? enabled the
designing of a number of radio devices. Recently,
greater attention has been devoted to an entirely new
principle, namely that of velocity modulation. But it
may prove more convenient and practical in some in-
stances to use triodes.

Triodes operating at negative grid potential are of
great interest in the decimeter region because they offer
the possibility for the solution, in a more conventional
fashion, of a considerable number of technical problems,
Although the vacuum-tube manufacturing art has made
considerable progress and has developed new methods
permitting the production of rather complex tube de-
vices, the development of triodes operating in the deci-
meter region with a power from 4 to 6 watts for oscil-
lators and amplifiers has not been sufficiently advanced

* Decimal classification: R330. Translated from and reprinted by
permission of the Journal of Technical Physics (Russiangj. vol. 11,
no. 8, pp. 756-761; 1941. Cnglish translation reccived by the Insti-
tute, August 17, 1943,

t Leningrad, U.S.S.R.

t Electronics Laboratory, General Electric Company, Schenec-
tady, N. Y.

' K is defined in the text.

_ *A. L. Samuel and N. E. Sowers, “A power amplifier for ultra-
high frequencies,” ’roc. I.R.E., vol. 24, pp. 1464 1483; Novem-
ber, 1936, Bell Sys. Tech. Jour., vol. 16, pp. 10-34; January, 1937.

* A. L. Samuel, “A negative grid triode oscillator and amplifer for
ultra-high frequencies,” Proc. 1.R.E,, vol. 25, 10, pp. 1243-1252;
October, 1937.
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in the U.S.S.R. until recently*s. This limitation was
caused by the existence of numerous difficulties which
were encountered in the construction and engineering
fields. In the period 1938-1939, tubes of the type DC 21
were developed by us. The characteristics of this tube
made it of major interest for radio engineering applica-
tions in the decimeter region. However, the difficulties
in the way of mass production of this tube were exces-
sive.

Accordingly, the problem was faced of redesigning
the DC 21 tube for mass production. It was decided
that the most convenient procedure was to adopt stand-
ard methods of radio tube production, and to utilize
the general ideas embodied in the American metal tubes
which are being produced in large quantities by our
factories. After preliminary experiments, the tube
shown in Figs. 1 and 2 was developed.

The glass seals on both ends of the metal cylinder
enable the connection of coaxial lines. The tube, as
thus redesigned, was designated as type DCM-1.

The cathode and grid are mounted as a single unit,
after which the plate is sealed in. This process is carried
out on a special sealing machine. Experimental opera-
tions developed a method of setting the plate-grid dis-
tance at a desired value of 0.2 millimeter or 7.8 mils.
As will be seen, this tube is a simple triode. The cathode
is an oxide-coated disk, of a diameter of 5 millimeters.
The heater is a flat spiral. The grid is made of tungsten
wire 0.05 millimeter in diameter (approximately 2.0
mils). The distance from wire to wire in the grid is 0.2
millimeter or 7.8 mils. The grid is supported by two
nickel disks, cach having a central 7-millimeter open-
ing. The grid mesh is welded to these disks, and the
disks are then welded to the supporting cylinder. The
cathode is attached to a cylinder which in turn is welded
to connectors passing through a glass seal (so that the
grid and cathode form a unit structure). One side of the

¢ Tevetkovskii and Dzhibelli, Izvestiia Elektropromyshlennosts
Slabago Toka, (Bulletin of the Elcctrical Weak Current Industry), Num-
ber 5, 1939.

* N. D. Deviatkov, E. N. Danil'tsev, and V. K. Khokhlov, 1zves-

tiia Elektropromyshlennosti Slabago Toka, (Bulletin of the Electrical
Weak Current Industry), Number 2, 1940,
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hlament is connected to the body of the tube, while
the other terminal of the filament is brought out as a
separate wire which is placed within the cathode cyl-
inder. The anode is shaped as a flat-ended cone (conical
frustrum) at the end of a cylinder. To improve heat
conduction, the anode is solidly filled with copper.

Proceedings of the I.R.E.
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TEsT REsuLTs oF THE DCM-1

The DCM-1 tube was tested in three ways: first as an
oscillator; second as an amplifier; and third as an am-

Fig. 2—Over-all view of the DCM-1 triode

plifier with regenerative feedback. The static character-
istics of the tube are shown in Figs. 3 and 4. Maximum
plate dissipation is between 9 and 10 watts. The average
interclectrode capacitances' are C:» =2 micromicro-
farads, C,,=1.8 micromicrofarads, and C,.=0.2 micro-
microfarads. The oscillation circuit consists of two
coaxial lines which are tunable by means of plungers
(forming an end-to-end oscillator) (see Figs. 5 and 6).
The plate resonator has an opening through which
power can be withdrawn by means of a line connection.
Feedback is obtained by the variable capacitance shown
in Fig. 5. The DC)\I-1 tube operates with high stability
as an oscillator at 1500 megacycles (A =20 centimeters).
However, because of capacitance effects, the plate
resonator cannot be operated at quarter wave, and it
is difficult to obtain the necessary coupling for an ap
preciable power output. At frequencies of 1200 mega-
cycles (\=23 centimeters and lower frequencies, the
operation is more satisfactory-.

R{ =ORDINATE x 103 oums
Gm=ORDINATE § x (0? MICROMHOS

Ea=220v / 200\/7
/ Ea= fsov |
Eg=200v % 'lgg: ’S
E4=180V / . 20v)
Eg=l60V ‘Eg=i2ov
a —~Ea=14a0v
B 4 ~Ea=teov | .
Ea=l20v ' ~Eor ooy P
’ { ! E =200V
l _}___g__, ‘Ea=220v
B = ep =p 2 0O+ +2 s/ SR T TH 0+ 42
€9 Eg &g Eg
Fig. 3 Fig. 4



1944 Deviatkov, Gurevich, and Khokhlov

The power output was measured using incandescent
lamps. Tube efficiency is shown as a function of wave-
length and power input in Fig. 7. It will be seen that,

: Ultra-High-Frequency Melal Triode
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measurements were made as follows. A signal was ob-
tained from an oscillator operating between 1500 and
2000 megacycles. The signal was modulated at 800

r20 DIA.
€ %ﬁ T pe——

n 9 10 0l
5 4 3 1 5
30
<3 Ass<xxxT 7 -
7 8 6 2

Fig. 5—Cross section of the circuit used in conjunction with DCM-1.
1—Outside tubing of the grid-cathode resonator.
2—OQutside tubing of the plate-grid resonator.
3—Inside tubing of the grid-cathode resonator.
4—Heater connection of the cathode.
5—Tuning pistons for the plate-grid and the grid-cathode resonator.

6—Plate connection.
7—Cathode connection.
8—Grid connection.

9-—The movable plate of the feedback condenser.
10—The fixed plate of the feedback condenser.

11—By-pass condenser.

Fig. 6

with increased power input, the efficiency increases as
expected. Power input is naturally limited by the heat
capacity of the plate. If used with concentric type
resonators, the DCM-1 tube can regenerate at different
modes. Highest efficiency was obtained at quarter-
wave operation. As an example, at A =42 centimeters,
the cathode-grid line was changed from i\ to §\. It was
found necessary to increase the input by 12 per cent.

The transition from I\ to 3\ is even more detrimental
in the plate-grid resonator. At A =42 centimeters, it was
necessary to increase the input power by 30 per cent in
order to secure the same output. For wavelengths below
30 centimeters, the efficiency rapidly falls off, and it is
impossible to operate the tube at the A\ mode because
the requisite input power is greater than the tube can
safely dissipate. From the preceding data, it is concluded
that I\ operation is less practical than operation at {\.

The DCM-1 tube can also he used as a converter
from A =25 centimeters or more, and as an oscillator
from N\ = 30 centimeters or more.

The use of the DCM-1 tube as an amplifier will next
be considered. The signal was introduced between the
grid and the cathode, and the amplified signal appeared
between the plate and the grid. The circuit was the
same as shown in Fig. 5, which circuit was used as an
oscillator, except that the feedback was removed. The

cycles. It was received by a dipole which was connected
to a line terminating in a loop and passing into the
cathode-grid space of the amplifier. The output was

Py=low

Py=8wW

Py=6W

Py=aw

50CM.

A

Fig. 7—The efficiency as a function of wavelength with power out put
as parameier.



withdrawn by a loop-terminated line, and detected by
a Barkhausen detector. The detected signal was ampli
fied with two stages of the metal 6F5 tubes, with voltage
amplification of 2000. The output voltage at 800 cycles
was measured by a copper-oxide voltmeter. This meas-
urement was made within the range of linear opcration
of the detector. After the measurement of the amplified
signal, the detector was directly connected to the dipole.
The ratio of the two voltages thus measured gives the
amplification coefficient K. The DCM-1 tubes show a
stable amplification at 1200 megacycles (A =24 centi-
meters). The amplification coefficient is between 3 and
4. The operating grid voltage was zero, the plate
voltage 200 to 220 volts, and the plate current 30 to 40
milliamperes. With increasing wavelength, the amplifi-
cation coefficient increases. Some improvement in the
amplification coefficient is obtainable by a modification
of the plate resonator corresponding to an auto-trans-
former connection.

AMPLIFICATION WITH REGENERATION

A marked disadvantage of the tubes used at high
frequencies is their low input impedance which in turn
diminishes the amplification coeflicient. Some improve
ment is obtainable by mecans of regencration. Smooth
control regencration can he scecurcd through the feed
back condenser. T'he amplification cocfficient at A =25
centimeters with regeneration and completely stable
operation was 10 to 12; with somewhat more regenera-
tion, an amplification cocthicient of 20 is possible. One
disadvantage of regencrative operation is the fact that
the amplification coefficient becomes markedly depend
ent upon plate voltage. 'or instance, for a variation of
plate voltage from 5 to 10 per cent, the amplification co
efficicnt may change from unity to that corresponding to
regeneration. Regenerative amplification may be used in
receivers. In heterodyne receivers, however, it is ad-
visable to separate the regencrative amplifier from the
converter by a buffer stage.

l’hosphors Versus the Periodic System of the Elements:
H. W. LEVERENZ}, NONMEMBER, 1.R.E.

Summary—The properties of a number of well-known inorganic
luminescent materials (phosphors) are described as a function of
variations of their constituents. Chemical substitutions made accord-
ing to the ordered series in the periodic system of the elements are
shown to produce many anomalous energy changes which appear as
shifts in the spectral emission colors of phosphors. The anomalous
energy changes indicate that the mechanisms of luminescence in
solids cannot be given a simple interpretation.

The relative cathodoluminescences of forty-five phosphors are
codified and presented in tabular form for the convenience of
cathode-ray tube engineers.

materials (phosphors)'=? have been synthesized

and tested by the chemicophysics section of the
RCA Laboratories during the development, over the
past eleven years, of new and improved materials now
being used in kinescopes, fluorescent lighting, and
sundry other applications involving phosphor excita-
tion by X rays, radioactive emanations, and ultraviolet
radiation.

On several occasions, friendly criticisms have been
directed at the apparently illogical methods and patent
lack of orderly sequence of some of the phosphor re-
search programs. There have been suggestions that
phosphor research might be more fruitful and informa-
tive if it were conducted according to the well-estab-

r II YHOUSANDS of crystalline inorganic luminescent

* Decimal classification: R388 X 540. Original manuscript received
by the Institute, September 20, 1943.

t RCA Laboratories, Princeton, New Jersey.

' H. W. Leverenz and F. Seitz, “l.uminescent materials,” Jour.
Appl. Phys., vol. 10, pp. 479-493; July, 1939. ) )

? H. \W. Leverenz, “Optimum efliciency conditions for white lumi-
nescent screens in kinescopes,” Jour. Opt. Soc. Amer., vol. 30, pp.
309 315; July, 1940. .

*H. W. Leverenz, “Cathodoluminescence as applied in tele-
vision,” RCA Rev., vol. 5, pp. 131-176; October, 1940.
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lished similarities of the 92 chemical elements listed in
the periodic system.*

Fig. 1 shows the well-known periodic system of the
elements in which elements which are chemically, opti
cally, and physically similar are arranged in the same
horizontal periodic group (0, 1A, 1B, 2A, etc.). For
example, the chemically similar elements carbon ),
silicon (Si), germanium (Ge), tin (Sn), and lead (Pb)
are classified in the given order in group 4B. Knowledge
of the properties of one of the enumerated clements,
viz,, silicon (Si) and its compounds, affords qualitative
information about the properties of the remaining mem
bers of the same periodic group, viz., C, Ge, Sn, and
Pb. Without pursuing the point in detail, one could
reasonably expect that intersubstitutions of chemically
similar elements should change the properties of their
resultant compounds in regular fashion as the atomic
numbers of the substituted elements increase. However,
such expectation of regularity must be qualified with
mental reservations. Those who have plotted properties
of elements and their compounds know that sometimes
optimal properties are found within, rather than at the
ends of, the periodic groups. The present article tends
to add further exceptions to the periodic “‘rule” as ap-
plied to phosphors.

In order to make a fundamental, systematic study of
the effect of changing chemical composition on the
properties of phosphors, one might propose to com-
mence the investigation with the alkali halides, viz.,

. 4 Moe P . ]

Fods Pas ST oo A e 1035 (bl T

Foote Mineral Co., 16th and Summer Streets, Philadelphia, Penn-
sylvania.) '
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sodium or potassium chlorides (NaCl or KCl), which
crystallize in simple cubic structures and are easily
purified and synthesized. Although one finds that the
alkali halides do luminesce, one also finds that they
undergo complex microchemical transformations and
become colored under excitation by ultraviolet, X rays,
or cathode rays. Hence, these simplified compounds
obfuscate investigation by alteration during testing.

Having failed to make the simple alkali-halide phos-
phors yield unambiguous information regarding the
effects of varying chemical composition, it might be
presumed that the investigator would sclect a well-
known, stable, and efficient phosphor such as zinc
sulphide or zinc silicate and would experiment with
systematic chemical permutations according to the se-
quences given in the periodic table. Let us follow an
imaginary chemist, Mr. Q, in such a well-ordered in.
vestigation.

Mr. Q spends some months reading the voluminous
and polyglot literature of the past century covering
zinc-sulphide and zinc-silicate phosphors. He finds much
contradiction and confusion, but gains the rather certain
information that, in order to make a good phosphor,
(1) zinc sulphide requires about 0.01 per cent copper ac-
tivator “impurity” and must be crystallized at 700 to
1300 degrees centigrade with a flux such as sodium chlo-
ride, and (2) zinc silicate requires about 1 per cent of
manganese activator “impurity” and must be crystal-
lized at 1000 to 1200 degrees centigrade but needs no flux.

Armed with this information, Mr. Q enters his labora-
tory and carefully purifies several pounds each of zinc
sulphide (ZnS), zinc oxide (Zn0), and silica (Si0.) in
order to have basic ingredients which will be above re-
proach as to their compositions. Any or all of the
standard chemical and physicochemical methods of
purification may be applied, including: (1) fractional
distillation or sublimation, (2) oxidation of impurity
ions to yield more insoluble hydroxides, (3) electro-
chemical deposition by contact of aqueous salt solutions
with zinc metal, (4) fractional precipitation in acid and
alkaline solutions, (5) electrolysis, (6) fractional crys-
tallization, (7) dialysis, (8) and selective solubility or
adsorption. The choice and order of each purification
step is often relatively immaterial, since practically the
same purity of product may be achieved by very differ-
ent procedures. Perhaps the chief caution which he
should observe is that purification of sulphides is best
carried out in neutral or acid solutions® to minimize the
introduction of hydroxides or oxides, especially as
caused by alkaline reaction with glass or quartz vessels.

Mr. Q's next step is to place separate small samples
of the pure ZnS, Zn0, and SiO; in clean quartz or plati-
num crucibles and heat them to temperatures between
500 to 1500 degrees centigrade in an electric furnace.
He finds all the crystallized substances have almost

hide,”

*J. Einig, “The preparation of luminescent zinc sul5 eyl

Chemiker Zeit., vol. 3, p. 31, January, 1931; vol. 19, pp. 1
March, 1932.
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negligible luminescence under any excitation. However,
by heating mixtures of (a) 2Zn0+4Si0, and (b) ZnS
+2 per cent of purified NaCl at about 1000 degrees
centigrade, Mr. ) obtains a weak blue luminescence
from (a) (=a—2Zn,Si0y) and a strong blue luminescence
from (b) (=ZnS). These two blue-emitting phosphors are
the “grandfathers” of the two most important phosphor
families, including phosphors emitting almost any color
with cither long, short, or intermediate persistences,
Mr. Q next activates a small sample of pure unheated
ZnS, adding 0.01 per cent copper as a water-soluble salt.
Evaporation and heating at 700 to 1300 egrees centi-
grade with 2 per cent sodium-chloride flux gives a
phosphor (ZnS:Cu) having intense green luminescence.
Reference to the periodic table, group 1B, shows copper
to be the lightest member of the chemically similar
series: copper (Cu), silver (Ag), and gold (Au). Since
0.01 per cent copper activator shifted the spectrum of
ZnS toward the red, ie., from blue to green, Mr. Q
activates the next sample of pure ZnS with 0.01 per
cent silver, adds the usual flux, and crystallizes the
mixture in the expectation of getting a yellow- or
orange-emitting phosphor. The first anomaly appears
at this point when he discovers that the silver-activated
zinc sulphide ZnS:Ag has an even deeper blue lumi-
nescence than the unactivated ZnS. Mr. Q may feel
that the copper-activated material should have been
considered as the reference point so that if activation
with silver yielded a shift toward the blue, then the
next and last activator clement, gold, of the 1B series
should give a still farther shift to the blue, i.e., a violet
emission. Unfortunately for his theory, his gold-acti
vated phosphor, ZnS:Au, has a green-blue emission
color intermediate to unactivated ZnS and ZnS:Cu.
Fig. 2 shows® the spectral-distribution curves of the
ZnS, ZnS:Cu, ZnS:Ag, ZnS:Au series of phosphors.
Score at the end of the first series of tests:

Expected results — 0
Unexpected results — 2

Since activators are present only in very small quanti-
ties in phosphors, Mr. Q reasons that permutations of
the base material may be less ambiguous. Accordingly,
he refers to the periodic table to find that beryllium
(Be), magnesium (Mg), zinc (Zn), cadmium (Cd), and
mercury (Hg) occur in the given order in group 2B.
(Helium (He) is a member of Group 0.) Substitution
of various percentages of the heavier cadmium for zinc
in ZnS, with or without activation by Cu, Ag, or Ay,
gives an ordered progression of emission colors from the
original blue to red?such as shown in the lower part of
kiig. =3} Unfortunately, mercury sulphide sublimes at

_ © See footnote reference 1, page 487. A spectral shift toward the
violet (shortqr wavelengths) indicates an increase in the energy of
the emitted light quanta, and, conversely, a spectral shift toward

the red (longer wavelengths) indicates a decr :
] | :Crease ‘n energy of the
emitted light quanta. \Wavelength A frequency », and encrg){ E, are
related by Av=c and E=hv, where ¢ and 4 are constants (¢ =3 X 10°
centimeter per second™!; 4 = 6.56 X 10~ erg second).

? Op. cit., page 310.
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583.5 degrees centigrade so that it is not suitable for
substitution in the zinc-sulphide phosphor. Further-
more, substitution of beryllium (Be) or magnesium
(Mg) for zinc merely decreases the phosphor’s efficiency.
Mr. Q, however, might tentatively assume the following
“rule”: “substitution of a heavier chemically similar
element for a component of the base material will shift
the emission spectrum of a phosphor toward the red.
Conversely, substitution of a lighter chemically similar
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Fig. 2—Spectral distribution curves of some zinc-sulphide phosphors.

element for acomponent of the base material should shift
the emission spectrum of a phosphor toward the blue.”

To determine the effect of varying the nonmetallic
constituent, sulphur, in zinc sulphide, Mr. Q investi-
gates its neighbors in group 6B. Group 6B is, in order,
oxygen (0O), sulphur (S), selenium (Se), tellurium (Te),
and polonium (Po). Preparation of ZnS (60 per cent)
ZnSe (40 per cent) with or without silver or copper
activator, substantiates the “rule,” i.c., the emission
colors of these zinc seleno-sulphides are green-yellows
(see Nos. 3 and 4, Fig. 4). Increase in the selenium/sul-
phur ratio shifts the emission spectra farther toward
the red; similar to the effect of increasing the cad-
mium/zinc ratio. Complete substitution of the lighter
oxygen for sulphur, viz., by oxidation of zinc vapor,
provides an unactivated phosphor which further sub-
stantiates the “rule” in that it cmits a deep violet light.
(See line 44, Fig. 5.) Partial substitution of small per-
centages of oxygen for sulphur in ZnS, however, un-
expectedly gives a greener emission color than un-
activated ZnS. In fact, the ZnS(O) phosphors behave
much like ZnS:Cu phosphors in that they have un-
commonly long persistences.” Substitutions of tellurium
or polonium are unpromising because the two elements
are quite metallic in character.

Score at the end of the second series of tests:

TA. A. Guntz, “Etude sur les sulfures de zinc phosphorescents,”
Ann. de Chimie, vol. S, pp. 157198, 363—-420; 1926.
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Expected results — 2
Unexpected results — 3

Although the “rule” has fared none too well with
zinc-sulphide phosphors, Mr. 0 now investigates its
applicability to zinc silicate and its congeners. It will
be remembered that ZnO and SiO; had almost negligible
luminescences and their combination a-Zn,SiOs had
weak blue luminescence. In order to obtain a useful
intensity of luminescence, Mr. Q activates the pure
a-Zn,Si0, with about 1 per cent of any manganese
compound, such as MnO, which does not contain
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Fig. 3—Spectral distribution curves of some zinc-cadmium sulphide
phosphors.

another metal. The crystallized a-Zn,SiO4:Mn, syn-
thesized at 900 to 1500 cegrees centigrade, has an
intense green luminescence peaked at 5230 angstrom
units as shown? in Fig. 6 and in lines 14 and 15§, Fig. 4.

Using a-Zn,SiO,:Mn as a reference point, Mr. Q
substitutes the heavier cadmium for the zinc and ob-
tains, as expected, a shift of emission color to the red
(compare No. 14, Fig. 4, and No. 24, Fig. 5). Mercury
oxide decomposes at 100 degrees centigrade and, hence,
prevents further substitution of heavier elements in
group 2B. Turning to the lighter elements in group 2B,
namely, magnesium Mg, and beryllium Be, Mr. Q finds
that com plete substitution of Mg for Zn in a-Zn,SiO: Mn
unexpectedly gives a deep-red-emitting phosphor (No.
40, Fig. 5), and complete substitution of Be for Zn

1 0p. cil., page 143.
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Fig. 5—A compendium of properties of some low-efficiency phosphors,
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in a-Zn,Si0y: Mn, again unexpectedly, gives a weak
orange-red-emitting phosphor. Mr. Q further finds that
partial substitution of Mg for Zn gives a phosphor
which emits independent green and red bands instead
of one single band. Partial substitution of beryllium
for zinc, however, affords high efficiency, variable color,
single bands in the most important phosphor system
known. Colors from green to red-orange may be pro-
duced in the Mmanganese-activated zinc-beryllium-sili-
cate system (Nos. 16 and 17, Fig. 4).' It will be noted
that neither total nor partial substitution of Be or Mg
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Fig. 6—Spectral-distribution curves of some zinc-silicate phosphors.

for Zn in a-Zn,Si0,: Mn obeyed the assumed “rule”
that color shifts toward the blue with substitution of
lighter elements in the same periodic group.

Score at the end of the third series of tests:

Expected results - 3
Unexpected results — 5

After considering group 4B substitutes for the silicon
in @-Zn,SiO,: Mn, Mr. 0 expects, and obtains, a shift
toward the red by substituting the heavier chemically
similar germanium (Ge) for silicon (Si) to produce
green-yellow luminescing! a-Zn,GeO,:Mn (see No. 22,
Fig. 4.) Since the substitution of a heavier, i.e., larger,
for a lighter chemically similar element involves an
expansion of the lattice, Mr. Q may decide to rephrase
his rather battered “rule” to read “in general, an ex-
pansion of the crystal lattice shifts the emission color
toward the red.” To test this revised “rule” Mr. Q
melts a small quantity of a-Zn;Si0s:Mn in a shallow
platinum crucible at about 1600 degrees centigrade,
removes it while still white hot, and quickly plunges it
into cold distilled water.® He discovers that the green-
emitting a-form of Zn,SiO,:Mn has changed to the
yellow-emitting B-form which is chemically identical
but has a crystallographically dissimilar lattice! (see
No. 21, Fig. 4). The transition from a- to B-Zn,Si0,: Mn
involves an expansion of the crystal structure and pro-
duces a shift toward the red in emission color, hence

1 Op. cil., pages 490-492.
¢ U. S. Patent 2,129,096.

this experiment apparently substantiates the revised
“rule” and may be counted as an expected result.
Score at the end of the fourth series of tests:

Expected results 5
Unexpected results — §

With the score improving, Mr. Q synthesizes man-
ganese-activated zinc aluminate, ZnAlL,O,: M, perhaps
expecting the emission spectrum to be shifted toward
the blue, because aluminum (Al) although in a different
group (3B) is lighter than silicon (Si). The expectation,
though unjustified, is rewarded since ZnALO,:Mn, as
shown in line 34, Fig. 5, emits a peak wavelength 100
angstrom units nearer the blue than does a-7n,Si0,: Mn.

Group 3B contains, in order, boron (B), aluminum
(Al), gallium (Ga), indium (In), and thallium (Th).
Substitution of the lighter boron for aluminum djs.
obeys the “rule” in that manganese-activated zinc
borates have emission spectra which are on the red
side of ZnALO,: Mn as shown in line 26, Fig. 5. Only
the lightest base-material elements have given anom-
alies thus far, however, and Mr. Q expects to score
easily by predicting that substitution of gallium for
aluminum in ZnALO,: Mn will shift the emission spec-
trum to the red. The “rule” suffers another discrediting
blow at this point since Mmanganese-activated zinc gal
liate, ZnGa,O,: Mn has an even bluer emission than the
aluminate, ZnALO,: NMn (compare lines 34 and 35,
Fig. 5).

Score at the end of the fify h series of tests:

Expected results 6
Unexpected results 7

Activated materials have given such anomalous re-
sults that Mr. Q returns to the unactivated sulphide

materials and gratifyingly finds his “ryle” obeyed by
the sequence:

Unactivated Phos phor Emission Color

Zn0O violet?

ZnS blue

Zn(S, Se) green to red
(Zn, Cd)S green to red

The emission Spectra of pure unactivated a-Zn,GeQ,
and a-Zn,Si0, phosphors, as shown in Fig. 6, however,
defy the “rule” by shifting in the opposite direction to
the sequence of their “rule”-ol)eying, manganese-
activated counterparts.

Score at the end of the sixth series of tests:

Expected results 8
Unexpected results — 9

Most of the unfinished series of tests have heen com-
pleted with further “expected” and “unexpected” re-
sults, some of whicl may be deduced from the figures.

Figs. 4 and 5 afforq & compendium of the properties
of some well-known cathodoluminescent materials

1 1 7
g tesfz,;e\ lously counted as an expected result in the second series



measured at room temperature (25 degrees centigrade).
Several of the oxygen-containing phosphor systems
afford a variety of emission colors and are designated
as “variable” in the column headed “color of lumi-
nescence.” Zinc-sulphide, zinc-cadmium-sulphide, and
zinc (cadmium)-seleno-sulphide phosphors systems also
produce widely variable emission colors which are
represented by several specific examples shown in the
figures.!® Spectral-distribution curves intermediate to
the extremes shown may be obtained by varying the
initial compositions, degrees of combination, and struc-
tural arrangements of the variable color phosphors.
Certain phosphors such as the alkaline-earth sulphides,
carbonates, sulphates, and phosphates are omitted
because they are too inefficient and/or too unstable for
use in cathode-ray tubes. Strontium-sulphide phosphor,
for example, has only 2 to 3 per cent efficiency of
cathodoluminescence as compared with the arbitrarily
chosen standard a-Zn,SiO,: Mn. The relative efficiencies
were measured on the bombarded side of thick phosphor
layers excited at 6 kilovolts and a current density of
approximately 1 microampere per square centimeter.
These values, particularly those of sulphide phosphors
as compared with oxygen-containing phosphors, change
somewhat with changes in voltage and current density.
The arbitrary standard, a-ZnO-SiO;: Mn phosphor has
an efficiency of 2 to 2.5 candle power per watt, in the
range of 6 to 10 kilovolts at 1 microampere per square

10 Most of the sulphide and seleno-sulphide phosphors listed in

Figs. 2, 3, 5, and 6 were synthesized by E. J. Wood. Many of the
measurements were made by R. E. Shrader.

centimeter when used in conventional
screens.'!

It is evident that phosphors largely disobey the regi-
mentation of chemical substituents as expressed in the
periodic system of the elements. Actually, phosphors
are both impurity- and structure-sensitive, being per-
haps more sensitive to their induced and inherent sub-
microscopic faults than they are to their macroscopic
regularities. Advanced synthetic chemistry, although
indispensable in phosphor research, is nevertheless
secondary in importance to the physics of phosphors.
Particular consideration must be given not only to
chemical compatibilities, but also to physical entities
such as the sizes, valencies, polarizabilities, ionization
potentials, and electron configurations of any chemical
elements proposed for incorporation in a particular
phosphor.

The mechanism of luminescence in a phosphor crystal
is on an atomic scale, involving intangible interactions
of photons, electrons, ions, atoms, and lattice forces.
There are, as yet, no theories which give quantitative
agreement with experiment. Because it is only rarely
possible to predict the luminescent properties of pro-
posed new phosphors, research in this field must be
guided by “scientific intuition” rather than by logic.
Scientific intuition derives its discernment from colli-
gating and applying myriad bits of latent knowledge,
sometimes from apparently unrelated fields.

kinescope

u . W. Leverenz, “Problems concerning the production of
cathode-ray tube screens,” Jour. Opl. Soc. Amer., vol. 27, pp. 25-35;
January, 1937.

The Graphical Design of Cathode-Output Amplifiers-

DAVID L. SHAPIRO{, NONMEMBER, I.R.E.

Summary—This report describes a convenient graphical method
for analyzing and designing cathode-followers. It considers the de-
tails of operation only so far as they are essential to this description.

The familiar equivalent circuit analysis is presented first for con-

List oF SYMBOLS

Instantaneous values of alternating components
1, =cathode current
e, =ground-to-grid voltage
e, =cathode-to-grid voltage
Instantaneous total values
1, = cathode current
e. =ground-to-grid voltage
eq =ground-to-cathode voltage
e, =ground-to-plate voltage
e4. = cathode-to-grid voltage
ey = cathode-to-plate voltage
eq = grid-to-plate voltage
* Decimal classification: R363. Original manuscript received
by the Institute, October 19, 1943; revised manuscript received,

]anual?' 19, 1944
t Hazeltine Electronics Corporation, Little Neck, L. I, N. Y.

May, 1944

venience. This is followed by a description of the graphical method,
a discussion of its application for triode and pentode cathode fol-
lowers, and instructions for sketching the graphs quickly and con-
veniently.

Average values
E. =ground-to-grid voltage
E, =ground-to-plate voltage
Parameters
R, =cathode resistance
R . =load resistance
R, =grid resistance
r, = tube plate resistance
u = tube amplification factor
gm = tube transconductance

[. INTRODUCTION
YHE cathode-follower is a vacuum-tube amplifier
which differs from more familiar amplifiers in that
its load is in the cathode circuit instcad of the
plate circuit. The voltage gain is always less than unity,

Proceedings of the 1.R.I. 20
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but there are several advantages. The high input im-
pedance and low output impedance associated with the
cathode-follower make it useful as a current amplifier.

‘The cathode-follower has come into widespread use in
television and other systems where it is necessary to
transmit video signals along low-impedance transmis-
sion lines. These uses raise design problems involving
the limits of the operating regions of tube characteris-
tics. Graphical analysis is most useful for the solution of
problems of this kind where equivalent-circuit analysis
is not adequate.

I1. EQuivALENT Circuir

Fig. 1 shows the basic cathode-follower circuit. The
signal is fed to the control grid and the load is placed
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% —-—
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€dc
“E A —HE ;.
ec
ed Rk RL
O —0

Fig. 1—Cathode-folicwer circuit

across a resistor R, between cathode an ground. The
plate and the screen, when there is one, are at fixed po-
tentials relative to ground. If the grid potential is made
more positive, the tube draws more current, causing the
potential at the cathode to become more positive. Thus
the cathode “follows” the grid.

Fig. 2 shows the common equivalent circuit for alter-
nating components. The tube is represented by a source

P _
'
Pekg
Rk R

Fig. 2—Equivalent circuit for alternating current.

equal to its amplification factor times the cathode-to-
grid voltage in series with a resistor equal to the tubhe
plate resistance. The capacitor between the cathode an(
load resistors is omitted since its impedance is assumed
to be negligible at the signal frequencies used.

Proceedings of the I.R.E.
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From this equivalent circuit it can he shown (see Ap-
pendix A) that a cathode-follower can be approxi-
mately represented by a source equal to the applied
grid voltage e, and a series impedance equal to 1/g,., the
reciprocal of the transconductance of the tube cmployed.

This representation is limited in that it does not con-
sider the effect of rcactances anywhere in the circuit
which the rest of this report will not consider either,
and in that it docs not consider the limitations imposed
by cutoff of the tube and by the effect of grid current
being drawn. These latter limitations are clearly demon-
strated by the graphical analysis which follows.

I1l. GrapuicaL ANALYSIS

Tube characteristics in handbooks are generally pre-
sented as curves of plate current versus plate voltage
for different values of grid voltage. The plate and grid
voltages are referred to the cathode of the tube. The
graphs here to be used for designing cathode-followers
will differ from those of the handbooks in that they are
plots of cathode current versus cathode voltage for dif-
ferent values of grid voltage. Since the plate is the cle-
ment whose potential remains fixed, these cathode and
grid voltages are considered relative to the plate. Fig.
3 is a sample set of such curves for a 6SN7 tube.
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Fig. 3—6SN\7 cathode-current characteristics.

The line labeled “Grid Current Line” is the locus of
points where the cathode-to-plate voltage equals the
grid-to-plate voltage. Above this line the grid is positive
with respect to the cathode and the tube draws grid
current. The horizontal axis represents the line 7,=0.
Below this line the tube is cut off. Hence normal opera-
tions is between these two lines, although occasionally
a low-impedance driver s used to drive the grid positive
with respect to the cathode, in order to increase the
power available at the cathode.

A static characteristic can be drawn on this graph for
a given cathode resistor. (The capacitor prevents the
load resistor from having any effect on a static charac-
teristic.) For convenience, consider the common ends of
the grid resistor, the cathode resistor, and the load re-
sistor, and the negative return of the B-supply voltage
to be at ground potential. When the cathode current is
zero, the cathode is at ground potential, and the cath-
ode-to-plate voltage is equal to the B supply. This
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information supplies one point on the static charac-
teristic. Assuming a 300-volt B supply, point A of
Fig. 3 is the point referred to. The static cathode-to-
plate voltage is equal to the B-supply voltage minus the
product of the cathode current and the cathode resist-
ance R.. A line of slope —1/R; on the graph of Fig. 3
fills this condition. This line is drawn for R, =10,000
ohms. The supply voltage and the cathode resistor thus
determine the static characteristic, the direct-current
relation between cathode current and cathode voltage.

Selection of a particular grid bias E. determines an
operating point on the static characteristic. Point 0 of
Fig. 3 is for a ground-to-grid voltage of 50 volts, or a
grid-to-plate voltage of 250 volts since the B supply is
300 volts. The dynamic load line, representing the rela-
tion between instantaneous values of cathode current
and cathode voltage, must pass through this point. The
instantaneous rate of change of cathode voltage with re-
spect to cathode current is equal to the parallel combina-
tion of the cathode and load resistors R R./(Re+RL).
Hence the slope of the dynamic load line, the rate of
change of cathode current with respect to cathode-to-
plate voltage, is —(Rx+Rr)/Ri Ry This line is also
drawn on Fig. 3 for R, =10,000 ohms. The dynamic
line shows where limiting may be expected due to cutoff
on negative swings and to grid current on positive
swings if the grid driving source has a high impedance.

IV. CoNsTRUCTION OF TRIODE CATHODE-FOLLOWER
CHARACTERISTIC

All the information needed to plot the grid-current
line and the constant grid-to-plate-voltage curves for a
triode can be taken directly from the plate-current—
plate-voltage characteristics in the tube handbooks. The
grid-current line is exactly the same as the curve for
zero grid bias, and can be copied directly even though
the horizontal axis has been relabeled “cathode-to-plate
voltage.” To construct any constant grid-to-plate-volt-
age curve, a series of points can be taken: one point from
cach grid-voltage curve at the plate voltage correspond-
ing to the desired grid-to-plate voltage. Thus for the
curve for grid-to-plate voltage equals 150 volts, the
point on the curve for —6 grid volts will be taken at
150—6 = 144 plate volts (point P in Figs. 4 and 5).
Figs. 4 and 5§ demonstrate the location of the curve for
a grid-to-plate voltage of 150 volts using the character-
istics of a 6SN7 tube.

V. ApPROXIMATE TRIODE GRAPH CONSTRUCTION

The grid voltage is the same as the cathode voltage
along the grid-current line of Fig. 3, and the slope of this
line is the rate of change of cathode current with respect
to cathode-to-plate voltage. This is the same as the rate
of change of plate current with respect to plate voltage,
and is defined to be 1/7,.

The slope of the lines of constant grid-to-plate voltage
is approximately equal to the transconductance gn (rate
of change of plate current with respect to grid voltage),

Shapiro: Graphical Design of Cathode-Output Amplifiers

e

265

since the variation along these lines of potential differ-
ence between cathode and grid is the main factor in
producing cathode-current variations. The variation in
cathode-to-plate potential is relatively unimportant.
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Fig. 4—Plate-current—plate-voltage characteristic for 6SN7.
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From the above considerations it becomes apparent
that if the plate resistance and transconductance of a
triode are known, the cathode-follower characteristics
can immediately be approximately constructed. The
grid-current line is first drawn from the origin with slope
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1/r, on a graph with cathode-current ordinates and
cathode-to-plate-voltage abscissas. Lines with slope g,
are labeled for values of grid-to-plate voltage corre-
sponding to the cathode-to-plate voltage at their inter-
section with the grid-current line, Fig. 6 shows such a
graph constructed from the handbook values of r, =7700
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Fig. 6—Approximate graph for 6SN7 triode.

ohms and g, = 2600 micromhos. This can be compared
with Fig. 3, demonstrating that the method is rough,
but still handy and usable.

VI. PENTODE CATHODE-FOLLOWER GRAPH
CONSTRUCTION

Cathode-follower characteristics for pentodes or tet-
rodes with their screens by-passed to ground are very
much like those for triodes, in contrast with the differ-
ence observed in plate-loaded amplifier characteristics.
In pentode amplifiers the plate voltage has very little
effect on the plate current so long as it exceeds the screen
voltage, since the latter is generally held constant in
amplifier circuits and maintains the electrostatic field
at the control grid. In cathode-followers, however, the
difference in potential between cathode and screen var-
ies with the cathode current and the resulting charac-
teristic is, therefore, very much like that of a triode.

If the pentode screen is connected to its plate, the
values for u and g. for triode connection can usually be
taken from the handbook and used in the manner de-
scribed above to draw the cathode-follower characteris-
tics. If there is a fixed difference in potential between
screen and plate, a point can be read from the plate-
current—plate-voltage characteristic where this differ-
ence in potential obtains, and where the cathode-to-grid
voltage is zero. Figs. 7 and 8 demonstrate the above for
a 6S]7 pentode. The fixed screen-to-plate voltage is as-
sumed to be 75 volts. The handbook gives the plate-cur-
rent—plate-voltage characteristic for a screen potential
of 100 volts. Reading the grid-voltage curve e.; =0 at the
point for 175 plate volts (point P in Fig. 7) gives one
value of plate current fitting the assumed screen-to-
plate voltage. This, added to the screen current under
the same conditions, is plotted on the cathode-follower
characteristic as a point on the grid-current line for the
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value eq, =175 volts (point P on Fig. 8). The cathode
current will be very nearly cut off when the cathode
potential rises above the screen potential, and therefore
the grid-current line passes through the point 7,=0,
ews=75 volts. To a first approximation a straight line
between these points is the grid-current line.
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The transconductance g~ is the rate of change of plate
current with respect to grid voltage. Assuming that a
constant fraction of the total cathode current goes to the
screen as the grid voltage is varied, the rate of change of
cathode current with respect to grid voltage (the slope
of “he constant grid-to-plate-voltage lines) will be the
transconductance times the ratio of cathode current to
plate current. At point P, the handbook gives g, as
about 1600 micromhos. The plate current is 9 milliam-
peres and the screen current is 2.6 milliamperes, so the
cathode current is 11.6 milliamperes, and the slope of
the grid-current lines will be 11.6/9 X 1600 X 105
=2060X 1075 These lines are also plotted in Fig. 8,
using the same method as was used above for triodes.
The effect of suppressor potential on cathode current is
usually negligible and is here ignored.

The data given in most handbooks are adequate only
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for these rough graphs. If sets of curves were given for
different screen potentials, more accurate curves could
be constructed.

It is also of interest to consider the pentode con-
nection with screen by-passed to cathode. The above-
described effective increase in transconductance does
not obtain in this case, and the effective source imped-
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Fig. 9—Cathode-follower characteristic
for 6AG7 triode connection.

ance is therefore somewhat higher. However, the input
impedance which is often very important is increased.
and the range of operation is that shown in Fig. 9, which
may sometimes be more useful than obtains with screen
by-passed to ground.

VII. CONCLUSIONS

These graphs are closely similar in their method of ap-
plication to the plate-current—plate-voltage character-
istics published by tube manufacturers. Where triodes
are concerned, the information contained in these cath-
ode-follower graphs is the same as that in these pub-
lished characteristics, and hence can be drawn accurately
from them. They can be approximated more quickly
from a knowledge of the transconductance and the plate
resistance of the tube concerned.

Published pentode characteristics do not generally
contain the required information for construction of
cathode-follower graphs, and so the approximate char-
acteristics must be resorted to until such time as more
appropriate data arc published by the tube manufac-
turers. However, these approximate characteristics are
satisfactory for most applications.

The use of these graphs will simplify cathode-follower
design considerably as compared with a trial-and-error
method. They will supply directly the information in a
given design as to where cutoff of the tube or drawing
of grid current may be expected, and as to the ratio of
output to input voltage lcvels.

Further investigation of cathode-followers should in-
clude the operation of several variations of the hasic
circuit and should, perhaps, cover more thoroughly
than has been done in the past the effect of reactive

clements in the circuit, as well as other high-frequency
effects,

Shapiro: Graphical Design of Cathode-Output Amplifiers
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APPENDIX A
From the equivalent circuit (Fig. 2):

. HEkg
l, = ' (1)
r» + RiRL/(Rv + Ri)
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Fig. 10—Cathode-follower characteristic for 6AGT7—
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From (1) and (2)
" pe, — nip(ReRL/(Ri + RL)) 3)
fie = = e
a v, + RiRL/(Rc + Ry1)
Solving for 1,
)
— @)

=0+ (L+ WRRL/(Re + Ri)
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For purposes of comparison consider a source ¢ in series
with a source resistance R, and a load resistance R,. The
load current ¢, is

i, = e/(R, + R,). (5)

Equation (4) can be rewritten
/(1 + u))e,
ro/(1 + p )+ RiRL/(Ri + R.)
and by comparison with (5) the cathode-follower may
be represented by a source (u/(14u))e, with a resistance
rp/(1+1).

If uis large compared to I, as is usually the case,
the source is approximately e, and the resistance is
r»/u=1/gm. This is based upon the treatment of R, and
R, in parallel as the load. The source and impedance
looking back from a load R, alone are, of course, a
function of R,.

(6)

APPENDIX B

Figs. 9, 10, 11, 12, and 13 are cathode-follower char-
acteristics constructed for several popular tube types.
The graphs for the triodes are accurate. Those for the
pentodes are constructed according to the approximate
method described above. ’

Modulated-Beam Cathode-Ray Phase Meter®

ALAN WATTON, JR.t, ASSOCIATE, I.R.E.

Summary—This paper describes a phase meter developed to
measure the phase-shift characteristics of amplifiers used in vibra-
tion-measurement work. It employs a cathode-ray tube, in conjunc-
tion with a circuit establishing a circular time base on the screen of
the tube, and a ‘“clipper” circuit fed in turn by the two voltages, the
phase difference of which it is desired to measure. The change in
angular position of the semicircle obtained on the screen is the phase
difference in the voltages. The method possesses several distinct
advantages, including indication of the sense of the phase difference
and accurate operation at subaudible frequencies.

INTRODUCTION

MPLIFIERS used in vibration measurement
A generally employ negative feedback to stabilize
gain and phase shift. An accurate knowledge of
the transmission characteristics of the complete feed-
back loop of such amplifiers, in both gain and phase, is
required if an appreciable amount of feedback is applied
over more than two stages of amplification. In addition,
the phase-shift characteristicsof the completedamplifiers
are of interest. The band of frequencies involved in
vibration waves extends approximately from 8 to 3000
cycles per second; however, due to the properties of
negative feedback,! it is generally necessary to control
loop characteristics over a much wider range.

METHODS OF MEASURING PHASE

Because of the importance of phase-angle determina-
tion, a great variety of circuits and instruments has

* Decimal classification: R254. Original manuscript received by
the Institute, July 12, 1943.

1 First Lieutenant, United States Army Air Corps, Materiel
Center, \Vright Field, Dayton, Ohio,

' H. \W. Bode, “Relations between attenuation and phase in
feedback amplifiers,” Bell Syst. Tech. Journ., vol. 19, pp. 421-454;
July, 1940.
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been devised. Probably the best known is to apply the
two voltages each to a pair of plates of a cathode-ray
tube and obtain the angle from a measurement of the
geometry of the ellipse. This method, although in com-
mon use, is neither particularly accurate nor convenient.

The method which is the basis of the meter described
in this paper employs a cathode-ray tube, in conjunc-
tion with a circuit establishing a circular time base on
the screen of the tube, and a “clipper” circuit fed in turn
by the two voltages, the phase difference of which it is
desired to measure. The change in angular position of
the semicircle obtained on the screen is the phase dif-
ference in the voltages.

The method is not new; it is noted by von Ardenne,?
and an instrument of this type has been described by
Nijenhuis.® Apparently it has not received attention in
American journals. It is readily adapted to use at sub-
audible frequencies and possesses other advantages in
accuracy and convenience.

OUTLINE OF MoODULATED-BEAM METHOD

A block diagram of the modulated-beam cathode-ray
phase meter is given in Fig. 1. The four-terminal net-
work, amplifier, etc., under test are fed from a source of
sine-wave voltage, e.g., an au«lio-frequency oscillator.
This test voltage is also fed into phase-shifting networks
that give two voltages of equal magnitude but 90 de-
grees apart in phase.

* Manfred von Ardenne, “Cathode-Ray T bes,” Si i
and Sons, Ltd., London, England, 1939, YiSbes " Salac Kitman
® W. Nijenhuis, “Measurement of phase angles by th
oscillograph,” Elektrotech. Zeit., vol. 62, pp. 411413 Af)fi?t;f dxeé?zx
summary from _Phtlzpq Tech. Rundschau, vol. 5, p. 210 on'wards:
July. 1940; also in Phalips Tech. Rev., vol.'S, pp. 189-216; July. ross;

May, 1944
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These voltages, amplified and put upon the deflecting
plates of a cathode-ray tube, produce a circular trace
on the screen. At the same time, first the input voltage
and then the output voltage of the network under test
are passed in turn through a clipper circuit and onto the
intensity grid of the cathode-ray tube. When the direct-
current potential of the grid is suitably adjusted, the
output voltage of the clipper will cause a semicircle to
appear on the screen. (Fig. 2)

The difference in the angular position, measured on a
scale at the edge of the screen, of the semicircle when the
clipper is fed with one voltage to its position when the
clipper is fed with the other, is the phase difference be-
tween the voltages. A knowledge of the direction of spot
motion will allow determining which voltage lags (or
leads) the other.

JESY NETWORK,
SIGNA g
< AMPLIFIER, ETC. LOAD
SOURCE UNDER 1' ST LU
(siNE wave) &
INPUT OUTPUT
-=-4INTENSITY
CRID
CLIPPER
|| L
| |
PHASLC SHIFT e = o
NCTWORK S
- -
gty p—*
PHASL SHIFT
M
e AMPUFICR /

CATHODE RAY TuBEL

Schematic block diagram of modulated-beam
cathode-ray phase meter.

Fig. 1

TypicAL INSTRUMENT

The front view of a phase meter, built in accordance
with this outline, is shown in Fig. 3. It is capable of
measuring phase differences to an accuracy of *1 de-
grees from 3 to 10,000 cycles per sccond, and with
somewhat less accuracy down to 0.5 cycle per second
and up to 20,000 cycles per second. Moderate control
voltages of the order of 1 volt are required for its opera-
tion. The internal construction is similar to that of
commercial oscilloscopes; the cathode-ray tube is
shielded magnetically, and the transformers and chokes
are well to the rear of the case.

The complete circuit diagram is shown in Fig. 4 and a
parts list is given in the Appendix. The production of the
circular time base is accomplished by first amplifying
the sine-wave signal from the oscillator, etc., through a
pair of tubes in a phase-inverter circuit. Then the signal
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is fed through a phase-shifting network of the resistance-
capacitance bridge type.* The capacitance is varied in
steps to cover the frequency range while the rheostats
are used for fine adjustment. Additional fine adjust-

/ PHASE DIFFERENCE
BETWEEN THE VOLTAGES
IN ELECTRICAL
DEGRELS

\ (\ {' / ////

P SCREEN

W
“ANGLE SCALE

SEMICIRCLE
OBTAINED WHEN

CLIPPER IS FED /

WITH FIRST VOLTAGE

\

\

I \ ™\ SEMICIRCLE OBTAINED
WHEN SECOND VOLTAGE
1S APPLIED.

SLIGHTLY DISPLACED
( FOR CLARITY )

Fig. 2—Method of measuring phase difference from the images
formed on the screen of the cathode-ray tube.

ment, acting on the gains of the two amplifiers, is also
provided. At each test frequency these controls are ad-
justed to obtain the circle on the screen of the tube.

Very little distortion is allowable in the circle circuit;
the output tubes are triodes in push-pull, and the de-
flecting plates are balanced to ground.®

Fig. 3—Photograph of instrument.

The “clipper” circuit is of the biased-diode type.® Its
operation is illustrated in Fig. 5. Its purpose is to pro-
duce a “square” wave whose time of passage through
zero potential is the same as that of the voltage whose

«F. A. Everest, “Phase shifting up to 360 degrees,” Electrontes
vol. 14, pp. 46-49; November, 1941.

¢ G. F{ohcrt Mezger, “Qscillograph design considerations,” Proc.
I.R.E., vol. 27, pp. 192-198; March, 1939.

+ “Radio Engineering Handbook,” edited by Keith Henney,
McGraw-Hill Book Co., New York, N. Y. 1941.
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Fig. 5—Operation of clipper circuit.

phase is to be measured. It is important that the change
from positive to negative is very fast. For example, if it
is desired to measure to 1 degree at 10,000 cycles per

second, the time for the change is only 1/3,600,000
second. At high frequencies the clipper will fail, as shown
in Fig. 3, due to the effects of stray capacitance in the
output circuit of the clipper. Thus the exact position of
the zero point becomes somewhat uncertain. At low
frequencies the phase shifts in the coupling circuit cause
another type of distortion, as shown. This is overcome
to some extent by using a very large coupling capacitor
when operating at this low range.

The plate supply of the clipper is thoroughly de-
coupled from the main high-voltage supply by means of
the gas-regulator tubes because any crosstalk from the
circle circuit is harmful to the accuracy of operation of
the clipper.

ANGLE ScaLg

The end of the cathode-ray tube is covered with a
piece of transparent plastic, marked with a circle to
guide in adjusting the circle circuit and with a dia-
metral index line. This piece may be rotated. Around its
rim is a scale accuratels, engraved in half degrees so

that the shift in the position of the semicircle thus may
be noted readily.

USE OF INSTRUMENT

The method of use and the versatility of the instru-
ment may be illustrated by the typical problem of
measuring the transmission characteristic of a multi-
section wave filter. The attenuation characteristic may
be measured by the usual methods. The circuit used to
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obtain the phasec-shift characteristic by means of the
phase meter is shown in Fig. 6.

wAVE FILTLA TCAMINATING
OSCHAATOM
UNOLR TCBY MPLOANCE
1NPUY ouTPUT
| VOLTAGT
AuP
i oIVIDER uPLIFILA
I S
|
|
I MODULATY(O
alAwv
cmcLe CATHOODL - RAY cuseen
NPy PHASE MLITIR /mwv

Fig. 6—Circuit used to measure the phase-shift charucteristics
of multisection wave filter

Note that any considerable difference between the in
put and output levels will, in general, necessitate the
use of a voltage divider to cqualize these levels, and then
an amplifier to bring both up to about one volt to oper-
ate the “clipper.” The phase-shift characteristics of the
voltage divider must be accurately known; preferably,
it should be zero throughout the frequency range of
interest. Note that the effect of phase shift in the ampli-
fier is balanced out and does not affect the accuracy of
the readings. Indeed almost any kind of decoupling cir
cuit, wave flter, analyzer, etc., desired, may be added
into the circuit along with the amplifier without loss in
the accuracy of mecasurement.

Fig. 7—Transmission characteristics of a multisection wave filter as
measured by use of the modulated-beam phase meter, attenuation
characteristic being obtained by the usual methods.

The filter characteristics as measured are given in a
polar plot in Fig. 7. This problem involved measurement
of phase shifts over a frequency range of 100 to 20,000
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cycles per sccond and between voltages differing as
much as 60 decibels in level.

Another application is in the measurement of the
characteristics of amplifiers used in vibration measure-
ment work. Typical results are given in Fig. 8.

Finally, as an illustration of the accuracy possible
with this phase meter, a simple resistance-capacitance
circuit, Fig. 9, was set up and the phase difference be-
tween the applied voltage and that across the resistive
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Fig. 9—Circuit used to illustrate accuracy of phase meter.
(For results see table in text.)




element measured. A comparison between the measured
and calculated values of phase shift for different values
of R (input impedance of clipper being 0.5 megacycle
resistive) is given in Table I.

TABLE 1
Phase Shift Difference
Value of R [ - (Calculated-
Calculated Measured Measured)
Ohms Degrees Degrees Degrees
10,000 77.5 77.5 +0
20,000 66.6 66.0 { +0.6
30,000 ' 57.5 57.0 { +0.5
40,000 49.5 49.5 | +0.0
50,000 44.5 44.0 +0.5
60,000 39.7 39.5 +0.2
70,000 36.0 36.0 +0.0
80,000 32.8 32.5 +0.3
90,000 30.2 30.5 —0.3
100 000 28.4 | 28.0 +0.3
110,000 26.2 26.0 +0.2

Frequency =179 cycles per second.

It may be seen that accuracies of better than +1 de-
gree are possible under favorable circumstances if suffi-
cient care is taken.

Discussion

Examination of the circuit will show that due to its
null-reading properties and the many self-checks upon
the operation, the first-order effects of many sources of
error are eliminated. The circuit possesses definite ad-
vantages in the measurement of the phase between
voltages at widely different levels. No calibration is re-
quired, the dial being accurately engraved directly in
degrees of angle. It is capable of operation at the sub-
audible frequencies of interest in connection with vibra-
tion-measuring amplifiers.

In operation, the circle circuit must be adjusted for
each change in test frequency. However, the operator
will soon obtain skill, so that the operation can be per-
formed with surprising speed. The circle marked on the
plastic window is a definite aid.

The sense of the phase differences, i.e., which voltage
is leading or lagging the other, is readily obtained from
a knowledge of the spot direction. In this meter the spot

moves clockwise. Angles up to 360 degrees are measured
directly; beyond that, the number of rotations con-
tained in the angle must be obtained from a theoretical
consideration of the circuit behavior or elsewhere.
ConcLusION

The phase meter described above is well adapted to
the measurement of the characteristics of vibration
amplifiers employing negative feedback. In addition, it
lends itself readily to use in a great variety of problems
wherein phase between voltages or currentsis of interest.
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APPENDIX

List of component parts:

R 0.5 megohm volume control
Ry 630 ohms -watt resistor
Ri.. 50,000 ohnis -watt resistor
Ry megohm -watt resistor
R, 0.1 megohm -watt resistor
Re,010., 0.5 megohin volume control
R 1,500 ohms 1-watt resistor
[RYRTAT) 15,000 ohms 1-watt resistor
Riv10,00,00 2 megohmis }-watt resistor
Ryo.n 0.5 megohm volume control
Ry 4,500 ohms }-watt resistor
Ry o 0.5 megohm }-watt resistor
Riesine 1 megohm }-watt resistor
Ry 0.1 megohm }-watt resistor
Ry 2,000 ohms {-watt resistor
Ry 50,000 ohms }-watt resistor
n 4,000 ohms }-watt resistor
R 20,000 ohmas }-watt resistor
R 0.25 megohm $-watt resistor
Riu 2,000 ohms {-watt resistor
R 0.8 megohm 4-watt resistor
Ry 10,000 ohms 10-watt resistor
R o megohms {-watt resistor
R 25,000 ohms volume contro!
R 0.25 megohm 1-watt resistor
Ra 80,000 ohms volume control
R 0.4 megohm 4-watt resistor
Ru, o 0.5 megohm }-watt resistor
o0 0.5 megohm volume control
Coy im0, 5000,0 ] microfarad 500-volt condenser
Cin 0.3 microfarad 500-volt condenser
Ci 0.04 microfarad 500-volt condenser
Cio 0.005 microfarad 500-volt condenser
Cun 0.0006 microfarad 500-volt condenser
Cru 80 micromicrofarads  500-volt condenser
Cirae 0.5 microfarad 500-volt condenser
Ciro.00, 8 microfarads 450-volt condenser
Ch 2 microfarads 3000-volt condenser
Cu 500 microiicrofarads  3000-volt condenser
Care 1 microfarad 3000-volt condenser
Curon 16 microfarads 450-volt condenser
L., 20 henries 70-milliampere choke coil

Graphical Gang Calculations*
J. J. ADAMST, ASSOCIATE, IL.R.E.

Summary—It is possible to calculate graphically the inductance
and capacitance relations for cut gangs and padded gangs for super-
heterodyne receivers. The method for cut gangs is as accurate as the
plotting. For the padded gang this is very nearly true. One assump-
tion made in the calculations is found to be very accurate.

N a superheterodyne receiver, it is desired to move
the oscillator and antenna (and radio-frequency)
tuning condensers together so that the resonance of
these circuits will have a constant difference over the

* Decimal classification: R220. Original manuscript received
by the Institute, March 22, 1943; revised manuscript received, Janu-

10, 1944, . . . :
aryt Engineering Department, Zenith Radio Corporation, Chicago,

Ilinois.

272

Proceedings of the I.R.E.

band equal to the intermediate frequency. Theoreti-
cally, this is possible to achieve with properly shaped
plates in the two sections of the gang. All constants for
the two circuits can be found in terms of the maximum
capacitance of each section if the end frequencies of the
band are given. This maximum capacitance needed de-
pends on the distributed capacitance of the circuit, in-
cluding wiring and tube capacitance, coil-distributed
capacitance, gang-section minimum capacitance, and
trimmer capacitance. It is necessary to guess the value
of this distributed capacitance (which can be done ac-
curately with practice) with the trimmer in the middle
of its range. Then the maximum capacitances and the
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Adams: Graphical Gang Calculations

other values are determined. If variable condensers are
used with the same plate shapes in the two sections, a
padding condenser is used. It is possible, in this case, to
obtain exact tracking at only three points in the band.
To procure the least mistracking at other points in the
band, the three tracking points are chosen so that one
will be near the middle of the band and the other two
near the ends of the band. It is possible to find all the
constants of the two circuits in terms of the maximum
capacitances if the end frequencies of the band and the
three tracking frequencies are given. The rest involves
assuming values for the distributed capacitances as
above.

Graphical solutions for these two problems are given
below, starting with the cut section.

With a properly designed cut section gang it is possi-
ble to have the antenna (and radio-frequency) and
oscillator sections track at every point on the band.
(All calculations are based on the simple diagrams
shown in Figs. 1 and 3, and do not take into account
any automatic-volume-control condensers that may be
in series with the antenna or radio-frequency coils, or
the effect of primaries on the secondary inductances.)

For any per cent rotation of the gang, if the antenna
capacitance of the gang is given, the oscillator capaci-
tance can be found, or vice versa. Gang manufacturers
usually have curves of capacitance against per cent
rotation that they like to use. These give a starting
point. The maximum capacitances of the sections de-
pend on the distributed capacitance and frequency
range.
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Fig. 1—Graphical method of solving the cut gang.

The curves in Fig. 1 are based on the following theory:

Let
Cs ~antenna or radio-frequency capacitance.
(This is zero at zero rotation; maximum at
100 per cent.)

—antenna distributed capacitance (including
the minimum of the gang, the trimmer
capacitance, the distributed capacitance of
the coil, and wiring)

Cnd
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C, max=maximum of section

/b =antenna inductance
Wa =27 X signal frequency
C, =oscillator capacitance
Csa = oscillator distributed capacitance
C, max = maximum of section
L, =oscillator inductance
Wo =27 X oscillator frequency
Then,
Co+ Cou = 1/woLa, Co + Coa = 1/wo?Lo.
Let
Co= 21 Co= 12
1/w.? = i 1/we? = 2
we have
X1 + Cad = (I/La)yl
and

22+ Coa = (1/L0)y2

These are straight lines, having slopes that are recip-
rocals of the inductances and x intercepts equal to the
distributed capacitances. Since y=1/w? the frequency
is plotted as a reciprocal square scale. The antenna-
capacitance curve is drawn between the left-hand and
bottom co-ordinates and the oscillator capacitance be-
tween the upper and right-hand co-ordinates. The line
C in Fig. 1 is the intermediate-frequency curve plotted
between the two frequency scales, and is defined by
w, =was+wr p., wherewr r. =21 X intermediate frequency.

In Fig. 1 is an example: given

frequency of band

upper 1620 kilocycles
lower 540 kilocycles
intermediate 455 kilocycles

C, max =420 micromicrofarads
C, max = 126 micromicrofarads

Curve 4 is the antenna-capacitance curve drawn be-
tween points (540 kilocycles, 420 micromicrofarads),
and (1620 kilocycles, 0). GII on the left scale is the
antenna distributed capacitance. Curve B is the oscil-
lator-capacitance curve drawn between points ((540+
455) kilocycles, 126 micromicrofarads),and ((1620+45S5)
kilocycles, 0). JK on the upper scale is the oscillator
distributed capacitance. (It is not necessary to have a
complete oscillator-frequency scale as the oscillator fre-
quency can be found from the signal frequency by using
line C.) Given the curve of antenna capacitance against
rotation, the oscillator curve against rotation can be ob-
tained as follows: Point X on line A is the antenna ca-
pacitance for a certain rotation. The signal frequency at
this rotation can be read on the lower scale. From X go
vertically to ¥ on line C, and then horizontally to Z on
line B. Z gives the oscillator capacitance for this rota-
tion. Curve 4 in Fig. 2 is a typical antenna section
curve, and B is its tracking curve obtained from Fig. 1.
Curve C is the composite of these two curves multiplied
by the ratio of the two maxima. It can be shown that
this curve C, which is the relation between the plate
shapes, is independent of the maximum capacitances.
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For example, if the oscillator maximum 1s doubled, each
of the other oscillator values is doubled for the same
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Fig. 2—Cut gang curves.

tracking. This can be expressed as a relation between
C./Ca max and C,/C, max, which becomes

Co we + w,) 4

(w1 + wo)? — (w2 + w,)?

where w, = top frequency of band

w, = lower frequency of band

w, =intermediate frequency
This equation can be solved by lines D and Fin Fig. 1,
using the per cent capacitance scales. Curve C in Fig. 2
is obtained directly from these lines. This solution for
the cut gang is much less laborious than the regular
solution.
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Fig. 3—Graphical method of solving the padded gang.
The padded gang can also be solved graphically.
Starting with the circuit of Fig. 3, the following equa-

tions can be written:
Cn + Cl =

1 1

it Wt ) Wk (2)
1/(C0+CI) + 1/C3 Wo Lo
Equation (2) can also be written

l/waan (1)
and

Proceedings of the I.R.E.

[ e e i o3
@ + @V (@12 = w2?/)w?)(C./C,max) + 1)2
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Ci+C: — C¥(Co+ Co + C3) = 1/w,2L,. 3)
Assuming similar sections, C,=C,/K where K is a
constant. We can solve the problem for C,=C,, then
multiply C, and G, by K and divide L, by K.
If C,= C,, combining (1) and (3) gives
C32 1

1/watha+ Cs — C1 + C: w?L,

Ci+Cy —- €Y

or

Cs?l3ls 1
1w, + Li(Cy — Cy + Cy) w,’
If in this equation we let X =1/w,? and Y =1/w,.? then
(5) is an hyperbola of the form }'—4 =—B2/(X+D).
This is an equilateral hyperbola with horizontal and
vertical asymptotes,

At the three tracking points we know that w,=w,+
wr.r.. \We are then given three pointson the curve and the
direction of the asymptotes. This happens to be a set of
necessary and sufficient conditions for the complete
determination of an hyperbola.

In Fig. 4 is a sketch of an equilateral hyperbola and

(Cs + C2)Ln S J (S)

some characteristics necessary in the construction. If
chord CD is drawn, then 4D = BC (04 and OB are the
asymptotes). Then, if lines are drawn parallel to the
asymptotes through C and D, the line between the
intersections (JK) will pass through the intersection of
the asymptotes (0). This can be seen from the similar

Fig. 4—Characteristics of an equilateral hyperbola.

triangles. Also, E is the center point of CD, so that the
point (O) can be found by bisecting CD and drawing
EK. If this is done for another set of two points on the
curve, we obtain two lines passing through the point
(0). This method of finding the intersection of the
asymptotes is good for any hyperbola. In an equilateral
hyperbola there is also another construction possible,
since angle a=angle 3.

Another characteristic of the equilateral hyperbola to
be used is shown in Fig. 4. For any hyperbola, if FH is
tangent to the curve at G, then FG=GH. For an equi-
tateral hyperbola, the line joining the point on the curve

to the intersection of the asymptotes (OG) has the nega-
live slope of the tangent.
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Having the asymptotes and a point on the curve, any
other point on the curve can be found by the fact that
the product of the perpendicular distances to the asymp-
totes is a constant. This is most easily done by counting
squares on the graph paper.

In Fig. 3 is a plot of (5). After C (the intersection of
the asymptotes) has been determined from the given
points (B, D, and E) by the above construction, the
antenna resonant frequencies corresponding to the
oscillator frequencies at the ends of the range can be
found (points A and F). Equation (1) can now be plot-
ted between antenna frequency and antenna capaci-
tance as was done for the cut section. This gives La
(slope of line) and C, (=0M). Now to secure L, and
Cs. From (5), when X equals —La (Ci—Ch), dy/dx
=slope of tangent =L./La. 1f Ciis known (trimmer
across coil), we can immediately plot point L at X
equals — L, (Ci—C)), since all these values are known.
Point I/ can now be obtained by xy = K (using C as cen-
ter of co-ordinates). Then CII has the slope — La/Lo.
This determines L.. Also, ZJ=—La. (Ci—Ci+GC),
which gives JL=L,C;, thus determining Ci. If G
is known (trimmer across gang), the job is much
more difficult. The solution can be obtained by using
xy=C2L,L,, (this x and y being co-ordinates of
any point on the hyperbola using C as origin), and
ZK =L, (C2+C3). (These can be used as check formu-
las.) This simplification can be used:

When y =0, x = —L.(Ci— Ci+(C2C3/(C2+Cy)). Thisis
point G. Then GL=L.C;Cs/(C:+Cy). 1f we let GL=
L.C, and go through the construction as before, it is
much simpler. When C; is known, it (being the coil dis-
tributed) is usually very small compared with C3, and
the assumption that C: = C,C3/(C:+C3) is very accurate.

When evaluating a 1/w? term such as L.Cs, mark off
the distance from Z along ZX to the right of Z and read
w; on the lower scale. Then C3=1/wi’L..

The example shown in Fig. 3 is one that often appears.

Adams: Graphical Gang Calculations
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The vertical co-ordinate (oscillator frequency) was made
twice the horizontal co-ordinate (antenna frequency)
for more accuracy in plotting.

Given

oscillator range 540 to 1620 kilocycles
tracking points 600, 1000, and 1400 kilocycles
C, =10 micromicrofarads

C, max = C, max =400 micromicrofarads

The results are

antenna range 534 to 1690 kilocycles
L.=200 microhenries

L,=106.5 microhenries

C, =44 micromicrofarads

C.=49 micromicrofarads

C, =470 micromicrofarads

The tracking error curve can be found from the hyper-
bola. To do this, a smooth curve must be drawn through
the points already obtained. For the determination of
the circuit constants, only four points on the hyperbola
(4, F, H, and G) need be plotted (excepting the given
points B, D, and E.)

These solutions involve considerable work, but prob-
ably not as much as the involved formutas and calcula-
tions necessary with the regular solution, and they
present a picture of the problem that the formulas fail
to do.
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Theoretical Gain and Signal-to-Noise Ratio of t.he
Grounded-Grid Amplifier at Ultra-High Frequencies’

MILTON DISHALY, ASSOCIATE, L.R.E.

Summary—With the grounded-grid or cathode-input-amplifier
circuit the input signal is applied between the grid and cathode of the
tube and the output signal is obtained between the grid and plate
of the tube.

It is shown that, to obtain maximum gain, the input circuit should
be designed to impedance-match the equivalent generator resistance
to R,/M and the output circuit should be designed to impedance-
match the final load resistance to R,M where R, is the shunt
resistance between cathode and grid due to transit-time load-
ing and Rp is the effective plate resistance of the tube and
M =\/T+[(u+1)R/R,). Under these conditions the ratio of the
voltage across the final load to the generator voltage (i.e., the gain of
the complete stage) is G = [(u+l)\/R,/Rl VR/R 12004 M).
Using the acorn tube 955 the noise factors of a receiver, using the
cathode-input circuit and one using the more usual grid-input circuit,
are compared showing that for this specific case the noise factor of
the cathode-input circuit is almost 3.5 decibels smaller than that for
the grid-input circuit, at 100 megacycles. At higher frequencies how-
ever the two noise factors approach the same values.

I. INTRODUCTION

T HAS been shown that a triode is always less

noisy than a pentode of comparable transconduct-

ance.! In fact, it has been shown? that, with the
usual pentodes available, the use of a pentode radio-
frequency stage in front of a triode mixer may lower the
signal-to-noise ratio of a receiver instead of bettering it.
It can be stated that to obtain the best possible signal-
to-noise ratio a triode radio-frequency amplifier input
stage should be used which should give enough gain to
overidle the mixer or first-detector noise as much as
possible; the input resistance should be high enough so
that noise from the input circuit will overide, as much
as possible, the triode-tube noise.

The usual method of using a triode as an amplifier
has been to apply the input signal between the cathode
and grid and to obtain the output between the cathode
and plate. This will be spoken of as the grounded-
cathode or grid-input circuit. Much use has also been
made of the circuit wherein the input signal is applied
between the plate and the grid and the output signal is
obtained between the plate and the cathode. This will
be called the grounded-plate on cathode-follower circuit.
For certain applications this circuit has a number of
advantages, one of which is its high input impedance

* Decimal classification: R132 X R363.1. Original manuscript re-
ceived by the Institute, May 11, 1943; revised manuscript received,
October 25, 1943, ) .

t Federal Telephone and Radio Corporation, New York, N. Yz

! B. J. Thompson, D. O. North, and \V. A. Harris, “Fluct uations
in_space-charge-limited currents at moderately high frequencies,”
RCA Rev., vol. 4, pp. 269-286; January, 1940; vol. 4, pp. 441-473;
April, 1940; vol. 5, pp. 106-125; July, 1940; vol. 5, pp. 244-261;
October, 1940; vol. 5, pp. 371-389; January 1941; vol. S, pp. 505~
525; April, 1941; and vol. 6, pp. 114-125; July, 1941.

* E. \W. Herold, “An analysis of the signal-to-noise ratio of ultra-
high-frequency reccivers,” RCA Rev., vol. 6, pp. 302-332; January,
1942,
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and low output impedance. Thus, if one desires to feed
an equivalent high-impedance generator into a low
impetlance line for example, and the use of impedance-
matching circuit elements is impracticable, the cathode-
follower circuit can be used with advantage.

Where radio frequencics are concerned, one runs into
trouble with the above two circuits because of undesired
feedback between the output and input circuits, which
necessitates neutralization. In the grounded-cathode
circuit, the undesired feedback is due to the grid-to-
plate capacitance plus transit-time effects. In the
grounded-plate circuit the undesired feedback is due to
the grid-to-cathode capacitance plus transit-time effects.

A third method of using a triode as an amplifier is to
apply the input signal between the grid and the cathode
and to obtain the output between the grid and the
plate.? This is the grounded-grid or cathode-input cir
cuit. One of the characteristics obtained by using the
tube in this way is a low input impedance and a high
output impedance. Thus the grounded-grid circuit can
be used to advantage when a low-impedance line, for
example, feeds a high-impedance load and the use of
impedance-matching circuit elements is impracticable.
With this circuit, undesired feedback is due to the plate-
to-cathode capacitance. \With the usual tube in which
the grid is between the plate and cathode, the tube can
be so constructed that, due to the shielding action of the
grid, the plate-to-cathode capacitance is very low in
comparison with the other capacitances in the circuit.
Under this condition, a triode can be used without
neutralization at very high frequency and ultra-high
frequency without fear of a large amount of regenera-
tion or oscillation. At frequencies where coaxial lines
have to be built around tubes, the lack of need for
neutralizing elements is of course a great advantage. In
the case of a receiver which is (o cover a range of fre-
quencies, freedom from neutralization worries greatly -
simplifies the design problem. In practice, radio-fre-
quency chokes should be used in the filament leads to
remove effectively the cathode-to-filament capacitance
from its position across the input circuit.

Since there are tubes available in which the induct-
ance of the leads is negligible, even at ultra-high fre-
quency, these inductances will not be considered in this
paper. If present they can cause regeneration and
oscillation unless the circuit is neutralized.?

It is assumed that an impedance-transforming circuit
will be used between the antenna or equivalent genera-
tor and the input terminals of the tube, and that an

3 C. E. Strong, “The inverted amplifier,” Elec. Comm., vol. 19
no. 3, pp. 32-36, 1941; Electronics, vol. 13, pp. 14-16. July, 1940
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impedance-transforming circuit will be used between
the output terminals of the tube and the final load,
which is usually the input impedance of the mixer stage
or of a second radio-frequency stage.

This paper will deal only with that frequency band
in which transit-time loading is so great compared to
the loading caused by circuit losses that the losses in
the above circuits can be considered to be negligible,
i.e., the circuit elements may be considered to be pure
reactances. To see what the magnitude of the transit-
time loading would have to be so that the losses in good
coaxial line circuits may be considered negligible, let us
examine the parallel input resistance of a short-circuited
quarter wavelength coaxial line of characteristic im-
pedance Z,. For a copper line, (b is the inside radius of
the outer conductor, and a is the outside radius of the
inner conductor) this is*

(log b/a)?

el = i22012 b —— 1

/1) \/ﬁ- (1 + b/a) ( )

Using b/a=9.2 for maximum impedance, b=3 centi-

meters, and fo =200 megacycles we find an input im-

pedance of 475,000 ohms. The above assumes a very

good short circuit at the end of the line; for even if the

line were loss-free the input impedance to a quarter-

wave line terminated in an impedance Zr is Zing,

= 272/Zr. To overcome the bad effects of oxidation of

the copper, the lines should be silver-plated and
polished.

Capacitance across the front of the lines causes the
length of line required for resonance to be less than
N/4. The electrical length 6(8=2w(l/\)) required is
9 —tan—'(X./Z,) and the resonant impedance of the
capacitor and line is®

Rus = Rucoyny fm/2 X [(1 = cos 20)/(20 + sin 20)]}. (2)

Thus, assuming that tube and wiring capacitance
across the line is such as to make the length of the above
line required for resonance be, for example, 60 degrees,
we find R,.,=0.8R,.,, = 380,000 ohms.

We can thus make the rough qualitative statement
that so long as the actual and transformed impedances
entering in the circuit are very much less than 350,000
ohms (say) at 200 megacycles, we may consider the
losses in the above type of circuit elements to be zero
with negligible error resulting from this assumption.
Since R..(,,,, is proportional to the square root of the fre-
quency the above values would have to be scaled down
if the frequency being considered is lower than 200
megacycles.

1. EQuivaLENT TuBE CIRCUIT

The equivalent circuit of a triode which holds from
very low frequencies up to those frequencies at which

sF. E. Terman, “Resonant lines in radio circuits,” Elee. Eng.,
vol. 53, pp. 1046-1053; July, 1934.

“L. S. Nergaard, and B. Salzberg, “Resonant impedance of
%l&r\gﬁm:ssion lines,” Proc. I.R.E., vol. 27, pp. 579=584; September,
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the transit angle is about 30 degrees is given by Llewel-
lyn$-8in Fig. 1.
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Fig. 1—Equivalent circuit of a triode.

Within the above frequency limits, the values of the
elements in the above equivalent circuit are independent
of frequency and the grid-to-plate resistance is negative
and much smaller than Rkg, and p and Rp are the fa-
miliar low-frequency constants.

For (X./R)*™1, a series combination of resistance
and capacitance has the same frequency characteristics
as has a resistance inversely proportional to the square
of the frequency which is in parallel with a capacitance.
As Llewellyn points out, this gives a beautifully simple
explanation of the fact that the shunt resistance be-
tween the grid and cathode due to transit time is in-
versely proportional to the square of the frequency. Be-
cause of the simplification in the equations the equiva-
lent shunt resistance will be used.

In all that follows the negative resistance in series
with the grid-to-plate capacitance will be assumed to
be so small in comparison with the reactance of the grid-
to-plate capacitance that it may be neglected. If this is
not true, it is possible to obtain, with the grounded-
grid circuit, an input impedance which increases with
frequency due to the effect of this negative resistance.

As already mentioned, the plate-to-cathode capaci-
tance will be considered negligible.

NI

a
Rr - Ru
€
o

Fig. 2—Circuit to be analyzed to obtain the gain equation.

[11. ALTERNATING-CURRENT CIRCUIT

Disregarding direct voltages, the amplifier circuit is
given in Fig. 2.

A is any type of impedance-transforming circuit. This
must include the dynamic-grid-to-cathode capacitance
of the tube.

B is any type of impedance-transforming circuit. This
must include the dynamic-grid-to-plate capacitance of
the tube.

¢ F. B. Llewellyn, “Operation of ultra-high-frequency vacuum
tubes,” Bell Sys. Tech. Jour., vol. 14, pp. 632 665; October 1935.

7[>, B. Llewellyn, “Equivalent networks of negative grid vacuum
tubes at ultra-high-frequencies,” Bell Sys. Tech. Jour., vol. 15, pp.
§75-586; October, 1936.

s F. B. Llewellyn, “Electron Inertia Effects,

Cambridge Uni
versity Press, New York, N. Y., 1941.
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E,=equivalent generator voltage
1 = generator resistance
Ni=effective step-up of the input circuit 4. That
is, at the resonant frequency of the input circuit
Ny=v, 75;/76; where R, is the shunt resistance one would
see between the output terminals of the circuit if a re-
sistance R, is placed across the input terminals.

Fig. 3—Circuit analyzed to obtain input impedance.

R,=shunt resistance between grid and cathode due
to transit-time loading.

It should be realized that the transit-time resistance
and the transconductance of a tube are interdependent,
the relationship being given by R, = 1/KG,, f*r? where K
is a constant dependent upon electrode spacing and

Ru

€& ()

Fig. 4—Circuit analyzed to obtain output impedance.

voltages, G, is the transconductance, f is the frequency,
and 7 is the cathode-to-plate transit time. %10

Ri =resistance seen when looking back from input
terminals of the tube =R, in parallel with N,?R,.

R =resistance seen looking forward from the output
terminals of the tube = R,/ N,2.

N.=effective step-up of the output circuit B. That
;s at the resonant frequency of the output circuit

Proceedings of the | .R.E.
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IV. INpUT AND OUTPUT INPEDANCE OF TUBE

To find the input impedance of the tube we consider
the circuit shown in Fig. 3.

E |(Ry+ Ru)/(u+ DR,
I ARy + RO/ + D] + R

We recognize the input impedance to be the parallel
combination of R, and [(R,+R.)/(u+1)]. If R, is very
large, e.g., at low frequencies, then the input impedance
to the tube is merely [(R,,-{-RL)/(,u-{-l)]. Later a con-
stant M =+\'"14(u+1)R,/R, will be introduced and in
terms of M,

lin = l(Rn + RL)/(MQRP + RL) ]Rl- (33-)

To obtain the equivalent output circuit of the tube
we consider the circuit shown in Fig. 4.
In the complete circuit of Fig. 2 the E; of Fig. 4 is
Ei=[R./(R+N?R)]NE, and as previously defined
Ri=R/N,*R,/(R,+ N,*R,) and R, =R,/ N,?.

Solution for I gives

L ()]

N (;4 -+ I)Ek
Rp+ (u+ )R + R,
We recognize this expression as Leing that which
would be obtained from the below equivalent output
circuit, shown in Fig. §

R,+{ LL¥)Rx

R —e=
(4L*NE
Fig. 5—Equivalent output circuit.

The output impedance of the tube thus is,
Zoww = Ry 4+ (u + 1R, (4)
Substituting the general expression for R, from above
and again introducing M = /1 +(u+1)R./R, we obtain
Zow = [(Ri+ MNR)/(R, + N'R)R,.  (4a)

V. GaiN EgquaTtionN

The gain of the circuit is defined as the ratio of the
voltage 1'; across the final load (R,) to the generator
voltage E;. This is

G Vs, (u + 1)NN, 5 .
1 = = - -~
E R R RiV1 )R./R R\/1 y
l 1+_R—l_ le'*‘“z N22+*1'\’/ +(#j-a)f / ii\’lz"\/ +(2+ ])R/ARP~ N,?
: 2

N»=+/R,/R. where R, is the shunt resistance one would
see at the output terminals of the circuit if a resistance
R. is placed across the input terminals.

Ra=final load. In this analysis this load will be taken
ro be the shunt transit-time input resistance between
grid and cathode of a grid-input triode mixer.

R, = effective plate resistance of the tube.

> W. R. Ferris, “Input resistance of vacuum tubes as ultra-high-
I;rge?élency amplifiers,” Proc. 1.R.E., vol. 24, pp. 82-105; January,

1 D. 0. North, “Analysis of the effect of space charge on grid im-
pedance,” Proc. I.R.E., vol. 24, pp. 108-136; January, 1936.

R, R,

Throughout the analysis the quantity /1 +(u+1)R(/R,
will occur many times and since it is a constant fixed by
the tube used, we shall represent it by

M= \T4 W+ DR/R, = VIFCiR.

The choice of this constant 1f
that this analysis applies only to the very high and
ultra-high frequencies, for at the very low frequencies
R. would approach infinity allowing an infinite step-up
in the input circuit with Af also becoming infinite. It
is of course the circuit-element losses which we have

(6)

demonstrates again
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neglected which makes the attainment of infinite step-
ups impossible at the low frequencies. Actually, in so far
as the gain equations are concerned, they can be applied
to low frequencies if R, is taken as the resultant of the
resonant or dynamic resistance of the input circuit in
parallel with the transit-time loading. Thus, we have

Dishal: Grounded-Grid Ultra-High-Frequency Amplifier
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mum gain obtained with cathode feed is the same as
that obtained with grid feed and in the limit both gains
approach zero.

In many cases, for the sake of mechanical simplicity,
it is desirable to connect the generator directly to the
input terminals of the tube and the final load directly

(s + DNV,

G, =

Voltage gain, rather than power gain, is used because
one of the very convenient methods of measuring stage
gains make use of the cathode-ray oscilloscope wherein
voltages are worked with directly.

The value of N, which gives maximum gain is found
by setting 8G/dN,=0. This results in

[(R, + Ro/ND/(M?R, + R/ N2 R, —
R,

Since [(R,+R.)/(M?R,+R.)]R, is the input imped-
ance to the cathode for a given Ry/N,?= R, we see that
for maximum gain with a given R, we should use the in-
put circuit to impedance-match the generator imped-
ance to the resultant cathode input impedance.

The value of N, which gives maximum gain is found
by setting 8Gi/dN,=0. This results in

R:
, . - (8)
[(Ri+ MN:*R)/(R. + N2R)]R,

Since [(R,+MleRl)/(R,+N12R1)]R, is the output
impedance of the tube with given N\?R, we see that for a
given N,’R, the output circuit should be used to im-
pedance-match the load impedance to the resultant tube
output impedance.

For the case where we can make both Ny and N opti-
mum (which is the case we wish to consider) substitut-
ing (8) in (7) and vice versa gives

V2= [TRI, M)]/‘Rl |

N.? = Ro/R,M f
and for this condition we sec that the input impecdance
to the cathode is R,/ M and the output impedance of the
tube is (R, M).

Substituting (9) in the gain equation (Sa) the maxi-
mum obtainable gain becomes

(v + DV R/ Riv Ra:/R,
20 4+ M)
Comparing this with the maximum gain obtainable

with neutralized grid feed, viz.,

Glmax = uv/R, R;\ R/ Ry

we see that the ratio of maximum gain obtainable by

cathode feed to that obtainable by grid feed is

270 + M) + 1)/ = 2/(1 + M). (11)
Thus we sce that at the ultra-high frequencies where

R, becomes so small that M approaches unity the maxi-

1\712 =

7\722 —

)

for maximum gain

(Sb)

kmnx ©

(10)

("lw,/GUmn

LT (RURIN + (Ry/R)N 2 + (RiM/R)NH(R,M/R)N2? '

(5a)

to the output terminals of the tube. In this case
N,=N,=1 and the gain equation becomes
P S wtD . (50
1+Rp/R2+(#+I)Rl/R2+R1/Rt+R1Rp/R1R2
Finally, if the generator is connected to the final load
by an impedance-matching transformer without using a
tube the gain would be

G, = 1/2[VR:/R\]. (12)
As a specific numerical example let us consider the
case of a 250-ohm antenna, a 955 acorn tube as the input
radio-frequency stage using cathode feed, and a 955
grid-fed mixer at a frequency of 400 megacycles. Here
R, is approximately 1000 ohms, R, is approximately
1500 ohms, x =25, and R, is 12,000 ohms. Therefore,
M=+vV1+4(u+1)R/R,=1.78. The input impedance to
the cathode, for maximum gain will be Rin =R,/ M =560
ohms. The output resistance of the tube will be
Rou,=R,M =21,400 ohms. The input circuit step-up
should be Ny=+/(R,/M)/R,=1.56 and the output cir-
cuit step-up should be Na=+/Ry/R, M =0.265. The gain
then will be

d (# + 1)\/ Rt/kl\/ Rz/Rp ”
200+ M)
while with grid feed the maximum gain obtained would
be

3.25

kmax

(2 Rl/Rl\ RZ/Rp o
4

If the 250-ohm generator is connected directly to the
input and the load directly to the output the gain ob-
tained would be (using (5c)) Gir=1.67.

1t should be noted that with the grounded-grid cir-
cuit it is important to use an impedance-matching trans-
former (B) between the output terminals of the tube
and the final load. This is because of the large imped-
ance ratio between the output resistance and the load
resistance (i.e., due to its feedback the grounded-grid
circuit produces a relatively high output impedance,
while due to transit-time effects and dielectric losses, we
have forced upon us low input or load impedances).

In the above specific example the change in gain from
3.25 with impedance matching, to 1.67 without imped-
ance matching, is due, almost entirely, to the lack of the
output-matching circuit.

Of course, if the generator resistance was of such a

4.42.

Gmax =
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value as to produce a large impedance ratio between the
generator resistance and the input resistance of the cir-
cuit, the input-matching circuit (4) would become
equally important,

If an impedance-matching transformer only is used
the gain will be (using (12)) G;=1.24.

VI. BANDWIDTH OF THE CIRCUITS AT CRITICAL COUPLING

It is usually necessary to know what band of frequen-
cies will be passed by the circuits for the maximum gain
condition.

If, unfortunately, the distributed capacitances and
those due to the tube are too large, the band pass of the
circuits when critically coupled for maximum gain may
be too narrow to be used for a particular application.
If this should be the case, greater than critical coupling
must be used in the circuit which is too narrow. If the
circuit is an equivalent single-tuned, impedance-match-
ing circuit as in Fig. 6, for example, increasing the

I
3B & 3,
[

Fig. 6—One type of impedance-matching circuit.

coupling is all that is required satisfactorily to widen
the pass band. If an equivalent double-tuned, imped-
ance-matching circuit, as in Fig. 7, is used then, besides
increasing the coupling, additional damping is required
to remove the resultant valley in the center of the pass
band. Due to the much higher resistance involved on

2 b oge
o | 7]

Fig. 7—Another type of impedance-matching circuit.

Rs

the plate side, we will find that for the usual capaci-
tances met with, the output-circuit band pass is much
narrower than that of the input circuit. This, also,
means that in tuning the circuits the output circuit will
be much more critical to adjust then the input circuit.

An approximate expression (true for small percentage
bandwidths) for the bandwidth between the 0.707 volt-
age-ratio points of any equivalent, double-tuned circuit,
such as Fig. 7, when it critically couples two resistances
1S
(Afor01/f0) = — (ng — ng)?/2

+ V [(na — 15)?2/2]2 + 4na’ngt. (13)

na4=1/Q4 for primary circuit

np=1/Qp for secondary circuit

If paralle! resonance is used as in Fig. 7 n=X,/R,
where R, is the resistance in parallel with the tuned
circuit and X, is the reactance of the capacitance (or

May

inductance). If series resonance is used n =R,/X, where
X, is the reactance of the capacitance (or inductance)
and R, is the resistance in series with the tuned circuit.
(This equation is obtained from (7) on page 989 of
Puringcon's paper.!! If the critical coupling condition
K =+/nunp (K is the coefficient of coupling) is inserted
in this equation we can obtain (13) of this paper.) This
expression assumes that the Q's of the two circuits re-
main constant, which is not strictly true. The answer
obtained from its use, however, is a very close approxi-
mation to the actual bandwidth obtained.

Let us consider the output circuit in our former ex-
ample using the 955’s, and assume it consists of a double-
tuned circuit of the type of Fig. 7. We shall allow 1
micromicrofarad on each side for the wiring capacitance,
We thus have C4 = Cpg+1 micromicrofarad = 2.4 micro-
microfarads. Since the second tube is a grid-fed mixer
we have Cp = Cgk+Cgp+1 micromicrofarad = 3.4 micro-
microfarads. \We found previously that R,=R,M
=21,400 ohms, and Rz = R, =1500 ohms.

Therefore, at 400 megacycles 74 =X,/R,=0.0078
and np=Xp/Rp=0.078.

With these Q's, the coefficient of coupling which will
give the required step-up, i.e., which will impedance-
match R; and R, M is K=+/n,np=0.025. By substi-
tuting in (9) we have Af;.70; = 6.9 megacycles.

The same steps would be carried out for the input
circuit if it is a double-tuned circuit. If it is an equiva-
lent single-tuned circuit as in Fig. 6, simple approxima-
tion formula for the bandwidth between the 0.707 volt-
age ratio points is

Afor01/fo = 1/wCpRr (14)

where Ry =RgN?R,/(Rp+N?R,) where N is the effec-
tive step-up (as defined before) of the circuit.

VII. SiGNAL-10-Noise RaTIo

The circuit which must be analyzed to obtain the
output noise is given in Fig. 8.

Fig. 8—Circuit to be analyzed to obtain the
signal-to-noise ratio.

The sources of noise in this circuit are:

1. The antenna or generator resistance which is con-
sidered to be at room temperature.

2. The transit-time-loading resistance which is con-
sidered to be a temperature of 5¢. North and Ferris have

W E. 8. Purington, “Single- and coupled-circuit svstems,”

LR.E.. vol. I8, pp. 983-1017; June, 1930 Erec
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shown!? that with grid-controlled tubes with control
grid next to the cathode, the induced grid noise is equiv-
alent to the thermal noise due to a resistance of the same
value as the shunt transit-time loading resistance whose
temperature is about 5 times room temperature. They
have also shown that, to a first approximation, induced
grid noise may be considered to be independent of the
plate noise of the tube.

3. The tube, whose noise is represented by a noise
voltage generator at the grid.! It will be assumed that
the noise due to the tube can be represented by a voltage
generator at the grid for the case where there is feedback
as well as for the case where there is no feedback. It will
also be assumed that the value of the noise-equivalent
resistor for the tube is the same when the tube is used
with and without feedback.

Dishal: Grounded-Grid Ultra-Iigh-Frequency Amplifier
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Considering each noise generator separately (super-
position theorem) and using the equivalent output cir-
cuit of the tube, we obtain the noise voltage across R,
due to R,

Vg, = GV ER, (16)
where G, is given by (5).
The noise voltage across R due to R, is
Vire = G.N W/ Ri/R/SER.. (17)
The noise voltage across R; due to Re,., is
1 + N.2R\/R .
VReq.l = Glc ( - *'-’l' : [) \rER 'q.1e (18)

&
To obtain (18), the approximation that (u+1)=uis
made.
The noise voltage across R; due to R is

Ve, = G —— (19)
(u + 1)N1N2
The noise-equivalent resistor Re , for the tube is con- and the noise voltage across R, due to Req., is
sidered to be at room temperature £
) e . Vieay = G\ kReq.,/Gi-
4. The load resistance which, in our case, is the tran- ) Reas = G/ kReas .Gh )
sit-time resistance of the next tube and so is considered The total noise voltage across R is
to be at a temperature 5¢. 2 2 2 2 2 2
=V eq -t 2 eq- -
5. The next tube and all noise sources after it. This V." mt Ve, £ Va ¢ eiag s
noise voltage is given in terms of an equivalent-noise The signal voltage across Ry is
resistance, Req ., V. = GeE. (21)
The open-circuit root-mean-square noise voltage due The signal-to-noise ratio is, therefore,
Via\? E,? .
>= T R e (22)
s kR [1 A UL R'N‘z/R')*{ (H)?5Ry + (/)*Reas) ]
' R, RNy T w+ DN/2]
where
g R,NJ?/Ry + (RUMN12/R.)(R,,MN22/R2) (23)
- 2(1 + RN /R
7'e 1 + R\N2/R.+ R,N2*/Ry + (RAIMN2/R)(R,M N2/ R2) (24)

2(1 + R\N?/R)

to these resistors is' 14
E. = \4KTAfR
E.n'c = \V/1.65 X 10 2 AfR = V' kR

5) —
Vn)(l

(15)
thus

ER| 1+ 5
' R. RN’

where T = absolute temperature of resistors.

Af = the resultant band pass of the receiver which
is assumed to be rectangular and to be nar-
rower than the band pass of the radio-fre-
quency circuits.

K =Boltzman's constant, 1.37X10°% joule per
degree absolute

RNz (14 1(’13\'12/R,)’§

Itis of interest to compare the above general equation
for the signal-to-noise ratio for the grounded-grid circuit
with that obtained for the usual grid-fed amplifier cir-
cuit which is*

<3 (25)
[R,/(Ry + RaN2D1*SR: + Req.. |
eq .

T )
1 + R,N2/R,

Comparing (22) and (25) we see that if there were no
noise due to the load resistance R, and any noise sources

12 [y, Q. North, and W. R. Ferris, “IFluctuations induced in
vacuum-tube grids at high frequencies,” Proc. I.R.E., vol. 29, pp.
49--50; Fcbruary, 1941

1 | B. Johnson, “Thermal agitation of electricity in conductors,”
Phys. Rev., vol. 32,‘!) .97-109; July, 1928.

1 [, Nyquist, ’Flwrmal agitation of clectric charge in conduc-

tors,” Phys. Rev., vol. 32, pp. 110-113; July, 1928,
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Roq,z beyond R, the signal-to-noise ratio for the two
cases would be identical, i.e., the effect of noise due to
the generator resistance, the induced grid noise and the
plate noise is the same in both cases; the negative feed-
back involved in the cathode input circuit does not
change the effect of these noises in so far as the signal

to-noise ratio is concerned. However, for the same N,
and Nz in both cases it will be seen that since M is always
greater than unity, the factors multiplying R, and Krars
will always be larger for the cathode-feed case and so
the effect of the noise due to R, and R, ., will be greater
with cathode feed than with grid feed. This result may
be said to be due to the lower gain obtainable with cath.
ode feed.

[t is also of interest to note that for the grid-feed cir-
cuit the effect of the noise due to R, and R., . is a func-
tion of the step-up N, in the output circuit only. For the
cathode-feed circuit however, the effect of R, and R.q.,
on the signal-to-noise ratio is a function of both the
step-up N, of the input circuit and the step-up N, of
the output circuit.

Since the signal voltage Vg and the noise voltage I/,
are across the same resistance, the square of the signal
to-noise voltage ratio is the ratio of signal power to
noise power. It is common practice to consider the sig-
nal-to-noise power ratio rather than the signal-to-noise
voltage ratio.

We see that the denominator of the signal-to-noise
ratio (power) consists of the square of the noise voltage
kR, due to the antenna or generator resistance, multi-
phied by a factor. This factor is called the noise factor
of the receiver. A receiver with a noise factor of unity
would be a noise-free receiver, the signal-to-noise ratio
being affected only by the generator resistance. Another
way of defining the noise factor, which of course leads
to the same result, is to state that it is the ratio of the
signal-to-noise ratio obtained with the actual receiver to
the signal-to-noise ratio which would be obtained if the
generator resistance were the only noise source, the re-
ceiver being noise-free.

VIII. SiGNAL-TO-NoISE RaTIO FOR MAXIMUM GAIN

Because it was felt that there is a real advantage, in
so far as circuit adjustments are concerned, in working
with circuits designed for maximum gain, no attempt
has been made to find the values of N, and N, which
make the signal-to-noise ratio a maximum. Rather the
maximum-gain condition will be used and the signal-to-
noise ratio for this condition will be found. It is also
probable that, just as with the grid-feed circuit, the im-
provement in signal-to-noise ratio that can be obtained
with any N, or N,, other than those for maximum gain,
will be quite small for values of the circuit components
which are encountered in practice.?

When the maximum-gain conditions (9) are fulfilled
(22) becomes,

V.

2 EIZ
(V:)k_ ER {14 S/M + [(1 + M)/ M |(Rea/R))}

(22a)
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where S/4R; + Req., 5
R Roq., + ’
‘ { e + 1)/2)VR/ R, M}
The receiver noise factor for this case is thus
Fo={1+5/M+ [(1 4+ M/M|(Rey /R)}. (27)

The generator signal which will give a 1-to-1 signal-
to-noise ratio is from (22a)

Ev., =\ kR\/F (28)

It is of interest to compare the above noise factor with

the noise factor obtained when a grid-fed amplifier cir-

cuit is coupled for maximum gain. The signal-to-noise

ratio for this case is obtained by substituting the maxi

mum-gain conditions, Ny=+v/R,/R, and N, = V' R,/R,
in (25). We then have

Vg £y o
( ) 25a
V. kR,[l + 5 + 4(R., O/R,)]
where I y
IR, 4+ R,
R q.G l(cq 1 : = (29)

[‘fﬂ 2)\‘1R2 'R,,Jz
The noise factor is, therefore,
Fo = 1454 4(Rey 4/ R)] 30
and the generator voltage required for 1:1 signal-to-
noise ratio is, from (23a),

Eii.. = kR VFa 31

Comparing (27), (26), (30) and (29), we can say the
following with reference to the advantages and disad
vantages of cathode feed as compared to grid feed in
so far as signal-to-noise ratio is concerned when maxi-
mum gain is obtained in both cases. Of the three terms
in (27) and (30), the first term may be said to represent
the etfect of the noise duc to the generator impedance,
the second term the effect of the noise due to the transit-
time loading resistance considered to be at a tempera-
ture of 5¢, i.c., the induced grid noise, and the third
term may be said to represent the effect of all the noise
on the plate side of the tube. \We see that the effect of
the generator impedance noise is the same in both cases,
The effect of the induced grid noise is less in the case of
cathode feed by the factor Af: we may say this is so be-
cause the transit-time noise is loaded down more by the
lower input impedance of the cathode-input circuit. The
effect of the noise due to all the sources on the plate side
of the tube is greater in the case of cathode feed. This is
due to two effects; both of which are connected with the
fact that the maximum gain obtained with cathode feed
is always less than the maximum gain obtained with grid
feed; first and most important the factor 1+ M)2/0r
is always larger than 4 since .If is always larger than
unity and second; the grid-to-grid gain with grid
feed, i.e., u/2\/R, R, is always larger than the factor
(k+1)/2v/ R,/ R, }M for cathode feed.

A plot of the square root of the noise factors given by
(27) and (30) is shown in Fig. 9 for the previous specific
example using the acorn tube 955 over the range from
100 megacycles to 1000 megacycles. \We are assuming
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that R,=1000 ohms and R.=1500 ohms at 400 mega-
cycles and that they both vary inversely as the square
of the frequency. For the 955 amplifier Re;., = 1250 ohms
and for the 955 mixer R..,=8000 ohms. R, is 12,000
ohms and as before M =+/1+(u+1)R,/R,. The ratio
of the maximum gain obtained with cathode feed to that
obtained with grid feed is also plotted on the same
graph.
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Fig. 9—Square root of noise factors for the impedance-matched case.

For this specific example we see that at 100 mega-
cycles, the cathode-feed noise factor is a small amount
(almost 3.5 decibels) smaller than the grid-feed noise
factor. We also see that this improvement becomes
smaller and smaller as the frequency increases or as
R./R.q., decreases. This is the same as saying that the
improvement becomes smaller and smaller as the effect
of the plate side noise becomes larger and larger. At
about 400 megacycles, there is practically no advantage
in using cathode feed in so far as signal-to-noise ratio is
concerned. Herold? shows that just about the same sig-
nal-to-noise improvement can be obtained with a grid-
fed amplifier by using a smaller value of step-up N in
the input circuit than that required for maximum gain.

We see also that for this specific example at 100 mega-
cycles cathode-feed gain is only 30 per cent of grid-feed
gain. However, for this example we see that, at 100
megacycles, the gain obtainable with cathode feed is
still great enough so that the third term in the cathode-
feed noise factor is still small compared to the other
terms, just as it is with grid feed. Since the second term
in the cathode-feed noise factor is definitely smaller
than that in the grid-feed noise factor we conclude with
a better signal-to-noise ratio, as above. Another way of
stating this is; even though the gain obtained with cath-
ode feed was only 30 per cent of that obtained with grid
feed it was still large enough practically to override the
tube noise on the plate side and that due to succeeding
stages. The lower input noise obtained with cathode
feed then gives a better signal-to-noise ratio. Since, in
most applications, a radio-frequency stage is used to
obtain an improved signal-to-noise ratio, not additional
gain, the lower gain obtained in this case with cathode
feed is no drawback.
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[X. IMPROVEMENT IN NoIsE FAcTorR DUE
TO RADIO-FREQUENCY STAGE

It is of interest to see just what improvement in noise
factor is obtained by the use of a stage of radio-fre-
quency amplification before the mixer, as compared to
using a simple impedance-matching circuit to connect
the mixer.and generator.

For the case of a transformer connecting the generator
to the mixer grid, we would obtain for the signal-to-noise
ratio an equation of the exact form of (25) in which R,
would become the input resistance of the mixer (i.e.,
our former R;); Re.1 would become our former Req.2; p
and R, would become the conversion u and R, for the
mixer; and Re.: would become the noise-equivalent re-
sistor of the first intermediate-frequency tube.

We shall assume, as was done in the former examples,
that enough mixer gain can be obtained effectively to
make the noise due to the first intermediate-frequency
circuit resistance and tube negligible. With this assump-
tion, and substituting the proper subscripts, we have for
the mixer

Va\? E,?
<—) - . (32)
ik e [1+'R‘N‘2+(1+R‘N‘Z/R2)z R ]
§—m 4+ .
i R, RN =
Considering the impedance-matched or maximum-
gain condition which is N.2=R;/R;, we have

Ve\? E,?
( )=-~~—ﬁ-f---» (32a)
Vo/u  ER[1 4+ 5+ 4(Req../R)]
and so the noise factor for this case is
Far = 6 + 4(Req.,/ R2). (33)

A plot of the square root of the noise factors given by
(27), for the grounded-grid amplifier preceding the
mixer, and (33) for the simple impedance-matching cir-
cuit preceding the mixer, is given in Fig. 10. From this
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Fig. 10—Improvement in noise factor due to addition of a
radio-frequency amplifier stage.

graph we note that at 100 megacycles a 4-decibel im-
provement in noise factor is obtained by the use of a
radio-frequency stage, a 3-decibel improvement is ob-
tained at about 500 megacycles, and a 1-decibel im-
provement at about 1000 megacycles. In no case is the
improvement in the noise factor of the receiver due to
the addition of a radio-frequency stage very startling.




X. CONCLUSION

It may be said that with reference to a triode the
cathode-feed circuit is a more stable circuit than grid-
feed due to small plate-to-cathode capacitance; that
with maximum-gain conditions fulfilled a small gain in
signal-to-noise ratio can be obtained by its use at 100
megacycles or where R,/R., .¢ 18 1In neighborhood of 10,
that at higher frequencies for the case where Ri/Req g 18

much smaller than 10 there is only a small advantage in
using cathode feed in so far as signal-to-noise ratio is
concerned.
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A New Approach to the Solution of High-
Frequency Field Problems®

J. R. WHINNERYY, AssoCIATE, LR.E., AND SIMON RAMOY, ASSOCIATE, LR.E.

Summary—A discussion is presented of the possible application
of an equivalent circuit suggested by Kron to the solution of high-
frequency field problems.

INTRODUCTION

RON recently has called attention'-? to certain
[% distributed constant networks which give ap-
proximate representations of Maxwell’s equa-
tions. This report is concerned with one of those net-
works that has to do with waves with no variation along
one co-ordinate. Specifically, if the derivatives are re-
placed by finite differences in the field equations, then
the equations which result will be found identical with
Kirchhoff's laws for certain interconnections of imped-
ance elements. The currents or voltages in the circuits
of the network are regarded as representing the E or I{
of the actual field. Thus, in many field problems, it may
be possible to obtain useful approximate solutions by
measuring voltages and currents in a proper electrical
network whose boundaries correspond to those of the
field problem. In addition, appreciation of the relation
between some field problems and circuits appears to be
extended by consideration of these equivalent circuits,
and new analytical approaches may suggest themselves,
I't is the purpose of this paper to discuss the equivalent-
circuit technique for solving high-frequency field prob-
lems in a preliminary way so as to speed its evaluation,
and to point out that certain classes of problems may
be solved with sufficient accuracy on analyzers now
available. It may be that some important problems
which the readers now have are of this type.

The feeling of the writers that the equivalent-circuit
approach may have important and immediate usefulness
comes in a large part from the results of a preliminary

* Decimal classification: R140. Original manuscript received by
the Institute, December 22, 1943. Presented, Winter Technical

Meeting, New York, N. Y., January 28, 1944. i
t Electronics Laboratory, General Electric Co., Schenectady,

"1 Gabriel Kron, “Equivalent circuits to represent the electro-
magnetic field equations,” Phys. Rev., vol. 64, pp. 126-128; August

1 and 15, 1943, A .
? Gabriel Kron, “Equivalent circuit of the field equations of

Maxwell,” Proc. 1.R.E,, this issue, pp. 289-299.
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experimental investigation. \What was first thought to
be an inadequate board, enough impedance elements
to yield the equivalent of only 60 units of space, was
connected into a network representing wave guides and
transmission lines which were two-dimensional or axially
symmetric. Uniform cases and some containing large
discontinuities were tried. The results were compared
against calculated values and differences of only a few
per cent were noted in many cases. These experimental
results are discussed in detail in a companion paper.?

In these tests, only around ten units were available
per wavelength. It had been previously feared that be-
cause of the large discontinuities and the known sensi-
tivity of wave-guide characteristics to the ratio of
wavelength to dimensions, only the remotest similarity
might be observed between theoretical results and meas-
ured values. It was more or less assumed that thousands
of units would be needed in the network analyzer to be
of practical value. Now it appears that a board with
hundreds of units might easily prove valuable.

THE EQUIVALENT-CIRCUIT APPROACH

For static fields, where Laplace's equation applies,
it is known that a network of like impedance elements
can be made to solve the distribution problem if suitably
distributed voltages are applied and the resulting cur--
rent or voltage distribution noted. Also, one-dimensional
networks of distributed circuit constants have long been
used to represent the principal waves on a transmission
line, and recently use has been made of equivalent
lumped circuit elements to replace end effects and dis-
continuities on various wave-guiding systems or an-
tennas. Other than the static case, these equivalent
circuits deal with over-all characteristics of a particular
wave (as in the principal wave of a transmission line)
or a sum of waves (as in the discontinuity impedance).
The distributed-constant representation of the common
transmission-line problem does not deal, in other words,

* ]J. R. Whinnery, C. Concordia, W. Ridgway, and Gabriel Kron,

“Alternating-current network analyzer studi i
t udies of electromagn
cavity resonators,” Proc. I.R.E., to be published. agnene
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with the distribution of electric or magnetic field be-
tween conductors; as a matter of fact, these in general
have to be known before the constants of the network
can be calculated. Nor does this network represent the
action of any local or propagating higher-order waves
that can exist along the transmission line.

Kron, on the other hand, starts with Maxwell's
equations, replaces the derivatives by finite differences,
and recognizes that the series of linear algebraic equa-
tions are the circuit equations for certain networks. The
network constants are functions only of the space (and
also, of course, of the volume of the space element
being represented by the block of impedances). That is,
if the dielectric constant, the permeability, and the
conductivity of the medium are known, then the two-
dimensional circuit, for example, is completely fixed and
it represents that portion of the medium for all electro-
magnetic effects that have no variations with the one
co-ordinate selected. The only approximations involved
are those which vanish in importance as the number of
units in a given space approaches infinity. The circuit
configuration and distributed constants L, C, and R,
once chosen to represent a medium, are the same for all
frequencies and all boundary conditions consistent of
course with the ‘“‘two-dimensional'’ aspect of the original
assumption.

As to the newness of this work, it appears that in
recent years the usefulness of the distributed-constant
approach for universal field problem work has been both
denied and defended. It has seemed reasonable to many
that complex wave modes precluded the existence of an
equivalent circuit with distributed constants, which,
perhaps accidentally, serve the electrical engineer so
well for ordinary line analysis. Others, notably Schel-
kunoff,* have insistently called attention to the fact that
the engineer’'s use of distributed constants has always
been done on a sound basis in electromagnetic theory
and implied that the approach, properly handled, has
universal application. The present equivalent circuits
appear to be in support of the correctness of this latter
feeling.

NETWORKS: DERIVATION OF AN

EXAMPLE

Two-DIMENSIONAL

The two-dimensional equivalent circuit lies in one
plane, the two significant remaining co-ordinates being
used to specify position on that plane. Problems of this
class include those of axial symmetry, such as coaxial-
line discontinuities, tapered lines, most resonant-cavity
structures, and certain antennas. Also included are
changes of cross section in two-dimensional guides,
corner-turning, and diaphragm problems in certain
rectangular wave guides, and problems of finding the
ideal propagation characteristics for uniform guides of
arbitrary cross section.

The derivation of the equivalent circuits will now be

4S. A. Schelkunoff, “Guided propagation,” Elec. Eng., vol. 62,
pp. 235-246; June, 1943.
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illustrated by carrying through a special case of axial
symmetry. In cylindrical co-ordinates, with 3/8¢p =0,
the field equations divide into two independent groups,
one of which contains only E,, E., and I1,. We concern
ourselves for the moment with problems in which only
these components are present. The equations in rational
mks units are

pully = OE./dr — OE,/d2 (1)
(¢ + pe)E, = — 9ll,/dz (2)
(¢ + pe)E. = (1/1)(0/97)(rll4) (3)

where p=9/dt and g, ¢, and p are conductivity, dielectric
constant, and permeability, respectively. We first trans-
form these equations slightly by multiplying (2) and
(3) by r and substituting I/, = /1, to obtain

(pu/r)I1y = OE./dr — OE,/dz (4)
rlc + pE, = — all,' /92 (5)
r(c + pe)E. = ol /ar. (6)

Next, the partial differentials are replaced by finite
differences.

C')E; E:‘ r4Ar/2,2 Ez‘ r—Ar/2,2
ar r.z o Ar ‘
aEr Er‘ r.z+4z/2 Er‘ r.2—Az/2
0z lr: Az
6110' 11¢' r,2+42/2 T Ilo' I, r,2=Az/2
0% |ra , Az
6110' 110' | r4or/2,2 = 114,' 1 r—Ar/2,2
ar N7 . Ar

If we further take the special case of Ar =Az (this simpli-
fication will not interfere with a demonstration of princi-
ples), then the field equations finally become

Arpu -
P 110" ra W El r¢Ar/2,2 T Ez

r—-Ar/2.z
r
— Er r.z44:/2 + E' r,2—A2/2 (7)
Ar ’(U + Pf)Erl rozgdz/2 = II¢'| r.z4A4z + II*" r.z (8)
Arr(oc + pe)E.| ryar2.: = Iy | epare: — I/ P e %)

(The points at which I1,/, E,, and E, are evaluated in
(7) to (9) are made different by a half unit so that then
comparison with circuit quantities below may be scen
more easily).
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Fig. 1—Network for axially symmetric TM waves in cylindrical
co-ordinates,

We now are able to identify these equations with the
relations between voltages and currents in a network.
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This network may be thought of as consisting of series
impedances along the (r =constant) lines and along the
(2=constant) lines (Fig. 1). The junctions are tied to-
gether and in addition connected to a common ground
through an admittance. The series impedances have the
value 7(c+pe)Ar; the admittances the value (pu/r)Ar.
The current flowing in the z direction is E,, that flowing
in the r direction is — E,. The voltage from the junction
points to ground, i.e., across the admittances, isf/,’. The
equation (7) then corresponds to the Kirchhoff current
equation at the junction 4 and (8) and (9) correspond
to the voltage equations around the meshes G-A-B-G
and G-A-D-G, respectively. The remaining voltage
equation, that about the mesh A-B-C-D, corresponds to
the divergence equation which is implied by (1) to (3).

DuaL Use oF THE NETWORK

Had the network been derived for a two-co-ordinate
problem in any co-ordinate system other than the cylin-

......
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Fig. 2—Network for axially symmetric TE waves in cvlindrical
co-ordinates.

drical, the form of the network (the geometrical ar-
rangement of impedances) would still have been the
same, although the manner in which the impedances
and admittances vary with the co-ordinates would de-
pend upon the metrical coefficients of that system.

We can also recognize at once that the same network
configuration (impedances at right angles on a plane,
admittance to ground at each junction) can be used for
waves having two F/ components, one axial and one
transverse, and a single transverse E component. This
may be seen in two ways. The derivation we have just
gone through for the 7'M wave can be repeated with the
TE wave components. Or, it can be recalled that the
two curl equations VX H = (¢+pe)E and VX E= — pul]
remain unchanged in form, if for E, T, u, (e+a/p) are
substituted 71,, —FE,, (ex+01/p), w1, respectively:
VXE] b —pﬂlﬁl and VXﬁ1= (0’1 +P61)E1. This sayvs,
of course, that the distribution of E and 7 in one prob-
lem may, if the boundary conditions are proper, be
exactly the same as the distribution of 7/, and —E, in
another problem. A network configuration capable of
reproducing the distribution of TE waves is thus also
capable of reproducing TM waves. Of course, the im-
pedances will be different in the two networks because
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of the interchange of u and (e40a/p) though the con-
nection diagram remains the same. The resulting circuit
for the TE wave is shown in Fig. 2 also for an axially
symmetric case for comparison with Fig. 1. Here, cur-
rents in the planar impedances represent magnetic-
field intensity, and the voltages across the junction ad-
mittances represent the electric field.

PhuysicaL PICTURES FROM THE Two-I)IMENSIONAI.
CircuIts

As a first example, let us consider the equivalent
circuit that would be used for a rectangular wave guide
to study the class of waves for which there are no varia-
tions in one direction—say the y direction of Fig. (3a).
The practically important TE,, wave is of course the
lowest order of these. Since there are no variations in
the y direction, this is a two-dimensional problem, and
moreover only TE waves can exist inside the guide
without variations in all three co-ordinates. A suitable
equivalent circuit obtainable from a derivation similar
to that given for the circularly symmetric case in this
report, is similar to that of Fig. 2 except that imped-
ances do not vary with a co-ordinate. The boundary
condition of £,=0 at x=0 and x=4 is applied to the
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Fig. 3—Rectangular wave guide and equivalent circuit for TE
waves without y variations.

network by short-circuiting the admittances to ground
along these planes. The resulting equivalent circuit,
assuming no losses in the dielectric, is as shown in Fig.
3(b). This is similar to the equivalent circuit used to .
represent an ordinary transmission line, except that it is
two-dimensional rather than one-dimensional.

The above type of equivalent circuit may be used not
only with the uniform guide of Fig. 3 but also with a
guide with any type of discontinuities that excite waves
with E,, 1., and I, only and with no variations in the y
direction. The corner bend of Fig. 4(a) and the change
in section of Fig. 4(b) are two examples of this type of
“inductive” discontinuity. The new boundary conditions
must of course be applied to obtain the complete equiva-
lent circuits for these problems.

The major ifference between these circuits and that
of an ordinary transmission line is apparent in these
examples. While the transmission-line equivalent circuit
applies only to the single wave, the principal wave, the
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equivalent circuits for the examples of Figs. 3 or 4
may reveal many waves. Thus that of Fig. 3(b) would
reveal any of the TLE,, waves in the guide of Fig. 3(a),
whether these were above or below cutoff. The circuits
that would be drawn for the guides of Fig. 4(a) or 4(b)

(L)

Fig. 4+—Examples of wave guides with discontinuities for which
two-dimensional equivalent circuits may apply.

would be capable of properly representing the local
waves excited at the discontinuities, in addition to the
propagating wave.

As a final example, it is interesting to look at an equiv-
alent circuit for representation of waves of the TE.n
type in a circular wave guide. The circuit suitable for
waves with E,, II,, and II, only in problems of axial
symmetry was shown in Fig. 2. Thus, assuming that the
dielectric of the guide has no losses, the circuit for the
circular guide is as shown in Fig. 5(b). Here the values
of inductance increase proportionally to radius, and the
values of capacitance are inversely proportional to
radius. This circuit then looks like the two-dimensional
transmission-line representation for a wedge formed by
two planes intersecting along a line through the axis,

Fig. 5—Circular wave guide and an equivalent circuit for it
TE,» waves.

From the foregoing examples, it is apparent that
certain physical ideas long used in conventional trans-
mission-line analysis may be extended to some wave-
guide problems. For example, in ordinary lines the actual
current through a section of a conductor is identified
with the current in the inductance of the equivalent
cirenit. The integral of electric field between conductors
is identified with the voltage across the condenser of
the equivalent circuit. In the network of Fig. 3, the
values of L and C could be chosen so that, with the LC
product remaining constant tosatisfy the field equations,
the L/C ratio makes the voltage across the condensers
identical with the integral of electric field across the
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guide, while the currents in the inductances will be
identical with the corresponding components of the cur-
rent flow in the conductors of the guide.

NUMBER OF UNITS REQUIRED FOR A PRACTICAL
ANALYZER

Some ideas on the degree of fineness to which a region
should be divided in order that the difference equations
of the network should approximate the differential
equations of the field with engineering accuracy may be
obtained from the studies reported in the companion
paper.* In representative problems set up on the
General Electric Company's alternating-current net-
work analyzer, the number of units varied in the range
of about 7 to 14 per wavelength and many results
read from the network were within 5 per cent agree-
ment with the theoretical results. There was, however,
an appreciable difference in some cases which could
accumulate to a serious error if a region several wave-
lengths long were to be studied. Difference equation
analyses reported in the Appendix of the companion
paper? also point to about 10 to 15 units per wave-
length for accuracy within a few per cent for a par-
ticular example studied there. From these two clues, it
appears that about 20 units per wavelength should be
sufficient for engineering accuracy in many problems,
although of course more might be required in the neigh-
borhood of sharp boundary discontinuities.

For problems with a considerable degree of complex-
ity, there are several lines of thought that may lead to
a decrease in the over-all number of units required. For
one thing, fine subdivisions may be made only near
sharp discontinuities, and larger ones in the more uni-
form regions, following similar technique in graphical
field mapping. It is also possible that techniques may be
worked out for solving only portions of a given region
at a time, and combining results from these individual
parts by calculation or on the analyzer. Convergence
might be obtained, for example, by using overlapping
regions in such a procedure.

ErreEcT OF LOSSES IN ANALYZER ELEMENTS

A second important question in considering the con-
struction of an analyzer for the study of field problems
has to do with the Q required. The Q of the inductance
elements in the General Electric Company’s analyzer,
used in the studies of the accompanying paper, was
around 25. The effects of the losses were definitely
noticeable. Particularly, the phase shifts were affected
so much that magnitudes only were used in studying
results. This would constitute a definite limitation if
unknown phase shifts or if the effects of actual losses
in the dielectric or the boundaries were required. A
somewhat higher Q, say of the order of 100, could be
obtained still using lumped circuit elements, but even
this is low compared to the Q of many field problems
(in the thousands).

The use of low-Q circuits to represent high-Q field
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problems is much the same as the use of a model with a
much lossier dielectric than that of the problem to be
studied. There are several ways in which information
can still be made useful.

1. In many problems the quantities desired are not
affected greatly by reasonable losses. For example, such
quantities are the characteristic impedance of a trans-
mission line and the phase constants in a wave guide.

2. The characteristics arising from true losses in the
field problem may in many cases be calculated by taking
current and field distributions from the analyzer results
and finding what power losses these would give rise to in
the actual conductors and dielectric of the problem.

3. Values read from the analyzer may actually be
corrected by calculation to decrease the errors caused
by dissipation in the analyzer elements.

4. Certain quantities have corrections linearly related
to losses if these are small. A possibility then exists of
taking readings with loss components actually increased,
then extrapolating into the region of smaller losses.

APPLICATION OF BoUNDARY CONDITIONS

Some of the boundary conditions arising in field
problems are:

1. Portion of region bounded by a conductor.

2. Electric field applied over some portion of the
region.

3. Magnetic field applied over some portion of the
region.

4. Region extending to infinity.

For the study of a wave in which electric field is
represented in the network by the voltage across the
condensers to ground, these should be short-circuited
along the boundary to simulate a perfectly conducting
boundary. For the wave in which electric field in a given
direction is represented by currents in the network in
inductances at right angles to that direction, the in-
ductances entering normally to the boundaries should
be open-circuited to insure zero component of electric
field tangential to the boundary. If the conducting
boundary has a known and finite conductivity, this
can be taken into account by using corresponding re-
sistances and conductances in place of the perfect short
and open circuits.

For certain wave types, application of voltages across
the condensers of the network represents application of
electric fields, and applied currents correspond to ap-
plied magnetic fields. For other wave types the reverse

is true. It will most often be necessary to apply several
values of field. Since it is usually much easier to adjust
the several voltages than the several currents, the prob-
lem should be set up with applied voltages if possible.
If applied currents are to be used, the current generators
should have high scries impedance for ease in adjust-
ment.

For radiation problems (and some others) a region at
infinity constitutes one of the houndaries. Such a bound-
ary condition is probably the hardest to handle on the
analyzer, but it is at least evident that if one may go
far enough from the radiator so that the local fields have
died out, the small regions may be approximated by
plane-wave regions, and it is possible to terminate the
network in the intrinsic impedance of space (377 ohms).
It is also conceivable that “‘lossy-line’’ technique now in
use in microwave measurements might suggest some
means of taking advantage of losses in the elements for
elimination of reflected waves without ruining the
answers to be obtained. The best technique may well
come after several attempts are made to solve such
problems by means of the network.

REPRESENTATIVE VALUES OF ELEMENTS

The size of the elements of a simple analyzer may be
determined from the relation \/ZC =Al/\-1/f where f
is the frequency chosen for the board, X\ is the wave-
length corresponding to excitation in the field problem,
and Al is the size of elemental square chosen for the
field problem. For a board to operate with 1.3 mega-
cycles per second, inductances of 15 microhenries and
capacitances of 100 micromicrofarads would correspond
to about 20 elements per wavelength.

CONTRIBUTIONS TO ANALYTICAL APPROACHES TO
FIELD ProOBLEMS

In addition to the straightforward application of an
analyzer to solution of field problems, the circuits may
also contribute to analytical methods, or combined
analytical and analyzer methods. For example, it may
conceivably be efficient to obtain only certain parts of
the information from an analvzer study, using that in-
formation in analytical methods from thereon. It is also
possible to solve the difference equations of the network,
sometimes in closed form and always numerically.
There are also many techniques and theorems long
worked out for handling networks that may well find
wide application to field problems after a study of the
ties between the two.



Equivalent Circuit of the Field Equations of Maxwell—TI"
GABRIEL KRONt, NONMEMBER, LR.E.

Summary—An equivalent circuit is developed representing the
field equations of Maxwell for an electromagnetic field containing
conductors and bound charges. Both transient and sinusoidal field
phenomena may now be studied by the network analyzer or by nu-
merical and analytical circuit methods. Examples are radiation from
antennas, propagation through wave guides and cavity resonators of
arbitrary shapes, eddy currents in conductors, stresses in current-
carrying structures, and other general problems in which moving
charges either do not enter, or if they do, they may be replaced by
equivalent dielectric constants, as in small signal waves on stationary
or moving space charge.

The circuits are developed for all curvilinear orthogonal reference
frames to allow the solution, to any desired degree of accuracy, of
special three-dimensional problems with axial and other symmetry
by the use of only a two-dimensional network. The electromagnetic
field may be nonhomogeneous, nonisotropic (of a special form), and
may be divided into blocks of uneven length in different directions.
The transient character of the circuit allows the variation of the
frequency of the impressed quantities on the alternating-current
network analyzer without varying the magnitude of the circuit im-
pedances.

One set of two-dimensional networks, the transmission-line type,
requires only resistances, inductances, and capacitors, while its dual
set requires also ideal transformers in series with the inductive coils.
(In the transmission-line type of networks the dual ideal trans-
formers consist of impedanceless conductors.) The three-dimensional
network, being its own dual, requires both ideal transformers and
impedanceless conductors. The appearance of the two types of ideal
transformers plays a basic part in the identification of the scalar,
vector, and Hertzian potentials and their duals on the equivalent cir-
cuit. The latter definitions will be treated in a subsequent part.

A PrincCIPLE TO EsTaBLISH MODELS FOR PHYSICAL
SYSTEMS

simulate the perfermance of rotating electrical
machinery under transient or steady-state condi-
tions, it was discovered that the equations, to be re-
produced by an electrical model, could not be stated
and their terms could not be grouped in any haphazard
manner. It has been found that it is not sufficient that a
set of cquations be written in a form that satisfies the
rules of calculus; in addition, the whole set of equations,
every term in the equations, and every letter in the
terms must correspond to some definite physical entity
or its components. By ignoring the very alive phe-
nomena underlying the lifeless symbols it is still possible
to get correct numerical answers, but it is not possible
to form a correct physical picture, much less to build a
physical model that corresponds term by term to the
cquations.
The following principle was formulated to serve as a
guide in visualizing the behavior of and in establishing
modcis for physical systems:!

"[N attempting to set up stationary networks to
|

* Decimal classification: R140. Original manuscript received
by the Institute, December 22, 1943; revised manuscript received,
February 29, 1944, Presented, Winter Technical Meeting, New York,
N.Y., January 28, 1944,

N &Consulting Engincer, General Electric Company, Schenectady,

May, 1944
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“A set of equations, representing the performance of
any physical system (be it mechanical, thermal, or any
other system) may be represented by a physical model
(equivalent circuit) only if the set of equations is a
tensor equation. The invariance of the set of equations
is a necessary, but not a sufficient condition.”

MANNERS OF APPLICATION OF THE PRINCIPLE

This principle proved to be an indispensable guide in
finding equivalent circuits for the steady-state perform-
ance and small oscillation of combined electromagnetic
and mechanical systems. Considering for instance the
case of their small oscillations,' the conventional equa-
tions e =z i may be expressed also as A+B=0 where
none of the sets of expressions 4 or B, nor the combina-
tion A+ B (or O) are tensors. The tensorial equations
for small oscillations (not used by engineers) may be
written as e/ =z’ -i’,or A+ B+C—C= O where C repre-
sents a set of expressions that otherwise would cancel.

Now while neither 4 nor C is a tensor, the combina-
tion A+C is a tensor, so is the combination B—C.
Hence each expression in the equation (A4+C)+(B-C)
=0 is a tensor (including now O as it had acquired a
different law of transformation by the appearance of C).
Therefore A+ C must be and was found to be a visualiz-
able, measurable, and physically reproducible quantity,
and so was B—C. That is, this last equation e'=z1
was a tensor equation (while the conventional equation
e =z iwas not) and it satisfied the primary characteris-
tic of all stationary networks that their equation of
performance e=z1i or I=Y E (or any other form) is
always a tensor equation.

As a result of reorganizing a mathematically correct,
but physically deficient, set of equations, a stationary
network could be constructed in which a combination of
voltages, currents, and impedances represented such an
advanced tensorial concept as the Riemann-Christoffel
curvature tensor. However, it proved to be impossible
to construct a stationary network to satisfy a set of
linear equations that had a much simpler form, gave the
correct answer, but was not a tensor equation.

In constructing a model that represents the field
equations of Maxwell, a slightly different situation
arises. The conventional sets of curl and divergence
equations along orthogonal curvilinear co-ordinates
may be written as A-B= O where neither A, nor B, nor
the combination A B are tensors. (Of course even in the
absence of bound charges, hence in the absence of the
divergence equations the conventional curl equations,
when expressed along curvilincar axes, are not tensor
equations either.) The tensorial equations (D-A-C)

1 Gabriel Kron, “Equivalent circuits for oscillating systems and

the Riemann-Christoffel curvature tensor,” A.I.E.E. Trans. (Elec.
Eng., vol. 62, January, 1943), pp 27-34; January, 1943.
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(€'~ B) =0 will be found to supply certain additional
sets of expressions C and D that may be canceled out to
re-establish the conventional equations. Thereby the
combination D-A-C becomes a tensor, so does C' B.
Hence by virtue of the above principle of physical
models, if the field equations do admit an equivalent circuit,
the network must correspond to this form of the equations
and not to the simplified form.

That's just what happens. When Ohm's law e=2z-i
and I=Y E are written for the various meshes and
junction pairs of the equivalent circuit, they cor-
respond not to the conventional, but to the tensorial
form of Maxwell's equations.

Since in the present problem the reference frames and
the material media characterized by u, ¢, and ¢ are all
stationary in space, the set of expressions C and D are
of a simpler form than in the previously treated case of
rotating electrical machinery, where the reference
frames and the material media had relative motions.
However, even in a simple case such as where C or D
contain only a scalar factor } or j, the nonrecognition
of the situation may signal the difference between suc-
cess or failure in discovering a model.

Tue CoNVENTIONAL ForRM OF MAXWELL's EQuaTiONS

Stratton® gives the following field equations for any
orthogonal curvilinear co-ordinate system

[ (hEs) —— (hEw) | +220
1 = lolvqy) | T—/— =
fohs Lou? e dud ‘ (2)_ a¢
: [auzs) O (hEw) |+22® g
nEqy) ———(Eq, =
kg Law? © Y gt | TG,
: [a(IE) a(/15)—+'9B“" 0
@) — nEq — =
NI =@ du? i 2 a¢
=3 il ksl ) —— il ) | =229 1 Zo
3 (3 . (] —— =i (nH=
hahy Loz T g @) | T v
25 Ut ) —— (hstl ) | =222 1 _o (1
i ) — - —In=
Mg Laws Y e W T g T
Y12 hn =2 )] D gt
1 = WHuy) | ————=1ay=
fiyhg Lot @ ou? e _ at w

d i} 2

a“l (IIQII;;Br, )+au2 (IllllsB.'g))+al‘3 (IL,I:,B(;,)) =0

2 (7] 2

an! (IIQ/I:;D 1))+au2 (/I]ll;D{g‘,)-*—gu—s (Illllzl)(:;)) = lllllgllsp.

The relations between field intensities and flux densities
are
Biy=(u/c)ll 1y, Dvy=(e/¢)Eqy, I 1y=(a/c)Eqny, etc. (2)

The values of the variables z= and the metrical coef-
ficients / are given in Table I for the three most common
orthogonal reference frames. Their values in other
orthogonal frames (such as elliptical, spheroidal, etc.,
frames) may be found in Stratton's work.

*J. A. Stratton, “The Electromagnetic Field,” McGraw-11ill
Book Co., New York, N. Y., 1940.
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TABLE
VALUES OF u® AND h
u' u ut h hy ha
Cartesian 1 1 !
Cylindrical r [ 3 1 r 1
Spherical r 0 ' ! r raing

The following propertics of these conventional ¢qua
tions should be noted:

1. The variables E,y, 1/, etc., are not tensors.

2. The set of equations themselves are not tensor
equations; that is, they cannot be transformed, as they
stand, to say nonorthogonal reference frames, nor can
they be represented by a physical model.

Only in the special case of a Cartesian frame when the
metrical coefhicients 4y, k2, and 3 are unity, do the above
equations reduce to a tensor equation.

THE TENSOR-DENsITY FOrM OF MAXWELL's EQUATIONS

The tensor-density form of the equations, that the
equivalent circuit satisfies, is derived in the Appendix
in two different manners:

1. In Appendix | the integral equations of an in
finitesimal block are derived by physical reasoning,
leading to the desired equations.

2. In Appendix Il the well-known tensorial equations
given in books on electrodynamics are merely stated,
then changed into the needed tensor-density form.

Performing the operations indicated in (38) and
multiplying by /g, the conventional nontensorial field
equations (1) can be brought to the needed tensor-
density form by the following steps:

1. The nontensor variables E,, and I/, are replaced
with the aid of (7) by the tensor variables E, and /,,
similarly B(,,, D, I», and p are replaced with the aid
of (8) by the tensor densities B, D', I”, and p’, re-
spectively.

2. The first and fourth equations are divided by &,
the second and fifth by k., the third and sixth by hs,
and the seventh and eighth by hhshs:

3. All equations are multiplied by Inhohs.

Also the conventional nontensorial relations (2) be-
tween the field intensities and flux densities are brought
to the tensor-density form (4) by the previous first
step and by a fourth step:

4. The quantities u/c, €/c, and a/c are replaced with
the aid of (9) by the tensor densities p, e and o7,
respectively.

The resultant tensor-density field equations, to be
used in establishing equivalent circuits, are as follows:

OE:/0u® — dFE,/du’ + dBY /ot = O

OL\/du® — JEs/du' + 8B* /ot = 0 (3a)
OE:/du' — QE,/du* + 0B* /ot = 0
OBY/au' + aB* /ou® + aB¥ /ou® = O
Oll3/ou* — 8l1,/du% — ADV /ot — [V = 0

Oll,/0u® — 811,/01" — aD¥ /ot — I =0 (3b)

ll/0u — 8l,/0u® — aD¥ /ot — |3 =
DY /u' + ADY /ou? + DY /ou’ —

©
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where the relation between the field intensities and flux
densities are

Br’ = #ra’]]‘ Dr = €' E. ]r' = G",E.
or explicitly

BY = y'VH, | DV = ¢VE, [ [V = ¢"VE,
BY = y?'H, D¥ = &¥E, | I = ¢E, (4)
B‘.i p— #33’113 [)3 e33'E3 [3’ pa— 633'E3

The primed quantities represent tensor densities. In
particular the vector densities are defined by

4 = \gA = \ggrd. = Vggredw  (9)
and the material tensor densities by
a™’ = \/Eau = \/-g-g“al' + \/g g"ég'a/c (6)

where 8," is the unit tensor.

Comparing the two types of field equations, the rela-
tions between the tensor and the conventional quantities
are by (47), (5), and (6)

E]"hlE 1 Ill= hl[l 1
Eg = th 2 [[2= hzll(z) (7)
E3= h:;E (3 1/3= 1131[(3)
Bl’= B“l',hz]l:x 1)1'=D‘”112113 Il'=1(1)hz]13'p'=p111112113
BZI=B(2 hlh:; D2'=D;z' 111113 2'=1(2)111113. (8)
BJ'=B 3 hlllz D:"=1);3)111112 13'=1(3)hl}lz
€ hzh:{ I 112113 ag 112113

alll ptt' = S S e

]l\ 111 c hl
e - _h_‘ﬁz u?? = i ,M g2 = ? !11{1,3 (9)

]12 C hz c ]12
39— € 111]12 #33 _ M hlhz o3 = (I hlhz

h c h; ¢ h;

From (3) and (4) it may be seen that along curvilinear
orthogonal axes the field equations of Maxwell are of the
same form as along Cartesian axes except that the con-
ventional variables change to tensor variables and the iso-
tropic homogeneous space changes to a nonisolropic
nonhomogeneous one.

THE NETWORK FOkM OF MAXWELL's EQUATION

The general stationary network of the electrical-
power engineer consists of at least three different types
of networks interlinked and interconnected in various
manners, each network defining the path of a particular
physical quantity. In particular:

1. The “electrical network” defines the path of elec-
tric charges in conductors.

2. The “magnetic network” defines the path of mag-
netic flux lines.

3. The “diclectric network” defines the path of
electrostatic flux lines.

(In a general engineering network there are numerous
other types of paths, such as the paths of frec charges,
of moving mechanical links, of quantities of heat, etc.
Each path may occupy various dimensions, may be

Kron: Equivalent Circuit of Maxwell Field Equations
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interlinked and interconnected with each other, and
may also have relative motions with respect to the rest.)

It has been shown?® that each of the various types of
networks may be looked upon from three different
points of view (the first two a special case of the third)
depending on the nature of the known and unknown
quantities:

1. As a “mesh” network, a collection of closed meshes
(of various dimensions),

2. as a “junction” network, a collection of open
meshes or “junction pairs,”

3. as an “orthogonal” (or normalized) network, a
collection of both closed and open meshes.

Now the above field equations of Maxwell define just
such a multiple stationary network, a combination of
electric, magnetic, and dielectric networks, in which

1. The electrical network is an orthogonal network,
where one set of Maxwell’s equation (the curl E equa-
tions) defines its meshes, and a second set (the curl H
equations) defines its junction pairs,

2. the magnetic network is a mesh network defined
by a third (the div B) equation,

3. the dielectric network is a junction network de-
fined by a fourth (the div D) equation.

If then the II's are assumed to represent currents (or
rather magnetomotive forces) in a network, the E's
voltages and the material constants impedances as

gt = #rr’p and YT = G"'P + ¢ (10)
the two sets of equations (3) may be written in Ohm’s-
law form as follows:
1. The first set of four equations (3a) appear as those
of mesh networks; in particular the curl E equations as
electrical mesh equations
des/du? — dex/d® + 2y =0
dey/0u® — des/ou' + 2221, = 0 (11)
dey/dut — der/du + 233 = 0

and the div B equation as a magnefic mesh equation

(e in)/9ut + (u2?in)/dut + d(uiz)/ou® = 0. (12)
If so desired, the right-hand side may include the hypo-
thetical bound magnetic poles m’.

2. The second set of four equations (3b) appear as
those of junction networks; in particular the curl B
equations as electrical junction-pair equations (dual
Ohm's law)

I

di3/0u? — diy/du® — y'ley = 0
d1,/0u® — diz/du' — y*’e; = 0 (13)
dig/out — diy/du® — y*es = 0
and the div D equation as a dielectric junction-pair
equation
d(ee))/out + a(e¥en)/ou* + (e3¥e;)/ou = o', (14)
It is interesting that the four-dimensional tensorial
form coes not differentiate between electric and mag-
netic meshes, nor between electric and dielectric junc-
tion pairs, as is to be expected. That is, the four-
dimensional network equation defines the equivalent

I

s Gabriel Kron, “Tensor Analysis of Networks,” John Wiley and
Sons, Inc., New York, N. Y., 1939.
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circuit-as an electromagnetic orthogonal network, in
which

1. The covariant form, equation (38a) represents the
equations of all possible meshes;

2. The contravariant form, equation (38b) represents
the equations of all possible junction pairs.

It is only the three-dimensional tensorial form that
represents an electrical mesh by e,=z,4°, a magnetic
mesh by II"=pB,, and a dielectric mesh by e,=s,,D".
From a four-dimensional point of view these distinctions
disappear, and only the concepts of mesh and junction
pair (covariance and contravariance) are retained.

In a charge-free space the two sets of curl equations
alone are sufficient to establish the network, while the
divergence equations only serve as checks on the cor-
rectness of the network. As a matter of fact, if the two
divergence equations are replaced by two other equa-
tions found by taking the divergence of the two sets of
curl equations, then the two new divergence equations

div 8B /8t = 0
(15)
div (@D /ot +17) =0
can be expressed in an electrical circuit form instead of a
magnetic and dielectric one. In particular, the mesh
form is
(2114, /0n’ + 8(z%2iy) /ou? + d(z%i5) /0w’ = 0 (16)
where 2" =u'Vp and the junction form is
A(y"ey)/ou' + 8(y*ey)/du® + d(y¥es)dut= 0
where yu =e"'p+a"'.

It will be shown that these two divergence equations
represent Ohm's law for all those electrical meshes and
junction pairs that are not covered by the two curl
equations. Thereby it is assured that every electric,
magnetic, and dielectric mesh and junction pair in the
equivalent network satisfies some one of Maxwell's
equations and none of the circuit elements are left un-
accounted for.

THE EQUIVALENT CIRCUIT

(17)

The equivalent circuit is shown in Fig. 1. Considering
first the currents (or rather the magnetomotive forces)
in the network:

1. The currents in the spherical inductances are #,,

2. the currents in the capacitors are the “displace-
ment currents” pD7,

3. the currents in the resistances are the “conduction

currents” I
Considering next the differences of potentials in the

network:

4. The voltages across the capacitors are E,,

5. the voltages across the inductive coils are the
“magnetic displacement currents” pB™’,

6. had there existed “magnetic conduction currents”
77°I,=J they would be represented by voltages
across resistances placed in series with the inductive
coils.

In addition to these currents and voltages of the
electrical network, three quantites on the underlying
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magnetic and dielectric networks may be correlated
with the electromagnetic field. In particular:

7. The magnetic flux lines represent B"',

8. the electrostatic flux lines represent D",

9. the charges on the capacitors represent p’.

It is also possible to identify on the equivalent net-
work auxiliary quantities such as the scalar potential
¥, the vector potential A, the Hertzian vector , etc.,
and their duals. Their study will be undertaken in the
next part.

If it is assumed that the blocks into which space is
divided are bounded by the co-ordinate surfaces, and if
all equations are multiplied by Ax'Ax?A#?, a physical
interpretation of the quantities measured on the net-
work may be given as follows:

1. E, and I/, (multiplied by Au*) represent line inte-
grals of the conventional E(, and /7, along the edges
of unit cubes.

2. I, B”, and D7 (multiplied by Au*Aut) represent
surface integrals of the conventional /(,, B, and D,
on the faces of unit cubes.

3. p" (multiplied by A#x'Au’Au') represent wvolume
integrals of the conventional p inside of unit cubes.

4. u, €, and o7 (multiplied by AuAut/Au’)
represent the respective admittances of unit cubes of
material in the direction indicated by the indexes.

Hence the network does not identify E,, or H,, at
any particular point of space. 1t does identify the line
integral of their components along the edges of various
overlapping cubes, each component of the same vector
being integrated along different lines in space.

If so desired, it is possible to throw away every other
sphere of inductive coils (multiplying the inductances by
two) and to connect the six capacitor leads into a junc-
tion. The network still satisfies Maxwell's equations:
on the other hand fewer points of space are identified.

It is emphasized that it is not necessary to assume
that the blocks into which space is divided are of unit
length. Since An!, Ax? and Au? eachumay be any arbi-
trary constant a, b, and ¢ in any tvpe of orthogonal
frame, each side of these blocks may be of any arbitrary
length.

Summarizing the results of the last two sections, if
Ohm's laws are written for the electric, magnetic, and
dielectric meshes and junction pairs of the equivalent
circuit, the resulting equations are not the conventional
equations of Maxwell, but rather the tensorial equa-
tions, plus others derivable from them (such as (16)
and (17)). Only after all the Ohm's (tensorial) equations
of the network have been written down, will it be found
that some of the equations are mathematically super-
fluous, and that some of the factors (C and D) cancel.
But the physical network itself is not aware of these
mathematical simplifications.

As the field equations of Maxwell have now been
represented by a stationary network (within any desired
degree of accuracy) it may be stated that:

Any theorem, formula, concept, or law that is valid for
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stationary networks (such as reciprocity theorems,
Thévenin's theorem, concepts of dualism, reduction
formulas, generalization postulates, etc.) can be trans-
lated into a corresponding theorem, formula, concept, or
law relating to the electromagnetic field.

hy auv® \ :
= e N RS |y =
h, hy au au €p T
[ } ‘\
\ \
\ B
b a0? p / ~

h_au c

hohy avizud o ]
]
]

he _av? ¢

hohy au'awd o

//
hs avd
hoh, aul a2 @
Fig. 1

Bounpary CONDITIONS

If the boundary, say on the u'-u* plane (Fig. 2) con-
sists of a perfect conductor (¢ = ») the capacitors on
the boundaries become short-circuited and the tangen-
tial component of E.(E; and E;) and the normal com-
ponent of I{, (namely I1;) are zero.

If a boundary is the free space, distant from reflecting
surfaces, the network at these points may be terminated
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by the characteristic impedance of free space Zo=/p/e
=377 ohms resistance.!

Known E-s or II-s are impressed with the aid of
voltage or current generators.

It should be emphasized that the network blocks

|
Hmhlau
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H au
ef'2 phyhyhyou’ aulau®
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1
|
: I / Ephy au!
]
h 2
> Eizphoau
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hyhsy au au® pe
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N K hy av'au? pp
hy au? ac

Transient equivalent circuit of the field equations of Maxwell.

representing u, ¢, and ¢ are not coincident but overlap
by half a block. Hence there is an uncertainty of half a
block in how much actual space the network really
represents or rather there is an uncertainty of half a
block in deciding where the boundaries of the network
lie. The boundaries for the voltages (say E-s) do not

«S. A. Schelkunoff, “Electromagnetic Waves,” D. Van Nostrand
Co., New York, N. Y., 1943.
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coincide with the boundaries for the currents (I1-5). 1t
is well known that there is a similar uncertainty of
boundaries or position in representing a transmission
line by several 7 or T sections, or for that matter in
representing any continuous phenomenon with two or
more dependent variables by discrete steps.

Fig. 2—Conducting boundary

OTHER PossIBLE NETWORKS

There are at least three other possible analogous net-
works that would also satisfy Maxwell's equations,
depending on whether E, (or 11,) is identified by a volt-
age or by a current, and whether in connection with a
condenser or with an inductance. One cube of each of
the four networks is shown in Fig. 3. The last two cases

J »
l’!D o33

i U A

Curvilineor frames

Rectilinear fromes

Fig. 3—Four possible equivalent three-dimensional networks.

satisfy only the rectilinear equations, since the field
must be isotropic. On Fig. 3(b) the charges on the con-
densers represent the hypothetical magnetic poles m’,
while p’ would have to be represented by magnetic
poles placed in the underlying magnetic circuit.

It is interesting that in all four cases the network
connection of Fig. 1 remains unchanged (if the hypo-

May

thetical “magnetic conduction currents” J’' are re-
tained) and only the magnitude of the impedances and
the physical interpretations change. These properties
follow from the self-dualism of the field equations.

Two-DIMENSIONAL NETWORKS

Let it be assumed that all field quantities £,y and #/,,
are constant along one axis (say along u#?) so that
dE,/0ut=0dl1,/0u*=0. The field equations (3) then can
be grouped into two sets of three independent equations
with three unknowns. The first group contains only E,,
11, and t;

AL./du* + aBY/dt = 0
IE?/dut + aB¥ /ot = 0 (18)
Al o — all;/du' — DY /ot — 1* = 0
BV /0u' + B3 /du® = 0
|
A . /
i »hoa
_f;/ _ AT
& * % &
). o
: $
I
il | 5 L \/
‘ ‘l 4 J ‘
*,/r‘“:‘:\i. S _.ﬁ/"—'*"’(vf___*
L | ; & s 3 j £ .
- » »yl o
[
Fig. 4—The split-up into two independent networks.
while the second group contains only Il,, E,, and E;
— dlly/0u® — aDYV /ot — IV = 0
all./out — D% ot — ¥ = (19)

0
dE\/du’ — OE:/du' + 9B /ot = 0
DY /du' + DY Jowt = .

Fig. 4 shows how the original three-dimensional net-
work of Fig. 1 now splits into (wo clectrically inde-
pendent two-dimensional networks. The resultant four
networks of the two dual networks of Figs. 3(a) and
3(b) are shown in Fig. 5. They enable us to solve special
three-dimensional field problems with axial or other
symmetry by means of a two-dimensional network.

It should be noted that the network analogous to a
two-dimensional transmission line may be looked upon
as representing either transverse magnetic or transverse
electric waves simply by changing the impedance values
and the terminology.

ONE-DIMENSIONAL NETWORKS

Let it be assumed that all field quantities are constant
along two of the axes (say along #? and #%) so that
9/0u*=9/0u*=0. Such a case may occur, for instance,
in spherical co-ordinates when variation only along the
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radius u! =r is considered. The first group of independ-
ent equations contains now only E; and I1;,
0E,/d1ut + 9B¥ /ot = 0

— 0H3/0ut — aD¥ /ot — 1Y =0

while the second group contains now only I/, and E;

(20)

aH,/dut — aD¥ /ot — ¥ =0 (21)
— 9E;/du' + aB¥ /ot = 0.
The four one-dimensional transmission lines cor-
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values of E and I1. The superfluity of the ideal trans-
formers is however only apparent. Maxwell’s equations
allow the arbitrary change of the absolute (scalar) po-
tential at any point of the electromagnetic field without
the disturbance of E or 7I. Hence if the given equivalent
circuits are true representations of the electromagnetic
field, an analogous change of absolute potentials in the
dual networks must act in a similar fashion.

The networks do follow these requirements and it is

2

ha au ¢

hyhy auv'au¥ Hp
hyhy au?su’ € hohs avfaud o
2= 22Ny aurauriep 273 £y
n, aul ¢ h, au’ ¢
nhy au' au’ €p hhyav'ov? o
hy aul ¢ hy oul ¢

o

L au' ¢
h,h,au! au? i

hy aud ¢
hhp au au? e

L

nhy av'au® €p
he au? 4c

hhyavaud o
he avt &

d)H, -MODE (€, H Hy)

Fig. 5—Two sets of two-dimensional networks.

responding to the four two-dimensional cases of Fig. 5
are shown in Fig. 6. The impedanceless connections
between the capacitors of the first and third figures are
the duals of the ideal transformers appearing in the
other two figures.

THE ROLE OF THE IDEAL TRANSFORMERS

It may be mentioned in passing that in the dual one-
dimensional transmission lines, Figs. 6(b) and (d), (but
not in the two- and three-dimensional ones) the ideal
transformers can be removed without changing the

permissible in any one of the dual one-, two-, and three-
dimensional networks to inject across the diameters of
the circular inductances generators with arbitrary
voltages. The differences of potentials across and the
Huxes in the ideal transformers automatically adjust
themselves to these arbitrary changes of potentials and
leave thereby the conditions in the rest of the network
undisturbed.

A detailed study of the representation of the various
types of potentials will be undertaken in a following
part.
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Fig. 6—Two sets of one-dimensional networks,

AprPENDIX I. Proors OF THE EQUIVALENT CIRCUIT
THE INTEGRAL EQUATIONS

The equivalent circuit must satisfy any and all of the
particular forms in which Maxwell's equations may be
expressed. Three of these forms are 1. the differential
equations, 2. the finite-difference equations, and 3. the
integral equations.

The proofs presently to follow are based on the inte-
gral form of the equations as thelatterare thought to be
in the most casily visualizable form. In the companion
paper by Ramo and Whinnery the proofs are based on
the finite-difference equations.

The proofs will refer to the network of Fig. 1. Similar
proofs can be derived for the other three networks of
Fig. 3. In the proofs it will be assumed that the blocks,
into which space is divided, are bounded by the co-
ordinate surfaces, so that a surface element is repre-
sented by dS**=2#%Au?, etc.

ProoF oF THE CURL E EQUATIONS

On Fig. 7 the voltage across a vertical capacitor
I5Au? = E 5, iAu’ represents the line integral of E 3 from
A to B. The line integral of E, around the closed circuit
ABCD is then (I —Ej")—(E)—E)Y'). By Stokes'
theorem this must be equal to the surface integral of the
curl of E(,. Since the component of the curl of E,
along u! is

[eurl Eqy]oy=1/hohs{ (BE ) hs/du?) — (QE 2y h2/du®) } (22)
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the surface integral of the curl of E, along #! is
{(0E;/0u?) — (E;/d1®) | AuAas
= (E/ — E) — (ES — E). (23)
The average of the four currents in the four inductive
coils is I, Au' and the sum of fluxes produced by the
four currents is
(") Au?An® = BYAu?Aw® = BoyhohsAu?Nud (24)
(the inductance of each coil is u'*’/4) which itself is the
surface integral of the magnetic fluxes B, on the surface
ABCD. (The flux linkages in the ideal transformers

Fig. 7—Proof of Faraday's law.

cancel in defining By,.) Hence the voltages induced in
the four inductive coils pBYAu?Ax® (opposite to the
direction of the current flow) plus the voltage drops in
the capacitors must be zero (as the voltages across the
ideal transformers also cancel)

[{(0Es/0u) — (3E./00%)} + pBY)autaws = 0. (25)

This physical interpretation of mesh ABCD cor-
responds to the integral form of Maxwell's equation,
namely, to Faraday's law

d
fE,Au’ +- ff B3 dS = 0
1 at s

where (because the blocks are bounded by the co-
ordinate surfaces) 7,dS =Au2A\u3,

Similar derivations apply to the other two curl E
equations.

(26)

Proor or T CurL H EQuartioxs

The previous equation defined //,Ax! as the average
of four currents measured on the face of a unit cube.

Fig. 8—Two ideal transformers.

Since the currents in the two coils of an ideal trans-
former are equal (Fig. 8)
At = 1/4(”1' + 1" 4 m'" 4 ”1"")
= 1/2(1 + 1,”) = 1201 4+ H™). (27)
That is, I, is defined either as the average of four

e =



1944

currents in the mesh or as the average of two adjacent
currents. (When every other sphere of inductances is left
out, then one current defines /1,.)

Considering a junction point on Fig. 9(a) this junc-
tion may be considered to be represented also by a plate
of the capacitor having an area equal to a face of a
unit cube (Fig. 9(b) ) whose center lies at a capacitor,
and the I7 currents flow into the junction along the
edges of a face.

Again H;Au® = I hAu’® represents the line integral
of I, namely of (/1;'+11y""")/2, flowing into the two
junctions from 4 to B and from 4’ to B’. The line inte-

. ( )
H 2
- of - i :’ca'i‘ —~:/-'r-‘—

i = 7 U

o —— A
.~ ‘\ " = /3:;’;2?
= X ns 4 =

= - I
[} “"z' My D“" My

o) 6)

Fig. 9—Proof of Ampere's law.
gral of H, around the two closed circuits ABCD and
A'B'C'D’ is then
(17200 + H5"") — 1/2015" + HY")]
— (1200 + 1"y = /201" + 1" ]
= 1/2(Iy — H' + Iy — IY)
— /201" — """ + 1" —
= (I, — " + II)' — II,)
= (" - "+ 10" —

111”” (28)

m,").

This must be equal to the surface integral of the curl of
H¢, in the direction #!:

{(311:/8u?) — (9I12/du?) } AurAud.

The other currents flowing into the plate are the
surface integrals of —I; and —pDq, (the currents
flow in opposite direction to the voltages) that is,
—IVAuAu® and —pDVAu’Aud. Hence the sum of the
currents flowing into the junction must be zero

[{a11:/0u2) — (3,/0ud) | — pDV — IV |Au?Au?=0. (29)

This physical intepretation corresponds to the inte-
gral form, namely, to Ampere's law

3
fu,Au'—— ff D' ndS — ff I"ndS = 0. (30)
1 at 8 8

Similar derivations apply to the other two curl H
equations.

It should be noted that these equations define the
currents flowing not into a junction, but into a junction
pair.

As the wave equations are found from the two sets of
curl equations by straightforward substitution, the
given networks also satisfy the wave equations. By
starting with the definition of either E or H the proofs
repeat the steps of the last two sections.

Kron: Equivalent Circuit of Maxwell Field Equations
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Proor oF THE Div D EQuATION

If attention is focused on a unit cube with its center in
the middle of a sphere of inductances (Fig. 10), the

% -
P4 e
lwx' ,ELHIS 4% g‘ﬁﬂ
[l
o
o) b)

Fig. 10—Proof of div D equation.

electrostatic flux line entering a face is

DY = DVAulAu® = DyhahsAuAud, (31)
the surface integral of Dq,. (This flux, forming a junc-
tion pair, enters on one side of the face and departs
through the other side.) The surface integral of D¢,
around the six faces of the cube is

(DY’ — DY) + (D¥' — D¥") + (D¥" — D¥").

By Green's theorem this must be equal to the volume
integral of divergence of D(. Since the divergence of
D(,) iS
div Dy = 1/hyihohs[8/81(Dyhaha) + 8/0u*(D 2 hiha)

+ 8/8u3(D ayhihs) ] (32)
where
Dyhahs = (D(x)/hl)(hlhzha)
= g Di/(l)? = \gD' = D" (33)

its volume integral is
(8D /du* 4 aD¥ /ou® + AD¥ /du®) At AnAud

= (D" = D)y 4 (D* — D¥") 4+ (D* — D¥"). (34)

This sum of the electrostatic fluxes entering the unit
cube is zero if there are no bound charges present on
the capacitors. (The fluxes enter on three faces and de-
part through the other three.) In the presence of bound
charges the above sum of the electrostatic flux lines
entering the unit cube is p’An'Au*Au?.

This physical interpretation corresponds to the inte-

gral form
[ [ s = [ [ f v
s v

A similar derivation in connection with pD*" 41" and
(17) (instead of D*’) proves that the sum of the currents
entering the sphere of Fig. 10(a) through its six junctions
is zero.

(35)

Proor oF THE Div B EQUATION

Considering a unit cube bounded by twelve capacitors
(Fig. 11) the total magnetic flux produced by the sum
of four currents /I; on one face of the cube represents a
surface integral B'' =BuAu’Au® of By, (This flux,
forming a closed mesh, enters the face in its center and




298 Proceedings of the I R.E.

departs at its corners on the same side. The flux due to indexes to run from 1 to 4 and Roman indexes from 1 to

the ideal transformers cancels in defining B.) The sur 3), the definitions of the various tensors that occur in

face integral of B, around the six faces is again equal to  Maxwell's equations are as follows:

the volume integral of the divergence of B,). Hence

(OBY /0w +BY /ou?+3 BY /au®) Au AuAn? SO 1 2 3 3
=(B"—B") 4 (B>~ BY")+ (B — B¥")=0  (36)

. 1= ' u’ u ! (39)
the sum of the magnetic fluxes entering the unit cube is
zero. (The fluxes enter in the center part of the six faces 8
~ 3
o \\ 1 2 3 4
@ B B, L,
1 (h (h)* Vg
B; By I
(A (In)* Vg .
- - 40)
li B] b;
3 ) =
(h (n Vg
E, E, ' E
4 _ .
g 14 vE
Fig. 11—Proof of div B equation « 1 ; 3 4
and depart through the eight corners.) If bound mag- / / /
netic poles had existed, the above sum of the magnetic T = s - P (41)
flux lines would be m’An!Au?Aud. (hy)? (h2)? (h13)*
A similar derivation in connection with B (and
(16)) proves that the sum of the voltages induced in B
the eight corner meshes bounded by the inductive \\ ! 7 2 3 )
coils is zero, as shown by the arrows on Fig. 11. a@ 1, I, '1)1
1 / = - 2
AppENpIX II. THE FIELD EQUATIONS OF MAXWELL i _VE VE (h)
THE TENSOR FOrRM OF MAXWELL's EQUATION 2 il ul: =%
The tensor-density form of the field equations of  jjes v NVE (ha)? (42)
Maxwell has been derived in Appendix I by developing : H 1, Ds
the integral equations of a finite block. Their correctness \g Vg " (he)? ]
will be checked against the tensorial equations given in D -
books on electrodynamics. 4 | D, D
The tensorial form of Maxwell's field equations in an (Jn, (h2)? (h3)? ‘
n-dimensional abstract (curved affine) space is® T _4
8F ap/0x7 + 0F 3, /02 + 6F ,,/82% = 0 (37a) 8
3I1°8/x% = s (37h) a\k 5 4 3 E
where the operation 8/dx“ represents covariant (or ab- 1 ’ - ()2
solute) differentiation. Since in the special cases to be ) — (h)? ) J *
considered the space is Riemannian and holonomic (in Gop= : — (43) 1
rotating electrical machinery the space is non-Rieman- 3 A —(h3)? B N
nian and nonholonomic) the above equations simplify 4 c?
to® - =

0F a5/0x7 + OF5,/0x% + 0F ya/02# = 0 (38a)

—— -y
(1/V = a)(0/=a H8/3x8) = s=.  (38h) \ 1 2 3
. . . . . '
Assuming the four-dimensional physical space in 1 (h
orthogonal curvilinear co-ordinates (and allowing Greek g w2 — ‘(I- ——— {
re = 12)
1/ 4+
¢ Gabriel Kron, “Invariant form of the Maxwell-Lorentz field 3 ;' V2 ( )
equations for accelerated systems,” Jour. Appl. Phys., vol. 9, PP- (ha)

196-208; March, 1938, (
¢ A. S. Eddington, “The Mathematical Theory of Relativity,” |
Cambridge University Press, New York, N. Y., 1920, N—a=chihshy,  Ng=hihoh. (45)



In the above definitions the relations between the field
intensities and flux densities are
8, = (u/O)H,, D, = (¢/)E., I, = (s/0)E. (46)
The relations between the tensor quantities (open
indexes) used here and the conventional quantities
(closed indexes) used in the previous section, are of the
form

= 6,94 ) (47)
where the set of vectors ¢, are defined as
(s) .
(1) (2) 3)
r
] h]
(=2 ha (48)
3 }I;,

The tensorial form of Maxwell's equations are found
by substituting the above tensors into (38).

Tne TENsOR-DENSITY FORM OF MAXWELL'S
EquaTioN

The tensorial equations of Maxwell are defined in
(38). They represent the condition of the field at a point
of the four-dimensional space. Since the meshes of the
equivalent circuit represent infinitesimal blocks of the

The Institute desires under present conditions to
supply to its membership timely material believed
helpful in current educational and ¢ xperimental work.
Through the courtesy of Dean M. L. Enger and Pro-
fessor E. B. Paine, head of the electrical engineering
department, of the University of Illinois, and of the

three-dimensional space whose volumes are

AV = /g AutduAud = hihohsAu'Su?Au’ (49)
it will be necessary to change the tensor equations to tensor-
density equations by multiplying all equations through by
\/g = hihahs (or by V/gAu'Au?Au?). The resultant expres-
sions are given in (3).
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Research in Microwave Techniques:
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Summary—A magnetron oscillator for wavelengths from 6 to
17 centimeters (5000 down to 1700 megacycles) has been designed
and developed for use either in the research laboratory or for in-
struction. It consists of a split-anode magnetron inserted between
the pole pieces of a magnet whose housing serves to couple the mag-
netron oscillating circuit to transmission systems of various types
Two methods for producing and controlling the magnetic field have
been applied, a permanent-magnet system for the longer wave-
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lengths, and a more powerful electromagnet for the shorter waves.
A turntable supported on a stand allows either type of oscillator with
its magnet to swing in a horizontal plane. By mounting the oscillator
in two distinct positions, either upright, or on its side, the radiating
beam may be swept either in the plane of polarization or perpendicu-
lar to it.

I. INTRODUCTION

{HE purpose of the present investigation was to
VJ[ develop a reliable microwave oscillator for the
range of frequencies from 1700 to 5000 megacycles,
corresponding to wavelengths 17 to 6 centimeters,
which would be convenient in laboratory work for in-
struction as well as research. It would have to be easily
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adaptable for a great range of experimental work such
as demonstrating the properties of short electromag-
netic waves, methods of measuring wavelengths, map-
ping radiation-field patterns, and propagation of waves
in free space, along wires, concentric lines, or througl
guides.

Sufficient details are included in the description to
enable teachers and investigators to build their own
microwave oscillator.

I1. MAGNETRON TUBES

Construction of Magnetron Tube with External Loop
(Type I)

In the attempt to construct a magnetron tube suit-
able for the purpose of experimentation with micro-
waves it was clear that it would not be necessary to de-
velop a high-power tube. The conditions in a medium-
sized laboratory are hardly applicable for utilizing radia-
tion of intensitics beyond those measurable with the
usual detectors and bolometers. The task was therefore
reduced to the design of a compact tube of about 10
watts input so constructed that its power could be con-
trolled easily. This simplified the preparation of the
tube and made unnecessary the use of facilities usually
absent in a college laboratory. For a skilled technician
all that was necessary was that he have available a small
spot welder, a vacuum-pump system capable of sustain-
ing a pressure of about 10~% millimeter of mercury, and
a high-frequency induction furnace for heating the
electrodes during the outgassing process.

The construction and details of the tube are illus-
trated in Fig. 1. Figs. 1(a) and 1(b) give the general front
and side views of the tube. The envelope 4 is made of
pyrex 28-millimeter tubing supplied with a 19-millimeter
pyrex electrode press B. The latter carries four tungsten
leads imbedded in a uranium glass sleeve C sealed to the
press B. Two other similar leads, D, also beaded with
uranium glass, protrude through the forward end of the
envelope.

Each of the tungsten leads serves as a conductor and
support for the tube elements. The filament F (7-mil
pure tungsten wire), is kept in position by two nickel
prongs 1 and 2 acting as a tension spring, and carrying
circular end plates E (6 millimeters in diameter) made
of molybdenum, each provided with a hole for the
filament.

The oscillating system consists of a pair of semicylin-
drical anodes G and two yoke-shaped conductors /7 and
J. The anodes G, made of two molybdenum shells facing
each other and separated by two slits (usually 0.5 milli-
meter wide) parallel to the axis, form a hollow cylinder
(usual dimensions 8 millimeters long and 4 millimeters
in diameter). In order to keep the component parts
rigidly together, each shell is welded to one of the legs
of the U-shaped nickel yoke I7 at points within a few
millimeters from the ends of the legs. A pair of flexible
nickel ribbons I connect the yoke /1 with the tungsten
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leads 5 and 6. The latter carry the loop J which termi-
nates the oscillating system. The anode supply is fed
through a stiff nickel lead 3 welded to the midpoint of
the yoke 7/, thus serving at the same time as a support
for the oscillating elements.

j SE—

g—

f a 2

# £ 7D

[—;“\. } '(
e T
—— el

N WNeor Frlament Leod and £nd Plofe
Omitted fo Show Spli? Arods

Fig. 1—Mlagnetron tube with external loop as radiator.

An additional lead 4 serves jn conjunction with lead
3 to make connection to a getter element (RCA barium-
berylliate).

Construction of Magnetron Tube with Internal Loop
(Type II)

The tube described above served well for a range of
wavelengths from 8 to 17 centimeters. Below the 8-centi-
meter wavelength it is not possible to make the external
loop J (see Fig. 1) short enough, because the length of
the leads I, connecting the external loop J with the
anode, cannot be reduced sufficiently. By eliminating
the external leads 5 and 6, and by placing the entire
loop J within the envelop A, as shown in Fig. 2, this

L] - |

{
=
]
S,
v

(a)

#H, £, J,

2/ »)

Fig. 2—Magnetron tube with internal loop as radiator.

difficulty is overcome. Besides the simplified construc-
tion, economy of tungsten material, elimination of the
disturbing capacitances produced at the seals, and
better insulation, all add to the increased efficiency of
the tube.

An auxiliary view of the electrode structure as shown

in Fig. 2(b) indicates the mounting of the electrode ele-
ments.

Effect of Length of Radiating Loop

The wavelength emitted by a magnetron tube as well
as its efficiency depend not only on the operating
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conditions, but also on the constants of the oscillating
circuit. These constants are determined by the gecometri-
cal dimensions of the split anode G and the two adjacent
loops /7 and J (Fig. 2). At constant diameter and length
of the split anode G, and at constant frequency., there
is for each particular length of the tank loop I a cor
responding optimum length of the radiating loop J
The ratio of these lengths varies with frequency.

Preparation of Magnetron Tubes

In the preparation of a magnetron tube all the pre-
cautions applicd to the usual thermionic vacuum tube
have to be considercd. They are especially important
in laboratory work where tubes are very often subjected
to eatreme conditions of operation. Overheating of
electrodes occurs quite often, and, if the outgassing has
not been properly done, the tube becomes gassy. Also,
duc to overheating, the clectrodes may become warped
and cause changes in the tube constants. All these
factors are considered in the following procedure.

The split anode is prepared from a sheet of moly bde-
num' from which rectangular picces are cut. each cor
responding in size to one half of the anode. The length
of the rectangular picees is chosen exactly equal to the
length of the cyvlinder, while the width s about 0.5 milh-
meter smaller than one half the periphery of the circular
end of the cvlinder.

The anodes are formed and heat-treated in a viselike
too!l as shown in Fig. 3 where A is one of the molybde-
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Fig. 3—\'ise for heat-treatment of cyvlindrical splitaanodes
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num semicylindrical plates. The latter are placed in a
groove of the jaw C, and subjected to pressure by means
of the shaping mandril B and the upper jaw D. The
whole assembly is then tightened by means of the bolts
E. The core B has an extension F which serves as a han-
dle for manipulating the vise during the heat treatment

If an electrically heated furnacce for the neccssary
temperature of about 1000 to 1100 degrees centigrade is
not available, the vise containing the molybdenum
plates may be heated in an oxygen-gas flame of a glass-
blower's torch. As soon as the entire vise is at a uniform
dull-red heat, indicating the appropriate temperature,
it is removed from the hot flame and annealed by allow-
ing it to cool gradually to room temperature. The anodes
are now removed for mounting.

The two split anodes are then welded to a nickel yoke
H (see Figs. 1 and 2). Nickel has been chosen for the

! Nickel may be used instead of molybdenum if the anode tem-

per(ait\)xre is not allowed to exceed dull-red heat (1100 degrees centi-
grade).
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yoke partly because of the greater ease with which it
welds with molybdenum, and partly because it is pliable
enough for alignment of the half cylinders.

The four tungsten welds are scaled into the press, and
the filament and anode system are mounted by welding.
It is important that the two halves of the anode form
a regular cylinder with each of the two spacings betwcen
them cqual in width. The filament is then aligned co-
axially with the cylinder. The press assembly is im
mersed in a solution of sodium dichromate and sulphuric
acid for a few minutes to remove grease or other im
purities caused by handling, and is finally dipped in
distilled water and washed twice in alcohol.

In the case of the tube shown in Fig. 1, the tubular
cnvelope is supplied with openings for the external leads
5 and 6 and is cleaned in the same manner as the press.
The press with its entire electrode system is inserted into
the envelope A and scaled at the base. Finally the pro-
truding tungsten beaded welds carrying the external
leads are sealed at the top. If the internal loop is used.
as shown in Fig. 2, the latter operation is saved

Ixhaust Procedure

The tube is now ready for the process of vutgassing
It is scaled to the vacuum system at the point L (see
Figs. 1 and 2). and the pumps are turned on.

In order to loosen the gases on the surface of the
envelope and the electrodes, an clectrical resistance
furnace is placed over the tube, the temperature is ad
justed to about 350 degrees centigrade and is kept at
this point for about half an hour.

The furnace is removed and the clectrodes are sys-
tematically outgassed one by one. The filament is
hrought to its normal operating temperature. The getter
is then heated to a temperature (orange) just below the
flashing point. In the casc of the type 11 tube the induc-
tion furnace is applied to the loop to raise its tempera-
ture to a red heat. The anode plates are outgassed by
applying between cathode and anode a positive poten-
tial increasing in steps from 1000 to 4000 volts, first
without cmission for testing the insulation, and then
gradually raising the emission. The electrodes are
thereby heated by bombardment of electrons first at red
heat and then with increasing plate current until an
orange-yellow color temperature is observed. The total
time of electron bombardment is usually about 13 min-
utes.

At this stage, if no signs of a discharge are observable
within the tube at anode potentials of about 2000 to
2500 volts and anode current of 20 to 50 milliamperes
(15 to 30 watts), the tube is ready for sealing off. In
preparation, the constriction is heated with a pointed
flame and the tube again pumped for about 10 to 15
minutes. The tube is then sealed off and immediately
gettered by applying to the terminals of the gettering
element 6 volts at 6 amperes from a storage battery
with a 0.4-ohm resistor in series. The tube is now ready
for oscillation tests described later.
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Characteristics

In order to facilitate the operation of the magnetron
tube as an oscillator it is useful to have characteristics
for typical tubes which show the relation of anode cur-
rent as a function of applied voltage and magnetic-
held intensities. In Figs. 4 and § examples of such char-
acteristics are given for a tube whose dimensions are
indicated on the curves.

Fig. 4(a) shows the relation I, =f(Es); } = constant
=1550 gauss. Also the-intensity of radiation is given as
measured by means of an antenna and detector at ap-
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Fig. 4—Relation between plate current and anode voliage.

proximately 20 wavelengths distance from the oscillator.
The curve (1, 2, 3, 4, 5) shows a rising characteristic
with a dip in the region (2, 3).

The maximum of radiation intensity coincides ap-
proximately with point 2 where the dip starts. It must
be considered that in the region of oscillation (I, 2, 3)
the characteristic is not a static one, since the plate cur-
rent and voltage during oscillation varies above and
below certain average values. As the voltage increases
to a point 4, at which oscillation ceases, the character-
istic returns gradually to its static type (4, 5). The
wavelength for I7=1550 gauss measured at maximum
radiation was A =11.2 centimeters.

Fig. 4(b) shows another characteristic obtained under
similar conditions with the exception that the magnetic
field was increased by about 15 per cent to 7/ =1800

May

gauss. The cffect is to shift the region 4 of maximum
oscillation to higher voltages, namely, from 690 volts to
880 volts. Further, two depressions occur in plate cur-
rent with corresponding maxima of oscillation at the
voltage points 2 and 4. The wavelength of the stronger
oscillation decreases from A =11.2 to\; = 8.3 centimeters.
The two curves illustrate the importance of knowing
the operating voltages and magnetic ficlds for specific

wavelengths.
Similar but inverse characteristic curves are obtained
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Fig. 5-—Relation of plate current to magnetic-ficld intensity.

when anode voltage is kept constant and plate current
observed as a function of magnetic field. How the plate
current is affected as a function of the magnetic field is
illustrated in Figs. 5(a) and 5(b). Here again the region
of maximum oscillation coincides with the peak of plate
current.

Data on Magnetron Tubes

Altogether, 92 magnetron tubes of different types and
dimensions have been prepared an investigated. Table
I contains data on selected molybdenum, nickel, and
graphite split-anode tubes with both internal and ex-
ternal loops that gave continuous usable service in the
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TABLE 1
Data ox Maanzrron Tunes
Wave
. [i)hnrn& Mage Iet‘mlh
ength aions of | netie- Flla or Other
Tube | Tmeel o Tank Nadiat- | Fueld [pAnie) Qnode | ment | Maxi- | Wave:
Number Ilullm Loop ing Intens- b "% Current| mum | length
P Loop |ty Power
Gaum Output
mm.  In mm. volt ma. amp. | A em. [ A em
Length
X windth 1000 45 i 4.8 10.8
A2 Frternal 6.3 X112
1200 050 12 50 10.2
1100 350 10 4.7 136
12A12X Faternal 6.3 4UXx12 1540 200 4 4.7 8.0
1800 950 9 48 814
1370 €00 8 47 L]
67AN External 6.3 X112 175% 1150 8 490 in
1840 1100 8 7 7.9
X112 1480 00 4 ‘9 10 45
4iAS External |~ 6.5 | T0OX1? 1460 /00 ] 49 | 1008
80X 12 1460 w00 4 490 10.70
1800 1300 L} 47 7.58
62FGY lnternal 6.8 Sax12 1800 1100 8 47 3
1660 850 3 465 o 80
17% aso L] [\ 8. 67
SIFGS Internal 13 MBxi2 800 400 [ ] 4.9 e
W00 1000 9 9 s
s8Je* External ) 0Xx12 900 w0 10.% 4.7 16.8
Graphite
Anode

Constructional details: Anode, length, 8 mitlimetern; inner diameter 4 millimeters, Fila
ment, length, 10 millimeters, diameter, 7.5 mils
Using permanent magnet

laboratory for instructional and research purposes. As
evidenced from the table, wavelengths from about 6 to
17 centimeters (f = 5000 down to 1700 megacycles) are
obtainable with these tubes.

I1l. Tne MAGNET

General Requirements and Considerations for Production
of Magnetic Field

The magnetron tube differs from all other short-wave
oscillators in that it requires a constant magnetic field
within the anode cylinder in the direction of its axis.
This field forces the electrons to move in trajectories
which bring about energy transfers to the adjacent
circuit at high frequency. The constancy of frequency
requires constancy of the magnetic field. It is therefore
quite important to design magnets to suit this require
ment. The requirements may be satisfied by using per-
manent magnets or electromagnets. In cases where a
number of frequencies have to be produced by the
same tube the range of field intensities which have to
be established with a given magnet must be at least in
proportion to the range of frequencies. Both permanent
magnets and electromagnets of proper design are adapt-
able for such conditions.

The advantages of the permanent magnet are that
its weight is comparatively small and that no external
direct-current source is necessary to sustain the field.
On the other hand, the aging of permanent magnets
presents a serious disadvantage in their use. However,
in the laboratory the electromagnet has the advantage
of a larger range of magnetic-field intensities. It re-
quires special regulating equipment for preventing
variations due to temperature and line-voltage fluctua-
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tions. Generally, for instructional purposes, and for
most laboratory work, the electromagnet is more
serviceable.

Permanent Magnet

A design of a simplified oscillator making use of
permanent magnets for producing the necessary mag-
netic flux through the anode of the magnetron tube is
shown in Fig. 6. Two permanent magnets A and B,
made of an aluminum-nickel cobalt alloy (Alnico), or
any other alloy having suitable characteristics of high
magnetic retentivity, are fixed in a rectangular frame C.

This frame consists of four brass bars, two of which
are grooved. The magnets are slid into the grooves E
in such a manner that the like poles face each other.

Thus, the flux passing through the tube D from the
north to the south poles combines to increase the in-
tensity of the field within the anode cylinder. By using
Alnico magnets of the dimensions shown, a resultant
ficld of 860 gauss was obtained. It is possible to use only
one magnet in the same frame if the other is replaced
by a brass dummy to keep the single magnet in position.
In this case, however, the field strength is only about
700 gauss.

The frame C fits within a rectangular box F. It is
supplied with a brass tube G for supporting the mag-
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Fig. 6—Magnetron oscillator using permanent magnet.

netron D, and with a sliding diaphragm H. The latter
has a circular opening I through which the radiating
loop J or the tube D may pass. Two knobs K are pro-
vided for adjusting the correct position of the dia-
phragm along the chamber L. A narrow slit Y is cut in
the wa!l of the chamber to guide the diaphragm. The
chamber is terminated by a flange Af for connecting to
guides, horns, or any other transmission or radiation
system. The tube is connected electrically to the exter-
nal circuit through a system of chokes and condensers
in a manner which will be described later.

For many types of experiments it is desirable to vary
the field strength through the anode. This may be done
by rotating two soft-iron bars P, attached to shafts Q
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(shown in broken lines), so as to shunt a part of the
field in each of the magnets. A much simpler method,
however, is to move the magnetron along its axis across

F1G. 7—Mlagnetron oscillator with permanent magnet
and resonance chamber.
the field or to slide the magnets perpendicular to the
axis of the tubes; this method is shown in Fig. 6. By
means of an adjusting screw R, acting against the
magnet, and a tension spring S, set in the groove E, fine

Fig. 8—Details of magnetron oscillator with permanent magnet.
KEY FOR FIGS. 7 AND 8

1, 2. Permanent magnets 11. Diaphragm

3. Frame for permanent magnets 12. Knobs for sliding diaphragm
4. Oscillator box 13. Guiding slots for diaphragm

5. Tube holder 14. Magnetron tube

6. Radiating loop 15. Condenser and choke assembly
7. Knob for adjusting magnet frame 16. Support for oscillator

8. Flanges for guide 17. Turntable

9. Adjusting screw for magnet 18. Handle for turntable
10. Tension spring for magnet 19. Stand
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variations may be achieved in the magnetic field passing
through the tube. Coarse adjustment is obtained by
shifting the frame C across the chamber L, and locking
the frame by means of screw T.

Fig. 7 gives a general view of the oscillator mounted
on a supporting stand: the main component parts are
shown on Fig. 8.

Design and Construction of Electromagnet

The usual electromagnets in connection with magne-
trons consist of one or two solenoids supplied with an
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Fig. 9—Magnetron oscillator using electromagnet.

iron core and pole pieces extended towards the tube.

It was found that such arrangements produce strong
stray fields which cannot be utilized since they by-pass
the. magnetron anodes. Due to their inefficiency their
excitation requires high current densities causing over-
heating of the coils during continuous use. The new
electromagnets were designed with the purpose of
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overcoming these difficulties, and for providing con-
venient adjustable mechanically stable supports, also
electrically appropriate coupling of the magnetron tube
with various radiating systems.

The magnetic circuit (Fig. 9) consists of two sym-

Fig. 10—Magnetron oscillator with electromagnet (mounted
vertically), turntable guide, and circular horn.
KEY
1. Upper part of electromagnet 10. Guide to horn
2. Lower part of electromagnet 14. Round horn
3. Upper coil of magnet 17. Turntable
4. Lower coil of magnet 18. Handle for turntable
6. Magnetron tube 19. Stand
8. Terminal board and condenser-

choke assembly

metrical parts, 4 and B, made of Armco iron, with their
ends notched so as to fit one against another. Each part
consists of four outside legs C and D and the cores E
and F. The legs are held together by common plates G
and JI. Two methods of turning out each half can be
used. One consists in turning each part 4 or B out of
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one solid piece. This method avoids increased reluctance
at the connecting surfaces, but requires special tooling.
This increased tooling and material may be saved by

Fig. 12—Magnetron oscillator with electromagnet
(mounted horizontally), turntable, and square horn.

KEY
1. Upper part of electromagnet 13. Square horn
2. Lower part of clectromagnet 16. Support for osciliator
3. Upper coil of magnet 17. Turntable
6. Magnetron tube 18. Handle for turntable
8. Terminal board and condenser- 19. Stand

choke assembly

making the legs, main plates, and cores separately, and
joining them by bolting.

The coils I and J wound on brass spools K and L fit
snugly over the cores between the legs of each half of
the magnet. The two halves are held together by means
of brass plates M and N which at the same time serve
to support the magnetron tube O and the radiating
system R, T.

TABLE 11
DATA ON ELECTROMAGNET

Armco fron

Material of magnetic circuit } .
1} inches (28.5 millimeters)

Diameter of core at poles. .
Length of air gap. . . 1} inches (28.5 millimeters)
Fleld strength at 0.5 ampere 1900 gauss

Number of coils i . 3 vewdl 2

Number of turns per coil 4200

Total number of turns bamme 8400

Ampere turns at 0.5 ampere. . . ...... | 4200

Size of copper wire e o No. 22 B & S gauge
Insulation of copper wire. enamel single cotton

Resistance per coil - g 48.5 ohms
Total resistance for series connection 97.0 ohms
Total resistance for parallel connection 24.25 ohms
Energy dissipation at 0.5 ampere 24.25 watts

Temperature rise at 0.5 ampere .. . 13 degrees centigrade

*Weight without support
Weight of support with turntable

Fig. 11—Details of magnctron oscillator with electromagnet
KEY

|

* Including tube holder, stubs, and coupling attachment.

38 pounds 4 ounces
13 pounds

Magnetron tube

. Support for oscillator

1. Upper part of electromagnet 9. Coupli
3 pling attachment
2. Lower part of electromagnet 10. Guide to horns
3. Upper coil of magnet 11. Guide to horns
4. Lower coll of magnet 12. Parallel wire attachment
2 Inner cores of magneta 13. Square horn
7
8

The electromagnet is shown in Figs. 10 and 12 as part
of the general view of the oscillator, while the details

Tube holder . - 17. Turntable are presented in Fig. 11.
. Terminal board and condenser- 18. Handle for turntable
choke assembly 19. Stand

The computation of the dimensions of the magnetic
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and electrical circuits is a matter of known procedure.?
The principal data on the electromagnet are specified
in Table I1I.

Experimental Data

The actual intensity of the magnetic field as a func-
tion of the excitation current was measured in the gap
by means of a fluxmeter, and is shown plotted in Fig.
13. The curve indicates that intensities of from 0 to
3000 gauss are readily obtainable without exceeding the
temperatures prescribed for electromagnets. The values
were obtained using the two coils connected in series.
Obviously, for parallel connection the line voltage is
halved, and the supply current necessary for the same
field strengths must be doubled. The maximum tem-
perature at the poles reached under continuous opera-
tion at 25 degrees centigrade room temperature are in-
dicated on the curve. The stray fields measured just
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along the periphery passing around the junction line of
the legs were so small that they could not be measured

with the usual fluxmeter.
IV,

Magnetron-Tube Oscillator
In order to utilize the ultra-high-frequency oscilla-
tions produced by the magnetron tube it is necessary
to have the tube properly mounted and wired within
the electromagnet. It is also important to provide means
of coupling the tube to transmission lines of various

forms and to different radiating systems. Further, for
investigating radiation patterns it is useful to have the

RADIATORS

2 A. D. Moore, “Fundamentals of Electrical Design,” McGraw-
Hill Book Co., New York 18, N. Y.

Proceedings of the I.R.E.

May

angular position of the radiating system movable along
a horizontal or a vertical axis. A complete oscillator
must, therefore, contain a variety of attachments which
would be flexible enough for the main tasks encountered
in the laboratory. A pictorial view of the complete
oscillator and of its parts is given in Iiigs. 10, 11, and 12.
A description of the component parts follows.

Arrangement of Magnetron Ilolder with Choke Stubs

In order to provide a stable support and convenient
connections to the power sources a holder has been pro-
vided as shown in Fig. 14. It consists of a plate 4,
bolted to the legs of the electromagnet B. This plate is
supplied with a brass tube C, into which the magnetron
tube D fits, and can be rotated through small angles in
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Fig. 14—Mlagnetron tube holder with choke stubs
for filament circuit

the magnetic field by moving the tip E. The plate 4

carries at right angles another plate F, provided with a :

circular opening into which is mounted an assembly
carrying binding posts G, a blocking condenser system
11, and a pair of adjustable filament chokes J for pre-
venting propagation of radio-frequency waves along
the supply line.? A bakelite disk J keeps the chokes and
the leads connecting the binding posts with the power
cable K firmly in position. How the different circuit
elements of the tube are connected with the condenser
chokes and power supply is indicated in the connection
diagram adjoining Fig. 14.4 Plates 4, Fcarry a shield box.

¢ The condenser structure /7 can be omitted if a third tuning stub
for the anode is added.

¢ The details of construction of a condenser-choke assembly in an
ultra-high-frequency system are described by J. G. Brainerd, Glenn
Koehler, Herbert J. Reich, and L. F. Woodruif in “Ultra-Hi,gh Fre-
quency Techniques,” D. Van Nostrand Co.. New York, N. Y.,
1942, p. 302. L
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Coupling of Oscillating Circuit to Radiating Systems

The oscillation energy developed in the magnetron
may be utilized by coupling the radiating loop of the
magnetron in various ways.

For studying waves along wires, a Lecher-wire system
may be coupled inductively to the tube by means of an
attachment, as shown in Fig. 15. It consists of a cylin-
drical brass tube 4, which fits snugly over the front end
of the magnetron envelop. A pair of brass tubes B are
soldered to the outer part of the sleeve A. Into these
can be slid a U-shaped wire C, as shown in Fig. 15(a),
to complete the closed Lecher system, or two single
wires D may be inserted to form an open Lecher system,
as shown in Fig. 15(b). The inductive coupling can be
adjusted by rotating or shifting the sleeve A relatively
to the loop of the magnetron.

For experiments in which waves in free space are in-
vestigated, it is necessary to provide means of directing
the radiation by means of horns. How to couple the
magnetron to a horn is shown in Fig. 9. For this purpose
the Lecher system is replaced by a square or circular in-
termediate attachment T, as shown in Fig. 9. The at-
tachment consists of three parts, a sleeve, a funnel, and
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Fig. 15—Attachment for studying standing waves along wires.

a plate N. This attachment is inserted between the legs
and pole pieces of the magnet, and fastened to the
magnet proper by means of thumb screws S as shown
in Fig. 9. Extensions in form of horns, either square or
round, depending upon the shape of the intermediate
piece, also may be attached by means of the thumb-
screws S to the same plate V.

Whenever it is necessary to transmit the oscillations
along transmission lines or guides, proper chambers can
be inserted between the transmission units and the in-
termediate attachment T (see Fig. 9).

Turntable with Stand for Supporting Oscillator

Optical properties of the microwaves in space, such
as reflection, refraction, polarization, standing waves,
and intensity patterns of beams, may be studied readily
by providing means of gradually sweeping the beam
in two planes of polarization.

A mechanically simple and convenient arrangement
is shown in Fig. 16. The base 4 of the electromagnet
rests upon a metal plate B which has a circular ridge C.
The latter fits into a circular groove D, cut in a lower
plate E. A four-legged stand F supports the plate E.
A pivot G centers the magnet with plates B and E. By
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means of a handle H the electromagnet may be swiveled,
and the angular position indicated in degrees by the
pointer J upon the dial I.

In order to sweep the magnetron oscillator in a verti-
cal plane of polarization the electromagnet is lifted from
the turntable and placed on its side as shown on Fig. 12
so that the legs rest on the turntable base. For centering
in this new position, pinsin the legs of the electromagnet
and corresponding holes in the turntable are provided.
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Fig. 16—Turntable with stand for supporting oscillator.

Thus the construction described in the foregoing sec-
tions is adaptable to multifarious experiments with
microwaves.

V. OPERATION OF OSCILLATOR
General Operating Requirements

For proper operation it must be considered that dis-
crete values of voltage, magnetic field, and space-charge
conditions must be established within the tube for
definite frequencies of oscillation. Further, the con-
stancy of amplitude of oscillation, most important for
all quantitative experiments, requires stable sources of
power for anode, filament, and magnetic field. It is de-
sirable that meters be inserted in all the circuits for con-
trolling these conditions.

Magnetron-Oscillator Circuit

The general diagram of connections is shown in Fig.
17. The filament is heated by a transformer A, whose
output is 6.3 volts at 110 volts input. A variac B is
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Fig. 17—Diagram of connection for magnetron oscillator.
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connected in the primary of the transformer for control-
ling its output voltage. An ammeter C (0 to 5 amperes)
serves to indicate the filament current. The line voltage
supplying the variac is usually stable enough for qualita-
tive experiments, if a line-voltage regulator D of the
resonance or magnetic-saturation type is inserted in the
line. However, it is not sufficient in itself for quantitative
experiments. In this case storage batteries are recom-
mended for the filament.

Precise control of the plate voltage and current is
necessary for all kinds of experiments because of the
danger of damaging the magnetron tube due to sudden
overloads peculiar to magnetron oscillators. Such con-
trols are obtained by inserting in the output of the con-
ventional direct-current power supply E, whose input
is regulated by a variac F, a voltage stabilizer G in ad-
dition to a current stabilizer /I of the thermionic type.
Examples with detail diagrams of such stabilizing cir-
cuits may be found in the literature.’

The anode currents and voltage may be measured by
means of suitable meters I and J, respectively.

If electromagnets are used for supplying the magnetic
field, a simple series circuit using a pair of rheostats K
and L, connected in parallel for rough and fine control,
may be used for regulating the current. In this case the
two magnets A are also connected in series, and an am-
meter O is placed in series with the 110-volt direct-
current line. Storage batteries are recommended for
precise measurements. In the latter case the two mag-
nets may be connected in parallel in order to reduce the
required battery voltage to approximately 24 to 30
volts.

Operating Procedure

It is advisable that the operating conditions which are
usually given for each magnetron tube be referred to
before turning on the power supplies.

Preferably, the current excitation for the magnets is
turned on (Sw 1, Fig. 17) a few minutes early to allow
the coils to heat up to their normal operating tempera-
tures, thus reducing changes in magnetic-field strength
due to increased coil resistance produced by temperature
rise. It 1s advisable to adjust the rheostats K and L
gradually from maximum resistance down to approxi-
mately their normal position.

With the filament variac set to zero voltage, the
switch Sw 2 is turned on and the variac brought up
until the approximate required heating current is ob-

¢ See page 74 of footnote reference 3.
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served on the ammeter C. Next, the filaments for the
power supply E are turned on by the switch Sw 3 and
then, with the variac F set to zero, the plate-supply
switch Sw 4, and also the switches (not shown in the
figure) for the filaments of the voltage and current
regulators G, 7/, are turned on. Finally, the variac Fis
slowly turned up until the voltmeter J and the milliam-
meter / show approximate operating values.

Before adjusting for oscillation a receiver, consisting
of an antenna doublet a few centimeters in length con-
nected through a crystal detector to a microammeter,
is placed in front of the horn N or adjacent to any other
radiator being used. This receiver serves as an indicator
of oscillation. The tube is turned so that the axis of the
anode deviates from the direction of the magnetic field
from 3 to 10 degrees. If oscillations do not set in, this
angle is slightly reset and fine adjustments are made
consecutively in filament current, anode current, anode
voltage, and magnet current by adjusting controls B, F,
and L. This order of adjustment is repeated until an
indication of oscillation is observed on the doublet
detector receiver. Once oscillation sets in the same order
of adjustments are repeated in still smaller steps until
the meter of the receiver reaches a maximum deflection.

Results

The magnetron oscillator proved effective for research
purposes, testing, and various types of experiments
designed to demonstrate the properties of microwaves.
The following experiments. performed in the laboratory.,
may serve as examples of the application of the oscil-
lator:

(1) Testing of about 90 magnetron tubes of different
types and dimensions as oscillators.

(2) Determination of static and operating charac-
teristics of oscillators.

(3) Determination of dimensions of circuit elements
for definite frequencies.

(4) Study of transmission along parallel-wire systems,
coaxial cables, and guides.

(5) Comparative study of various radiating systems.

(6) Determination of wavelength by various methods.

(7) Calibration of crystal detectors and holometers. :

(8) Study of radiation patterns of reflectors, horns,
and guides.

(9) Decrease of radiation intensity as function of
distance from source.

(10) Polarization, reflection, and refraction of radi-
ated beams.
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TORONTO—Chairman, R. G. Anthes; Secretary, J. T. Pfeiffer, Erie Resistor of Canada, I.td., 128 Peter St., Toronto,
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TWIN CITIES—Chairman, E. S. Heiser; Secretary, B. R. Hilker, KSTP, St. Paul Hotel, St. Paul, Minn.

WASHINGTON—Chairman, J. D. Wallace; Secretary, F. W. Albertson, c/o Dow and Lohnes, E St. N. W., between
13th and 14th Sts., Washington, D. C.




Institute News and Radio Notes

Board of Directors

March 1 Meeting: At the regular meeting
of the Board of Directors, which took place
on March 1,1944, the following were present :
H. M. Turner, president; R. A. Hackbusch,
vice-president; S. L. Bailey, W. L. Barrow,
1. S. Coggeshall, Alfred N. Goldsmith,
editor; R. A. Heising, treasurer; L. C. F.
Horle, C. B. Jolliffe, F. B. Llewellyn, H. J.
Reich, B. J. Thompson, H. A. Wheeler,
L. P. Wheeler, W. C. White, and . B.
Covwilich, assistant secretary.

Membership: The following applications
for membership were approved: for transfer
to Senior Member grade, O. L. Angevine,
Jr., Saul Dushman, G. M. Lohnes, ]J. E.
Shepherd, and H. L. Tholstrup; for transfer
to Member grade, R. W. Chapman, Harold
Goldberg, J. C. O’'Shea, and P. W. Spence;
for admission to Member grade, F. H.
Clarke, F. E. Mauritz, D. H. Preist, and
E. G. Sorensen; Associate grade, 115; and
Student grade, 44.

Budget: President Turner presented the
revised 1944 budget, which had been recom-
mended | y the Executive Committee. After
a discussion, the revised budget was unani-
mously adopted.

Commuttees: Dr. Austin Bailey was ap-
pointed chairman of the 1945 Winter Con-
vention.

On the recommendation of Chairman
Everitt, Professors A. B. Bronwell and
B. R. Teare, Jr., were appointed to the Com-
mittee on Education.

President Turner announced that, due to
the pressure of other duties, Mr. B. ]J.
Thompson had requested to be relieved of
serving on the Board of Editors and the
Constitution and Laws Committee. The
resignation of Mr. Thompson from these
committees was accepted with an expression
of regret.

Constitution and Bylaws: In his capacity
as chairman of the Constitution and Laws
Committee, Treasurer Heising submitted
the wording of Sections 1b, ¢, and d of
Article 11, given below, as a means of amend-
ing the Constitution in a manner that would
provide for the proposals recently made by
the Montreal Section:

ARTICLE 11

Section 1, b—Change the name of “Senior
Member” membership to
“Member” membership in the
Institute and in the Constitu-
tion.

c¢—Change the name of “Mem-
ber” membership to “Associ-
ate” membership in the Insti-
tute and in the Constitution.
d—Change the name of “Associ-
ate” membership to “Afhli-
ate” membership in the Insti-
tute and in the Constitution

After discussion, the Constitution and
Laws Committee was requested to inform
the Montreal Section of the suggested meth-
od for attempting to amend the Constitution

.
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through use of essentially the foregoing
wording, the final wording to be subject to
approval by General Counsel Zeamans.

As a means of preventing a wholesale
demotion of Associates to Affiliate status in
the event that the proposed amendments are
adopted, Treasurer Heising suggested giving
consideration to adding a Section 5 to con-
sist of the following wording, to Article I1:

ARTICLE 11

Section 5—“An Associate member of record
for three years prior to the adoption of this
amendment shall not be transferred to
Afhliate membership until he shall have
been sent a notice of such impending
change and shall have been given an op-
portunity good for a stated period not ex-
ceeding six months but depending upon
distance, to retain Associate membership,
and such Associate member shall be re-
quired to show only that he is or has been
an engineer or scientist or teacher in radio
or allied fields to retain Associate member-
ship.”

It was also stated that this additional
amendment would facilitate the transfer of
Associates to the professional grade of Mem-
ber and could be sent to the voting member-
ship along with those proposed by the Mon-
treal Section.

The proposed amendment of Section 16
of the Bylaws, which is quoted below, was
unanimously adopted:

Bylaws Section 16: “A bill shall be sent to
each member not later than December 31
covering his dues for the following year.
A second bill shall be mailed on or about
March 1, to each member whose dues re-
main unpaid. Not later than April 1, each
member whose dues remain unpaid shall
be so notified by the Secretary and in-
formed that, in accordance with Article
111, Section 7, of the Constitution, should
his dues remain unpaid after April 30, his
membership will terminate and he will lose
the right to vote and to receive the pub-
lications of the Institute. On May 1, the
name of each member whose dues remain
unpaid shall be removed from the roll of
membership and such member shall be
sent a notice to the effect that according
to Article 111, Section 7, his membership
in the Institute has in fact terminated.
The list of such terminated memberships
shall be turned over to the Membership
Committee.”

Certificate of Incorporation: Treasurer
Heising, as chairman of the Investment
Committee responsible for making arrange-
ments to amend the 1.R.E. charter, reported
on the special meeting of the Institute held
on January 28, 1944, at which the propose
amendments to the Institute’s Certificate of
Incorporation were unanimously approved.

Student Chapters: Student Chapters, or
Branches were discussed at length.

Institution of Electrical Engineers: The
recent letter from Mr. F. S. Barton, junior
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past vice-president of the Institute, concern-
ing a possible visit from Dr. R. L. Smith-
Rose of England, was read by President
Turner. It was explained that the intention
of Dr. Smith-Rose is to discuss with the
Board of Directors the subject of closer co-
operation between the 1. E.E. and the Insti-
tute.

Clark Collection: Professor Alan Hazel-
tine accepted the appointment to serve as
Institute representative on the Engineering
Societies Library Committee, organized to
catalog and index the George H. Clark col-
lection.

I.R.E. Committee on Professional Recog-
nition: Mr. White, chairman of this com-
mittee, stated that, although no recent meet-
ing of his group had been held, considerable
correspondence has been carried on with
particular reference to studying the actions
of other national societies in the field of col-
lective bargaining for engineers.

The procedure for collective bargaining
adopted by the American Society of Civil
Engineers, the first society to pioneer such
a plan, was described and an article on this
subject which appeared in Electrical Engi-
neering was read. The American Institute
of Electrical Engineers recently authorized
an investigation of collective bargaining for
engineers, and the A.1.LE.E. activity in the
field will be considered by the Board of Di-
rectors from time to time. Mr. White pointed
out that the I.R.E."s approach to the prob-
lem was somewhat complicated as a result of
the members heing in these three widely dif-
ferent classifications: employer, professional,
and subprofessional groups. Editor Gold
smith presented to the Board an article
“Unionization of Engineers,” which ap
peared in the February 5§, 1944, issue of
Electrical World.

The Institute policy, of preferring gen
eral group action to local and of co-operating
with other national societies, was reafirmed.
It was suggested that papers on the conflict
between professional and labor-union aims
and practices be considered for publication
in the PROCEEDINGS. The progress report,
given by Mr. \White, was unanimously ac-
cepted

F. S. Barton: President Turner read the
February 5, 1944, letter from Junior Past

Vice-President Barton, expressing apprecia-

tion of the opportunity of being associated
with the Board of Directors and serving the
Institute during the past year.

Membership Dues: Two different plans

for increasing the membership dues were
ubmitted and discussed at length. A plan
providing for a general increase in dues for
all grades (except Student) was prepared
and proposed by Mr. Coggeshall, as chair-
man of the special committee on the subject,
and another plan providing for increase in
dues based on age was submitied by Treas-
urer Heising.

Following the discussion, the plan offered
by Treasurer Heising was referred to the
committee with the suggestion that the oper-
ations under the plan be projected to 1945
and to ten vears thereafter for the purpose
of showing the dues income for such periods
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Office Quarters: Both Treasurer Heising,
as chairman of the Office-Quarters Commit-
tee, and President Turner reported on mat-
ters pertaining to the subject of larger quar-
ters for Institute activities. Dr. Heising re-
ported that additional buildings will be in-
spected by the committee as soon as pos-
sible.

President Turner referred to a recent
letter from Mr. Van Dyck, suggesting that
consideration be given to joining with other
societies in the establishment of an engineer-
ing-and-science center, which would be a
large building and serve as the national
headquarters of the sponsoring organiza-
tions.

PROCEEDINGS: The action of the Execu-
tive Committee in authorizing an assistant
to Associate Editor Stote was confirmed.

It was explained that the paper allot-
ment, resulting from the granting of the
Institute's recent appeal from the \WPB
Paper Limitation Order L-344, necessitates
continuing the use of lightweight paper in
the PROCEEDINGS and limiting the number
of extra copies for new members to approxi-
mately 500. Editor Goldsmith stated that
need existed for a further appeal which may
be made later in the year.

Co-operation with Members in Foreign
Countries: The October 13, 1943, letter from
Mr. Alfred A. Fayers of England, suggesting
closer association between American mem-
bers visiting England and the members re-
siding in the latter country, was read by
President Turner.

Attention was called to the existing ar-
rangement with the Wireless Section of the
Institution of Electrical Engineers, provid-
ing for an exchange of facilities which en-
ables American members to communicate
with English members through the head-
quarters of the latter society.

Executive Committee

February 29 Meeting: The Executive
Committee meeting, held on February 29,
1944, was attended by H. M. Turner, presi-
dent; E. F. Carter, Alfred N. Goldsmith,
editor; R. A. Heising, treasurer; F. B.
Llewellyn, H. A. Wheeler, and . B. Cowi-
lich, assistant secretary.

Membership: The following applications
for membership were approved for confirm-
ing action by the Board of Directors: for
transfer to Senior Member grade, O. L.
Angevine, Jr., Saul Dushman, G. M.
Lohnes, J. E. Shepherd, and H. L. Thol
strup; for transfer to Member grade, R. W.
Chapman, Harold Goldberg, J. G. O'Shea,
and P. W. Spence; for admission to Member
grade, F. H. Clarke, F. E. Maurtiz, D. H
Preist, and E. G. Sorensen; Associate grade,
115; and Student grade, 44.

Budget: Copies of the revised budget for
1944, accompanied by Secretary Pratt’s let-
ter of February 29, 1944, were distributed
at the meeting. This budget was discussed
at length and it was stated that the indi-
cated 1944 surplus compared favorably with
that resulting from 1943 operations. Follow-
ing the discussion, the revised hudget was
recommended to the Board of Directors for
adoption.

Institute News and Radio Notes

Winter Technical Meeting—1944: Mr.
Harold A. Wheeler distributed copies of the
February 25, 1944, report, along with the
financial statement, which had been sub-
mitted by Dr. B. E. Shackelford, chairman
of the 1944 Winter Technical Meeting. At-
tention was called by Mr. Wheeler to the
surplus of $1416.13 resulting from that
meeting. Following a further discussion, the
report was accepted.

The Winter Technica! meeting was con-
sidered to be one of the most successful of
its kind held by the Institute, and Dr.
Shackelford was complimented for his out-
standing work in directing the affairs of the
meeting.

Winter Convention—1945: Dr. Austin
Bailey was named chairman of the general
committee for the 1945 Winter Convention
to be held during January, 1945, and was re-
quested to organize the committee by ap-
pointing the additional members.

Sections

Fort Monmouth: The Assistant Secretary
called attention to a recent inquiry concern-
ing the formation of a Section at Fort Mon-
mouth, New Jersey, and indicated that the
information on the steps to be taken had
been sent in reply.

London, Ontario: Treasurer Heising, as
chairman of the Sections Committee, re-
ported on the recent request for information
on the constitutional procedure relative to
forming a Section at London, Ontario.

After a discussion, the Assistant Secre-
tary was instructed to supply the informa-
tion and since the area of the proposed Sec-
tion is now included in that of the Montreal
and Toronto Sections, to communicate with
the latter Sections regarding the factors in-
volved in the formation of a London, On-
tario, Section.

Connecticut Valley: President Turner
read a letter from Mr. W. M. Smith, chair-
man of the Connecticut Valley Section, sug-
gesting the division of that Section into three
separate Sections as a result of traveling
difhiculties.

Treasurer Heising, as chairman of the
Sections Committee, was asked to reply to
the letter and to describe the constitutional
procedure to be observed in bringing about
the proposed division.

Rebates: In his capacity as chairman of
the Sections Committee, Treasurer Heising
reported that the Chicago, New York, and
Washington Sections had requested an in-
crease in the rate of rebate, because of the
fact that their expenses exceeded the rebate
income reccived from the Institute.

During the discussion, consideration was
given to making the average annual rebate
per member (based on those of Fellow, Sen-
ior Member, Member, and Associate grades)
not less that 60 cents, and to amending By-
laws Section 40 accordingly.

Instructions were given to prepare a plan
that would provide for an increase in rebates
on the order indicated above, and to submit
such plan to the Board of Directors for fur-
ther consideration.

Student Chaplers: The subject of Insti-
tute activities in colleges was discussed and
consideration was given to the advisability
of extending such activities, now conducted
largely by the appointed institute of Repre-
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sentatives in Colleges, to include Student
Chapters, or Branches. Following the dis-
cussion, it was unanimously agreed to recom-
mend the Board of Directors have a com-
mittee study the situation and submit rec-
ommendations.

Institution of Electrical Engineers: Presi-
dent Turner read a letter from Mr. F. S.
Barton, junior past vice-president of the
Institute, concerning a possible visit from
Dr. R. L. Smith-Rose for the purpose of pro-
moting closer co-operation hetween the
Wireless Section of 1.E.E.and the Institute.

ProceeDINGS: The employment of an
assistant to Associate Editor Stote was
authorized, subject to approval of the re-
vised budget by the Board of Directors.

It was announced that the Institute’s
December 21, 1943, appeal from the WPB
Paper Limitation Order L-244 was granted
but made subject to the minimum ten per
cent restriction applicable to all periodicals.
By close figuring, the resulting paper allot-
ment will permit publishing 128-page issues
during 1944. It was stated that a further
appeal may be necessary and accordingly be
made later in the year.

Montreal Letter

March 14th, 1944

The Editor
PrOCEEDINGS of the . R.E.
New York, N. Y.

In May and June of 1943 some excellent
letters were printed in the PROCEEDINGS
concerning a proposal to amend the Con-
stitution.

These discussed at length and with con-
siderable wisdom the possible effects on the
Institute of the adoption of new names for
the various grades of membership and new
qualifications for admission. Unfortunately
this correspondence appeared in May and
June—the off season—and it is doubtful if
anyone read them.

A couple of enthusiasts in Montreal hap-
pened to notice them, called the attention
of the Montreal Executive, and stirred up
enough interest to warrant a special meeting
in the heat of July.

However, in spite of our best efforts, the
ballots were distributed and a “Yes” vote
was carried by a small margin before the
1943-1944 scason got under way again.

It is fairly certain that if all those en-
titled to vote really knew and understood
what the issues were, the amendments would
have been rejected. After discussion with
various individuals in this Section (Mon-
treal) it was not difficult to get sufficient
signatures for a petition to the Board of Di
rectors to make yet another amendment that
it is believed will put our membership struc-
ture on a firm basis,

There is no doubt that some definite ac-
tion was urgently required insofar as the
Associate Grade was concerned. In technical
socicties, the Associate Grade is generally
occupied by the rank-and-file members—the
sturdy backbone of the society—and as our
history shows, the Institute of Radio Engi-
neers is no exception to this general rule.
However, we had an impossible situation
On the one hand, the Associate Grade was
open to all comers so long as they were
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“interested in radio” and yet on the other
hand, Associates were divided into two
groups by an entirely artificial barrier—viz.,
date of admission—before or after March,
1939, the one group having voting rights,
the other none at all.

The new qualifications for membership
scem to us to have fixed this matter in every
respect but one—and that is the all-impor-
tant matter of names. It might reasonably
be expected that the grades of Fellow and
Member would stay where they were, that
the Associate Grade would be revised to ex-
clude all but professional radio engineers and
that these would be given a new name. In-
stead of this, the change introduces a new
and very doubtful title for those previousy
called Members and condemns the name
Associate to apply to those who cannot qual-
ify as professional men. This can hardly be
considered as a help to the prestige and
standing of the Institute. The change now
suggested by Montreal accepts the qualifi-
cations as laid down by the last amendment
but proposes the following names:

FELLOW: As before.

MEMBER: As in most other similar societies,
a grade to distinguish the more responsible
mature and well-established members of
the Institute—essentially as it was prior
to the 1943 amendment.

AssOCIATE: Again, as is the custom in other
technical societies, this is the name pro-
posed for those who are definitely profes-
sional engineers of proved competence
who will represent the backbone of the
Institute.

AFFILIATE: To designate those individuals
who are interested in radio but are not
qualified professional radio men.

Some opposition to these proposals may
of course appear from those Associates who
may be hopefully looking forward, as the
outcome of the last amendment, to the
exalted title of Member without any further
effort on their part.

However, brief consideration on their
part will show them that the supposed ad-
vantage of the new title is likely to vanish
into thin air when it is finally recognized
that this title covers the vast majority of the
membership and all that will have been ac-
complished will be a lowering of the prestige
of the whole Institute.

For these reasons | am confident that 1F
THE ISSUES ARE WELL UNDER-
STOOD the latest amendment will be passed
by an overwhelming majority.

Yours very truly,
L. T. Bird, Chairman,
Montreal Section

Books

The Technique of Radio De-
sign, by E. E. Zepler
Published (1943) by John Wiley and
Sons, Inc., 60! W. 26 St., New York 1,

N. Y. 305 pages + 8-page index + xii pages.
260 figures. 54 X8} inches. Price, $3.50.

This is, to the reviewer’s knowledge, the
first formal attempt to make available to
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the technical student, real, down-to-earth in-
formation on radio receiver design. While
the title indicates that the scope might ex-
tend beyond this, it seems, nevertheless, to
be the author's intention to confine himself
to the particulars of radio receiver design.

The book is invaluable and a major con-
tribution as a text for an academic radio
receiver design course. The reason that it is
primarily a classroom text is that it is not
easy reading as such. The subject matter is
done in such a way that it should be sup-
plemented with classroom discussion so as
to crystallize the highly intensified nature
of the information given in the book. As in
any art, this reviewer believes that there is
in radio receiver design no substitute for
practical experience. However, conscien-
tious classroom textual study of the author’s
book, complemented by radio laboratory
work on complete receiver chassis, would
certainly go a long way toward bridging
the gap.

The organization and indexing of the
book is splendidly done. In fact, this very
excellence in indexing points out some of the
weaknesses which have practical signifi-
cance. For instance, the author makes very
quick work of the subject of spurious micro-
phonic disturbances, yet any practical de-
signer knows that this difficulty is a major
problem in any design. Another omission in
the book is in the absence of any reference
to electric phonograph technique. This is so
much a part of modern radio receiver design
that its omission is felt.

This reviewer feels that the art owes to
the author a sincere vote of thanks for his
courage and painstaking labors in preparing
this much-needed and valuable treatise.

DogrMaN D, IsrRAEL

Emerson Radio and Phonograph
Corporation

New York 11, N. Y.

Radio Receiver Design, Part I,
by K. R. Sturley

Published (1943) by John Wiley &
Sons Inc., 601 W. 26 St., New York 1,
New York. 421 pages + 14-page index + xii
pages. 187 illustrations. 5 X8} inches. Price
$4.50.

This is a new book which is intended to
cover the fundamentals of radio receiver
design. It has been divided into two parts,
of which Part I covers radio receiver design
from antenna through detection. The cover-
age or scope of the book can be visualized
from the titles of the eight chapters which
comprise the manuscript of Part I. These
are:

Chapter 1—General Considerations, 17

pages.

Chapter 2—Valves, 40 pages.

Chapter 3—Aerials and Aerial Coupling

Circuits, 62 pages.

Chapter 4—Radio-Frequency Amplifica-

tion, 58 pages.

Chapter 5—Frequency Changing, 63

pages.

Chapter 6—Oscillators for Superhetero-

dyne Reception, 48 pages.

Chapter 7—Intermediate-Frequency An-

plification, 51 pages.

Chapter 8—Detection, 65 pages.

Audio-frequency amplifiers, power sup-
plies, receiver measurements, television, and
frequency-modulation receiver design, are
dealt with in Part 11, which is not covered in
this review. The order of treatment is prob-
ably open to objection on the ground that
the student would undoubtedly follow a
somewhat different order than that em-
ployed by the author. However, the author
recognizes this limitation and mentions it
in the author's preface. This difficulty has
been largely overcome by a detailed con-
tents section, covering some six pages. The
titles of the various paragraphs are highly
descriptive and in sufficient detail that they
may be used for ready reference by the
reader who wishes to skip about in the book
or follow a more logical sequence in reading
it. As an example of this detail, Paragraph
8.2 in Chapter 8 relating to diode detection,
is listed as follows in the contents section:

8.2 Diode Detection
1. Introduction
2. Characteristic Curves
3. The Effect of the Coupling Im-
pedance from Diode to Audio-
Frequency Amplifier
4. Input Circuit Damping
5. Equivalent Damping Resistance
Due to Diode with a Linear
I,E, Characteristic
6. Equivalent Damping Resistance
for Conduction Current Be-
ginning at a Negative Anode
Voltage
7. Conduction Current Beginning
at a Positive Anode Voltage
8. Equivalent Damping Resistance
Due to a Diode with a Para-
bolic I,E, Characteristic
Curve
9. Conduction Current Beginning
at a Negative Anode Voltage
10. Damping and the Preceding
Radio-Frequency  Amplifier
Stage
11. Effect of the Capacitance in
Shunt with the Load Re-
sistance
12. Detection"|Efficiency and Effec-
tive Resistance for a Linear
Diode With no Shunt Capaci-
tance
13. Effect of Shunt Capacitance on
Detection Efficiency
14. Amplitude Distortion Due to a
Large Value of Shunt Capaci-
tance
15. Frequency Distortion Due to the
Shunt Capacitance
16. The I..E, Characteristic Curves
fora Linear Diode Conducting
at F,=0.

_ \Vhile the order of the book may not be
ideal from the standpoint of the student, it is
entirely satisfactory for reference work.
From the standpoint of the student the
subject matter is well chosen and compre-
hensive. The author appears to have covered
the planned scope of the text rather amply.
One criticism which might be leveled at the
book lies in the choice of topics, which are
to be treated in detail at the expense of
otl.lef important topics. It is this reviewer's
opinion that automatic volume control,
squelch circuits, and limiters for noise

e i .




reduction in amplitude-modulated receivers
deserve considerably more space than the
author has given to them. It is believed that
this will be particularly noticeable if the
text is used as a reference book. From the
view of the student this deficiency is not so
apparent, and could perhaps be eliminated
entirely by use of the bibliographical ma-
terial supplied at the end of each chapter.
While these bibliographies are all brief, the
author has shown excellent discrimination
in picking somie of the most pertinent art in
the English language for reference purposes.
It might be expected that an American
reader would have some difficulty with
English terminology and terms. However,
the author has used commonly accepted
terminology generally used in the technical
press of this country throughout the book.
The expression Eeew! for a voltage of
sinusoidal wave shape is used in the text
nstead of the sine expression because it
eads to a simpler mathematical analysis.

Contributors

For similar reasons the author expresses
grid-bias voltage as —E,;, where E; repre-
sents an arithmetic rather than algebraic
value of bias.

The book is reasonably comprehensive,
interestingly written, and appears to be free
of errors. While there is a considerable
amount of mathematics in the book, all of
it is very readable, and should be under-
stood by any student with a knowledge of
the calculus. In fact, a knowledge of algebra
and plane trigonometry would be entirely
sufficient for reading most of the book. The
book was written in 1942, and as a result is
reasonably up-to-date and includes a great
deal of modern information not generally
available in textbook form.

This reviewer was particularly impressed
with the choice of material and the logical
presentation. The chapters on “Aerial and
Aerial Coupling Circuits” and “Diode De-
tection” are both impressive in choice of
subject matter and detail of coverage. Both

of these sections include material not gener-
allyavailable tothestudent in textbook form.
This information given in the book is
presented in clear and readable fashion. The
order of presentation is not the-most appro-
priate from the standpoint of some readers,
but this defect is largely overcome by the
detailed index and contents section. There
appear to be no inconsistencies between
sections nor any serious repetitions of sub-
ject matter in the book. It is this reviewer's
opinion that this book should fill a need as a
reference book because of its simplified and
logical discussions, as well as because of the
author's choice of topics for emphasis. Some
of the topics treated most fully by Mr.
Sturley have received very little considera-
tion in recently published books, and some
of them have not been treated fully in the
technical press.
F. X. RETTENMEYER
Radio Corporation of America
Camden, New Jersey

James J. Adams (A'36) was born on
July 7, 1912, in Sioux Falls, South Dakota.
He received a B.S. degree in electrical
engineering from the University of Colo-
rado in 1934 and the M.S. in electrical

J. J. Apams

engineering from the same school in 1935,
From 1936 to 1938 he was employed as a
radio engineer with the Philco Radio and
Television Corporation. Since 1939 he has
been with the Zenith Radio Corporation.

Louis R. Bloom was born in May, 1914,
at Chicago, Illinois. He received the B.S.
and M.S. degrees from the University of
Illinois in 1938 and 1941, respectively.
During 1939-1943 he was a member of the
research staff of the electrical engineering
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Experiment Station of the University of
Illinois. He assisted in the development of
photoelectric tubes and electronic equip-
ment. He has recently taken a position with
the special development division of the
RCA-Victor Division, Lancaster, Pa. Mr.
Bloom is a member of the American As-
sociation for the Advancement of Science,
and Sigma Xi.

Milton Dishal (A'41) was born on
March 20, 1918, in Philadelphia, Pennsyl-
vania. He received the B.S. degree from
Temple University in 1939, and the M.A.
degree in physics from Temple University in
1941. From 1939 to 1941 Mr. Dishal was a
Teaching Fellow in physics at Temple
University. In 1941, while taking graduate
courses in electrical engineering at Columbia
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University, he was employed by the Re-
search Mission Federal Telephone and Ra-
dio Laboratories where he now is assistant
engineer engaged in the development of
wide-band, ultra-high-frequency receivers.

MiLTtoN DisHaL

Gabriel Kron was born on July 23, 1901,
in Hungary. He received the B.S. degree in
electrical engineering from the University of
Michigan in 1924 and the Honorary M.S.
degree in 1936. Mr. Kron has engaged in de-
sign, research, and development work with
Robbins and Myers, Lincoln Electric, West-
inghouse, and several other electrical com-
panies both in this country and abroad
Since 1934, he has been with the Genera!
Electric Company, serving in the capacity
of consulting engineer since 1938.
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Humboldt Walter Leverenz was born in
Chicago, Hllinois, in 1909. He received a B.A.
degree in chemistry from Stanford Univer-
sity in 1930. During 1930-1931 he studied
physics and chemistry at the University of
Munster, in Westphalia, Germany, as an
exchange fellow of the Institute of Inter-
national Education. Since 1931, Mr. Lev-
erenz has conducted chemicophysical re-
search on sensitive materials, responsive to
light and clectrons, for the Radio Corpora-
tion of America. He is a Fellow of the Ameri-
can Physical Society, and a Member of the
American Chemical Society, the Franklin
Institute, Sigma Xi, Alpha Chi Sigma, and
Phi Lambda Upsilon.

Simon Ramo (A '38) was born in Salt
Lake City, Utah on May 7, 1913. He re-
ceived the degrees of B.S. in E.E. from the
University of Utah in 1933 and Ph.D. from
California Institute of Technology in 1936.
Since that time Dr. Ramo has been with the
General Electric Company in Schenectady
where he is now a member of the electronics
laboratory.

.,
oo

David L. Shapiro was born in New York
City, on August 25, 1921. He received the

°.
o

vy
4

H. W. LEVERENZ
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B.S. degree in electrical engineering from
Massachusetts Institute of Technology in
June, 1941, He was with the United States
signal Corps for one year and has been with
Hazeltine Electronics Corporation since,
working on apparatus development.

..
e

Joseph T. Tykociner (M’21-SM'43) was
born in Vloclavek, Poland, on October 5,
1877. He was graduated from the Higher
Technical Institute at Coethen in 1901 and
studied in Berlin and Goettingen, Germany.
During 1902-1903 he was with the Marconi
Wireless Telegraph Company at Chelmsford,
England; 1904, rescarch engineer with the
Telefunken Wireless Telegraph Comipany in
Berlin; in 1905 he organized a radio depart-
ment in Russia for the Russian Siemens
Company in St. Petersburg; was engineer-
in-chief of this department from 1905 to
1908 and manager of the same department
including a research laboratory from 1908
to 1918; during 19041918 he was active in
developing and installing radio equipment
for the Russian Navy, Army, and the Minis-
try of Posts and Telegraphs; research work
at the Radiological Laboratory in Warsaw,
expert for Radiocommunication at the State
Department of Posts and Telegraphs,
Warsaw, Poland, 1919; and research engi-
neer at the Westinghouse Electric and
Manutacturing Company, 1920-1921. Since

SIMON RaMmO

JosepH T. TYKOCINER

1921 he has been research professor of elec-
trical engineer at the Engineering Experi-
ment Slalioq of the University of Illinois,
Urbana, 111., and professor of the Graduate
School since 1929. His investigations include
sound motion pictures, antenna models
high-frequency measurements, dielectrics
piezoelectricity, photoelectric tubes, and
microwaves. Professor Tykociner is a Fellow
of the American Physical Society, American
Society for the Advancement of Science,
Active Member of Sigma Xi, and a member
of Engineering Societies.

Alan Watton, Jr.,, (A'43) was born on
August 9, 1915, in Seattle, Washington. He
received the B.S. degree in electrical en
gineering with a minor in physics from the
University of Washington in 1939. From
1939 to 1942, he was employed in a civilian
capacity by the Army Air Forces at the
propeller laboratory, engineering division,
Wright Field, Dayton, Ohio, engaging in the
development of electronic apparatus used
in propeller-vibration stress measurements,
Since 1942, he has been on active duty with
the Army Air Forces, stationed at \Wright
Field, engaged in similar work.

Lieutenant Watton is a member of the
American Institute of Electrical Engineers
and the Acoustical Society of America.

ALAN WATTON, JR.



Twse Gammatron tubes are being submitted
to an exhaust process so scvere that only tubes
made with tantalum elements can withstand it.
They are “ cooking” at 3,000° F, running at this
temperature from 30 to 40 minutes. At the same
time they are being pumped to create a vacuum
equal to one ten-billionth of atmospheric pres-
sure...the best commercial vacuum obtainable.

Heintz and Kaufman Ltd. has perfected such
a rigorous pumping process to protect Gamma-
tron tubes from filament bombardment. If many
gas molecules remain in an evacuated tube, elec-
trons traveling from the filament to the plate
strike these molecules and ionize them. These
ions, being positive, dart toward the filament,

hitting with such force they strip the filament
Proceedings of the 1.RC
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of its coating. This action, termed. filament bom-
bardment, materially shortens the life of a tube.

The severity of the Heintz and Kaufman .ex-
hausting process assures superior protection
against filament bombardment, and thus adds to
the operating life of all Gammatrons.

(*Practically, but not precisely true. Even at .000 000 0001 of
atmospheric pressure, there are 1100 billion gas molecules to the cubic
centimeter of evacuated space.)

HEINTZ ano KAUFMAN 17D.

SOUTH SAN FRANCISCO
\

FOR VICTORY AND SECURITY BUY WAR BONDS
33A
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“WATER BUFFALO”
JOINS THE “FLEET"!

Packing the tremendous fire power of a
37-mm cannon and two .50 caliber ma-
chine guns this new LVT (A)-1 Amphib-
iqus Tank has already played a contrib-
uting role ih successful invasions.

Agile on land and in water, this hard-
hitting tank and all of its equipment,
must be designed and constructed to meet

unusual conditions—do a two-fold job.

Here hermetically sealed transformers are
a must on all communicatioris equipment.

Official U. S. Navy

DIVISION OF ESSEX WIRE CORPORATION
3501 WEST ADDISON STREET
CHICAGO, I8

Phatagraph

CHICAGO TRANSFORMER

ATLANTA

“Sightsecing at Home,” by E. T. Austin, Gen-
erat Electric Company; January 21, 1944.

“The Story of Frequency Modulation,” by E. T,
Austin. General Electric Company; January 21,
1944,

Election of Officers; January 21, 1944,

“The Operation of a Commercial Frequency-
Mecasurement Service,” by Walter Van Nostrand,
Van Nostrand Radio Engineering Service; February
25, 1944.

BUFFALO-NIAGARA

“Ultra-High-Frequency Measurements,” by
E. D. Cook, General Electric Company; March 22,
1944

Cuicaco

“Ultra-High-Frequency Generators,” by J. M.
Cage, Allis-Chalmers Corporation; March 18, 1944,

“Temperature-Coefficient Measurements on Ce-
ramic Capacitors,” by Peter Sherwood and G. M.
Ehlers, Globe Union, Inc.; March 18, 1944.

Tour of Transmitter and Studio Facilities for
Frequency Modulation and Television of the Mil-
waukee Journal Company (WTMJ and WMFM);
March 18, 1944.

CINCINNATI

“America’s Rubber Outlook,” by J. L. Collyer,

B. F. Goodrich Company; March 2, 1944.

CLEVELAND

“Growth and Development of Radiotelephone
on Great Lakes,” by W. A. Goodell, Lorain Radio
Corporation; February 24, 1944.

CONNECTICUT VALLEY

‘“Ultra-High-Frequency Technique,” by Paul
Nelson. University of Connecticut; March 14, 1944.

DALLAS-FORT WORTH

“Ultra-High Frequencies, Klystron Oscillators.
and Wave Guides,” by W. H. Schley. Dallas Power
and Light Company; March 15, 1944.

DetrOIT

*Noise-Interference Mecasurements,” by J. W
Augustine, United States Army Signal Corps; Feb-
ruary 18, 1944,

EMPORIUM

Electrochemistry in the Electronic Industry, *
by E. R. Bowerman, Sylvania Electric Products
Inc.; March 7. 1944,

INDIANAPOLIS

*The Development of HiPerSil Cores for Com-
munication Apparatus,” by C. C. Horstman. West
inghouse Electric and Manufacturing Company ;
February 25, 1944

MONTREAL

“Certain Aspects of Radio-Frequency Transmis-
sion Lines,” by Andrew Alford. Harvard University
February 9, 1944.

“Program Planning.” by Neil Morrison. Cana
dian Broadcasting Corporation; February 23, 1944,

PHILADELPHIA

*Automatic Calibrator for the SCR-211 Wave
meter,” by David Sunstein, Philco Radio and Tele
vision Corporation; March 2, 1944.

PITTSBURGH

Recent Improvements in Radio-Transformer
Design,” by Reuben Lee, Westinghouse Electric and
Manufacturing Company; January 12, 1944,

“Some Characteristics of Transmission Lines
by J. A. Hutcheson, Westinghouse Electric and
Manufacturing Company; February 22, 1944.'%)

“Some Methods for Determining Antenna Prop-
erties,” by R. T. Gabler Carnegie Institute of Tech-
nology; March 13, 1943

(Continucd on page 364)
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Anronio Stradivars,
Master Violin Maker of Cremona,
laly; 1644 - 1737

W
Craftsmanship

In vivid contrast with modern methods of mass production are those rare
masterpieces of solitary craftsmen who sought and found perfection of artistry in
their handiwork. Immortal through their works are such names as Stradivarius,
Rembrandt and others whose ideals of craftsmanship have set our highest standards.
Nor has the accelerated and expanded use of modern electronic instruments
destroyed those ideals of craftsmanship. In such noted examples of RAULAND
Electroneering * as High Powered Cathode Ray Tubes, Frequency Standards, Precision Tuning
Condensers, Two-Way Radio, Intercommunicating and Sownd Control Units, all custom-
engineered for specified tasks, may be seen the hand of master craftsmen
whose products of advanced engineering and precision workmanship will

one day be open to unrestricted use for benefit to all mankind.

® Electroneering—ihe RAULAND tecm for enginesring vision, design ond preciion monufocture.

P Y X0 s
"TRADIO...SOUND...
Electroneering is our business

THE RAULAND CORPORATION ... CHICAGO, ILLINOIS

Buy War Boads and Stamps! Rauland employees are still investing 10% of their salaries in War Bonds
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WORLD FAMOUS ANy
OSCILLOSCOPES by ﬂl“lM'mmf

Use Capacitars by PoKTLAND

“Manufacturing Processes of Crystals,” by

INDUSTRIAL CONDENSER Ll C i
c 0 R P- St. Louis

“Human FFactors Contributing to Speech Signals
. ’ "

of Maximum Effectiveness,” by R. R. Caemmerer,
M.
e

Concordia Seminary; February 25, 1944,

ToroNTO
“Some Recent Developments in Carrier Te
lephony.” by D. G. Geiger, Bell Telephone Com
pany of Canada; February 21, 1944

WASHINGTON
“Cycles, Codes, and Copies,” by J. O. Perrine,
American Telephone and Telegraph Company;
March 13. 1944.

The following indicated admissions and
transfers of membership have been ap-
proved by the Admissions Committee. Ob-
jections to any of these should reach the
Institute office by not later than May 31,
1944,

Admission to Senior Member

Mertz, P.. Bell Telephone Laboratories, 463 West
St.. New York. N. Y.

Salisbury, W. W.. 74 Grandview Rd., Arlington
Mass.

Transfer to Senior Member
Gabler, R. T., 1019 N. St. Clair St., Pittsburgh, 6.

Pa.

.1]0_ B4 Hopper, F. L., 599 S. Hudson St., Pasadena, S. Calif.

i ont’S falnous 08Cl1 g Potter, J. L., Rutgers University, Electrical En-

itors used in Du“‘ gineering Department, New Brunswick
Capacito — R N. J

! desig“ed’ engl“ee Schantz, J. D., Farnsworth Television and Radi

are espec“‘ Yy Corporation, Fart Wayne. 1, Ind
scopes form- Thompson. L. E.. 606 W. Maple Ave., Merchant-
tured for unusual per ville. N. J

u Webb, W. L., Bendix Radio Division, Baltimore. 4

and manufac Md

ditions.

r difficult operating con

Admission to Member

Cooley. A. G., 229 W. 43 St., New York. 18, N. Y.
Hunt, D. W., 79 Rector I’l., Red Bank, N. J.
Rideout. V. C., 190 Bergen Pl., Red Bank. N. J

PAPER, O“. AND ‘ELECTROLYT'C CAPAC'TORS Schramm, F. B., S Mulberry Ave.. Garden City,

L. L. N Y.
Talmage, T. D., 409 Forrest Ave., Chattanocoga.
Tenn.

I N D u s T R l A L \Warren, W. H.. 31 Stephen St.. Monclair. N. J.

Transfer to Member

c o N D E N s E R Campbell, V. H.. 313 E. Allegany Ave., Emporium
Pa.

R Chesney. A. P.. 4724 Louise Ave.. Encino, Calif
c O R P O R AT l O N Dolnick. A., 8 E. Fifth Sl:‘,,sEm‘:)coriu:‘P: =
1725 W. NORTH AVE., CHICAGO 22, U. S. A.

ance unde

Dulin, W. E.. 1673 Park Rd.. N.\V., Washington
10. D. C.

Freeman. W. C., Jr., Sylvania Electric Products
Inc., Williamsport, Pa.

DISTRICT OFFICES IN PRINCIPAL CITIES Johinson, E. M., 2638 S. Troy St.. Arlington. Va.

\ Johnson, W. D., Box 13, Station C. 150 Christopher
QUICK DELIVERY FROM DISTRIBUTOR'S STOCKS St.. New York, N. Y

(Continued on page 40A4)
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OUR SIGHT ixore e Suie

Today, behind closed doors, I. C. E. strives for perfection in the rush schedules

of war. . . tomorrow, when the fruits of our labors have helped to win the peace,
you can look to the precision engineering skill of I. C. E. to help mold your
drafting-board dreams into reality. <t Perfected in the merciless crucible of war

...L.C.E. will have the key to many of your post-war radio-application problems.

.the promise of great things to come {[i

INDUSTRIAL & COMMERCIAL ELECTRONICS

BELMONT, CALIFORNIA
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This armature, when completed, is destined for an
important mission. It is being wound for one of hundreds of
Eicor dynamotor designs—and may be used in one of scores
of varied applications. One factor alone remains constant—the
requirement for complete reliability.

The actval winding of an armature involves 2 number of
swift but precise operations, each contributing its part to
make the perfect assembly. For example, insulation of the
slots and coils is made so cffective that it withstands
production tests of three times the normal operating voltage.
Fine wire, chiefly used in machine winding, requires
specially designed equipment and an experienced touch to
hold proper tension and placement for exactly the prescribed
number of turns. In dynamotor armatures, two, three, or
even four separately insulated coils per slot are used to
produce single or multi-voltage output. The illustration
above shows the secondary winding of an armature—in this
case, 51 turns of No. 35 wire.

Buil? to transform d.c. voltages, dynamotors must make such
conversions with comparatively high efficiency, good
regulation and negligible a.c. ripple. Proper design and
construction make possible the countless hours of sustained
performance so necessary for today’s critical applications.
That's why Eicor products are so frequently specified.

Encom INeE. 1501 w. congress st., Chicago, U.5.A.
DYNAMOTORS * D. C. MOTORS *» POWER PLANTS « CONVERTERS
Export: Ad Auriema, 89 Broad St., New York, U. S. A. Cable: Auriema, New York

38a

CLAROSTAT MFG. 0., Inc. - 2857 N. 6y St., Brooklyn, N. Y.

QOWVZE R
RHEOSTATS

Tens of thousands of these Clarostat

power rheostats are in daily use. They
are standard equipment in many fighting and
civilian planes, as well as in radio and elec-
tronic assemblies generally. They are prov-
ing that they can take it—and then some.
Available in 25 and 50 wartt ratings. 1 to
5000 ohms for the smaller, 33 to 10.000
ohms for the larger unit.

% Write for Literature...

Descriptive bulletin on request. Submit your

requirements for engineering collaboration

and quotations.
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HE DOESN'T KNOW A THING ABOUT CATHODE COATING

BUT HE DOES KNOW THAT EVERY TIME A SET OF TUNG-SOL ELECTRONIC TUBES ARE
ISSUED TO HIM, THEY GIVE EXACTLY THE SAME FINE PERFORMANCE AS THE PREVIOUS SET

Even if you did mention cathode coating to the
average G. 1, or man on the street, his answer
probably would be:

“What in thunder is Cathode Coating?”

It is a substance sprayed on the cathode of an
electronic tube to induce the clectrons to flow.
On small cathodes the amount of this coating
must not vary more than one-tenth of a milligram
—a weight of about one-five-hundredth of a
postage stamp.

Tung-Sol coats its cathodes about twenty-five

THICKNESS OF CATHODE COATING GOVERNS
TUBE CHARACTERISTICS

(Left) Electrons from cathode
are controlled by grid wires.
Volume of flow gives tube
desired characteristics be- :
cause space between cathode -« =~« 5
and gnd is correct.  «lll
(Right) Space hetween cath. “° 2t
ode and grid reduced by too
thick 2 coating. Electron 72277
flow materially changed, re-
sulting in different tube
characteristics.

> TR RO LR
ANNNHUNNRNSANNANNRNNRNNNY

ata time. One out of each batch is weighed, then
wiped clean of its coating and weighed again.
If there was too much coating the whole lot is
scrapped, or re-coated if there was too little. The
amount of loss on this operation is more than
compensated for by the high degree of uniform-
ity in the performance of Tung-Sol tubes. This is
one of the many reasons why builders of elec-
tronic devices have such high praise for Tung-Sol
tubes and why, after the war, you should always
remember to use Tung-Sol tubes for replacements.

TUNG-SOL

TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY

ALSO MANUFACTURERS OF MINIATURE INCANDESCENT LAMPS, ALL-GLASS SEALED BEAM HEADLIGHT LAMPS AND CURRENT INTERMITTORS
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C_ KELVIN-WHEATSTONE
L C BRIDGE Type 638-2

A

1.0007 ohms to 11.11 megohms S

WIDE MEASUREMENT RANGE
in a single instrument

%mbining both Kelvin and
Wheatstone bridges, this popular
Shallcross instrument provides a re-
sistance measurement range from
0.0001 ohm to 11.11 megohms in a
single portable unit. Widéspread use
is proving it unexcelled for laboratory
and school work, maintenance, many
forms of production line testing, field
investigations—in fact, for use almost
any place where electrical resistance
is measured.

When used as a Wheatstone bridge
for measurements between 1 ohm and
1 megohm, the normal accuracy is
better than 0.3%. Low resistance
measurements using the Kelvin range
utilize current and potential terminals
to eliminate lead and contact resis-
tance. The accuracy of Kelvin meas-
urements is normally 3% or better.

Ask for details on Kelvin-Wheat-
stone Bridge Type 638-2.

MANUFACTURING

SHALLCROSS comrany

ENGINEERING + MANUFACTURING + DESIGNING
DEPARTMENT (] COLLINGDALE, PA,

Write for literature on
other
Shallcross Instruments

Megohmmeters
Percent Limit Bridges
High Voltage Instruments
Kilovoltmeters
Fault Location Bridges
Low-Resistance Test Sets
etc., etc.

(Continued from page 36A)

Kline, M. B., 179 Ocean Pkwy., Brooklyn, 18, N. Y.

Mueller, W. P., West Creek, R.D. 2, Emporium, Pa.

Rountree, J. G., Box 5238, Dallas, 2, Tex.

Schilling, M. 0., Sylvania Electric Products, In
Williamsport, Pa.

Sherman, H., 6323 Morton St., Philadelphla, 44, Pa

Smithgall, H. E., Jr., Sylvania Electric Products,
Inc., Williamsport, Pa. ’

The following member was transferred
from Member to Senior Member grade at
the Board of Directors meeting held Oc-
tober 6, 1943.

Transfer to Senior Member

Steel, W. A.. 298 Sherwood Dr., Ottawa, Ont
Canada

The following admissions to Associate
were approved by the Board of Directors
on April 5, 1944.

Adcock. R. G.. 244 N.E. 92 Ave., Portland, 16, Ore.

Alexander. D. G.. Worcester Polytechnic Institut
Worcester, 2, Mass.

\llen, F. W., 450 Fountain Ave., Dayton. 5, Oh

Alphen, P. F.. 6 Halifax St., Jamaica Plain, 30
Boston, Mass.

Anderson, A. B., Bell Telephone Laboratories
Murray Hill, N. J.

\ntrim, D. M., 225 Righter St., Philadelphia, Pa.

Bakanowski, A. E., 148 Danbury St.,, S\W., Apt. O
Washington, 20, D. C,

Banks. J., 5851 Larchwood Ave.. Philadelphia, Pa

Barnes. C.. Jr., Rm. 1026-A, 175 \W. Jackson Blvd
Chicago. 4, Il

Barnes, F. G., 8206—30 N.E., Seattle, 5, Wash

Barrett, R. C., 47 Saranac St., Dobbs Ferry, N. Y.

Beer. A. C.. Department of Physics, Corneli Uni-
versity, Ithaca, N. Y.

Bertram, A. A., WVR, Fort McPherson, Ga.

Bettencourt. V. S., Crystal Pier Vlllas, San Diego. 9
Calif.

Birdsall, R. W., Company L, 15 Signal Trainiag
Regiment, Fort Monmouth, N. J.
Blackstock. H. W., Company M. 15 Signal Training
Regiment, Fort Monmouth, N. J.

Bowdon, F. M., 5722 Green St., Philadelphia. 44
Pa.

Brooks, F. E
Mass.

Brown, J. S., 2238 W. 111 St., Chicago. 43. ill

Burke, J. O., Jr., University of Connecticut. Storrs,
Conn.

Burton. K. M., 3637—44 St., San Diego, 5. Cali

Carew, S. J. H.. 38 Riverdale Ave., Toronto. Ont
Canada

Carlen, R. D., 7101 Colonial Rd., Brooklyn, 9. N. ¥

Cawthon, E. F., S. 6040 Harper Ave., Chicago, Il

Chalfin, N. L., 720 Fort Washington Ave., New
York, 33, N. Y.

Charlton, V. E., 4024 West End Ave., Chicago. 24.
nt

Chasnov, B., U. S. Naval Proving Ground. Dahl-
gren, Va.

Chatellier, W. M., Company 803, Signa! Training
Regiment, Fort Monmouth, N. J.

Chou, T. S., ¢/o Standard Telephones and Cables
Ltd., Connaught House, Aldwyck, Lon-
don, England

Cleveland, E. L., 151 Fillmore St., Dayton. 10, Ohic

Collins, J. S., 130 Massachusetts Ave,, Arlington
74, Mass.

Comer, W. C., 425 Linda Ave., Piedmont, 11, Calif

Cordulack, M. E., 4936 Quincy St., Chicago, Iil.

Cottrell, H. R., Allerton Hotel, Cleveland, Ohio

Coursey, J. R.. 4700 Monarch St., Dallas, 4. Texas

Crago. P. H., Glen Head, L. I, N. Y.

Crawford, W. M,, 606 Elm St., Buffalo, N. Y.

(Continued on page 42A4)

19 Gates St., Framingham Center
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In this "*dead”” room only the sounds
which come out of the speakers are
recorded. Sounds which would other-
wise bounce back from the walls, ceil-
ings or other objects are trapped and
lost forever. The absence of rever-
beration permits scientifically accurate
testing in the sound absorbing room

silence that makes sound!

of Utah's complete testing laboratory.

In making practical the many war-
created radio and electronic improve-
ments—in adapting them to today’s
needs and for the commercial require-
ments ahead, Utah engineers have
designed new parts and products, devel-
oped new manufacturing devices and

Radio Products Company,

842 Orleans Street, Chicago 10, lllinois

Proceedings of the I.R.E. May, 1944
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methods and have instituted new, more
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* * *

Every Product Made for the Trade, by

Utah, Is Thoroughly Tested and Approved
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stnce that historic day in 1899 when an electric
impulse was transmitted from the Marconi
apparatus aboard an English lightship, miracles
have been performed in, and with radio com-
munication. Contemporary with that development
and—indispensable to it—was the power regu-

lating component—the transformer.

In recent development Stancor Transformers have
played a noteworthy role, and this experience multi-
plied a hundred-fold by the intimate association with
wartime electronic units, will be a rich source of appeal

when industry asks for improved safety and control.

STANG QR 7o

STANDARD TRANSFORMER CORPORATION
1500 NORTH HALSTED STREET - CHICAGO

Manufacturers of quality transformers, reaciors, SEND FOR
power packs and allied products for the NEW

electronic industries. COMPLETE

CATALOG

(Continued from page 40A)

Daviet, W. C., 2948 Norwood St., Columbus, Ohio

Denney. B. H., 2641 S. Greenfield Ave., West Los
Angeles, 34, Calif.

DePool, N. S, 22513 Cobb Ave., Dearborn, Mich.

DePugh, R. Bolivar, 1127 W. College, Independ-
ence, Mo.

Dilatush, E., Alps Rd., Mountain View, N. J.

Doller, S., 1700 Crotona Park, E., Bronx, N. Y.

Donnelly, A. V., Department of Electrical Engineer-
ing, State University of lowa, lowa Clty
lowa

Donnelly, J. T.. 132 First St., Hicksville, L. I.. N. Y.

Dozois, E. J.. Jr.. Company G, 15 Signal Training
Regiment, Fort Monmouth, N. J

Dumka, J.. 829 Fourth Ave., W., Calgary. Alba
Canada

Duncan, J. G., 6105 S. \Woodlawn, Chicago. 37, Il

Dunlap, K. S., Bell Telephone Laboratorics, Murray
Hill, N. J

Dye, R. C., Company E, Section 4, 1555 S. U., Uni-
versijy of Cincinnati, Cincinnati, Ohio

Eastman, N. G., 5048 W. Washington Blvd.,
Chicago, 44, 1l

Edmonston, A. S, 95 Hillside Ave.. Wollaston,
Mass

Feldsteen, J. J.. 954 Amherst, Buffalo, 16. N. Y

Ferguson, R. E., Box 322, Coal Hill, Ark.

Fisher, H. A., 27 Maple Ave., Madison, N. J
Flammer, C. C.. Radio Division, National Research
Company, Ottawa, Ont., Canada
Forman, A. H.. Jr., Room 6A, Bldg. 2013, Company
C, Area, Fort Monmouth, N. J.

Fowler, J. A.. Box 70, Fort Jones, Calif.

Frey. L. E., Box 194, Retsil, Wash.

Frommer, J. C., 3155 Pine Grove Ave., Chicago, 14,
1

Gabrielsen, F. T., 613 W. Pleasant St., Angola, Ind.

Galinski. L. L., 5519 S. Elizabeth St., Chicago, 111

Gilio, J. R., Company H, 15 Signal Training Regi-
ment, Fort Monmouth, N. J.

Glassner, M., 135 Prospect Park, S. W., Brooklyn,
18, N. ¥

Gordon, J. P., 399 Lincoln Ave., Orange. N. J.

Gotlieb, C. C., 249 Brunswick Ave., Toronto, Ont.,
Canada

Graff. G. M., Rt. 3, Box 1064, Bremerton, Wash

Granger, W. E.. 1060 Elizabeth St.. Pasadena,
Caiif

Grebenkemper, C. J., 216 Orange St., S. E., Wash-
ington, 20, D. C.

Green, L., Jr., 22 E. 40 St.. New York, 16, N. Y.

Greenberg, S., 2183 Rye? Ave., Bronx, N. Y.

Griffin. A. T.. Demarest St., West Norwood. N. J

Gunyou, E. J.. 28 Laird Dr., S, Leaside, Ont.,
Canada

Hancock, 1. E.. 3641 Wilshire Ave., Cincinnati, Ohio

liannahs, W. H., 424 W. Fourth St., Williamsport.,
Pa.

Happell. G. E.. 354 S. Grant St., West Lafayette,
Ind.

Harrison, K. E., Company H, 803 Signal Training
Regiment, Fort Monmouth, N. J.

Hassen, A., Viamonte 2060, Buenos Aires, Argentina

lHaupt. A., 118 Webster St., N.E., Washington,11,
D. C.

Hauser, J. H., 112 W, Fifth St.. Emporium, Pa.

Haynes, H 700 Tatnall St., Wilmington, Del.

Hensley, W. A., Holabird Signal Depot, Training
Division, Baltimore, 19, Md.

Herbert, F. J., Company 1, 15 Signal Training Regi-
ment, Fort Monmouth, N. J.

Hindin, M. J., 528 W. D St., Ontario. Calif.

Jack, R. G., 4662 W. West End Ave., Chicago, 44,
11

Jakavicia, F. J., 3559 \WW. Van Buren St., Chicago.
24, 1l

Jeter, F. G., 29 Carpenter Heights, Meriden, Conn.

Jones, E. D., 713 Oxford Rd.. Chattanooga. S,
Tenn.

(Continued on page 44A4)
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CATHODE RAY TUBES
SPECIAL PURPOSE TUBES

EXECUTIVE Orricecs

OWENSBORO -

KENTUCKY

CXPORTS 19 MOOREL BTRELELT
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Remler components and chossis assembly
—morine sound transmilting systems,

NEW RECRUITS trained and supervised
by veteran Remler engineers and technicians
are helping to supply our armed forces with the
electronic nerves of war. This organization
manufactures many types of radio, and sound
transmitting equipment, in addition to plugs
and connectors. Improved techniques and
expanded facilities frequently permit quota-
tions at lower prices. Manufacturers with tough
war jobs are invited to assign part of the task

to Remler.

Wire or telephone if we can be of assistance

REMLER COMPANY, LTD.
2101 Brvant St. . San Francisco, 10, California

PLUGS &

CONNECTORS

Signal Corps and
Navy Specifications

Types : PL
504 61 74  11a 150
54 62 76 119 159
55 63 77120 160
56 64 104 124  291.A
58 65 108 125 1354
59 67 109 127
60 68 112 149

PLP PLQ PLS
56 65 56 &5 56 64
59 &7 59 67 59 65
60 74 | 60 74 60 74
&1 76 61 76 61 7s
62 77 | 2 77 62 77
63 104 [ 63 104 | 63 104
64 64 |

NAF
1N36-1 No. 212938.1

Other Designs to Order

REMLER

SINCE 1918

-ﬁ/moancin; & Communication ggai/ﬂment

(Continued from page 424)

Jones, G. S., 362 George St., Wililamsport, 32, Pa.

Kelleher, J. J., 1010—25 St., N.W., Washington, 7
D. C.

Kaufmann, D. S., 438 S. 57 St., Philadelphia, Pa.

Kelb, A. J.. 309 S. Washington, Saginaw, Mich,

Kelley, A. V.. 538 Oakwood St., S.E., Washington.
D. C.

Kelley, F. ]., Alrcraft Radio Field Laboratory.
Boca Baton Field, Fla.

Kerin, L., 825 S. Center St., Springfield, Ohio

King, R. E., 550 Eighth St., Brooklyn, N. Y.

Klein, M. L., 1226 Sherman Ave., Bronx, 56, N. Y.

Kleps, E. W., 286 Fisher St., Walpole, Mass.

Kolz, C. T., Jr., 219-35 Edgewood Ave., Springfield
Gardens, 13, L. I, N. Y.

Kurtz, W. B., Second AAF, Radio Squadron
(Mobile), MacDill Field, Tampa, 8, Fla.

Landis, P. E., 1754 Park Rd., N.W., Wasghington,

10, D. C.

Larsson, A. J., 1813 Ingleside Ter., N.W., Washing-
ton, 10,,D. C

Laurence, H. D., 3025 Elizabeth St., Denver.
Colo.

Lawrence, A. H., 144 Colquitt St., Macon, Ga.

LeVan, H. C., 539 Telford Ave., Dayton, 9, Ohio

Lillenthal. J. R., 437 E. 22 St., Brooklyn, 26, N. Y

Lopata, H. H., c/o Fleet Post Office, New York,
N. Y

Loveys, E. G., 16 Martin Cres, Toronto, Ont
Canada

Lubin, A., 183 Second Ave., Long Branch, N. J.

Lund. C. W., 3575 N.E. Hancock St., Portland, 13.
Ore

Luykx, T. D., 26 E. 62, New York, N. Y.

Lynch, W. A., 169 Ferncroft Rd., Mineola, L. [,
N. Y

Mackey. C. L., R.D. 2, Box 25 ]. Freehold. N. J.

MacMillen, W. J., 24 Lincoln Pkway., Somerville
43, Mass.

McCormick, R. F.. 617 N. Monroe St., Arlington,
Va.

McFarland, V. C.. 79 Lake Pl, New Haven. 11,
Conn.

McNeill, H. A., 934 Highland Ave., Bremerton,
Wash.

McSherry. L. K., 132 Scott Ave.. Yonkers, N. Y.

Maichle, R. E., 800 University Ave., Rochester, 7.
N. Y.

Mallumian, E. J., 3 Summer St., Somerville, Mass.

Manzer, J. E., 187 Beach Blvd.. Hamilton, Ont.,

Canada

Mao, Y. A, GV 1313, 180 Varick St., New York,
14 N Y

Martin, S. A.. Jr.. 14 Skahan Rd.. Belmont, 78,
Mass

Martoccia. E., 31-74—29 St., Astoria, L. 1., N. Y.

Masin, G. F., Fleet Post Office, San Francisco,
Calif.

Maxwell, K. D.. John Brown University. Siloam
Springs, Ark.

Meliard, J., 9519—104 St., Ozone Park. L. 1., N. Y

Mesncr, M. H., 248 Moore, Princeton, N. J

Metzdorf, E. K., Santa Fe General Offices, Topeka,
Kan

Minge, T. L., 322 E. 118 P1., Los Angeles, Calif.

Moflet, J. A.. First P.G,, Electronics Unit, Auxiliary
Field. 9, Eglin Field, Fla.

Morgan, R. H., 2434 Keyway. Dundalk, Baltimore,
22, Md.

Murray, R. P.. Radio Materiel School, Naval Re-
search Laboratory, Anacostia Station,

D.C.

Muth, F. A. 1134 Highland Ave., Bremerton,
Wash.

Nash, C. C., Jr., ARFL, Auxiliary Field 9, Eglin
Field. Fla.

Neidoff, S.. 2857 Sedgwick Ave., New York, 63,
N. Y.

(Continued on page 48A4)

Procecdings of the I.R.E, May, 1944




- o i e TP
B T—— — -

dlden //t/,afot/

There’s Engineering History
Behind Every TRAYLOR TUBE!

When transmitting tubes go into action, there is little to be

seen of the forces that make it possible to carry out the vital

commands of America’s Fighting Men. Like other weapons of ‘a
war, their efficiency and dependability is a direct reflection

of engineering improvements —advanced technical devel- \ 4 /
opments that provide our Armed Forces with the world’s \ / il
finest communications. Taylor improved custom-built tubes \ ' Y
are today helping defeat the enemy in every battle area. \ y i

After Victory, these Taylor improvements will ‘be ready for
peacetime applications.

Buy More WAR BONDS > i :
For Victory! S~ -

‘CUSTOM)
\BUILT
e
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BLUE PRINTING THE

uture

Day in and day out the grim demands of
war call for more and more engineering in-
genuity. More than ever “necessity is the

mother of invention”’.

Apace with this constant wartime pressure,
Temple engineers have gone far in the field
of electronics. Almost overnight new ideas
or new methods give birth to new develop-
ments in vital war equipment—give birth,
likewise, to blue prints for the vast commer-

cial requirements at war's end.

When it comes to peacetime electronics it
will pay you to “team up with Temple”.

Electronics Division

TEMPLETONE
RADIO COMPANY
Mystic, Conn.

Antennas

and Mountings

Are Doing Their Part

in Maintaining Com-

munications for the
Forces of the Allied

Nations

. . ON LAND
. . . ON SEA

Premax ‘Tubular Metal
Antennas and Mountings
in standard and special
designs are proving them-
selves every day under the
most exacting conditions.
For the important task of
maintaining constant com-
munications, Premax An-
tennas are hanging up an
outstanding record.

Undoubtedly one of Pre-
max’'s many standard de-
signs  will admirably fill
your needs for transmission
and receiving.

g@’{”ﬁ’{ "”‘%/"/5

4404 HIGHLAND AVENUE
NIAGARA FALLS, NEW YORK

Pan American World Airways Photos,

e
e
o S TS
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Three attitudes that hamper the War Effort

JONORING NATIONAL DESTINY |

Many men are solving the problems of

war as they would ordinary business difficulties.
Maving solved them, they ignore the most
important phase. Their attitude toward the
war's meaning ond its effect on national

destiny is apathetic and disinterested

USING VITAL ISSUES TO
PERSONAL ADVANTAGE

To further their own selfish aims, many men

seize upon vital issues to confuse and confound tho
average citizen. When the times coll
for stotesmanship, America is treated to o sorry
spectacle of demagoguery, greed, blocs,

distortion, shrewd manipulation of emotions.

PULLING IN DIFFERENT DIRECTIONS

While commands in various war theatres are

being consolidated and strengthened, here ot home

there are men who have forgoten the unity after
Peorl Harbor. Each is off on his own particular
project, seldom remembering that thousands

of other men will die before the conflict is over.

THERE IS NO PLACE IN THE COUNTRY FOR SUCH MEN

We of ECA ore working not only to produce the matericls of war but, like oll good citizens,
to help attain the objectives of the war. We know thot we must be vigilont...especiolly so
aow. Men of evil intent have come ost of hiding. in smoke-filled rooms attractive bargains ore
being arranged — with the “little people” included out. Energy which should be devoted to the
support of the Commander-in-Chief, and those wnder him, is being used $o stir up distrust amd
dissension. What oppeors to be overlooked is that the ultimate oim of victory is @ decent world
... where men of good will live and work together with a full understanding of each other's needs
ond hopes and ospirations. We have olready learned, the hard way, what isolationism and sel-
fishsess and disunity can mean. Must history ogain repeat itself?

NEPRINTS

OF TMIS ADVERTISEMENY avaiLaBLE

ELECTRONIC CORP. OF AMERICA
45 WEST 18th STREET « NEW YORK 11, N.Y. WATKINS 9-1870

BHAPPE-WILKE® INC.
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Laboratory

Nlundurds

Standard Signal
Generators

Square Wave
Generators

Vacuum Tube
Voltmeters

U.H.F.

Noisemeters

Pulse
Generators

Moisture
Meters

MEASUREMENTS
CORPORATION

BOONTON, NEW JERSEY
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(Continued from page 444)

| Nelson, D. A., 142 Rockwood Ave., Dayton, S, Ohio

Nelson, G. E. A.P.O. 525, ¢/o Postmaster, New

York. N. Y

Newman, H. L., A.P.O. 301, ¢/o Postmaster, San
Francisco, Callf

Norman, H. P,, 2222 Burweli St., Bremerton, Wash

Norton, R., 2013 N. 63 St., Philadelphia, 31, Pa

Nyberg, R. A., 266 Staples Ave.. San Francisco,
Calif

Overbey, C. O., Rm. 1005, Kerckhoff Bldg., 560
S. Main Ave.. Los Angeles, Calif

Parsons, J. S., 4539 Sansom St., Philadelphia, 39,
Pa.

Partin, W., 263 Church St., Weston, Ont., Canada

Perron, R 193 Beacon St., Boston, Mass

Pickus, N., Company L, 15 Signal Training Regi-
ment, Fort Monmouth, N. J

Plotkin, M, N., Company A, 803 Signal Training
Regiment, Fort Monmouth, N. J.

Prichett, P. P., 39 W. Beechcroft Rd., Short Hill
N. J

Purbaugh. H. O., Rt. 3, Box 995, Bremerton, Wash

Ransdell, E. W., First Proving Ground Electronics
Unit, Eglin Field, Fla

Raper. A. J.. 2580 S. Race St., Denver, 10, Colo

Richards, K. A., 32 Sixth Ave., New York, N. Y

Reinke, J. A., RMS Staff, Naval Research Labora
tory. Anacostia Station. D. C

Rohrer, R. S., 504 Van Voast Ave., Bellevue, Ky

Robinson, C. A., Glen View, Watling St., Nuneaton,
Warks, England

Rubinoff, M., 200 Grace St., Toronto, Ont., Canada

Rupp, O. R, 68 N. Hillside Ave., Chatham, N. J

Scanlon, E. J., Headquarters. Company 803, Signal
Training Regiment, Fort Monmouth, N. J

Schiff, W. J.. 14 Oak Ter., Neptune City, N. J

Silverman, A. J., 42 Chadduck Ave., Buffalo, 7

N. Y

Sly, R. J.. 16 Buckland Ave. Slough, Bucks
England

Smeltzer, R. F., 203 Gittings Ave.. Govans, Balti-
more, 12, Md.

Smith, A. L., 504 Denver Theater Bidg.. Denver, 2
Colo

Smith, P. W., 452 Fort Washington Ave., New
York, 33, N. Y.

Smith, W. J., 113 Clare Ave., Port Colborne, Ont
Canada

Snyder, J.. First Radio Squadron, Patterson Field
Ohio

Snyder. J. H., 907 Elmira St., Williamsport, P'a

Snyder, W. W.. 34-10 Linden Pl., Flushing, L. I
N. Y

Stanger, K. H., 1750 Hudson St.. Denver, 7, Colo

Stein, H. M., 1560 Hooker St., Denver. 4, Colo

Stoller, M. D., 6354 Kingsessing Ave.. Philadelphia,
42, Pa,

Strouse, W. M., 2127 Green St.. Harrisburg, Pa.

Suski, H. M., Apt. 302, 2100—38 St., N.E., Wash-
ington, 20, D. C.

Taylor, I. R., 1030 Carroll St., Brooklyn, N. Y.

Thompson. W. M., Special Development Section.
Naval Research Laboratory, Anacostia

Station, D. C
Trifarl, F. R.. 138 Walgrove Ave., Dobbs Ferry,
N. Y
Trout. C. C., 3700 E. Third St.. Apt. 1, Dayton, 3.
Ohio.
Turner, A. L., A P.O. 782, c/o Postmaster, New
York, N. Y

Wallace, F. C,, 303 E. 37 St., New York, N. Y

Watts, H. M., Jr., 7 New England Ave., Summit
N.J

Webb, A. E., 19325 Goulburn Ave., Detroit, Mich.

Weber, W., Naval Research Laboratory, Anacostia
Station, D. C.

Welch, P. R., 67 Sidney St.. Rochester, 9, N. Y.

West, R. O, Jr., 1908 S. High St., Denver, 10, Colo

(Continucd on page 60A4)

WRITE FOR OUR

OF
Q-MAX A-27 LACQUER
VERSUS TYPICAL .
INSULATING COATINGS

Unmatched for use in radio
frequency applications, Q-Max
A-27 hasalow loss factor which
remains nearly constant as fre-
quencies increase from 1 mega-
cycle. Its film is tough, uniformly
heavy and self-leveling; it has a
solids content of 45% and its
low viscosity permits either
brush or dip application. A
study of properties and test
values of this new, improved in-
sulating lacquer is available and
will be sent, on request, to engi-
necrs and manufacturers in the
radio field. Write for the Q-Max
A-27 booklet...twenty-four
pages of test data, photographs
and test curves valuable to those
interested in insulation for high
frequency circuits.

Q-Max A-27 has innumerable
applications in the R.F. field.
Among them: R.F.solenoid
windings; impregnation for
multi-layer or star coils; as a
tape saturant; as a stiffening or
strengthening medium; surfacer
for wood or other porous ma-
terials; treatment of R.F. choke
coils, etc.

Shipped directly from our
Jersey City factory, in 1-, 5-or
55-gallon containers.

Q-MAX CHEMICALS DIVISION

s © COMPANY, INC.

pPRODUCT
744 BROAD sT., NE

WARK 2, N J.
Factory: 346 Bergen Ave.
Jersey Clty N J

Cooxial Transmisslon Line and Fitfings » Sterling
Switches » Auto-Dryaire » Antennc ond Radiating
Systoms + Q-Max A-27 Radio Frequency Locquer
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Over the whining bullets and the burst-
ing shells . . . and in the dark silence of
the night . . . he wants to hear the beat
of your heart.

High up in his jungle roost, or down in
the mud on his belly . . . waiting, watch-
ing, listening . . . he wants to know whether
you're doing the things that will make his
job easier, and the war shorter.

And if he were right here beside you, he
might want to ask a few personal questions
... like these:

Did you put some of this week’s pay in
war bonds?

Are you saving the scrap and fats and
paper and other things we need to fight
this war?

Have you given blood to the Red Cross
to save the boys who are fighting to save
you-

And . . . did you do your job today as if
the outcome of the war depended on you
aloner

These are the ways to show you're backing
him up. These are the ways to let him hear
the beat of your heart.

* * *

llere, at Kenyon, we're mighty proud to be playing a small part in
winning a big war. That is why every Kenyon transformer used by
the U.S. Signal Corps and other military branches reflects the same
high craftsmanship and precision that went into our peacetime
production. To bring victory closer, Kenyon workers are deter-
mined to do their share by turning out good transformers as fast
as they known how

THE MARK OF EXCELLENCE

840 BARRY STREET

KENYON TRANSFORMER CO., Inc. v om o5
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Important Openings
for

ENGINEERS

The foll»owm(?' e.ngineering positions with Bendix Radio Division
of Bendix Aviation Corporation in Bultimore Maryland, are open

The sfnlau'y 1s open and depends only upon the training, ability and
experience of the engineer.

Ra(.ho engineers with college degree or equivalent and ex-
perienced in radio receiver and transmitter design

Engineexs experienced in design and layout of radio communi-
cathn and navigation systems for arrcraft, marine, and other
special applications,

Graduate physicists and engineers for special radio and elec-

tropic development projects. Experience not essential, but
desirable.

We can use one engineer to head up our Electrical Components
Engineering Group. He must have administrative ability, work
wel! with other people, and be thoroughly familiar with the
desxgnr, application, and sample testing of components, such
as resistors, capacitors, sockets, wire relays, etc. An excellent
opportunity for the right man 1o direct newly formed de-
partment.

One technically qualified man familiar with inventions and
p.atcnts to act ns Liaison Engineer between development en-
gineers and the Patent Department. Must have training, ability
anfl personality such that he can work with all engineers and
write up disclosures for them for submission to Patent At-
torney.

Mechanical engineers with experience in radio receiver and
transmitter layout and desizn including dials drives, chassis
and tuning systems.

Immediate work will be associated with war an military projects
but these positions have excellent post-war possibilities for the right
men. Employment subject to war manpower regulations.

Write directly to Chief Engineer, Bendix
Radio Division, Baltimore Maryland, giving
complete details of education and experience.

BENDIX RADID DIVISIDN

S50A

The following positions of intercst to LR.E
members bave been reported as open. Apply
in writing, addressing reply to company men.
tioned or to Box No. ......................

The Institute reserves the right to refuse any an-
nouncement without giving a reason for the refusal.

PROCEEDINGS of the I.R.E.
330 West 42nd Street, New York 18, N.Y.

DEVELOPMENT ENGINEERS

Mechanical and electrical. College degree or
equivalent training required for development
work i1 the following branches:

1. Telephone and signaling apparatus. Thorough
knowledge of eclectrical and magnetic circuit
necessary.

2. Measuring ‘and control instruments. Back
ground in clectrical engincering including
electronics required. Creative mind and in
terest in design of small electro-mechanical
apparatus desirable.

Above openings are with an established New
England manufacturing concern employing over
1000 people.

W.M.C. regulations prevail. Write to Box 328

DRAFTSMAN-DESIGNER

On small mechanical and electrical apparatu
Knowledge of dic casting and plastic application
desirable,

This position represents a definite opportunit
with a Eonncch -ut manufacturer now and aft
the war.

Statement of availability required. Addres
reply to Box 329,

ELECTRICAL ENGINEERS AND PHYSICISTS

Need a few men with sound training and some
cxperience in the lighting and electronics field
to work on the design ,development, or produ
tion of indicated products, The exact type of
work will depend upon the individual's interest:

nd experience. Positions offer definite oppor-
tunities. Advanced degrees in electrical engincer
ing or physics desirable, but not essential. Open
ings in Pennsylvania and Salem, Massachusetts

\Write to Sylvania Electric Produets, Inc., In
dustrial Relations Department, 254 Essex Strect,
Salem, Massachusetts,

ELECTRICAL ENGINEER

For experimental work in developing radio
tube-making equipment. Position is that of equip-
ment-design engineer on advanced developmental
project. Applicants having previous training in
radio-tube or lamp manufacturing equipment pre
ferred. Applicants having qualified technical back
ground and ability will also be considered. Write
to RCA Victor Division, Lancaster, Pa.

COMMUNICATION-EQUIPMENT
ENGINEER

To design electronic devices, transformers
filters, etc.—mostly audio frequency. Working
knowledge of trigonometry and LC circuits neces-
sary. Also, some expericnce on communications
cquipment or mechanical manufacturing. Salary
open. Draft exempt or deferable by reason of
education or experience. Excellent post-war pros-
pects. USES referral card required. Write to
Audio Development Company, 2833 13th Ave.
S., Minncapolis, Minn.

RADIO ENGINEER—CANADIAN

Must be able to assume full responsibility for
design and development of military and ‘post.
war radio-communication equipment in a large
organization situated in Ontario.

Applicant, if now resident of Canada, must
be available under Order in Council PC 246
Technical Personnel Regulations. Address reply
to Box 319

(Continued on pane 52A4)
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THIRD PRINTING

General Engineering Tables: Conversion,

Fractions of Inch, Copper and
Copperweld Wire, Machine
Screw Dana.

Engineoring and Material Data: Insulating
Materials, Plastics, Physical
Constants of Metals, Spark Gap
Voltages, Thermocouples, Water
Pressure Data, Power Supplies
in Foreign Countries, Weather
Data, Audible and Ether Spec-
trums, RF Classifications.

g

Audio and Radie Design: Condenser and
Resistor Color Codes, Induc-
tance and Reactance Charts,
Time Constants, Impedance
and Electrical Circuit Formulas,
Network Theorems, Attenu-
ators, Filter Networks, Arrays,
Frequency Tolerances.

Use this Convenient
¢ Order Form

HEE
Publication Department,

67 Broad Succt, New York 4, N.
I enclose

Name

Address. I"IRE-56-"44

Cicy.

Federal Telephone and Radio Corporation

I dollars for which send me copies of
Reference Data for Radio Engineers” ($1.00 per single copy.
In quantities of 12 or more, for bulk shipment, 75¢ per copy).

Noise and Noise Measurement: Wire Tele-
phony, Radio.

Non-Sinusoidal Waveforms: Relaxation
Oscillators, Electronic Differen-
tiation, Fourier Analysis of Re-
current Waveforms, Commonly
Encountered Waveforms.

Mathematical Formulas and General Informa-
tion: Miscellaneous,Mensuration,
Complex Quantities, Algebraic
and Trigonometric, Small
Angles, Quadratics, Progression,
Combinations and Permuta-
tions, Binomial and Maclaurin
Theorems, Hyperbolic and

Other Functions, Great Circle
Calculations.

tiathematical Tables: Logarithms, Nat-
ural Trigonometric Functions,
Logarithms of Trigonomertric
Functions, Exponentials, Nat-

ural Logarithms, Hyperbolics,
Bessel Functions.

- - - - - - oy

Sla




WANTED

Electrical Circuit Engineer

We want an executive type man with imagination to take
charge of the department which designs and builds our
electronic tube testing apparatus. You must be an experi-
enced supervisor with a creative mind able to develop better,
faster units to aid in sustaining quality of radio tubes made
for our armed forces. Electrical circuit engineering back-

ground is imperative, preferably on testing equipment.

Tell us why you think you are the man for this position.
Write to Myron P. Whitney, NATIONAL UNION RADIO
CORPORATION, 15 Washington Street, Newark 2, N.J.

A manufacturer's engineering service or-
ganization offering complete Laboratory
and Manufacturing facilities. Electronic

Sherron Test Equipment and Production Devices
. developed or built to specifications.
Electronics

In more and more electronic plants—
where the ideal is the standard, Sherron
Test Units are standard equipment.

SHERRON METALLIC CORP
N. Y

'ﬂﬁa‘ﬁﬁ.‘ 1201 FLUSHING AVENUE BROOKLYN 6,

WANTED - ENGINEER - TECHINICIANS

Radio, Electrical and Mechanical Design Engineers, Draftsmen and Tech-
nicians for war and post-war design work.

Engineering degree, or, actual design experience in Communication Radio
Broadcast Receivers, Television and other Electronic Ficlds is required.

Write giving full details, education, experience, draft status and salary de-
sired. Essential workers need release statement and U.S.E.S. consent. All
inquiries confidential.
Chief Engineer, Electrical Research Laboratories, Inc.
2020 Ridge Avenue: Evanston, lllinois

ERLA-SENTINEL RADIO

52a

(Continued from page 50A)

ELECTRICAL ENGINEERS

Graduate_ electrical engincers or men with
equivalent industrial experience, needed for the
development and design of pocket-size radlo
and audio-frequency equipment. Especially in-
terested in qualified engineers looking to post-
war period who, at present, are not being used
in their highest skill or capacity. Company is
well established in electronic field and located
in suburb of a large New England city. Reply
1o Box 320.

INSTRUCTORS FOR ADVANCED
ARMY-NAVY PROJECT

Prominent New England technical Institute
requires instructors for officer-training project,
in modern electronics and applications of ultra
high-frequency radio. Exceptional opportunity
to acquire advanced knowledge and serve in
important war effort. Men having various de-
grees in  electrical engineering, physics, or
communications—or long experience in radio
engineering—and  interested or qualified as
teachers, are needed. Salary adjusted to qualifi-
cations and experience. Applicants must be

S. citizens of unim cachaglc reputation. In-
quiries will be treated as confidential. Please
send personal history and small photograph to
Box 321.

ELECTRICAL ENGINEERS

Electrical engineers needed with experience
in the transformer or rotary-equipment field,
either in design, technical, or production work
Company manufactures the smaller types of
transformers.

Starting salary range will be between $4,000
and $6,000 per year, Write to Box 32

ELECTRONIC.DESIGN ENGINEERS
AND
ELECTRICAL DESIGNERS

For complex equipment similar to radio trans-
mission apparatus. High priority war work.
Must have had all technical training required
for bachelors degree in enginecering or physics
Two openings demand three or more years re-
sponsible research or commercial experience.

Salary open. 48.-hour week. Apply, Personnel
Office, Radiation Laboratory, niversity of
Caiifornia, Berkeley, California.

RADIO ENGINEERS, INSPECTORS,
AND DRAFTSMEN

Engincering department of manufacturer,
while continuing its war program, is expanding
to meet requirements for postwar product de-
velopment. Weljl established as a radio-coil and
trimmer-condenser manufacturer. Interested in
stable men who have am eye to the future.
Address reply to Automatic Winding Company,
Inc., 900 Passaic Ave., East Newark, N.J.

RADIO ENGINEERS

Radio engineers wanted with at least two
years design and development experience with
radlo-communications-equnpment manufacturer
on items subsequently satisfactorily produced in
quantity. Knowledge and experience in two-
way mobile equipment, low-power transmitters,
receivers, and controlled equipment essential.
Permanent position, West Coast manufacturer.
Will pay expenses to coast for interview if
qualifications satisfactory, Write giving com-
plete past experience, employment record, salary
received, am\ technical references to Box 323.

RADIO ENGINEER

An opportunity with an established firm now
engaged in the war effort, for a radio engineer
having experience in the design and develop-
ment of audio amplifiers, carrier-current systems,
radio receivers, etc. Ideal working conditions
3:1243 well cquipped laboratory. \Write to Box

SALES REPRESENTATIVE

A high-grade man, who knows the electronic
ficld, particularly design and component parts,
is wanted for sales work. Position offers good
opportunity. Applicants must be energetic and
ambitious with abilitv and vision and submit

(Continued on page 544)
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TODAY, the entire output of Bliley Crystal Units is directed to vital
communications equipment for war purposes. When the United Nations
win the last battle, as they most certainly will, the fruits of increased engi-
neering knowledge, expanded facilitiesand improved production technique,
will be available to a peace time world . . . a new world of greater human
comfort through applied engineering and science.

In this new world, Bliley Crystals will take their rightful place with their
pre-war record of dependability, accuracy and user acceptance. Notcounting
applications covered by war time secrecy necessities, there will be Bliley
Precision-made Crystals for diathermy, ultrasonic generators, pressure
gauges, carrier-current communications systems, radio frequency filters, and
precision interval timers. And, of course, in greater quantities than ever be-
fore, frequency controlling crystal units for all radio communication necessi-
ties, F. M. or A. M., fixed, portable, mobile or air borne. As always, Bliley
Engineers are ready toextend their assistance to you call on them freely.

8
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(Continued from page 524)

evidence that past record is sbove reproach.
Will pay salary or commisslon or combination
of both, Give full details of education, experi-
ence, prcvious carnings, personal history, etc.
Send reply to Box 325,

RADIO AND ELECTRONICS ENGINEERS

Engineers with the abillty and experience
required to design and develop radio and elec.
tronic equipment, s

The men who qualify will become permanent
members of engincering staff, and will partici-
pate in the post-war program of a progressive
and well-established company. This firm has
excellent laboratory facilities, and is one of
the leaders in its field

All inquiries will be kept confidential. Send
all details of experience, etc. with reply to
Box 326,

ELECTRO-MECHANICAL ENGINEER

Electro-mechanical engineer with standing,
ability, and cxperience wanted for permanent
position. Company, in business for over sixty
years, is now engaged in the preparation of a
substantial pest-war program. Xll inquiries will
be kept confidential, Company offices located in
Manhattan, New York, and factory located in
Brooklyn, N.Y. Reply to Box 327 und state
experience, age, and compensation required.

ENGINEERS, PHYSICISTS, DRAFTSMEN

Opportunities with growing organization doing
both war and essential civilian production. Recent
graduates with adequate training will be con-
sidered for these positions:

Electrical Enginecrs and Physicists for re-
search and development work on vacuum tubes,
circuits, electroacoustic devices and related meas.
uring equipment.

Design Engineers and Draftsmen for design
and production work on commmunication equip-
ment.

Certificate of availability required. Write to
Director of Rescarch, Sonotone Corporation,
Elmsford, New York,

RADIO ENGINEERS

Radio Engineer for installation, maintenance
and servicing essential clectronic equipment in
United States and abroad. Electrical background
and practical radio experience required. Age
28-40. Sulary $3,600 up, plus living expenscs
Wire or write for application forms to Westing:
house Electric & Manufacturing Company, Radio
Division, 2519 Wilkens Avenue, Baltimore 23.
Maryland.

RADIO ENGINEERS

Graduate engineers with laboratory experience
needed for rescarch and development work. Pe:
manent employment with progressive corpora.
tion located in small city in central Pennsylvania
Persons now employed at essential aetivities at
their highest skill cannot be considered without
a statement of availability, Write for application
form to Airplane & Marine Instruments, Inc,
Clearfield, Pennsylvania,

RADIO AND ELECTRONICS ENGINEERS

We are sccking the scrvices of one or two
trained engincers who have had ample experi-
ence in transmitting-tube cnginecring, The wmen
selected will not onlv be concerned with current
war production, but should eventually fill good
positions in postwar operation.

Also, we are leoking for a few young engincers
with good schooling and background to be trained
for transmitting-tube development and produc-
tion,
This is an excellent opportunity for men who
qualify to conneet with a progressive, highly re-

arded manufacturer of transmitting tubes.

any special benefits will be enjoyed in your
association with this company.

Please reply in writing, giving complete de-
tails, past experience, etc. Interviews will be
promptly arranged. Persons in war work or es-
sential activity not considered without statement
of availability, Address, Chief Engincer, United
Electronics Cyompany, 42 Spring Street, Newark
2, New Jersev

(Continued on page 584)

Are

need release statement.

EAST NEWARK

ENGINEERS . ...

You Concerned Withfp
YOUR POST WAR FUTURE ! |

The Federal Telephone & Radio Corporation,
; the manufacturing unit of the International
I| Telephone & Telegraph Corporation with its
|| muliiple business activities extcnding to all
parts of the civilized world, will accept appli
cations from experienced men for immediatc
employment with almost limitless post war
possibilities. These positions should interest
those with an eye to the future and whose
interest lies in forging ahead with this inter.
nationally known organization whose expan-
sion plans for post war are of great magni-
tude covering all types of radio & telephone
communications. Advancement as rapid as
ability warrants. Majority of positions are lo-
| cated in the New York area! Essential workers

Look Ahead With Federal!

If inconvenient to apply in ‘person, write letter in full, detailing
about yourself, education, experience, age, etc., to Personnel Manager.

| FEDERAL TELEPHONE & RADIO CORP.

l 39 Central Avenue

We need the following personnel! Men |
with long experience or recent grad-
uates consldered.

® ENGINEERS ’

ELECTRONICS

ELECTRICAL

RADIO

MECHANICAL

CHEMICAL

TRANSFORMER DESIGN
® SALES AND APPFLICA-

TION ENGINEL RS
FHYSICISTS
DESIGNERS
DRAFTSMEN
TOOL DESIGNERS
TECHNICAL WRITERS

NEW JERSEY

METHODS ENGINEER, |
COMMUNICATIONS |
EQUIPMENT

Transformers, filters, jacks, etc.
Work involves study and organiza-
tion of manufacturing procedures.
Working knowledge of common
shop machinery and tools, meth-
ods, and mechanical aptitude re-
quired. Salary open. Draft exempt
or deferable by reason of educa-
tion or experience. Excellent post-
war prospects. USES referral card
will be required. Audio Develop-
ment Company, 2833-13th Ave. So.,

Minneapolis, Minnesota.

ENGINEERS

TO SERVE AS
PROJECT LEADERS
ON TRANSMITTERS

AND RECEIVERS

Must have good ' engineering
background and several years of
broad experience in the radio in-
dustry. Also, a knowledge of
civilian radio requirements will be
valuable when this Company re-
sumes production of high-quality
FM receivers and phonograph
combinations. Write, giving de-
tails of experience and salary ex-

pected, to:

Freed Radio

Corporation
200 HUDSON STREET NEW YORK CITY

Proccedings of the I.R.E. May, 1944




Maximum Capacity 140 mmf
Minimum Capacity 6 mmf
Has 29 plates spaced .022°

{Photo 1% times actvol size}

B

K-150-050
Capacity 150 mmf
Spacing .050°

Use this reliable
West Coast source for
Variable Air Condensers

Kaar Engineering Company now
offers prompt delivery of stand-
ard and special types of variable
air condensers suitable for many
applications in radio transmitters
and receivers. They are particu-
larly useful as tank and antenna
tuning capacitors in low and me-
dium power transmitters.

The small cross-section of Kaar
condensers allows a number of
them to be assembled in multi-
channel radio equipment in a
minimum amount of space. Every
Kaar capacitor is substantially
constructed with soldered and
plated brass rotor andsstator plates.
Shafts can be furnished slotted for
screwdriver adjustment, and ta-
pered lock nutsand splitbushings
assure positive locking without
disturbing the adjustment.
Special types are available with
very wide air gaps, double rotors

K-100-28
Copacity 100 mmf
Spacing .022"

KAAR
VARIABLE
AIR CONDENSERS

FOR TANK CIRCUIT
AND ANTENNA TUNING

and stators,high maximum cal{:ac-
itiesor special mounting brackets.
Further information will be glad-
ly furnished upon request.

KAAR

ENGINEERING CO.

PALO ALYO, CALIFORNIA

Export Agents: FRAZAR AND HANSEN
301 Cloy Street - San Froncisco, Calif,

MOBILE RECEIVERS — Crystol

cantrolled superheteradynes

for medium and high frequeon
cins. Easy fo service

=TT A

CRYSTALS — Low-drift quartz

plates. Fundomental ond

harmanic types available in
variaus halders

TRANSMITTERS — Mabile,
marine, and centrol station
transmitters far medium and
high frequencies. Instant
heating, quickly sorviced

MICROPHONES = Type 4.C
single buttan carbon. Su
perb vaice quality, high
ovlpul, maisture - resistant.

POWER PACKS—Hoovy
duly vibratars ond power
supplies far transmitters, re-
ceivers. 6,12, 32 voits OC
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Noise Meets Its
Master with Permoflux
Acoustical Devices

Devices, operating under extreme
noise conditions, have proved the
essentiallity of uniform, wide fre- e

factor contributes more to the
_ _intelligible transmission of vital ,‘_"
war messages. With the coming of_
Peace,there will be many Permoflux

speech transmission equipment. =

" BUY WAR BONDS FOR VICTORY!

TRADE e MARK

[ ——

is also a tribute to
NYT TRANSFORMER
efficiency

More thon on order, the commond to submerge

is proof of a confidence in personne) ond
equipment. Where pressure, depth ond enemy
destructiveness are constont threats, opparotus

must operate smoothly, instontly ond efficiently

The N-Y-T Somple Department provides just
such equipment — auvdio ond power trans.
formers, chokes ond filters—specially designed
to function perfectly ot all times. Moisture,
corrosion, vibration ond concussion — vsval
deterrents to highly-sensitive equipment opera-
tion—are of no onsaquence in N. Y. T. units
custom built for the porticular job.

Whether your post-waor product involves a
marine, aviation or industrial transformer for
unusvol applicotion or performance, the
N. Y. T. Sample Department con fuifill the

requirement.

NEW YORK
TRANSFORMER
COMPANY

24-26 WAVERLY PLACE NEW YORK, N. Y,

Proceedings of the I.R.E. May, 1944
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Note elimination of junction bo:fes merégk}:y
ngle bends, designed and engmeer e
a1\’mdrew to meet exacting requiremen
this special applicati?n‘
Inner conductor 15 ben
Outer conductor 1 i
soldered. X-ray insure
enetration in :
gf short circuit. Sealing
transmission in
ossible corrosion. :
? For your problems 10

equipment, con§ult
Co.isapioneer!
gineering of coaxial ¢
ries. Free catalog

t, not spliced.

COAXIAL CABLES

and many other purposes.

in weight and have high permeability.

«photo by G. A- Russ

s mitered and silver
s no silver solder

to cable, eliminating da'nger
and pressurizing

lines before plating prevents

radio antenna
Andrew. The Andrew
n the manufacture anden-
ables and accesso=
on request. Write today.

Claud S. Gordon Co d

X -ray illustrates Andrew rié;ht
angle coaxial clelblek ;ssgz; x ;;1;
ar
e ade for CAA by
viston qnd
tion Pilot_s’ lives

Andrew is
proud of the use of its coaxial
cable in this installatton.

363 EAST 75TH ST
CHICAGD 19, ILLINOIS

POWDERED IRON CORES

FERROCART can supply "MICROPERM" powdered iron magnetic covers for use at all
radio and ultra high frequencies. These cores are designed for-use in R.F. and .F. coils,

FERROCART powdered iron magnetic cores are now being manufactured for audio
chokes, RF filters, and for use at supersonic frequencies. These molded cores are light

e

“—
FERROCART CORPORATION OF AMERICA
Plant and Laboratory HASTINGS-ON-HUDSON, NEW YORK
CHICAGO: 149 W. Ohlo St., George H. Timmings. SAN FRANCISCO: 1355 Market St., W. C. Hitt,

LOS ANGELES: 1341 S. Hope St., W. C Hitt. INDIANAPOLIS: 108 E. 9th St., Queisser Bros.
JENKINTOWN, PA.: P. 0. Box 246, D. M. Hilliard, MONTREAL: 995 St. James St., West, W. T. Hawes
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SQUARE-WAVE
GENERATOR

DesiGNED for testing over-all
performance of radio systems
and networks, this se!f-con-
tained instrument generates its
own frequency with remark-
able stability. Can be synchro-
nized from an external source.

Other units in the new Gen-
eral Electric line of ELECTRONIC
MEASURING EQUIPMENT in-
clude: G-E wave meters, capac-
itometers, power supplies,
wide band oscilloscopes, signal
generators, and various other
instruments in the ultra-high
frequency and micro-wave
fields for measuring electronic
circuits and checking compo-
nent parts.

e For complete details, please
mail coupon below. We invite
your inquiry for G-E electronic
measuring equipment made to
meet your specific requirements.

i ot

ELECTRONICS
DEPARTMENT
General Electric Co.
Schenectady, N. Y.

I'lease send, without obligation to

¢ me, the General Llectric Measuring
g Instrument Catalog, P-5 (loose-leaf),
;ﬁ for my Information and files.

8 Name

8  Company

H Address

i
L.—.m,:wu— E

GENERAL @) ELECTRIC

104:C2
Instruments

57a
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Nnow YOU can use

THE HARVEY “AMPLI-STRIP”

This I-F and AUDIO amplifying unit
has proved itself on many applications of
vital importance. It is now available with
electrical characteristics to suit your re-
qujrements.

The Harvey Ampli-Strip is representa-
tive of Harvey design and production fa-
cilities that have been painstakingly built
up over years of specialization in radio and

electronics engineering exclusively. The
electronics knowledge, precision manufac-
turing and testing resources responsible for
equipment such as this may prove of great
practical value to you now or in the criu-
cal re-conversion period ahead.

Your inquiries will be given prompt and
careful attention.

HARVEY

HARVEY RADIO LABORATORIES, INC.

447 CONCORD AVENUE

CAMBRIDGE 38, MASSACHUSETTS

Peerless Transformers are quality trans.
formers . . . quality through and through!
Pecerless facilities permit the production
of quality transformers at low cost . . .
that’s why, when peace comes, Peerless
should be first on your transformer list.

*The Wast's Largest Plant Devoted Exclu.
sively to the Production of fine Transformars

P E I. E S 5 ELECTRICAL PRODUCTS CO.

6920 McKinley Avenue, Los Angeles 1, California

58a

Positions Open

(Continued from page 544)

ELECTRONIC OR AMPLIFIER
ENGINEERS

A well.known company is in need of engi-
neers experienced in the design and use of elec-
tronic equipment, particularly audio and con-
trol amplifiers.

Also, laboratory assistants and junior engi-
neers, who are experienced in testing and labora-
tory work on electronic apparatus,

end complete details to Post Office Box 30
Bloomfield, chw Jersey.

ENGINEERS AND DRAFTSMEN

EXECUTIVE ENGINEER: Graduate electri-
cal engineer with 15 years’ experience in radio
research and development, associated with the
manufacturing of radio equipment

DESIGN DRAFTSMEN: Experience in ra
dio communications equipment drafting, as as-
sistant, associate or draftsman.

ENGINEERING ASSISTANTS: May be ra
dio engineers with about five years’ experience,
preferably in the manufacturing of radio equip-
ment,

Positions offer post-war opportunities. Salaries
open. Location, Connecticut. Send full details
to Box 312

LOUD SPEAKER ENGINEER

A medium-size' manufacturing organization,
with a concrete financia! foundation, requires an
engineer experienced in loud-speaker design and
acoustics, plus knowledge audio-amplifier design
and construction,

This company has been successful in manu.
facturing identical prewar equipment now being
producc§ for the war effort, and shall continue
without interruption upon the resumption of
post-war _activities, La'oratory and plant lo-
cated in Brooklyn, N.Y.

If interested in a permanent position with an

excellent future, write to Box 318 and include
full details.
The foregoing positions of interest to I.R.E. mem-
bers have been reported as open. Apply in writ
ing, addressing reply to company mentioned or
to Box No.

AT 100 MC

POWER FACTOR 0.0033
DIELECTRIC CONSTANT 3.57

DILECTENE

A CONTINENTAL-DIMOND
ENGINEERED U-H-F
INSULATING PLASTIC

<

STABLE UNDER
@ High Humidity

@ Temperature Exfremgs
@ Mechanical Stress

@ Chemical Conditions

<&
READILY MACHINED

For complete technical
data, send for Bulletin DN

CONTINENTAL-DIAMOND
FIBRE COMPANY

NEWARK 438 DELAWARE
bDC
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Dropped 33 feet to a cement
sidewslk, this B & W Air In-
ductor was immediately put
back in perfect operating con-
dition without tools of any
kind. Actually, the only dam-
age was a bent “*banana’ plug,
and a cracked support bar.

This indent feature illustrates
the versatility of B & W "Air
Wound' design. Every turn of
the wire is indented on alter-
nating sides of the coil. This
means that the windings on
both sides of the turn you
want to tap are indented out
of the way. No matter how
small the wire, or how close
it is wound, taps can easily be
made anywbere on the inductor.

*Air Wound' construction is
justas desirable for mammoth
inductors as it is for small
ones. Here you see a B & W
No. 1591 Air Inductor, only
2% in diameter by 3" long, in
asizecomparisonwithaB&W
high-power (10 KW.) coil.

ARE YOU
PUNLING, MRW?

APE YOU
SNOVING, MR8 ?

Wiy sy con

“Air Wound" Inductors—pioneered and perfected by B & W—
hold many advantages for many applications:

® They weigh much less. Cou-
ventional winding forms are
eliminated.

® They are readily adaptable to
almost any mounting arrangement.

® They are far less likely to be

—still at a minimum of weight.

® They offer greater design adapt-
ability in such valuable features as
indented turns which make it easy
to tap any turn on a small coil.

® They bave exceptionally low

damaged if dropped. There is little dielectric loss.

about them to break—and, even if
bent completely out of shape, they
can easily be repaired.

® They are wound to uniform
pitch.

® They lend themselves readily to
mechanical and electrical revisions
i the circust.

® They can be protected for
rough service with bumper rings

.. For other uses B & W offers a variety of ceramic and phenolic
form coils. Whatever your coil problem, come to coil headquarters !

BARKER & WILLIAMSON

235 FAIRFIELD AVENUE
UPPER DARBY, PA.

Proceedings of the 1.R.E

May, 1944

504



Tue Arnold Engineering Company is
thoroughly experienced in the production
of all ALNICO types of permanent magnets
including ALNICO V. All magnets are com-
pletely manulactured in our own plant
under close metallurgical, mechanical and
magnetic control.

THE ARNOLD ENGINEERING (OMPANY

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS

OPPORTUNITY TODAY,
FOR POSTWAR

If you want to become a permanent member of our engi-
neering staff, and if you have the following qualifications,

please write us fully.

® A degreein electrical engineering or an equiva-
lent knowledge obtained through direct ex-

perience in radio, acoustics or electronics.

® Ability to do experimental work on small elec-
tro-mechanical devices. Familiarity with mass

production practices preferred.

Position is with fast growing company now engaged in war

work but with an 18 year peacetime record in electronics

and electro-acoustics. ‘

SHURE BROTHERS

Designers and Manufacturers of Microphones and Acoustic Devices
225 West Huron Street, Chicago 10

60A

Walld

MERCURY
VAPOR
HALF WAVE

575-A

) N . FOR MIGH
for \\\\ '
« HIGH POWER N\

\VOI.TAOE
TRANSMITTERS

¢ INDUCTION HEATING
EQUIPMENT

¢® SPECIAL INDUSTRIAL
APPLICATIONS

575.A is a heavy-duty half-wave rectifier tube of
exceptional performance. Filament of edge-wise
wound ribbon of a new alloy, giving greater ther-
mionic emission reserve and hence longer tube life.
Used by Signal Cofps and many large manufactur-
ers. Two tubes for full-wave rectification in single
phase circuits deliver 5000 voits DC at 3 amps. with
good regulation. Filament 5 voits, 10 amps, Peak
Plate Current 6 amps. Peak [pverse Voltage 15,000
volts. Fully guaranteed. Write for detalls on 575.A
and other high-voltage rectifiers.

REPAIR SERVICE . . . WATER-COOLEO TUBES

We rebuild and repair practically all types of
water-cooled tubes, 75% of lifc of new tube at
approximately 50% of original cost, guaranteed,

ARPIN MANUFACTURING CO.

422 Alden St. Orange, N.J.

(Continued from page 484)

White, A. Company“F, Bat. 2., Barracks 12
Camp MacDonough, Plattsburg, N. Y.
Vhitney, D. C., 81 Dysart Ave., Kingston, Surrey.

- England
Whittaker, E. E., 126 Livingstone Ave., Toronto,
Ont., Canada.

Wiener, N., 2812 Tesla Ave.. Los Angeles, 26, Calif.

Wight, V. H., 401 S. 30 St., Lincoln, 8, Neb.

Wilson, R. W., 1188 St. Clair Ave., W., Toronto.

Ont., Canada.

Winterhalter, A., 440 Magazine St., Beaumont, Tex.

?r'ankolsky. M.. 1720 Sterling Pl., Brooklyn, N. Y.

Transfer to Associate

Brush,L. V., 210 E. Platt St., Maquoketa, lowa.

Curtis, C. T.. Radiation Laboratory, Massachusetts
Institute of Technology, Cambridge, Mass,

OUR MEN NEED
* BOOKS «

\Y

SEND =%
ALL YOU CAN SPARE

Froceedings of the I.R.E.
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Send for Bulletins 149 ER and 163 ER

SUPERIOR ELECTRIC CO0. 322 LAUREL ST. BRISTOL, CONN.

By simply turning a knob on the manually operated
POWERSTAT Variable Voltage Transformer or by pushing the
control button of the MOTOR-DRIVEN POWERSTAT the
proper voltage is applied to infrared lamps to meet your heating
requircments. The cxact energy needed to process materials of
varying thickness, color, or moisture content is conveniently and
accurately obtained with POWERSTAT variable voltage control.

POWERSTAT control climinates complicated mechanical and
electrical arrangements. .. meaning more speed, greater economy,
and reduced space requirements.

Produced in sizes up to 75 KVA for single or polyphase opera-
tion on 115, 230, or 440 volt circuits a POWERSTAT can
control any baking, drying, dehydrating or pre-heating process.

Proceedings of the 1.R.E
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OLD FAITHFUL GEYSER, Ycllowstone National Park. Geologists believe it began
erupting before the last glaciation, about a million years ago. Within record, Old
Faithful has erupted continuously at about 65-minute intervals, spouting a column
of water 95—130 feet high for 4l minutes.

STILL
GOING

STRONG

LONG, UNINTERRUPTED service under all

operating conditions is the characteristic
you want most in a capacitor. Tobe Capac-
itors serve so well and so long because
every step in their manufacture is checked
and cross-checked by rigid inspections.
Constant improvement through constant
research is the promise performed by
Tobe engineers. An example is the Tobe
CA-255 Capacitor, shown below, now
available in a new drawn container of

improved construction. Why not call on

Tobe for prompt, specialized help on

your capacitor problems?

SPECIFICATIONS —CA-255

Mineral Oil Impregnated and Filled. Aluminum Fdil.

Highest Grade Kratt Tissve.
CAPACITY RATING.. e 5 e 0 5 2008 S 3 x .1 mfd.
VOLTAGE (working) —t e Wiy e+ 2400V, D G
DIMENSIONS: 1 11/16” wide : 9/16” deep: 2 7/16” long, includinq chan-
nel mounting bracket. Mounting_centers 243" Three terminals 14" on
centers. Height of terminal ¥%”. Diameter o mounting holes, .144.

FEATURES: Rugged Channel Mounting Bracket securely soldered to con-
tainer . Increased terminal insulaton . . . Rigid terminal lugs afford
ample space to handle No. 14 stranded wire . . . Improved streamlined
drawn container instead of fabricated can . . . Tygc, capacity and voltage
dic-stamped on container. Mecets U. S. Army Signat Corps Specifica
tions 71-516-E.

OE“TSCHMANN Other values and wvoltages may be ob-
C

tained in above mentioned container
construction. Send f[ar details of our

O, “OM’” and ""OD' Capacitors.
19 ?9 da dapacsiors
™
g’p (*o, A small part in Victory today. ..
’O/V \f,@ A BIG PART IN INDUSTRY TOMORROW!
" MASSACY
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EIMAC 152TH

has, a

EIMAC 304TH Z v > plate dissipation of
has a . -~ 2, A 150 WATTS
plate dissipation of 2

300 WATTS i ! ; [ : |

EIMAC 75TH

has a
plate dissipation of <

75 WATTS g\\

First Public Appearance
of these 5 EIMAC tubes

ELECTRONIES LEL SkS y Eimac has never stopped development of new

A sixty-four page b vacuum tubes. While many types must still be
engineers in explaf

kept secret for military rcasons the five here
presented can be announced. Full technical data

be mailedto you
without obligation

i1s available now on these five as well as new
7 information about the entire Eimac line. Write
" today for your copies.

for your associates
upon request. Don't |
delay! The edition |
is limited.

Follow the leaders tq

EITEL-McCULLOUGH, INC.

815 San Mateo Avenue, SAN BRUNO, CALIF. EIMAC 257
Plants lacated ot: has a 5
San Bruno, Colifarnio and Salt Lake City, Utah plate dissipation of P y y . EIMAC 3C 2‘/2‘(;

hus a
plate dissipation of

25 WATTS

25 WATTS

Export Agents: FRAZAR & HANSEN
301 Clay Street. San Francisco, Calif., U. S. A.



Radio is the vital link which today brings history-making
news to people everywhere. As significant as the roar of battle, its voice
reaches and sustains the oppressed in their wait for freedom. Engincers know
that perfect transmission under war-time conditions demands perfect equip-

ment . . . that's why they count on quality components like C-D capacitors.

Thirty-four years of specialization in building capacitors, has also buidt the
C-D name. It has become axiomatic for the industry to say “C-D” when-
ever dependable performance is a “must”, That is why 4 out of 5 engineers
think of C-D first when capacitors are mentioned (proved by a recent, impar-
tial survey).

And C-D capacitors live up to their every promise of greater endurance, abso-
lute reliability and longer life. It is no wonder there are more in use today
than any other make! Cornell-Dubilier Electric Corp., So. Plainfield, N. J.

Coxrnell
IDDubilierx
Capacitors
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e TROWERIDGE 4400 CAMBmoccas,MASSAcnuscTTs

Gentlemen: '

Many instruments returned to our gervice Department for repalrl require
only the replacement of some simple and inexpensive part- ysers of
G-R equipment very often can save {hemselves yaluable time. 1abor. and
repair charges by securing replacement parts and installing them-

We maintain small stocks of the more commonly used parts for just such
replacements. Many yimes YyoOu can secure these parts from usS gore
quickly than fro® any other source-

¥hen urgently needed #€ will accept telegraphic orders for replacement

parts for instruments of our manufacture, in many cases saving 23 number
of days of "out of service" time to users.

gefore ordering these parts. pbe sure they cannot be obtained jocally-
Restrict your orders vo parts for General Radio equipment and please do

specify Type and serial Number of instrument. part designation by wiring
diagrams and manufacturers part number. purcnase order number and priority
certificate. In many cases., %€ can ship the same day 28 telegrapnic order
S received

This service in np way curtails the facilities of our factory gervice De—
partment. when it IS necessary to return instruments for major repair. or
for recalibration, Even under wartime pressure, the Service Department
is able to give remarkably quicCk service- ¢ will pe glad to assist you

Qur SERVICE AND MAINTENANCE NOTES should be of considerable help in avoid—
ing and shooting trouble in many G-R instruments. Do you have 3 copy?
we will pe glad to send one, gratis. on request.

Sincerely

Service Managerl




