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Yes, for you

there could very well be a citation
which would read

"For distinguished service
to the American people ..."
... that is, there could be
if the nation only realized
as well as we,
who have worked with you,

what a splendid job you have done
as a radio engineer
during the emergency

If they only knew
how you overlooked the word overtime
and how an eighthour day
lost its meaning
when we most needed
to be informed and entertained.

If they only knew
how you coddled and repaired

IIMPEREX ELECTRO
25 WASHINGTON STREET

the irreplaceable tools
of your trade
so that not even one

valuable broadcasting moment
was lost in wartime.

If they only knew
how the station remained awake
each twenty-four hours
because of your personal effort.

... Well, perhaps they don't realize
to whom the thanks belong,
or their tongues don't give voice
to their feelings ...
but in their homes and hearts
there has been mute appreciation

for the privilege you extended to all,
the privilege that could not
have been forfeited easily,
the privilege that is used so casually,
the privilege of switching on the radio.

CORPORATION
BROOKLYN 1, N. Y.

A COPY OP THIS ADVERTISEMENT, SUITABLE FOR FRAMING, WILL BE SENT WITHOUT CHARGE UPON REQUEST



I. R. E. Winter Technical Meeting
and Radio Engineering Show

January 23 to 26,1946
Hotel Astor, New York City

More than 3,000 members attended the last I. R. E. winter meet-
ing-and with travel restrictions lifted, an even greater attend-
ance is expected in 1946. Don't fail to make you7 reservations now
for three days devoted to interesting and instructive technical
papers-plus unusual features and entertainment.

TECHNICAL PAPERS

The lid has been lifted! Vital
papers held back for security
reasons will be among those
presented in two and one-half
days of technical sessions.

EXHIBITS

1.R.E.MEETING
JAN.23 to26,I946

Two floors of the Hotel
Astor will be given over to
150 exhibits revealing war-
time advances and post-war
equipment. War develop-
ments applicable to civilian
equipment will be feature
attractions.

BANQUET

The annual ban-
quet, on January
24, is the social
highlight of the
I.R.E.year. 2,500
feasters will
hear a nation-
ally prominent
speaker, see two
major awards
made, be enter-
tained royally.

WOMEN'S PROGRAM

There'll be plenty to keep
the better half busy-trips
to points of interest, enter-
tainment - and no men.

DON'T DO THIS!

USE THIS +
The hotel situation in New York
is still tight - and the parks are
cold in January! Fill in the cou-
pon to the right and mail it today.

r
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PRESIDENT'S LUNCHEON

The incoming
president will be
honored on Jan-
uary 25, at a get-
together which
has come to be a
feature of these
annual meetings.

The Institute of Radio Engineers
Advertising Department
303 West 42nd Street, Room 707
New York 18, N. Y.

Gentlemen:
Please send me an application form for reserva-

tions and a list of cooperating hotels.

Name

Address

Organization

The demand for hotel accommodations is so critical that reserva-
tions for the Winter Technical Meeting are being handled by the New
York Convention and Visitors Bureau, a cooperative civic organi-
zation. Arrangements are being made tc accommodate the member-
ship in several New York hotels. Mail this coupon immediately.

I
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The fin st-askei41
uestions

about Carbonyl
Pon POuders

For wartime uses, design engineers asked these three ques-
tions.

In peacetime, as design engineers plan for peacetime equip-
ment, the same questions are asked.

"What are they?"

G.A.F. Carbonyl Iron Powders are obtained by thermal
decomposition of iron penta-carbonyl. There are five differ-
ent grades in production, designated as "L," "C," "E," "TH,"
and "SF" Powder. Each of these five types of iron powder is
obtained by special processing methods and has its special
field of application.

The particles making up the powders "E," "TH," and "SF"
are spherical with a characteristic structure of concentric
shells. The particles of "L" and "C" are made up of homo-
geneous spheres and agglomerates.

Their weight -average diameter, their total iron contents,
and their carbon contents are given in the table at upper
right.

"Why are they better?"

Carbonyl Iron Powders are better because of their unique
spherical shape, shell structure, particle size distribution,
high degree of purity and freedom from stress.

Their stability against magnetic shock, temperature
changes, and time (aging) is of the highest order.

Permeabilities range up to 70 with low eddy-current losses.
Q values are the highest obtainable because of extremely
small eddy -current and hysteresis losses.

Carbonyl Iron Powders are better as electromagnetic mate-
rial over the entire communication frequency spectrum.

A set of relative Q values for the five powder grades is
given in the graph on the other page to show the conventional
frequency range for each grade.

"What are their uses?"

Carbonyl Iron Powders are used for electromagnetic cores
and structures for widely different purposes. Five typical
applications are shown on the chart at bottom of other page.

"L" and "C" powders are also used as powder metal-
lurgical material because of their low sintering temperatures,
high tensile strengths, and other very desirable qualities.
Sintering begins below 500°C and tensile strengths reach
150,000 psi. Compacts can be made having regularpronounced
porosity to function as a spongy mass. Compacts can also be
made of highest density for excellent magnetic properties.

Further information can be obtained from the Special
Products Sales Dept., General Aniline & Film Corporation,
270 Park Avenue, New York 17, N. Y.

2A Proceedings of the November, 1945



Diameters and Chemical Composition
of the 5 Carbonyl Iron Powder Grades

Carbonyl
Iron Grade

Weight -Average

Diameter Microns

Total Fe
Content %

Total Carbon
Content 0

L 20 99.7-99.9 0.005-0.03

C 10 99.5-99.8 0.03 -0.12

E 8 97.9-98.3 0.65 -0.80

TH 5 98.1-98.5 0.5 -0.6

SF 3 98.0-98.3 0.5 -0.6

"L" Type Powder used
in cores for permeabil-
ity tuning.

Sot,

RELATIVE Q VALUES OF THE 5 CARBONYL IRON POWDER GRADES

SF/

I

0.1 /

I

- /

0 : 0 3 1 3 to

FREQUENCY

30

SF

E

100

;H

"C" Type Powder for
E -cores in filter coils.

For antenna coils, "E" "TH" Type Powder is One use of "SF" Type
Type Powder used in employed for cup Powder is in high fre-
cores. shields in coils. quency choke cores

(with sealed -in leads).

CARBONYL IRON POWDERS
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Oat 50,laktat/4
comes a NEW railroad communications

 Sperry's Research Laboratory where Railroad Communica-
tions System was designed and developed

 Rock Island's Mobile Electronic Laboratory where equipment
was put to rugged test

THE ENGINEERING STAFF of the Sperry Gyro-

scope Company, in collaboration with en-
gineers of Rock Island Lines, has perfected a
new system of railroad communications.

Designed especially for railroads by Sperry
and tested extensively by Rock Island, this sys-
tem offers to the railroad industry microwave
applications, secret until now, which Sperry's
vast engineering group developed during the
war years in co-operation with the U. S. Navy.

With the aid of Rock Island engineers work-
ing in their specially equipped Electronic Car,
the Sperry system has been completely tested
and proved.

Sperry's Railroad Communications System
makes possible for the first time clear, audible
signals through tunnels, deep gorges, and the
usual terrain and atmospheric conditions en-
countered in railroad service. No man-made

SPERRY GYROSCOPE COMPANY, INC.
the 571e44, Voihoiatiew

dear atd-te fide& 1 GYROSCOPICS ELECTRONICS

4A Proceedietss-of. the I.R.S. November, 1945



or atmospheric disturbance interferes with
vital business!

Automatic relay stations, employing hereto-
fore -restricted radar components that can be
substituted for overhead land lines in treach-
erous storm areas, will link way stations and
headquarters, and provide a continuous en route
connection between trains and wayside points.
A specially designed antenna provides any
required degree of directional control.

Rock Island Lines, whose "sole purpose is
to provide the finest in transportation," is being

equipped with a Sperry Railroad Communi-
cations System.

If you would like our help in planning
a complete radio communications system to
expedite the handling of your freight and pas-
senger traffic, write our Industrial Department

for further information.

SPERRY RAILROAD
COMMUNICATIONS SYSTEM

Microwave applications for
the first time

Designed especially for rail-
roads

Greater Range

Increased Signal Strength

FM Signal Audibility through
any kind of interference

Any degree of Directional
Control

Suitable for indoor and out-
door installations

Available in both VHF and UHF

GREAT NECK, N. Y. * LOS ANGELES  SAN FRANCISCO SEATTLE  NEW ORLEANS  CLEVELAND  BROOKLYN HONOLULU *

RADAR  AUTOMATIC COMPUTATION  SERVO -MECHANISMS

Proceedings of the I.R.E. November, 1945 5A



THIS VERSATILE RECTIFIER TUBE

is conveniently supplied in two base type

TYPE GL -872-A/872
Fitted with 4 -pin jumbo
base. (Ratings same as

Type GL -8008.)

GENERAL ELECTRIC offers you
the GL -872-A/872 and GL -8008

(identical in design, but with diffe{-
ent bases) as low to medium -power
rectifier types with an unusually wide
range of applications. Here are some
typical uses:
 To rectify plate power for the low
and intermediate stages of large trans-
mitters.
 To serve as rectifiers for smaller
transmitters, "ham" sets, and police -

G. E.'s new manual
of

industrial
electronic

tubes is the most compre-

hensive
book in its field.

Over 400 large pages,

price IP:Write
jor com-

plete description.

6A

radio, ship -to -shore, aviation, and
other communications equipment.
 To convert power from a -c to d -c for
small industrial equipment, such as
electrical testing apparatus, diathermy
units, fractional hp motors, etc.
Ratings at the right are conservative.
The mercury vapor in the tube assures
(1) the ability to pass high peak cur-
rents, and (2) a low internal voltage
drop. These qualities spell long ser-
vice -life and exceptional efficiency.
Your equipment will use Type GL -
872 -A/872 or Type GL -8008, de-
pending on your basing requirements.
For further data see your nearest
G -E office or distributor, or write
to Electronics Department, General
Electric Company, Schenectady 5, N. Y.

GENERAL

TYPE GL -8008
Fitted with heavy-duty
base. (Ratings same as
Type GL -872-A/872.)

CHARACTERISTICS
of Types GL -872-11/872 and GL -8008

Half -wave, mercury-vapor rectifier tubes,
2 -electrode type, with filamentary cath-
ode. Convection -cooled. Cathode voltage
and current are 5 v and 7.5 amp; typical
heating time is 30 seconds. Approximate
tube voltage drop is 10 v. Maximum
anode ratings are: peak inverse voltage
10,000 v, instantaneous current 5 amp,
average current 1.25 amp.

Type GL -872-A/872, with 4 -pin jumbo
base, is adapted to much existing equip-
ment which calls for this type of base.
The heavy-duty base of Type GL -8008,
giving greater pin -contact area, will be
found preferable for newer rectifier in-
stallations.

ELECTRIC
161-011-8850

TRANSMITTING, RECEIVING, INDUSTRIAL, SPECIAL PURPOSE
TUBES  VACUUM SWITCHES AND CAPACITORS

Proceedings of the I.R.E. November, 1945



Obtaining the characteristics of aluminum foil
samples in order to insure uniform Aerovox
quality of each unit throughout production.

An Aerovox capacitance bridge for measuring ca-
pacitance, eqt.ivalent series resistance, leakage and
cther electrical characteristics of electrolytics.

14/14// from START I FINISH insures AEROVOX

A 07/51 0CAPACITO1

 Inspection - especially when backed by critical
instrumentation-insures Aerovox Capacitor Crafts-
manship.

With Aerovox alectrolyiics, for example, produc-
tion is checked from start to finish - from the pre -
checking of each constituent material used in the
production of electrolytics, to the checking of com-
pleted units for :heir electrical and physical char-
acteristics.

Because of the extra -critical inspection standards,
most of the test equipment is designed by Aerovox

 Literature

engineers and built in their own engineering labo-
ratories. Hundreds of such exclusive Aerovox in-
struments are in daily use on the production line
- instruments seldom seen outside a laboratory -
mounting guard at every step from raw material to
finished product.

It is such outstanding inspection routine, along
with skilled and conscientious workmanship, plus
engineering judgment, that accounts for that widely
recognized Aerovox Capacitor Craftsmanship.

on request.

INDIVIDUALLY TESTED

AEROVOX CORPORATION, NEW BEDFORD, MASS., U. S. A. SALES OFFICES IN ALL PRINCIPAL CITIES

Export: 13 E. 40 ST., NEW YORK 16, N. Y. Cable: 'ARLAB' In Canada: AEROVOX CANADA LTD., HAMILTON, ONT
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BELL TELEPHONE LABORATORIES
Exploring and inventing, devising and perfecting for continued

improvements and economies in telephone service.

TINY GIANT WITH A HISTORY

Long before the war, the men who design your Bell
Telephone System were looking for an electron tube
with frequency capabilities never before attained.
With it, they could transmit wide bands of tele-
phone messages - several hundred of them - simul-
taneously through coaxial cable-economically, and
over long distances.

They developed a tube which set a new standard in
broad -band, high -frequency amplification. So minute
that its electrode system had to be inspected under a
magnifying glass, the tube could amplify either the
voices of 480 people talking at the same time, or the
patterns of television. Long-distance, broad -band
transmission became a commercial reality.

Cross-section of Electrode System
(five times actual size)

When war came, this tube excelled all others as an
amplifier in certain military equipment. It . then
grew into the 6AK5, one of the great little tubes of
the war. Besides producing 6AK5's in large quanti-
ties, the Western Electric responded to emergency
needs of the Army and Navy by furnishing design
specifications and production techniques to other
manufacturers, of whom at least five reached quan-
tity production. On every battlefront it helped our
ships and planes to bring in radio signals.

Developing electron tubes of revolutionary design
has been the steady job of Bell Laboratories scien-
tists ever since they devised the first practical tele-
phone amplifier over thirty years ago. Now tubes
like the 6AK5 will help speed the living pictures of
television, as well as hundreds of telephone con-
versations simultaneously over the coaxial and radio
highways of the Bell Telephone System.



Portrait of Randolph C. Welker by John Carlton

NOW SERVE MEN AT PEACE
The creative engineering which armed our fighting
men for Victory has no less a responsibility in the years
of peace ahead. Now that the war is won, we have the
job of making this a better world.

AIREON produced huge quantities of communica-
tions and radar equipment and other machinery for
waging war. Its achievements were equal to its heavy
responsibilities, and its workers established an outstand-.
ing record of performance.

AIREON enters peacetime production with a notable
engineering organization, highly skilled personnel and
great confidence in the future. We have developed many
products which will contribute to better living, for the
manufacture of which all 15 AIREON plants will con-
tinue in production.

In order to extend our usefulness we recently estab-

lished an experimental laboratory in Greenwich.
AIREON's creative engineering in radio communica-
tions, electronics, musonics and hydraulics will team
with production proficiency in contributing devices

for future service.
In peace, as in war, AIREON will stand for quality

and performance.

"4-j2tL C..PRESIDENTRESIDENT

MANUFACTURING
CORPORATION

NEW YORK  GREENWICH . CHICAGO  KANSAS CITY  OKLAHOMA CITY BURBANK  SAN FRANCISCO

Proceedings of the I.R.E. November, 1945 9A



*ben a laboratel

%instrument goes

Ito war * * '
\,3se

of mineral -oil -impregnated, hermet-

ically
-sealed, paper capacitors.

Increase
in voltage rating of certain ca.

ellOTS for
greater factor of safety.

Pa

Addition
of mounting straps on capacitors

subject to breakage in transit.

k}se of high -voltage wire in high-voltage

circuits in place of previous standard wire.

Addition
of tube clamps for tubes subject

to jarring
loose in transit.

Addition of tlange on chassis assembly to

provide
extra strength against rough han-

dling 

Addition of four bank supports to prevent

breakage
of banks during rough handling.

TANI
rnerous

mechanical refinements - bet-

ter
sockets,

elastic slop nuts, rolled bead

on cathode-ray tube shield, additional

brackets.

Change
of negative rectifier from Type N1

Wily -Navy preferred Type 6X5GT

from ,4 -watt neon tube to AMY'

Platerred
Type 991 voltage regu-

jyavY;tot tube for greater stability.

ltrclusion-ot frequency range aclustment
1"ottiometer in time base as a factory

Vpk.'ttstrnent, for accurate time -base fre-

ctaency setting.

cr,a,ge from Type 6F8G tubes to Army'
preferred Type 6SN7GT. with im-

;loved performance.

composition
resistors operated at less

0t power rating; capacitors at
than 9000 of voltage rating.

less

Du MONT Type 208B

OSCILLOGRAPH
Out of the rigorous trials of military service there

emerges a better Type 208 DuMont Oscillograph.

Listed herewith are some of the major design changes
and refinements effected during the past two years and cur-
rently incorporated in the Type 208B. In every instance the
change or refinement has been incorporated in order to im-
prove electrical or mechanical performance.

Thus an already popular oscillograph which has found
the widest usage in peace times becomes a better, more
rugged, and more dependable instrument under the trying
conditions of field service.

Write for literature

C ALLEN B DL MONT LABORATORIES,

ONOFie COM& Ilewied67-ed-MOt
ALLEN B. DUMONT LABORATORIES, INC., PASSAIC, NEW JERSEY

110
10A
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BETTER "Q"

SPIRAL
SPRING AT

BACK LICKS
ORE

C SPRINGS

FORM NOT
THREADED-
C SPRING

LOCKS CORE

THREADED
INSIDE TO

FIT CORE   with Stackpole
Screw -type Molded Iron Cores
HIGHER "Q"-Since there is no brass core screw
in field of coil and the core is not grounded.
SMALLER ASSEMBLIES - Overall length of coil
and screw type core is less than that of con-
ventional core, machine screw and bushing,
thus permitting smaller coil assemblies and
smaller cans.

FACILITATE
AND DUAL

DESIGN OF I -F TRANSFORMERS
I -F transformers for AM and FM

since all cores may be tuned
from one end of the I -F trans-
former can by placing coils side
by side.

Antenna, R -F and Oscillator coils for each
band of a multi -band set become small and
compact and may be mounted in groups for
each band.
HIGHLY ECONOMICAL - Threaded coil forms
unnecessary. See accompanying sketch for sug-
gested use of wire clip in form slot. If desired,
the tube can be threaded to fit core as illustrated.

Electronic Components Catalog!

Write for Stackpole Electronic Com-
ponents Catalog RC6 covering switches,
fixed and variable resistors and iron
cores.

Samples and Engineering Data gladly sent on request
STACKPOLE CARBON COMPANY, St. Marys, Pa.

'EVERYTHING IN CARBON BUT DIAMONDS'
Proceedings of the I.R.E. November, 1945



32

-.025 r.073

.073

TYPE R X 5

.073

1073
TYPE RX 4

.125 DIA.

4-0 5
4:N1w+,

,073

TYPE RX3

3 NEW BOBBIN
TYPE RESISTORS

MAXIMUM RESISTANCE VALUES

Type RX3 Type RX4
100,000 ohms 300,000 ohms

(wound with 1.5 mil. dia. ceramic -insulated wire)

25,000 ohms

Type RX5
500,000 ohms

75,000 ohms 125,000 ohms
(wound with 2.5 mil. dia. ceramic -insulated wire)

MAX. POWER RATING AT 80° C. AMBIENT
1 watt 2 watts 3 watts

MAX. TEMPERATURE-Ambient plus rise: 150° C.

RESISTANCE TOLERANCE:
±1/2% to ±5%, as specified.
Where close tolerances are neces-
sary, power ratings should be re-
duced in order to maintain sta-
bility. For example, one-third
power rating is consistent with
1% tolerance.

TEMPERATURE COEFFICIENT-
Standard temperature coefficient
is that of nickel -chromium wire,
.017%. Lower coefficients can be
provided with special alloy wires,
restricting the resistance range in
some cases.

STABILITY-Resistors can be cur-
rent- and temperature -aged after

winding to provide instrument re-
sistor stability. When operated at
ratings consistent with tolerance,
stability is ±0.1% or 1/10 of
tolerance, whichever is larger.

CONSTRUCTION-Resistors are
wound with ceramic -insulated
Sprague Koolohm resistance wire
on molded, high -temperature plas-
tic forms. The lug terminals are
tinned copper inserts molded in
the plastic form.

HUMIDITY RESISTANCE-Resist-
ors are impregnated to provide
protection against tropical humid-
ity conditions.

SPRAGUE

KCIDLITHIM
Trademark Reg. U. S. Pat. Off.

WIRE -WOUND RESISTORS
FIRST with Grade 1, Class 1 Resistors; FIRST with resistors
wound with ceramic -insulated wire; FIRST with glass -
to -metal sealed resistors; FIRST with glazed ceramic
coatings and new style end seals; FIRST with
Megomax high -resistance, high -voltage resistors.

SPRAGUE
12,

ELECTRIC COMPANY, Resistor Division, NORTH ADAMS, MASS.
Proceedings of the November, 1945



TRANSTATS ARE THE "TRIGGERS"

OF TUNG-SOL'S BOMBARDERS

Shawn hare are Bembarder (below with black panel) and Induction

Heater (above with light panel) at rang-Sol,Newark, N. J., Platt.

Transtat for 0.3 to 20 KVA.

Whenever heavy alte-nating currents are con -

trolled at the Tung -Sol Lamp Works, Transtats

are put on the job. Tung -Sol builds quality into tubes

with the help of Transtc ts used for Life Testing,

Aging and Induction Heating.

To provide the unusual ruggedness and close con-

trol needed for this work. the Transtat Commutator

is ground out of the per phery of the coil-where
the wires are flat and parallel. This produces a
glass -smooth, broad brusi track. It permits a longer,

cooler running brush, prevents arcing and jumping

and provides practically stepless control. A trans-

former -type regulator, he Transtat will not distort

wave form, interfere with radio reception or disturb

power factor. State rat ng required when writing

for bulletin.

16,  Pea
MANUFACTURING SINCE 1901 AT NEWARK. N. J.

AMERICAN TRANSFORMER COMPANY
..mers, Reacto,'

Ekei:tron4 orsd PO -Wet Treats

111711 Emmet Street Newark 5, N. 1.
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4800 Capacitance Ranges for Standard Tubular Sizes
(These curves allow for ± 5% capacitance tolerance)

4400

4000

3600

3200

2800

2400

2000

1600
C
2

1200

800

CLASS

CLASS B

CLASS C

CLASS D

Range EXTENDED RANGE

N3000

to 85°C)

RANGE
Of

400

CONTROLLED

'TEMPERATURE

6/#Cen
COMPENSAIING

CAPACIIORS
0

Present Temp. Coeff in PPM/°C(+25°
N2000N750 N1000N4000

pfterciac's selec.

vovicsb1.1:hesel:to_a_,

for tors, fix--CeP° steatite ."slives
bblean--ct Sutton-1.'1Po
--Mica Capacitors.

Centralab Tubular Ceramic Capacitors can now be supplied
in any desired temperature coefficient from P120 to N4000
parts per million per degree Centigrade.
The range from N750 to N4000 P.P.M. is new, with the same
accuracy of temperature compensation curve and uniform
electrical characteristics as the present standard ranges.
The new ceramic bodies have somewhat higher dielectric
constants and thus provide higher values of capacitance on
the same size tube. They are not to be confused, however,
with the so called Hi -K or high dielectric bodies that have
still higher dielectric constants but less uniform characteristics.

Division of GLOBE -UNION INC., Milwaukee

14A Proceedings of the Novemfer, 1945,



A VARIABLE RESISTOR

atriteezedfr YOUR

All over the world, electronic engineers have found tha
the safest way to make sure of getting exactly the right
variable resistor, is to hand that responsibility over to CTS.-

Before starting production on a new part number, CTS
always makes up and submits samples immediately, so as
to be absolutely certain that the unit will be electrically
and mechanically right for its particular job.

Following the maxim - "Be sure you're right, then go
ahead" has saved many a CTS client from costly delays.
When the order is delivered it will be exactly right - and
what's more, it will be delivered when promised.

Profit by this CTS service and dependability the next
time you need variable resistors.

VARIABLE RESISTORS

PLUGS AND JACKS

SWITCHES  RINGERS

TELEPHONE GENERATORS

CHICAGO TELEPHONE SUPPLY

CamPaisq

ELKHART * INDIANA

REPRESENTATIVES

R. W. Farris Co.
406 West Thirty-fourth Street

Kansas City 2, Missouri
Phone: Logan 7495

BRANCH OFFICES

S. J. Hutchinson, Jr.
401 North Broad Street

Philadelphia 8, Pennsylvania
Phone: Walnut 5389

IN CANADA
C. C. Meredith & Co.
Streetsville, Ontario

IN ENGLAND
Chicago Telephone Supply Co.

St. John's Woods
103 Grove End Gardens

London, N. W. 8, England

SERIES AC -35
1 times actuoi size.

Frank A. Emmet Ce.
2837 West Pico Boulevard
Los Angeles 6, California

Phone: Rochester 9111

IN SOUTH AMERICA

lose Luis Pontet

Cordoba 1472
Buenos Aires, Argentina

South America

Masculina 2624
Montevideo, Uruguay

South America

Avda. Conselheiro Rodrigtet
Alves 1057

Villa Mariana
Sao Paulo, Brazil
South Americo

,Atemerracteetot.4 2uet/4 9ctco =attic k41,e'r,er.lVanthafri&ids e9Wte,42 1896
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HERMETIC SEALING PROBLEMS

ANSWERED FOR YOU!

A request on your company
letterhead will bring to you this
valuable technical bulletin.

THE latest technical data on Kovar-glass hermetic
sealing, representing the results of extensive research and
users' experience, are made available in a new publication,
Stupakoff Bulletin 145, "Sealing Glass to Kovar."

Kovar-glass seals are used to protect apparatus and its
contents from damaging atmospheres, and to maintain
vacuum or gas tightness within a container.

For your copy of this timely bulletin on techniques and
applications of hermetic sealing, write Stupakoff Ceramic
and Manufacturing Company, Latrobe, Pa., distributors and
fabricators of Kovar.

* BUY VICTORY BONDS *

"FOR GREAT
ACHIEVEMENT"

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA,.

P/goduce4 eite Wcvdd SeealtOter4
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WESTINGHOUSE ANNOUNCES

N CREAS

FOR THE

POWERFUL

WL 473
Exhaustive tests made by Westinghouse electronic tube
engineers with the WL 473 have resulted in new and higher
ratings that broaden its field of usefulness in the FM broad-
cast and induction heating fields.

The frequency rating has been increased to 110 mc for
RF power amplifier service in FM broadcasting. The DC
plate voltage has been increased to 5000 volts for RF power
oscillator and amplifier service below 60 mc in RF heating,
with a resulting increase of 20% in power output.

Write for additional data to your nearest Westinghouse
office or Electronic Tube Sales Department. Westinghouse
Electric Corporation, Bloomfield, N. J.

TUNE IN: John Charles Thomas, Sunday, 2:30-P. M., EST-NBC
Ted Malone-Mon. through Fri., 11:45 A. M., EST --ABC

Westinghouse

ED
RF POWER AMPLIFIER, CLASS C

Key down conditions per tube without
amplitude modulation

Typical Operating Conditions -110 mc. Max.

Plate Volts, D. C. 3500
Plate Current, D. C. Amps. 10
Grid Volts, D. C. fixed or -300
Grid Resistor, Ohms 1950

Grid Volts, Peak RF 555
Grid Current, D. C. Ma. 155

Driving Power, Watts 85

Power Output, Watts 2550

RF POWER OSCILLATOR, CLASS C

Key down conditions per tube without
amplitude modulation

Typical Operating Conditions -60 mc. Max.

Plate Volts, D. C. 5000
Plate Current, D. C. Amps. 1 0

Grid Volts, D. C -850
Grid Resistor, Ohms 4000
Grid Volts, Peak RF 1200
Grid Current, D. C. Ma. 210

Power Output, Watts 3900

Iok

7;:k a 7-X(71
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RADIO  RADAR  SOUND

Pictured at left is a televisicn projection
installation in a London theatre before the
war, operated by Cinema Television Ltd.,
associated with Gaumont-British, Ltd., and
Baird Television. RAULAND owns American
rights to all present and future television
patents and processes of these British pio-
neers, thus combining the most advanced
television thinking of two continents, to
bring the finest in revolutionary entertain-
ment to the American Public.

Here it is ... a preview of wl- at the RAULAND

Theatre Television Projection Equipment will
look like. This product of many years of

development, while not ye' available, is now

in daily operation in the RAULAND Laboratory -

Theatre, projecting scenes as they occur on a
full size theatre screen. Here, advanced

refinements are being constantly added to

ready this equipment for the time when Theatre

Television will make its public appearance.

Ii71Clarlalnd COMMUNICATIONS  TELEVISION

Electroneering is our business
THE RAULAND CORPORATION CHICAGO 41, ILLINOIS

Proceedings of the November, .1945



BUILT IN TWO PARTS*

* Two basic parts-a coil assembly
and a contact assembly-com-

prise this simple, yet versatile relay.
The coil assembly consists of the coil
and field piece. The contact assembly
consists of switch blades, armature, re-
turn spring, and mounting bracket. The
coil and contact assembly are easily
aligned by two locator pins on the back
end of the contact assembly which fit
into two holes on the coil assembly.
They are then rigidly held together
with the two screws and lock washers.
Assembly takes only a few seconds
and requires no adjustment on factory
built units.

On Sale at Your nearest jobber
See it today! . . . this amazing new relay with interchange-
able coils. See how you can operate it on any of nine dif-
ferent a -c or d -c voltages-simply by changing the coil. Ideal
for experimenters, inventors, engineers.

TWO CONTACT NINE COIL
ASSEMBLIES ASSEMBLIES

The Series 200 is available with
a single pole double throw, or a
double pole double throw contact
assembly. In addition, a set of
Series 200 Contact Switch Parts,
which you can buy separately,
enables you to build dozens of
other combinations. Instructions
in each box.

Four a- c coils and five d- c coils
are available. Interchangeability
of coils enables you to operate
the Series 200 relay on one
voltage or current and change
it over to operate on another type
simply by changing coils.

Your jobber has this sensational new relay on sale now.
Ask him about it. Or write for descriptive bulletin.

GUARDIAN

NOW!

ELECTRIC
1628 M W. WALNUT STREET CHICAGO 12, ILLINOIS
A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY
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STANDARDIZED 940ff:tat/too TYPES
Electrical and physical characteristics guaran-
teed to meet currently high standards. These
tube types will always be readily available.

TUBE
TYPES

14 TRIODES
PLATE TUBE

DISSIPATION TYPES

HK -24 25 watts HK -454L
(Grid lead to base) HK -454H

HK -24G 25 watts HK -654
(Grid lead through envelope) HK -854L

HK -54 50 watts HK -854H
HK -254 100 watts HK -1054L 750 watts
HK -354C 150 watts (Low Mu) HK -1554 1000 watts
HK -354E 150 watts (High Mu) HK -3054 1500 watts

PLATE
DISSIPATION

250 watts (Low Mu)

250 watts (High Mu)

300 watts
450 watts (Low Mu)

450 watts (High Mu)

1 PENTODE
HK -257B Plate Dissipation, 75 watts (Beam pentode)

4 RECTIFIERS
HK -253 Inverse Peak Volts. 15,000 HK -953D Inverse Peak Volts, 15,000

HK -953B Inverse Peak Volts, 30,000 HK -953E Inverse Peak Valls, 150,000

AWARDED

FOUR TIMES

3 IONIZATION GAUGES
VG -24G VG -54

TUBE TYPES ARE

W AVAILABLE!
Gammatron tubes, famed for the
past 18 years for their ability to
stand up under heavy overloads,
and for their efficiency even at
very high frequencies, are again
available for civilian use! Look
for the "HK" before the type
number-your assurance of the
best in tantalum -element tubes.

REPLACEMENT 9custotatizoot TYPES
The following Gammatrons are being made
available primarily for replacement use. De-
signers of new equipment are asked to con-
sider recommended standardized types.

REPLACEMENT
TUBE TYPE DESCRIPTION

HK -354

HK -354D

HK -354F

HK -257A

HK -153

HK -545

HK -2054A Triode

HK -2054B Triode

Triode, grid lead to
base pin, ratings
same as HK -354C

Triode, Medium Mu

Triode, High Mu

Beam Pentode

High Vacuum Rectifier,
inverse peak volts, 5000

RECOMMENDEC
STANDARDIZED

TUBE TYPE

HK -354C

HK -454L

HK -454H

HK -354C or E
HK -454L or H

HK -354E

HK -257B

HK -253

Triode. Same as HK -54 HK -54
except fil. current is
3.35 instead of 5 amps.

HEINTZ AND KAUFMAN LTD.
SOUTH SAN FRANCISCO CALIFORNIA

94010t42(40a7Cleed
Export Agents: M. SIMON 8 SON CO., INC., 75 WARREN STREET, NEW YORK CITY, N. Y.
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Federal

Superior quality ... combined wits basically correct
engineering design and sturdy construction ... char-

acterizes every transformer in the extensive Federal

line ranaing in capacity frcm nil iwatts of audio
transfcrrrers up to 50 kviS of pcwer supply trans-

formers.

Federal builds all types of trans'arniers and other

iron core magnetic components . . . open frame,

semi-enc osed, enclosed, hermetically' sealed.

They are manufactured under clDse control to pro-
vide the stamina that assure; long and dependable

service.

Federal transformers and reactcrs ... whether for

ordinary or special applicator ... incorporate dec-

ades of -esearch and specialized experience.

For custDm-built types to suit you- special require-

mentE-:ee Federal.
OA.

rfiederal Telephone and RadiCorporation

Proceedings of the 1.R.11 November, 1945 21A
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Q° IN THE AIR
OR ON THE GROUND

400 cycles
Pictured above is the new 400

cycle POWERSTAT Variable Trans-
former designed especially for aircraft use. This lightweight, rugged, dependable POWERSTAT type1140 is an aircraft component where ounces count and failure cannot be tolerated. Having the
features of advanced design, carefully selected improved materials and conservative ratings, the
POWERSTAT type 1140 is the air -borne variable transformer. The new POWERSTAT type 1140
retains the features of the 60 cycle POWERSTATS - essential compan,2n:s of many types of ground)
and shipboard war equipment. Type 1140 is readily available for simils= use on 400 cycle equipments.'

RSTAT TYPE 1140

RATINGS OF UNITS ILLUSTRATED
POWERSTAT Variable Transformer Type 1140:

Input: 115 volts, 400 cycles, 1 phase.
Output: 0-135 volts, 6.5 amperes, .880 KVA.

POWERSTAT Va:lible Transformer Type 116:
Input: 115 volts, 50;60 cycles, 1 phase.
Output: 0-135 volt, 7.5 amperes, 1.0 KVA.

Mounting Radius 21/2 inches; Overall height 4 inches. Mounting Radius 21,4 inches; Overall height 63/8 inches.
A special POWERSTAT is incorporated in the M-9 Gun Director st-c-vn on this page.

POWERSTAT TYPE 116 FHOTC COURTESY WESTERN ELE

SUPERIOR -ELECTRIC CO., 486 Laurel St, Bristol, Conn.
22A
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WHAT WILL YOU NEED TO PRODUCE BETTER

POST-WAR PRODUCTS ? MINING
cikrsLA

GSS

1

Special Electrical Qualities
Thermal Endurance

Hermetic Sealing
Mechanical Strength
Corrosion Resistance

Precision

Permanence

Metallizing
Dimensional Stability

High dielectric strength - high resis-
tivity-low power factor-wide range
of dielectric constants-low losses at
all frequencies.

Permanent hermetic seals against gas,
oil and water readily made between
glass and metal o: glass and glass.

Commercial fabrication to the fine
tolerances of precision metal working.

Corning's metallizing process produces
metal areas of fixed and exact specifi-
cation, permanen:ly bonded to glass.

S YOU plan post-war electronic products, give a thought to versatile glass. We
really mean glasses, for Corning has, at its fingertips, 25,000 different glass formulae

from which to select those especially suited to your electronic applications. Let us show
what glass can do for you. We may already have a solution - or Corning Research can
find the answer for you. Phone Corning 2852 or wire Electronic Sales Dept., P-11, Bulb
and Tubing Division, Corning Glass Works, Corning, New York. We'll have a man on
the job promptly.

means
liesearch in ['lass

#riectromc wIassware MOB

"PYREX", YCOR" and "CORNING" are registered trade -marks and indicate manufacture by Corning C.lasr W orks, C.ornmg, IN. 1.

Proceedings of :he I.R.E. November, 1945 23A



LABORATORY INSTRUMENTS FOR SPEED AND ACCURACY

2 S WATT AMPLIFIER

These are the Six Basic Instruments
COntained in the

-hpr Model 205AG Signal Generator

6
VACUUM TUBE

VOLTMETER

out put

AMPLIFIER
OR NETWORK

UNDER TEST

In order to reduce the task of making gain measure-
ments to the most simple routine possible, -hp- en-
gineers assemble all the necessary instruments into a
single compact unit. To make amplifier gain measure-
ments, it is necessary only that the operator connect
input and output leads to the binding posts, provided.

Any desired frequency within the range of 20 to
20,000 cps is made available by the resistance -tuned
audio oscillator. Such frequencies are developed at any
desired voltage between 150 volts and 50 micro -volts.

There are two vacuum tube voltmeters provided, one
to measure input and the second to measure output. The
input meter has a range of minus 5 db to plus 49 db,
with an input impedance of 5000 ohms.

The output impedance can be instantly changed to
the commonly used impedances of 50, 200, 500 and
5000 ohms which is very convenient for matching
various types of networks. Furthermore, these imped-
ances are balanced to ground and center tapped. The
Model 205AG will supply 5 watts output with less
than 1% distortion.

VACUUM TUBE
VOLTMETER

a

5
MATCHING TRANSFORMER

IMPEDANCE SELECTOR

The -bp- Model 205AG, providing as it does the six
basic instruments in a convenient unit, saves much
valuable time in making audio frequency measure-
ments. Its accuracy and versatility, coupled with the
extreme ease with which measurements can be accom-
plished, make it an asset to any electronic laboratory, or
production line. Ask for more complete information.
No obligation, of course.

HEWLETT-PACKARD COMPANY
BOX 1046D STATION A PALO ALTO, CALIFORNIA

Square Wove Generators
Altenuators

24A

Audio Frequency Oscillators Signal Generators
Noise and Distortion Analyzers Wave Analyzers

Vacuum Tube Voltmeters Electronic Tachometers

Frequency Meters Frequency Standards

Proceedings of the November, 1995



Piteeaiam
ATTENUATOR COMBINED
with SWITCHING DEVICE:
Application of rigid rotor'
with two pairs of sorin<-
button type contacts.* Sup.
plied as shown with .e-minals
wired.

SWITCH:
3 pole 3 deck, 103 posifon,
break-deforemake. 200 con-
tacts, 101 solder hiss der deck.
This unit employs a newly
designed switch 'otor .ith
spring button type on

A. '1 n FOR

DUAL -POTENTIOMETER:
40 steps per deck: compact
back-to-back type assembly.
40 precision wire -wound re-
sistors, mounted on each
deck.

SWITCH:
10 pole, 3 deck, 4 posi-
tion, break -before -make.
Total of 52 lines wired
to adaptor base. Illus-
trated is a stripped,
wired and enclosed view.

'fame/zeal DAVEN
FEATURING LOW AND UNIFORM CONTACT RESISTANCE

Th3 four precision contols illustrated are but a few of the DAVEN-

engineered switches now filling important war assignments. Each

unit represents the skilled adaptation of basic DAVEN techniques to the

problemsof the specific applic3-ion. The distinct advantage of this method

of engineering switches is the assurance of a result ideally suited for the

KEEP BUYING WAR BONDS

job, put important savings in time aid cost of development. DAVEN-

engineared switches are built in a wide range of sizes, of many

types at rraterials, with varied numters and arrangements of poles,

positi3-ks, decks and terminals, in shorting and non -shorting types.

A DAI EN ingineer will gladly wol( with you on your switch problems.

THEDAVENCOMPANY DON'T LET UP NOW

141 CENTRAL AVERVE
NEWARK 4, NEW JERI ET



SELECTOR MECHANISMS

MANUFACTURING FACILITIES
Santay has the manufacturing facilities to produce Selector
Mechanisms for you.
In addition to the necessary machines needed to perform assembly
operations, Santay has (1) the engineers to design and the tool
makers to build the special jigs and fixtures, so often needed, and
(2) the production engineers and methods to assure accurate
work and prompt delivery.
When you are considering a Selector Mechanism, of your
own design or a combination of your design and ours,
consult Santay.

INJECTION MOLDING AND METAL STAMPING

C

DEVELOPMENT INGENUITY -

DESIGN ABILITY

DESIRE TO SERVE

TOMER

CORPV)RATIOH-

ELECTRO-MECHANICAL ASSEMBLIES

SANTAY CORPOR 1TION, 358 NORTH CRAWFORD AVE., CHICAGO 24, ILLINOIS
REPRESENTATIVES: POTTER & DUGAN, INC., 29 WILKESON STREET, BUFFALO 2, NEW YORK PAUL SEILER, 7779CORTLAND AVENUE, DETROIT 4, MICHIGAN OUEISSER BROS., 7'0 E. NINTH STREET, INDIANAPOLIS 2, INDIANA

26A
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TUBE SOCKET

GUIDE

Johnson sockets are stocked by leading
radio -electronic parts jobbers.

The latest addition to the famous line of Johnson tube sockets
is the 275, Giant Five Pin tube socket with all the oustanding
features which have made other Johnson socke-s superior.
A special feature of the 275 is the provision that has been
made to allow faced ventilation from below the chassis, as
required for the re :ently announced Eimac 4-1254 aid 4-250A.
This socket may a so be used for other Giant Five Pin tubes
when a wafer typ, socket is desired.

Johnson sockets cre engineered to meet the most exacting
requirements of industrial, commercial broadcast and "ham"
applications. For -nore than 20 years Johnson engineers have
designed, and Johnson production lines have produced,
transmitting components known throughout the industry as tops
in the field. Witl this background and the close association
with tube manufccturers, Johnson is continual y leading the
way with tube soccets designed to meet the rigid requirements
of present day electronic circuits and equipmen.

If you have a spec al tube socket problem, write Johnson, today.

JOHNSON
jjamoui name in Nadia

E. F. JOHNSON COMPANY WASECA MINNESOTA
Proceedings of the I.R.E. November, 1945 27A
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W-100

Build the competitive advantages of longer life,
be performance into your products... with

PERT! HERMETIC SEALS

W-103

BUYERS who have waited through
the war years will be looking for big
improvements in your products.
You'll have to meet civilians' expec-
tations ... just as you have met mili-
tary specifications.

You can do it by building longer
life, better performance, more trouble-

free operation into your products.
That calls for Sperti Hermetic Seals,
the rugged, dependable, war -proved
seals that effectively shut out dust,
moisture and deteriorating agents.

Sperti Hermetic Seals are durable,
one-piece units, easily soldered -in at
less expense. Because of Sperti's ad-
vanced manufacturing methods, plus
exhaustive tests and inspections,
you'll get "true" seals that cut down
production delays and costly rejects
in the inspection line.

WRITE, TODAY. Get the facts. Find
out about the many product applica-
tions of Sperti Hermetic Seals and
their performance advantages.

Incorporated, Dept. PIR-115, Cincinnati 12, Ohio

RESEARCH
28A

DEVELOPMENT MANUFACTURING
Proceedings of the I.R.E. November, 1945
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presses for injectio, cnd comdre
molding Myk-oy. Here ore proc uceil
large per:erg-age of al nolded ri,ca :e-

ramic parts secuired for the wa- elort.

In this, the Bargee e ccluiive mica ce-amic
fabricatiect Flail in the world, Mykroy is
machined to, customer's specifications ar
rapid delive y sclecJles. Mykroy ccn De
shaped to extremely c tolerances.

The lorcest sheets c3 mica ceramic ionic -
lion ovcilabee (19% x 293/4) made oily by
Electron'c Mecianics, are produced in this
firing kill to lowed by 12 to 36 las_r
annealirg i-t the Lehr. This renaves oil
internal stresses one strains in the sheets
assuring great physical stability.

order

from
ELECTRONIC MECHAN1CS...Largest
Manufacturer and Fabricator of
Glass Bonded Mica Insulation

IT IS now recognized by leading engineers end manufacturers that
Mykroy . . . the perfected Glass-Bondad Mica Ceramic, is one of

the best and most usable insulating materials yet developed for gen-
eral and high frequency applications. They also know that Electronic
Mechanics, exclusive manufacturer and fabricator of Mykroy, is a
very dependable source of supply. Whether it is required in sheets-
rods-machined or molded to specifications, Mykroy is delivered
on time!

Mykroy speaks .'or itself. Although Ihere are several brands of
Glass -Bonded Mica Insulation there is a vast d fference between them.
Exacting tests conducted by independent testing laboratories and
government agencies on samples of Mykroy picked at random from
production runs have proved its superiority. (Meets L4 specifications
anc is approved for Army and Navy equ pment.) That is why Mykroy
outsells all other brands combined!

Electronic Mechanics, now in its teeth 'r'ear, is a company of
nationally known electronic engineers, who have specialized in re-
search devoted ent rely to improving 'the fo-mulas and methods of
processing Mykroy . . . to perfecting this extensively used high
frequency insulatior. .

The stability of Mykroy and the compcny behind it are your
positive assurance of superior insulation and dependable deliveries.
If you have used Mica Ceramic Insulation aid need more, send us
your order. We'll lake care of it promptly. If it's new to you, write
for a sample and a complete set of MO -0y Engineering bulletins.

MADE EXCLUSIVELY BY

70 CLIFTON BLVD., CLIFTON, N. J.
CHICAGO 47; 1917 N. Springfielc Ave., Tel. Albany 4310
EXPORT OFFICE: 89 Broad Stree', New York 4, New York

MYKROY IS SUPPLIED IN illEETS AND RODS - MACHINE[ OR MOLDED TO SPECIFICATIONS

Proceedings of th? :.RE. Novenwer, 1245 29.1



MODEL

2413
is another

member of the
NEW TRIPLETT

Square Line

1'

ZZip Speed- Chek Tube Tester
MORE FLEXIBLE  FAR FASTER  MORE ACCURATE

Three -position lever switching makes this sensational new model
one of the most flexible and speediest of all tube testers. Its multi-
purpose test circuit provides for standardized VALUE test; SHORT
AND OPEN element test and TRANSCONDUCTANCE comparison
test. Large 4" square RED  DOT life -time guaranteed meter.

Simplicity of operation provides for the fastest settings ever de-
veloped for practical tube testing. Gives individual control of each
tube element.

New SQUARE LINE series metal case 10" x 10" x 5'/z", striking two-
tone hammered baked -on enamel finish. Detachable cover. Tube
chart 8" x 9" with the simple settings marked in large easy to read
type. Attractively priced. Write for details.

  

addiaeitae 
7ealeoza 

 Authoritative tests for
tube value; shorts, open
elements, and transcon-
ductance (mutual con-
ductance) comparison for
matching tubes.

 Flexible lever -switching
gives individual control for
each tube element; pro-
videsforroamingelements,
dual cathode structures,
multi -purpose tubes, etc.

 Line voltage adjustment
control.

 Filament Voltages, 0.75 to
110 volts, through 19 steps.

 Sockets: One only each
kind required socket plus
one spare.

 Distinctive appearance
with 4" meter makes im-
pressive counter tester -
also suitable for portable
use.

z, Triplett
ELECTRICAL INSTRUMENT CO. BLU FFTON, OHIO
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HYMN TRANSMITTING AND SPECIAL PURPOSE TUBES

If your new equipment designs include v -h -f, instant-

heating, miniature, or medium -power tubes, these
abbreviated characteristics will interest you. More
complete data are yours for the asking in the new
Hytron catalogue. Write for it today.

HYTRON TRANSMITTING AND SPECIAL PURPOSE TUBES

Type Filament Ratings
Max. Max. Max.
Plate Plate Plate

Description No. Volts Amps. Type Volts Ma. Dis.

3A5
1.4
2.8

Oxide
00.

.22
11

150 30* 2*
LOW 615GTX 6.3 0.3 Cath. 330 20 3.5

10Y 7.5 1.25 Thor. 450 65 15
AND HY24 2 0.13 Oxide 180 20 2

HY40 7.5 2.25 Thor. 1000 125 40
MEDIUM HY5 1A 7.5 3.55 Thor. 1000 175 65

HY5 18 10 2.25 Thor. 1000 175 65
MU 80 1A/ 80 1 7.5 1.25 Thor. 600 70 20

84 1 7.5 1.25 Thor. 450 60 15
TRIODES 864 1.1 0.25 Oxide 135 5 -

1626 12.6 0.25 Coth. 250 25 5

HY3OZ 6.3 2.25 Thor. 850 90 30

HIGH -MU HY3 1Z 6 2.55 Thor. 500 150* 30*
HY4OZ 7.5 2.6 Thor. 1000 125 40

TRIODES HY5 1Z 7.5 3.55 Thor. 1000 175 65

HY1231Z
126 3.2 Thor. 500 150* 30*

2C26A 6.3 1.15 Cath. 3500 NOTE 10
HY75 6.3 2.6 Thor. 450 80 15

V -11-F HY114B 1.4 0.155 Oxide 180 12 1.8

HY6 15 6.3 0.175 Cath. 300 20 3.5
TRIODES 955 6.3 0.15 Cath. 200 8 1.8

E 1 148 6.3 0.175 Cath. 300 20 3.5
9002 6.3 0.15 Cath. 200 8 1.8

2E25 6 0.8 Thor. 450 75 15

6AR6 6.3 1.2 Cath. 630 60 10

61.6GX 6.3 0.9 Cath. 500 115 21

BEAM 6V6GTX 6.3 0.45 Cath. 350 60 13

HY60 6.3 0.5 Cath. 425 60 15

TETRODES HY6 1/807 6.3 0.9 Cath. 600 120 25
HY65,1 6 0.8 Thor. 450 75 15

AND HY67
126

Thor.4
2.525

1250 175 65

PENTODES HY69 6 1.6 Thor. 600 100 30

HY 1269
162

2 Thor.
1

3.6 750 120 30

1625 12.6 0.45 Cath. 600 120 25
837 12.6 0.7 Cath. 500 80 12

ACORNS 6AK5 6.3 0.175 Cath. Sharp cut-off pentode
MINIA- 954 6.3 0.15 Cath. Sharp cut-off pentode
TURES 9001 6.3 0.15 Cath. Sharp cut-off pentode

RECTIFIERS

Peak Max. Inv.
Type Filament Ratings Type Plate D.C. Peak

No. Volts Amps. Rect. Ma. Ma. t Pot.

HY866 Jr. 2.5 2.5 Mer. 500 250 5000
866A/866 2.5 5.0 Mer. 1000 500 10000
1616 2.5 5.0 Vac. 800 260 6000
6A15 6.3 0.3 Vac. 60 20 460

GASEOUS

VOLTAGE

Type
No.

Average
Operating

Voltage

Operating
Ma.

MM. Max.

Av.
Volts
Reg.

Min.
Starting
Voltage

0A2 150 5 30 2 185

REGULA- 082 108 5 30 1 133
0C3/ VR 105 108 5 40 2 133

TORS OD3 /VR150 150 5 40 3.5 185

Ilotts sections of twin triode. {'Discontinued; 2E25 supersedes and
replaces. Kurrent for full wove.
NOTE Not recommended for C.W. Consult Hytron Commercial
Engineering Dept. for data.

'YTRON RADIO & ELECTRONICS CORP., SALEM, MASS.
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ALCO has been awarded for the
fifth time the Army -Navy "E"
Award for continued excellence
in quantity and quality of
essential war production.

AMAETR
tJ....___1114

RP
VI"NE As

mmat,

AMERICAN-VoSITONN'S

OER

1111ANTITY---/-2

Er NO

BODY NO. A196
CUSTOMER'S ,r,
PART NO '47.. 7

MERICAN LAVA CORPORATION
TANOOGA 5, TEIINESSEE. U.S. A

MARK OF QUALITY

THE new ALSIMAG labels
represent a new convenience

in parts identification for our
customers. But more than that,
they are the mark of insulators
made to the highest known
standards of quality.

Rely on ALSIMAG-the foun-

dation of quality equipment in
the electronic and electrical field.

ALSIMAG Steatite Ceramic
Insulators are custom-made to
your specifications. High speed
production is usually possible
with pressed and extruded parts.
Inquiries are invited.

AMERICAN LAVA CORPORATION
CHATTANOOGA 5, TENNESSEE

43RD YEAR OF CERAMIC LEADERSHIP



The RCA
155-C -A Versatile

OSCILLOSCOPE

THEREVER a general-purpose oscillo-

VV scope is required, the RCA 155-C
is the choice. Designed for simple opera-
tion, faithful reproduction, accurate
comparisons, and quick results, this
oscilloscope is fast becoming standard
equipment in laboratories and service
shops.

The 155-C is different from other 3"
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The viewpoints of the Sections of the Institute are of major interest to the
entire membership. Accordingly, the Chairmen of the Sections have been in-
vited to prepare guest editorials to be published, in the form in which they
are received, in the PROCEEDINGS. A broad and important aspect of professional
engineering is accordingly presented in the following editorial by the Chairman
of the Dayton Section of the Institute.

The Editor

The I.R.E. Philosophy
LUDLOW B. HALLMAN, JR.

In discussing The Institute of Radio Engineers with some of my professional associates I find
that many of them consider the principal function of the I.R.E. to be the publication of the
PROCEEDINGS. To them membership in the I.R.E. is simply a subscription to the PROCEEDINGS.

It is not my purpose to minimize the importance of the PROCEEDINGS as a technical publica-
tion. Quite the contrary; the importance of this publication as a means of presenting and en-
couraging the publication of the best in electronic -and -radio engineering papers, and in advanc-
ing the art generally, cannot be overemphasized. However, it should be obvious that the basic
philosophy of the I.R.E. is more profound than that of a publishing organization, since the
instinctive urge which resulted in the formation of the Institute and which has made it grow and
prosper is fundamental.

I suggest that the philosophy of The Institute of Radio Engineers identify itself with the
basic need for developing in the radio engineering fraternity a feeling of sociological responsibil-
ity. It is a sense of this responsibility that causes the man who has made a new discovery or
completed an original and important analysis to publish his findings in order that they may
contribute to the over-all advancement of the art. It is, also, this same sense of responsibility
that causes the radio engineer to ponder the ethics of his profession. At times it causes him con-
sternation when he considers how the products of his imagination and ingenuity can be used
just as readily to destroy civilization as to build it, dependent only on the will of the social order
putting them to use.

I submit that the I.R.E. should, in addition to its other objectives, be instrumental in imbuing
such a sense of sociological responsibility in radio engineers everywhere that they will demand
and actively contribute to the building of a more enlightened and efficient world-wide social
order; keeping pace with the advanced technological order they are so efficiently helping to
fabricate.

Attending meetings and participation in the activities of local I.R.E. Sections is important
in that it definitely contributes to the development of a sense of sociological responsibility
among individual members of the institute and, therefore, enables the Institute as a whole to
discharge more effectively its obligation in this respect. For this reason, the establishment of as
many local Sections of the Institute in as many locations as can reasonably be expected to sup-
port and maintain them is to be encouraged. Furthermore, it is to be recommended that local
Sections devote several meetings each year to the discussion and consideration of the sociological
aspects of engineering and engineering education. Publication of papers on this general subject
in the PROCEEDINGS should also be encouraged.

November, 1945 Proceedings of the I.1? -a. 733,



Lewis Mason Clement
BOARD OF DIRECTORS -1945

Lewis Mason Clement was born on January 25, 1892,
in Oakland, California, and received his B.S. and E.E.
degrees from the University of California in 1914.

From 1916 to 1925, he was connected with The West-
ern Electric Company and Bell Telephone Laboratories
in New York City. During this period, which included
the first world war, he was engaged in the development
of Government radio receivers and transmitters for the
Army Air Forces and Navy, including early airplane
communications systems, ground communications sys-
tems, and the CW-936 low -power combined radio, tele-
phone, and receiver for submarine chasers. He worked
on the design and supervised the installation of the
Catalina Island -Los Angeles radio toll circuit in 1920,
the first system to form a part of a telephone network.

In 1925 Mr. Clement became chief engineer for Fada
Radio, and was responsible for the improved receiver
design, test, and production methods until 1928 when
he was appointed vice-president and chief engineer of

the Kolster Radio Corporation. This company pioneered
remote control and noise -reducing antenna systems.

During 1930 and 1931 he was with the engineering de-
partment of Westinghouse Electric and Manufacturing
Company and from 1931 to 1935, he was connected
with the International Telephone and Telegraph Com-
pany and its subsidiaries, The Federal Telephone and
Telegraph Company in this country, and the Interna-
tional Standard Company in Europe. He was responsi.
ble for the design of radio receivers in Hungary, Ger-
many, France, Italy, Belgium, and England.

Mr. Clement was vice-president in charge of research
and engineering of RCA Manufacturing Company from
1935 to 1940 where he furthered the development of
facsimile television, talking motion pictures, transmit-
ters, receivers, etc.

Since 1940 to the present date, he has been vice-presi-
dent in charge of research and engineering of The Cros-
ley Corporation.
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Explorations in Engineering Education*
ARTHUR B. BRONWELLt, SENIOR MEMBER, I.R.E.

Summary-There has been a growing feeling, among engineers
and educators alike, that there is a need at this time for a re-evalua-
tion of the principles and goals of engineering education. This is due,
in part, to the rapid progress of science and engineering in recent
decades, necessitating a revision of our system of education along
lines which will better serve society, the profession, and the engi-
neer. In the fall of 1944, at the request of Dr. W. L. Everitt, eighteen
I.R.E. Sections held scheduled meetings to discuss methods of im-
proving engineering education. The reports submitted to Dr. Everitt's
Committee on Education contained many valuable suggestions. The
principal recommendations are summarized in this paper.

INTRODUCTION

/T IS a self-evident principle that the social, indus-
trial, and cultural progress of a nation is dependent,
in a large measure, upon the extent and effective-

ness of its educational systems. The responsibilities of
leadership and the advancement of the civilization of
tomorrow must inevitably rest upon the shoulders of the
students of today, and their ability to cope with the
problems of their generation bears a direct relationship
to the quality of education and character training which
they are receiving today. Leading educators have ac-
cepted this challenge and have given serious considera-
tion to the means of improving the structure of our edu-
cational institutions as well as the educational methods.

In the areas of engineering education, the Committee
on Education of the Society for the Promotion of Engi-
neering Education has set forth clearly and concisely
the broad fundamental principles which serve to chart
the course of engineering education in the postwar era.'
The course, however, is a difficult one fraught with
many deceptive detours and dangerous reefs, and a
chart alone, no matter how perfect, cannot guarantee
a safe voyage, unless it is used in experienced hands and
tempered with wisdom and discretion. The engineering
and scientific professions have a realistic stake in the
advancement of engineering education and, out of their
combined experiences, they can contribute immeasur-
ably to its progress.

Recently, Dr. W. L. Everitt, in an article entitled
"The Phoenix," set forth a number of constructive pro-
posals for the improvement of engineering education. He
extended an invitation to the I.R.E. Sections to discuss
this subject at scheduled meetings. The invitation was
enthusiastically received, and eighteen Sections held
meetings. The reports submitted to Dr. Everitt's I.R.E.
Committee on Education bear witness to the spirited
discussions that resulted. Several of the papers sub-

* Decimal classification: R070. Original manuscript received by
the Institute, August 13, 1945.

t Northwestern University, Evanston, Illinois.
"Report of committee on engineering education after the war,"

Jour. Eng. Educ., vol. 34, pp. 589-614; May, 1944.
2 W. L. Everitt, "The phoenix," PROC. I.R.E., vol. 32, pp. 509-

513; September, 1944.

mitted have been published in the PROCEEDINGS. This
paper presents an analysis of the principal recommenda-
tions appearing in the Sections reports, with suggestions
as to how these may be incorporated in our educa-
tional system.

FUNDAMENTAL OBJECTIVES

In general, there appeared to be considerable agree-
ment as to the fundamental objectives of engineering
education. These are in essential conformity with the
objectives as set forth in the Society for the Promotion
of Engineering Education report previously referred to,
and may be summarized as follows:

0 Mastery of the fundamental physical and mathe-
matical laws and systems of measurement.

2. Development of proficiency in the methods of engi-
neering analysis, a comprehension of the related ele-
ments in a problem, and the ability to synthesize the
various elements to obtain a practical and economical
solution.

3. An understanding of the principles of organization
and management, with some knowledge of production
methods and costs.

4. Development of the ability of organized, logical
self-expression, both written and oral, and the faculty of
motivating individuals and groups of individuals.

5. Comprehension of and the ability to analyze eco-
nomic and social theories and problems; an under-
standing of the functioning of social institutions and
their influence upon society and civilization.

6. Inculcation of a philosophy of life and a set of val-
ues including a professional attitude, moral and ethical
principles, a sense of responsibility, and eagerness to
contribute to the advancement of society and the pro-
fession.

7. An appreciation of the higher forms of expression,
including art, literature, philosophy, and music.

The first four objectives received the greatest con-
sideration in the Section meetings since they relate more
directly to the engineering development of the student.
Leading educators, on the other hand, viewing world
social and economic conditions with considerable appre
hension, have strongly emphasized the necessity of
broadening the engineering curriculum along social -
humanistic lines, as set forth in the last three objec-
tives, in order better to prepare the engineer for in-
creased responsibilities in the management of industry
and society.

CRITICAL SELECTION OF INSTRUCTIONAL STAFFS

Among the numerous recommendations appearing in
the Sections reports, several stand out in bold relief. The
necessity of obtaining competent instructional staffs

1945 Proceedings of the I.R.E. 735
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comprised of individuals who have achieved high levels
of scholastic attainment, who have acquired a back-
ground of professional experience, and who have the
necessary personal attributes for successful teaching, was
repeatedly emphasized. It may be accepted as a fore-
gone conclusion that the success of any educational
institution is dependent first and foremost upon the
competence of its instructional staff.

There are circumstances, however, which are making
it difficult for engineering colleges to obtain highly quali-
fied instructional personnel. In recent years, industry
has awakened to a recognition of the need for highly
trained engineers and scientists, and has drawn heav-
ily from the reservoir of available teaching talent. Many
of the better qualified college instructors have been
lured into industry at salaries beyond the reach of the
colleges.

The engineering colleges, themselves, have become
conscious of their responsibilities in expanding the
frontiers of scientific knowledge through organized re-
search programs. This has been given added impetus by
the success of war -research programs in the colleges. At
present, every indication points in the direction of more
widespread federal, state, and industrial subsidization
of research in the engineering colleges, and many of the
more progressive colleges are making plans to expand
their research facilities and enlarge their research staffs.
This will serve still further to deplete the reservoir of
available teaching talent.

The armed -force requirements have resulted in serious
reductions in undergraduate enrollment in engineering
and the sciences, and the number of students taking
postgraduate work has dropped to an unprecedented
low. This failure to replenish the depleted reservoir of
instructional talent presents a serious problem in engi-
neering -college administration. The colleges have been
compelled to recruit temporary instructors, many of
whom are either not interested in or not qualified for
permanent teaching positions.

In view of these considerations, it is apparent that
the responsibility of the engineering colleges extends
beyond the mere selection of competent instructional
personnel, for it is equally important to develop high -

quality postgraduate -study programs in order to en-
large the reservoir of available talent. Students who are
qualified for postgraduate work should be encouraged
to continue their studies toward advanced degrees,
and financial aid should be made available where the
need arises. A relatively large number of technician -

trained men will soon be released by the armed forces.
The better qualified among these should be urged to re-
turn to the colleges and continue their work toward
engineering degrees.

DEVELOPMENT OF LATENT CAPACITIES

The one issue which consistently aroused widespread
discussion, particularly among practicing engineers, ap-
peared in the form of an urgent plea that more attention

be given to the further development of those latent ca-
pacities of character, self-expression, professional atti-
tude, judgment, and the ability to approach problems
and situations with intelligence and self-assurance. Most
engineers felt that sufficient time and emphasis, in bulk,
are now devoted to the acquisition of technical knowl-
edge and skills, but that the importance of developing
the vital human attributes is vastly underrated in the
engineering colleges. The opinion is frequently expressed
that college instructors, in general, being academically
inclined, are more concerned with imparting specific
knowledge and analytical methods per se than in arous-
ing a vital enthusiasm and challenging interest within
the student which will serve to bring out the important
human attributes.

There are those who would relegate this problem of
character development to specific courses in the engineer-
ing curriculum such as psychology, public speaking, or
even English, and absolve all other instructors from any
responsibility in this area. Then there are others (too
often the college instructors) who dismiss the problem
with the terse statement that the development of these
human character traits is the function of the home and
the church, or that they are best developed in extra-
curricular activities and therefore fall outside of the
realms of educational responsibilities. Such proposals,
however sincerely offered, are predicated upon the false
assumption that education and character training are two
separate and distinct processes, each to be treated in its
own sphere, and that the two are not to be combined.

In industry we find those who declare emphatically
that the development of the character, abilities, and
capacities of the student constitute the foremost re-
sponsibility of the colleges, and that the acquisition of
knowledge and skills is of little avail unless the other
attributes are developed to the fullest possible extent.
Reflecting upon their own education in retrospect, they
are frank to admit that most of the knowledge which
they once acquired in college has long since vanished,
but that the training in the powers of analysis, judg-
ment, self-expression, and character development are
the sturdy foundations upon which to build successful
careers. They claim that the formal -lecture method of
instruction, which seems to have become firmly en-
trenched in our universities, is often a boresome and
inefficient method of teaching. Its principal virtue is
that it contributes to the self -edification of the instruc-
tor, and serves to develop his oratorical powers. A few
instructors who are endowed with exceptional personal
characteristics, or who have acquired outstanding pro-
fessional reputations, are able to inspire the genuine
enthusiasm and vital stimulation necessary for successful
teaching; but, more often than not, the converse is true.

A critic would ask us to sit in on a typical lecture
(which we find to be a little on the boresome side) and
observe the response of the average student. We are
likely to find him listening in a half-hearted sort of way
with mental processes laboring along at subnormal
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efficiency, dutifully taking notes but otherwise assuming
a passive interest in the whole affair. A little later they
point out the same student, who has now become en-
thusiastically engrossed in some extracurricular or ath-
letic activity, where he finds a vital interest and a
challenge to his abilities. In contrast with the attitude
of mental fatigue experienced in the classroom, we now
find him eagerly planning, figuring, and working, with
mental processes shifted into high gear. Our critic then
asks, "Why can't we stimulate that kind of enthusiasm
in the classroom?" If this were only possible, it would
result in an astounding increase in educational effi-
ciency! What are the principal motivating factors which
make sports and extracurricular activities so palatable,
yet which are normally lacking in the classroom? In
seeking an answer to this question we discover the fol-
lowing:

1. In sports and extracurricular activities the stu-
dent becomes an active participant and takes a challeng-
ing part in the undertaking, with complete freedom of
expression and with freedom to exercise his own ingenu-
ity. In the lecture -type classroom, the instructor takes
the active lead and the student's part is subjective and
passive, thus failing to arouse any vital stimulation in
the student.

2. In sports and extracurricular activities we find a
keen sense of teamwork and competition, which add
spirit and zest to co-operative undertakings. This is usu-
ally lacking in the classroom.

3. In extracurricular activities, the student under-
takes project -type responsibilities which tax his in-
genuity and challenge his ability. This may appear in
the homework assignments, but is not often present in
the classroom.

Is it possible to devise instructional methods which
will incorporate these elements and still maintain the
orderly continuity and rate of progress necessary to
cover satisfactorily the course material? Perhaps we can
profitably take a chapter from the experience of indus-
try, where the conference method has proven so success-
ful in the training of foremen and executives. In a suc-
cessful conference, the conference members are given
advance notice of the agenda and have specific assign-
ments to prepare. The leader opens by stating clearly
and concisely the aims and objectives which are to be
realized in the conference. The group then collectively
formulates a method of approach and proceeds to de-
velop the problem. Active participation is encouraged
from all members of the group. The conferees present
prepared reports which are discussed by the conference
members. It is the responsibility of the conference leader
to guide skillfully the course of the discussion with a
view toward attaining the objectives.

The conference method has much to offer in our col-
lege instruction programs. It serves to stimulate inter-
est and enthusiasm through increased participation of
the individual. It serves to develop sound and logical
thinking, the ability of self-expression, and a profes-

sional attitude since the individual, rather than the
instructor, becomes the focal point in group discussions.
This method of instruction requires careful planning and
skillful guidance on the part of the instructor in order
to keep the discussion moving along proper channels and
to attain the desired objectives. Although the conference
method is best suited to small classes, it has been suc-
cessfully applied to relatively large groups on a more
formal basis. The principal limitation of the conference
plan lies in the fact that it is difficult to maintain the
same rate of progress as in the lecture type of course,
where the instructor presents the material in the orderly,
logical pattern which he has found best from personal
experience. However, there is scarcely a course in the
engineering curricula which would not profit by a gen-
erous application of the conference method; and the
returns, by way of stimulating interest and developing
the potential capacities of the student, would be most
gratifying.

As emphasized by Dr. Everitt, wherever possible,
typical engineering problems should be assigned which
combine the elements of synthesis and analysis in such
a way as to tax the students' ingenuity and develop the
engineering method of approach. A single project -type
problem may very profitably comprise the assignment
for several days or several weeks. The assignments
should be such as to require frequent reference to tech-
nical publications, and the students should prepare ma-
terial for oral presentation to the group. The broader
aspects of economic, social, and ethical considerations
should be freely discussed wherever they arise. Engineer-
ing and science should be taught as a dynamic body of
knowledge which is constantly expanding, and the limits
of present-day knowledge and direction of expansion
should be discussed.

In the project type of laboratory, we find a means of
acquiring experience in the engineering method and
developing creative thinking. Here, a small group of stu-
dents selects a project -type experiment in consultation
with the instructor, plans the method of approach and
equipment to be used, and carries it through to a suc-
cessful conclusion. The number of experiments con-
ducted in this type of laboratory is considerably smaller
than in the cookbook variety of experiment, where the
student is handed all of the ingredients and a set of in-
structions on how to mix them to produce the desired
results. However, the mental processes which the stu-
dent goes through in developing the project -type experi-
ment are similar to those experienced in engineering
practice.

Universities are frequently open to the criticism that
they fail to train adequately new instructors in efficient
and effective teaching methods. Too often it is taken
for granted that a young instructor who has a master's
degree or a doctorate degree has enough intelligence and
resourcefulness to devise successful teaching techniques
of his own. The new instructor, however, is likely to find
the demands upon his time weighing heavily. He is
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expected to continue his advanced studies, carry on
research work, and develop himself professionally, in
addition to his routine departmental responsibilities.
Consequently, he finds little time to develop the fine
art of teaching. Successful teaching is a skilled art, and
one in which the new instructor can profit immeasurably
by the experience of others. In many cases, the efficiency
of instruction could be greatly improved through defi-
nitely scheduled and planned conferences in which the
new instructors would have an opportunity to discuss
educational methods, as well as their own particular
problems, with experienced instructors.

CORRELATION OF MATHEMATICS, PHYSICS, AND
ENGINEERING COURSES8

The need for better correlation of the mathematics,
physics, and engineering courses is always a favored
topic in discussions on engineering education. Here we
find two camps with diametrically opposed view-
points. The first camp contains critics who contend that
mathematics courses are all too often taught in the
nebulous abstract by puritanical mathematicians who
are scrupulously careful not to contaminate a beautiful
science with practical applications. The critics argue
that the student fails to appreciate a beautiful science
in its pure form, and merely learns to perform mechani-
cal manipulative processes without the slightest compre-
hension of the ultimate use. Later, the student encoun-
ters engineering applications, and is deeply distressed
and confused by the fact that the mathematics here
bears little resemblance to that through which he had
previously struggled. To the critics in this camp, the
solution is quite obvious. They contend that mathe-
matics should be taught as an applied science, with each
new mathematical principle introduced by way of a
physical problem. It is contended that the physical con-
cepts serve as a visual aid to guide the student over
the difficult mathematical steps toward an eventual
solution.

In the second camp we find the equally ardent op-
ponents of the applied mathematics viewpoint. They
argue that the student who receives the mathematical
principle and the physical application simultaneously is
compelled to grasp two concepts simultaneously, neither
one of which is familiar to him. This mental juxtaposi-
tion often results in confusion and the failure to recog-
nize the fundamental mathematical principle. Further-
more, they contend that the applications are invariably
special cases of a general theory, and that mathematics
taught in this way is deprived of its generality, rigor,
and clear-cut demonstration of fundamental principles.

A compromise approach might offer a reasonably
satisfactory solution to the problem. Thus, the funda-
mental mathematical principle could first be presented
in its pure form. This would then be followed by illustra-

3 E. A. Guillemin, "Co-ordination of the work of the physics,
mathematics, and electrical engineering staffs," Jour. Eng. Educ., vol.
35, pp. 401-406; March, 1945.

tive examples in which the principle is applied to physi-
cal problems well within the grasp of the student. Such
an approach would require that the mathematician
know something about the applications of mathematical
principles. Typical illustrative examples could readily
be furnished by the physics and engineering depart-
ments, and it might prove beneficial to have the mathe-
matics instructor sit in on physics and engineering
courses.

There is also a need for closer correlation among vari-
ous engineering courses. In the fields of statics and dy-
namics, fluid mechanics, thermodynamics, and electrical
engineering, we find many similarities in analytical
methods. The courses should be taught in such a manner
as to emphasize these similarities, and thus break down
the compartmentalization barriers which have grown up
between our engineering courses. Advanced courses in
engineering mathematics have already accomplished
much in serving to break down these departmental bar-
riers.

DEGREE OF SPECIALIZATION

The issue which invariably strikes the sharpest dis-
cords of opinion in round -table discussions among engi-
neers and educators is the question of whether the major
emphasis in the engineering curricula should be placed
upon (1) a broad general engineering education; (2)
highly specialized engineering courses of the practical
variety; or (3) highly analytical but fundamental engi-
neering education.

An executive engineer in a large corporation states
that his experience has shown that the majority of
graduate engineers eventually become engaged in de-
sign, production, or sales work, where they have little
use for the highly analytical course material taught in
many engineering courses. On the other hand, most
engineers need more knowledge of materials, mechanical
design, production methods, costs, and management.
These are the elements with which the average engineer
works in everyday engineering practice. A prominent
radio engineer arises to decry the fact that graduate
electrical engineers who enter the radio profession may
know Maxwell's equations forward and backward, but
they flounder in hopeless confusion when confronted
with a job of designing simple circuits for a radio re-
ceiver. He contends that there should be an electronic
curriculum for students desiring to enter the radio pro-
fession, and that this curriculum should emphasize the
design of radio and electronic circuits, materials, and
equipment.

A leading educator hastens to remind us that, up to
the last couple of decades, the majority of foremost en-
gineers in this country, the Steinmetzes and the Timo-
shenkos, received their education in European universi-
ties, where the major emphasis was placed upon analyti-
cal subject material. He points out that, in recent years,
American engineering colleges have placed increasing
emphasis upon analytical methods, with the result that



1945 Bronwell: Engineering Education 739

the American trained engineer now attains a profes-
sional stature comparable to the European trained engi-
neer. Therefore, the continuation of American engineer-
ing supremacy requires that greater stress be placed
upon fundamental analytical material in the engineering
curriculum with a unifying of the underlying continuity
throughout all of the physical sciences and engineering
courses. Furthermore, he contends that the practical
aspects of engineering can be learned much more
thoroughly and with considerably greater facility in in-
dustry; whereas, in college, the student should concen-
trate upon developing analytical abilities.

He would remind us that much of the material which
we now consider as basic in the engineering curriculum
was either unknown twenty years ago or was frowned
upon as being nebulous, unintelligible theory which had
no place in the engineering curriculum. As an example,
he cites the theory of modulation which was first pre-
sented by Carson scarcely twenty-five years ago. At that
time, modulation was considered a mystifying and
highly theoretical subject which only the physicists and
mathematicians could hope to fathom. Yet, today, this
theory is given in practically every undergraduate
radio -engineering textbook, and even the die-hard
radio engineer would insist upon its inclusion in the
electrical -engineering curriculum. In view of the spec-
tacular progress being made today in physics and engi-

that the engineering curriculum twenty years hence will
contain many new fundamental scientific and engineer-
ing principles, and it is the responsibility of the engineer-
ing instructor to ferret out the truly fundamental
concepts and put them up in presentable form for the
undergraduate curricula. He declares emphatically that,
when the time comes when we cease to bring down into
our undergraduate curricula new scientific and engineer-
ing fundamentals, then engineering progress will have
reached stagnation and we will be well on the road to
decadence.

A distinguished individual arises. "Gentlemen," he
begins, "the evidence presented in this round -table
discussion clearly and decisively points to one inevitable
conclusion. In order that our engineering curriculum en-
compass the rapidly expanding technological advances
and, at the same time, provide the breadth necessary for
a proper understanding of social, economic, and politi-
cal elements in our society of today, the engineering
curriculum must be extended to include at least five or
six years. The training of doctors and lawyers extends
over a period of seven to ten years. Is it, therefore,
asking too much of the engineer to devote, let us say,
six years of his life to his professional development?"

A conservative engineer calmly counters with the re-
minder that there are other factors which must be con-
sidered when making decisions affecting the duration of
the undergraduate engineering curriculum. Thus, the
majority of engineering students receive their bac-
calaureate degree between the ages of 22 to 25 years.

This is the age of life at which young men should seri-
ously think of getting married, raising families, and
embarking upon a professional career. Regardless of how
thoroughly the engineer is trained in college, he still
must spend an apprenticeship in industry before he can
become an experienced and valued engineer. It is better
that he complete this apprenticeship at an early age.
Doctors and lawyers start their principal life work at
about the age of thirty. This is entirely too late a start
for the average engineer, both from a sociological and a
professional viewpoint.

He would also like to remind us that those of us who
expect the young student, emerging from a chrysalis of
college education in a somewhat faltering state of mind,
to be thoroughly grounded in scientific and engineering
principles; to have a broad comprehensive training in
design, materials, production processes, and costs; to
have an intensive training in a field of specialization;
to have an adequate background of social and human-
istic studies; and to possess professional maturity and
experienced judgment are expecting far too much of
human nature. He points out that the problem of in-
culcating this conglomeration of virtues in an orderly
and coherent pattern in one stable individual is quite
analogous to undertaking the intricacies of teaching
muscular co-ordination to a paralyzed centipede! Even
the mature engineer seldom possesses all of these multi-
tudinous virtues. firm belief the
engineering curriculum should concentrate largely upon
the logical and orderly development of scientific and
engineering fundamentals, with a moderate amount of
emphasis placed upon the broad cultural subjects and
business courses. The engineer can then acquire special-
ization and a further knowledge of business methods
during his apprenticeship in industry. Our present sys-
tem of daytime and evening graduate courses offers
ample opportunity for the engineer to expand his educa-
tion further along scientific, business, or cultural lines.

And so the battle royal rages on!
At this point, we turn to the engineering educators

and ask of them what they propose to do in this di-
lemma. In the S.P.E.E. report, we find clear-cut recom-
mendations for many of our inquiries. This report
recognizes the need for dividing engineering students
into three categories, classified as (1) the largest portion
comprising students pursuing a normal engineering cur-
riculum; (2) students preparing for operation and
management pursuits; and (3) the scientific -technical
group. All three groups would receive the same broad
general courses in the physical sciences and engineering
fundamentals. In the senior year the second group
would take additional courses in production methods,
management, cost accounting, and other business
courses. The third group would pursue a planned
and co-ordinated sequence of science and engineering
courses extending through the last two years of the un-
dergraduate curriculum and into the graduate program.

This committee recommends that the undergraduate



curriculum include a thorough grounding in the broad
fundamentals of the sciences and engineering, an in-
tegrated sequence of courses in social, humanistic, and
business studies, and a moderate amount of specializa-
tion along the lines of further developing fundamental
principles in a particular field of specialization. It recom-
mends that some of the more specialized engineering
material now taught in the undergraduate curricula be
transferred to the graduate program, in order to clear
the way in the undergraduate curricula for higher priority
material of a more fundamental nature. It is fully cog-
nizant of the fact that this program will not turn out
experienced and mature engineers, and industry must
therefore assume the burden of training the student
along specialized lines required for the particular in-
dustry.

Rather than extend the duration of the undergradu-
ate engineering curricula,* the committee recommends
concentrating attention upon (1) making a critical
selection of course material; (2) providing a better cor-
relation of material and improving the underlying con-
tinuity of courses in the engineering curriculum; and
(3) improving the effectiveness and efficiency of instruc-
tion methods.

The committee has strongly emphasized the impor-
tance of providing for a carefully planned and co-ordi-
nated sequence of social -humanistic courses. It is be-
coming increasingly apparent that many of the larger
and more difficult problems facing the engineering pro-
fession today are of a social, economic, or political na-
ture. The engineer must take his full share of responsi-

4 For a discussion on extension of undergraduate program, see
H. J. Gilkey, "Discussion of SPEE committee report on engineering
education after the war," Jour. Eng. Educ., vol. 35, pp. 332-334;
January, 1945.

bility in the solution of these problems, or democracy
and the engineering profession will surely suffer. Educa-
tion for democracy is fully as important as education
for a profession. This portion of the educational program
would include a fundamental treatment of (1) the in-
dividual and his environment, including an analysis of
factors contributing to the rise and degeneracy of an-
cient and modern civilizations; (2) the functioning of
social and industrial institutions, including labor and
management problems; (3) economics of our modern
industrial society; (4) an analysis of political systems;
and (5) moral, ethical, and social philosophies.

The issues discussed here are but a few of the more
controversial problems facing the engineering colleges.
Space limitations preclude a discussion of many of the
problems considered at the Sections meetings. Several of
the less controversial issues included the necessity of
improving the selection of students admitted to engi-
neering schools; the need for better mathematical prepa-
ration in the high schools; the desirability of having
students and faculty members alike supplement their
engineering education with experience in industry; and
the need for stimulating research in engineering colleges
as a desirable adjunct to engineering education.

The problems discussed here are, in general, not
amenable to clear-cut decisions based upon tangible
evidence alone, but rather, must necessarily reflect the
combined experiences of industry, educators, and the
engineering profession. A free interchange of ideas is
vitally necessary in order to assure an enlightened view-
point as a basis for intelligent decisions. In the final
analysis, however, the destinies of engineering education
lie in the hands of the individual instructors in the col-
leges; theirs is the privilege and the obligation of assur-
ing American supremacy in engineering education.

Radar in the United States Army*
History and Early Development at the Signal Corps Laboratories,

Fort Monmouth, N. J.
ROGER B. COLTONt

Summary-The evolution of radar technique is traced and the
radar -development program of the United States Army Signal Corps
at the Signal Corps Laboratories, Fort Monmouth, New Jersey,
described from its inception to America's entry in the War. Two
radars developed by the Signal Corps Laboratories during this
period, SCR -268 and SCR -270, are described in detail.

I NTRODUCTION

ADAR, the chief electronic weapon of the war,
has a much longer history than is realized. The
scientific concepts on which radar is based go
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back to the last century, and the military concept of its
use arose at least 15 years ago. So generally was the
idea appreciated that most of the major belligerents had
radar equipment ready before their entry into the war.
The United States was no exception. Both Army and
Navy had radar ready. On December 7, 1941, the Army
had 580 sets on hand. An Army radar, the SCR -270,
gave warning of the impending attack on Pearl Har-
bor.

The military and naval accomplishments of radar,
before and since that time, are of the first magnitude.
Time and time again, winning a victory has proved
easier because we have had more and better radar than
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our enemies. In critical stages of the war, notably the
battle of Britain and the early naval engagements in the
Pacific, radar has proved to be one of the decisive fac-
tors second only to guns, armor, ships, planes, and the
men who fought the battles.

The value of radar has been no secret to our enemies.
Throughout the war there has existed a technical race
to achieve and maintain radar superiority. While this
race continued, many of the interesting achievements
could not be described. But sufficient time has passed to
permit disclosure of early work. It is my purpose in this
paper to describe that portion of this early work with
which I am most familiar, namely the radar -develop-
ment program of the United States Army Signal Corps.

THE EVOLUTION OF RADAR TECHNIQUE

Radar's primary purpose in war is to give knowledge
of enemy activity. It does so by exploring the region of
battle with a directed beam of radio energy, and by
detecting the echoes which arise when the beam en -
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Fig. 1-Diagram of pulse in transit, showing record on oscilloscope.
Taken from Signal Corps Laboratories 1937 annual report.

counters an enemy target. To detect targets at great
distances, which is necessary to give adequate warning
of their approach, it is necessary to transmit at the
highest possible power and to receive the echoes with
the most sensitive possible receiver.

Radar is, in this respect, one of the most inefficient
devices known to electrical science. Radar transmitters
customarily have peak power output in the tens or
hundreds of kilowatts, and the effectiveness of this
power is increased several hundred times by directive
antennas. But the power received back from a target,
at the maximum range at which the target is detectable,
is measured in micromicrowatts, or roughly a millionth
of a millionth of a millionth of the power transmitted.

It is no wonder, therefore, that radar development

has demanded the most advanced techniques known to
radio engineers and scientists. But the basic idea is sim-
ple. It depends on five requirements: (1) the production
of a high -power beam of radio energy, capable of being
moved about in search of targets; (2) the transmission
of short bursts or pulses of energy, with comparatively
long quiet periods between them during which the
echoes may be detected; (3) the reflection of these pulses
by the target; (4) perception of the echoes by a highly
sensitive receiver and cathode-ray indicator; (5) meas-
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Fig. 2-Diagram of pulse in transit, showing reflection at target. Taken
from Signal Corps Laboratories 1937 annual report.

urement of the time between transmission of a pulse
and reception of the echo, to determine thereby the dis-
tance to the target.

Fig. 1 illustrates the first step in sending out a pulse
of energy for the purpose of detecting the target air-
plane. In Fig. 2 the pulse of energy has reached the
target airplane and is being reflected in all directions
from the airplane. Fig. 3 shows the reflected energy ar-
riving back at the position of the radar equipment.

All of these requirements could be met, in some de-
gree, very early in the history of radio science. Hertz
demonstrated in 1885, using 66 -centimeter radio waves,
that beams could be formed and that solid objects would
reflect them. Moreover, when the identity between light
and radio waves was established, it became clear that a
radio wave, reflected back on itself, would create a wave -
interference pattern, and that this pattern would in
itself be evidence of the reflecting object.

This wave -interference detection method, the fore-
runner of the pulse method, was reported by various
groups of workers in widely different applications, in the
early 1920's, both in the United States and abroad.

In the latter 1920's the pulse method of detection of
the ionosphere was introduced by scientists in this
country.
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The Signal Corps program leading directly to the de-
velopment of radar began in 1931 with the transfer of
"project 88" from the Office of the Chief of Ordnance to
the Signal Corps Laboratories at Fort Monmouth. This
project was entitled "Position Finding by Means of
Light," the word " light" being interpreted in the broad
sense to include infrared and heat rays. Later, the
project was extended to include very short radio waves.
At the start, the activity of this project was confined
to the development of infrared devices, to detect the
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Fig. 3-Diagram of arrival of echo at receptor. Taken from
Signal Corps Laboratories 1937 annual report.

heat of aircraft engines and the funnels of surface ships.
These devices were, in fact, included as a part of the
first radar equipment built at the Laboratories.

In 1932 it had become clear that infrared radiation
suffers from obstruction by clouds and that infrared
receivers do not have sufficient sensitivity to provide
detection at great distances. Consequently, in 1932 and
1933, the Signal Corps Laboratories undertook a sys-
tematic survey of the production of very short radio
waves, and subprojects were set up to study "radio -

optical detection and position finding." The informa-
tion provided by other agencies was studied and had
considerable influence on subsequent Signal Corps ac-
tivity.

The first experiments were conducted in 1933 with
continuous -wave equipment, employing a 9 -centimeter
magnetron of Westinghouse design. Ranges of a few
hundred yards were obtained on moving vehicles.

In 1934, experiments were made with somewhat sim-
ilar Radio Corporation of America equipment (Figs. 4
and 5). Both of the above equipments were of too low
power for practical results.

The first proposal to use pulses within the Signal

Corpg organization was made in July, 1934, in the an-
nual report of the Signal Corps Laboratories, as fol-
lows: "It appears that a new approach to the problem is
essential. Consideration is now being given to the
scheme for projecting an interrupted sequence of trains
of oscillations against the target and attempting to
detect the echoes during the interstices between the
projections. No apparatus for this purpose has yet been
built."

Up to this time the Signal Corps work was in the
hands of Major Clayton and Messrs. Anderson, Zahl,

Fig. 4-Early experiments by Signal Corps Laboratories on 9 -
centimeter continuous -wave equipment. Twin Lights, New Jersey
August, 1934.

Fig. 5-Early experiments by Signal Corps Laboratories on 9 -
centimeter continuous -wave equipment located on Signal Corps
boat. August, 1934.

Golay, Hirschberger, and Noyes. These gentlemen laid a
good foundation and continued to assist in the program.

In 1936, funds in the amount of $80,000 were made
available by the War Department for active prosecution
of airplane -detection work during the fiscal year 1937.
Before the apparatus was built, an important decision
was made. It was decided to abandon the attempts to
use microwaves, because transmitter power and re-
ceiver sensitivity were inadequate, and to use fre-
quencies in the 100 -megacycle region, for which nega-
tive -grid tubes of high power output were available.

At this time, responsibility was transferred by Lieu-
tenant Colonel Blair, the Laboratory Director at that
time, to Major Corput and Mr. Watson, who remained
in charge thereafter and who deserve the major credit
for the successful conclusion of the project.

A breadboard model was constructed early in 1936 on
133 megacycles, and later the frequency was changed to



1945 Colton: Radar in the United States Army 743

110 megacycles. This construction marked the begin-
ning of the Signal Corps development of the SCR -268
and SCR -270, the first United States Army radars.

The 1936, equipment had a power of 75 watts, and
was pulsed at a rate of 20,000 pulses per second. It com-
prised, in addition to the transmitter: a phasing unit,
keying unit, superregenerative receiver, cathode-ray in-
dicator, and simple directive antennas.

The early pulse equipment was unsuccessful at first
because the receiver used was incapable of recovering
its sensitivity immediately after being blocked by the
transmitted signal. Using the continuous -wave method,
beat notes were detected between direct and reflected
waves. The transmitter and receiver in this case were
separated by several miles This equipment was success-
ful in November, 1936, in detecting aircraft if they were
close to the line connecting transmitter and receiver, but
its inability to indicate the direction of the aircraft was
a serious stumbling block,, so the method was dropped
and work on the pulse method continued. The super -
regenerative -receiver recovery time was shortened by
increasing the quench frequency. Superheterodyne re-
ceivers were also developed with low -Q circuits for the
same purpose. In December, 1936, using these receivers,
aircraft were successfully tracked over ranges up to
seven miles using the pulse method. A yagi transmitting
antenna was used to provide directivity and the separa-
tion between transmitter and receiver was about one
mile.

Mr. Hessel designed the superregenerative receiver
which as usual was the forerunner of the superhetero-
dyne (designed by Mr. Moore). Perhaps here a little
credit should be given to Major E. H. Armstrong, for
the basic design of receivers of this kind.

This first success of the pulse equipment was marred
by the inaccurate indication of direction, so attention
was directed toward improved antennas. Arrays of half -
wave dipoles were constructed early in 1937 to provide a
high degree of directivity in azimuth (horizontal angle
with respect to north). The array consisted of 12 dipoles,
each 4-} feet long, arranged in two horizontal rows of six
dipoles each. When two such arrays were used, one on
the transmitter and one on the receiver, a B10 -B bomber
was tracked up to 23 miles, the error in angle being of
the order of 7 to 8 degrees. This was a great improve-
ment over previous results, but still not of sufficient ac-
curacy for the intended purpose. Bell Laboratories gave
us help in this task, and throughout all our later devel-
opment.

The next step was to build three different arrays, one
for the transmitter (5 dipoles high by 2 dipoles wide), a
receiving array for azimuth indication (4 dipoles high by
8 dipoles wide), and a second receiving array for elevation
indication (5 dipoles high and 2 dipoles wide). The large
size of these arrays made it impracticable to mount them
all on a single structure, so three mounts were built, each
capable of directing the associated array in any direc-
tion. The three mounts were connected by selsyn indi-

cators so that all three could be pointed in the same
direction at once. Meanwhile, a new transmitter of 5- to
10 -kilowatts peak power was constructed and two super-
heterodyne receivers provided, one for each receiving
array. The transmitter was pulsed at a rate of about
8000 pulses per second. During this period we received
considerable help from the Radio Corporation of
America.

Many successful tests were conducted with this equip-
ment in the early months of 1937, culminating with a
demonstration to Mr. Harry Woodring, the Secretary of
War, on May 26. On this occasion! thel, direction of the
receiving arrays was transmitted directly to arsearch-
light. As the radar, arrays were tracked on the target (a
B10 -B aircraft) by the operators, the searchlight fol-
lowed the aircraft and could illuminate it at the will of

FIG. 6-First 110 -megacycle test of complete radar system together
with heat detector. This is the first radar system in which azi-
muth, elevation, and range were obtained from one equipment.
Signal Corps Laboratories, May, 1937.

the officer in charge-always provided the radar was
doing its work. When Mr. Woodring attended, the
equipment worked exceptionally well, to the surprise
and relief of all concerned. Planes were detected and
tracked at distances as far as 20,000 yards (11 miles).
Actually using an RCA transmitter, which was not used
in the demonstration, we once covered a distance of 32
miles during our preliminary tests.

Fig. 6 shows the complete layout of the equipment
used in the May, 1937, demonstration. On the left is the
elevation receiving antenna. The second antenna is the
azimuth receiving antenna. The next object in the fore-
ground, which looks like a searchlight, is the heat detec-
tion unit; and the next antenna, which, however, does
not show very clearly in the picture, is the transmitting
antenna.

Fig. 7 is a close-up view from the back side of the
azimuth receiving equipment. The receiver is in the little
box below the axle of the mount. The soldier sitting
with his back to the camera is looking into the oscillo-
scope,by means of which he sets the antenna in azimuth.
The box on the right houses the Rangertone range unit.

The transmitter assembly shown in Fig. 8 was de-
veloped by Mr. Marks. Fig. 9 is a close-up view of the
elevation receiving equipment. The receiving equipment
here was designed by Mr. Moore.

In the foreground of Fig. 10 is the range unit de-
veloped by Rangertone, while Fig. 11 shows Zahl's heat
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FIG. 7-Detailed view of azimuth antenna used in system
shown in Fig. 6. May, 1937, tests.

detector, developed by Zahl and Golay. Fig. 12 shows
the organization of the personnel and equipment.

The directivity of the arrays still remained unsatis-
factory. In the demonstration just described, a thermal

Fig. 8-Detailed view of transmitting antenna.
May, 1937, tests.

detector was used to improve the sharpness of angular
indication. The susceptibility of the thermal indicator
to interruption by weather difficulties required that
some means be found of improving the angular precision
of the radar. The means was found in the technique
known as lobe -switching.

The difficulty was that a sufficiently narrow beam
could not be produced, at a frequency of 110 mega-
cycles, by an array of practical size. The direction of
the target was obtained by moving the beam past the
target and attempting to determine the direction at
which the received signal was strongest. Since the beam
was broad (20 to 30 degrees at the half -power points)

the direction of maximum signal was correspondingly
imprecise, generally not better than 10 degrees. The
military requirement was for angular precision of 1 de-
gree or better.

The clue to the answer was found in the "A-N" radio -

range beacon, used in navigating aircraft, developed by
Lieutenant -Colonel Murphy at the Signal Corps Aircraft

Fig. 9-Detailed view of elevation antenna.
May, 1937, tests.

Radio Laboratory. In this system, a precise path is
found by overlapping two broad beams and following a
path in the overlap region where the two beams have
equal strength. The general principle is illustrated in
Fig. 13.

If the direction of the target is outside the overlap
region (along the line OGFE for example) there is a
wide disparity between the signal strengths of the two
beams, whereas equal signal strength is found only
along the line ODC, i.e., the center of the overlap region.

The first application of this principle to the Signal
Corps radar equipment took the form of two arrays,

Fig. 10-Detailed view of range -finding equipment located in
of azimuth antenna. May, 1937, tests.

rear
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mounted at an angle to each other. The input of the re-
ceiver was switched rapidly from one array to the other,
and the two signals were displayed side by side on a
cathode-ray tube whose sweep circuit was displaced
synchronously with the switching between arrays. The
two arrays were then moved, as a unit, until the two
signals had the same amplitude. The overlap region of
the two arrays then pointed directly at the target,
within an error which was very small compared with the
width of the beams employed. This elementary type of
lobe -switching was introduced in August, 1937, in the
form of a twin array consisting of two units, each four
dipoles wide, the two units diverging in the direction by
20 degrees.

The provision of the double -lobe pattern in both the
vertical and horizontal planes from a single antenna was
contemplated by the Signal Corps group from the in-
ception of the lobe -switching idea; however, there were
many problems other than the consolidation of an -

Fig. 11-Detailed view of radar and thermal -control unit.
May, 1937, tests.

tennas to be solved, and it was not until 1938 that a sys-
tematic attack was made on this problem. The method
finally adopted was based on the simple theory that if

an antenna is fed from the right-hand side the reaction
will be different from, but symmetrical to, that which
will occur when it is fed from the left-hand side. This
reasoning eliminated consideration of all complicated
formulas for matching, phasing, and the like. Upon trial
of this method it was immediately found that good lobe -
switching resulted, but there still remained many prob-
lems in connection with keeping lobes steady in relation
to the axis of the antenna as the antenna was rotated
either in elevation or azimuth. Several methods 'were
found for doing this to a high degree. As finally re-
solved, the problem turned out to be constructing the
array in such a way as to eliminate, as far as possible,
all but one type of radiation. In the actual case of the
SCR -268, this meant the elimination, as far as possible,
of all radiation other than horizontal radiation. The
lobe -switch and indicating design work was done by
Messrs. Moore, Cole, Deisinger, and Slattery.

While this development was under way, other
branches of the Army were kept advised of progress,
and specific military uses for the new equipment were
considered. Two such uses were evident: (1) detection
and tracking of aircraft as an aid to searchlight control
and antiaircraft fire; and (2) warning of the approach
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Fig. 12-Block diagram showing arrangement of equipment used in

the Signal Corps tests of May, 1937. Word "pointer" refers to
thermal -detector.

of enemy aircraft at great distance. The first application
was fulfilled by the development of the SCR -268 series
of radars, and the second by the SCR -270 series.

Officially, the development of the SCR -268 began in
February, 1936, when the Chief of Coast Artillery pre-
pared a set, of "military characteristics" describing the
desired aircraft detector. The requirements specified
were: (1) ability to operate in daylight or darkness;
(2) ranges up to 10,000 yards in mist, rain, fog, smoke, or
20,000 yards under average atmospheric conditions;
(3) the position of the aircraft to be determined to an
angular accuracy of 1 degree in azimuth and elevation;
and (4) the distance to be accurate to one per cent of the
range. Either thermal detectors or radio detectors or a

Fig. 13-Extract from an early Signal Corps report showing the
principle of direction finding with two antennas displaced with re-
spect to each other.
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combination of the two was acceptable. In its attempts
to solve the problem posed by the Coast Artillery, the
Signal Corps Laboratories designed and built three
models of the SCR -268 radar. The last of these met the
specifications and was put into large-scale production.

The first service -test model was the SCR -268-T1. This

Fig. 14-First service test of the SCR -268-T1. Conducted at Fort
Monroe, Virginia, October, 1938. Figure shows the radar control
station built around the heat detector which was used for accurate
positioning in the experimental model.

radar employed the equipment described in the preced-
ing paragraphs. The frequency was 110 megacycles; the
transmitting, azimuth, and elevation arrays were sepa-
rated, and each receiving array was of the twin type
providing double -lobe tracking. The equipment in-
cluded a heat -detection device to track the aircraft by

Fig. 15-Elevation antenna SCR -268-T1.
October, 1938.

the heat of its engines. This thermal element was
mounted separately and resembled a searchlight in ap-
pearance. The equipment was ready for demonstra-
tions early in 1938, and Coast Artillery personnel were
trained in its use. In November, 1938, the equipment,
being mobile, was moved to Fort Monroe, Virginia, to
the Coast Artillery Board, to see whether it met the re-
quirements of military use. During two weeks of con-
tinuous testing, tracking B-10 and 0-25 aircraft, the
following facts were apparent: The radar had a range of
40,000 yards, twice that set up in the military character-
istics. The angular errors as reported by the Coast

Artillery Board averaged about 4 degrees in azimuth
and 21 degrees in elevation, as against the 1 degree
specified in the characteristics. The average error in
measuring the distance was of the order of 700 yards.
The equipment was judged useful in all respects except
the angular indications. During these tests the thermal
element of the radar system proved to be extremely ac-
curate, but since its field of view was limited and since
it was estimated that, because of clouds being inter-
posed between the airplane and the radar, the thermal
indicator would be useless about 75 per cent of the time,

Fig. 16-Transmitting antenna SCR -268-T1.
October, 1938.

Fig. 17-Azimuth antenna SCR -268-T1.
October, 1938.

its development was put on low priority; and although
not actually abandoned as a research problem, the idea
of its use in connection with radar detection of airplanes
was given up. During the tests, a B-lOB aircraft par-
ticipating in the tests encountered a wind of 120 miles
per hour and was blown out to sea without the pilot's
knowledge. The radar discovered this fact. After the
identity of the plane was checked by requesting it to
circle, the pilot was directed back to the coast. This was
the first instance of radar navigation in the United
States Army. Also during these tests, it was suggested
to the Coast Artillery Board that an attempt be made to
detect the bursting of antiaircraft shell. The radar was
successful in indicating the burst of 3 -inch antiaircraft
shells at a range of several thousand yards.

Figs. 14 to 17, inclusive, show all the units of an
SCR -268-T1 radar. Fig. 15 shows an elevation receiving
equipment of the SCR -268-T1. In Fig. 16 is shown the
transmitting equipment of the SCR -268-T1, and Fig. 17
shows the azimuth receiving equipment of the SCR-
268 -TI, while the transmitting equipment of the SCR-
268 -T1 is shown in Fig. 18.
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Meanwhile work was under way on the second
model, SCR -268-T2, similar in general form but oper-
ating at 205 megacycles. The separate mounts for
transmitter, azimuth, and elevation arrays were re-
tained. As early as 1937, work was under way at a fre-
quency of 240 megacycles, the purpose being to permit
reduction in the size of the arrays. Aircraft echoes were
demonstrated to the Secretary of War with 240 -mega-
cycle equipment designed by Messrs. Hessel and Slat-
tery, in May of that year.

Fig. 18-Transmitter made up of four 806 vacuum tubes,
tubes, SCR -268-T1. October, 1938.

An equipment on 240 megacycles, used in May, 1937,
is shown in Fig. 19. It had a range of about 6000 yards,
and represents the first work in the 200 -megacycle band
at the Signal Corps Laboratories.

One problem in this development was that of achiev-
ing sufficient transmitter power to meet the minimum
range requirements. By September, 1939, a 205 -mega-
cycle model (SCR -268-T2) similar to the 110 -mega-
cycle SCR -268-T1 was ready for service test but was
abandoned in favor of the SCR -268-T3, which had all
the arrays on a single mount. In addition, a much more
powerful transmitter was constructed for the 268-T3
through the use of a "ring" circuit incorporating eight
tubes, operating at 205 megacycles and designed by Mr.
Bailer. The transmitter tubes were Eimac 100TL tubes
redesigned. The number of tubes was later increased to
16. The T3 model was completed and service tested by
April, 1940, found acceptable in all respects, and stand-
ardized for production. In August, 1940, a contract was
let to manufacture the T3 model. In December, 1940,
the first of 18 preproduction models was completed by
the Signal Corps Laboratories, under the supervision of
Mr. Vansant, prior to the delivery of production in
January.

The first trainload of production models of 268's on

Fig. 19 -240 -megacycle radar equipment tested
in May, 1937.

the way to troops is shown in Fig. 20. By February,
1941, 14 commercial models were delivered and shipped
out to Army units. Since then a total of 2974 SCR -268
radar units has been produced. Production engineering
and manufacture was by Bell Laboratories and Western
Electric. Production was terminated in March, 1944,
with the advent of superior equipment.

In July, 1941, seven SCR -268 radars arrived in Pan-
ama and were set up for tactical use by October of that
year. Two sets arrived in Iceland in August, 1941, with
the troops sent there to protect the North Atlantic sea
route, and by December, 1941, 16 sets were in use by
Coast Artillery troops in Hawaii. Since then the SCR -
268 has served in all theaters of War, not only for search -

Fig. 20-First rail shipment of 13 radar sets SCR -268
leaving Fort Hancock for tactical units.

light control but also as a gun -laying set. Inevitably, in
view of its wide deployment, SCR -268 was captured, and
by 1944 the Japanese had paid us the compliment of
copying it.

DETAILED DESCRIPTION OF SCR -268 PRODUCTION
MODEL

A view of a production model of the SCR -268 is shown
in Fig. 21.

The radar equipment is carried on a trailer on which is
mounted a rotatable pedestal. The pedestal carries the
three antenna arrays, the transmitter, receivers, and
indicators. Reading from left to right are the azimuth
receiving array, transmitting array, and elevation re-
ceiving array. Behind each receiving array is the corre-
sponding receiver. Near the center are three cathode-ray
indicators, with seats in front of each for the oper-
ators. The handwheel in front of the elevation operator
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Fig. 21-Broadside view of the SCR -268 radio.

Fig. 22-Oscilloscope operators on an SCR -268 radar maintain
watch near Menella, Italy. Nearest the camera is the range scope,
next, the azimuth scope, and, at the right, the elevation scope.

..."~

Fig. 23-Radio set SCR -268 with 5-man crew in operation on anItalian hillside. The three operators seated on the mount see in-
dications of the airplane echo on cathode-ray oscilloscopes. Oneoperator tracks the aircraft in azimuth (direction in degrees from
north); another operator tracks in elevation (angular height); andthe third measures the range.

permits him to raise or lower the arrays in elevation. By
turning these controls, the operators keep the arrays,
including the transmitter array, pointed at the target.
The third operator measures the range of the target by
turning a range -unit handwheel which displaces the echo

on his oscilloscope to the hairline and also transmits the
range to the altitude converter. The mount was designed
by the Breeze Corporation. In addition to the apparatus
shown, a separate trailer carried a Le Roy gasoline -en-
gine generator, a rectifier designed by Bell Laboratories,
and frequency -measuring equipment designed by Fred
M. Link. Mr. Slattery had charge of system design for
the SCR -268-T3.

Fig. 22 is a close-up view of the range oscilloscope,
range handwheel, and range operator. Figs. 23 to 27 are
views of the SCR -268 in the field.

The original range unit built for the SCR -268 early
in 1937 used a resistor -capacitor type of phase shifter,

Fig. 24-Radio set SCR -268 in action at Nettuno, Italy, assisting
antiaircraft guns to shoot down German night bombers over the
Anzio beachhead in 1944.

Fig. 25-In North Africa, radio set SCR -268 served to control search-
lights like that in foreground, so that when the light is turned on
it will flash instantly on an enemy airplane. These sets were used
extensively in safeguarding our forces in North Africa.

designed by Rangertone. Later, a Helmholz inductor -
capacitor type of phase shifter designed by Dr. Ander-
son was used.

In operation, the azimuth operator turns his hand -
wheel back and forth, causing the arrays to scan from
left to right and back over the sector in which enemy
planes may be expected. When he detects an echo, he
causes the azimuth array to bear directly on the target
by equalizing the double -lobe signals. Thereupon the
elevation and range operators go to work, the elevation
operator adjusting his wheel until his double -lobe sig-
nals are equalized, and the range operator determining
the range. The values of range, azimuth, and elevation
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thereby determined are fed through selsyn drives to
the associated searchlight. In the case of antiaircraft -
gun control, the target co-ordinates are fed to a director
which introduces the necessary "lead" in advance of the
target position to allow for the speed of the aircraft and
the time of flight of the shells.

In addition to the pedestal trailer, a power -supply
trailer was furnished. In later modifications, four trucks
were used to supply power and transport the gear. In
this case the whole equipment, including trucks and
spare parts, weighs about 20 tons, and its power is
furnished by a 15 -kilovolt -ampere gasoline -engine gen-
erator. The weight and bulk of the equipment, while
very great compared with more recent sets, have not
prohibited rapid installations of the SCR -268. It has
been set up, many times, within several hours of being
put ashore on a beach.

The transmitter proper, located at the top of the
pedestal, generates radio -frequency pulses at a peak
power of approximately 50 kilowatts. The transmitter
consists of 16 triodes in a ring circuit, the plates and grid
of adjacent tubes being connected through half -wave
transmission -line tuned circuits. This type of circuit
avoids putting the tube capacitances in parallel and per-
mits the high power to be achieved at the frequency of
205 megacycles. The 16 tubes are necessary to obtain
sufficient emission to produce the 50 -kilowatt pulses.

The pulses themselves are about 5 microseconds long
and occur at a rate of about 4100 pulses per second, that
is, one pulse every 240 microseconds. The transmitter'is
on the air, therefore, only about 2 per cent of the time.
During the remaining 98 per cent, the receivers are ac-
tive and listening for echoes. The listening interval de-
termines the maximum range of the set, since the signal
must reach the target and return to the receiver between
transmitted pulses. Since radio waves travel at a rate of
about 330 yards per microsecond, in 240 microseconds

........7110.111.1111111r.-+1011.

Fig. 26-Radar control of antiaircraft artillery fire is illustrated in
this sketch of the SCR -268 radar supplying firing data to a gun
director. The electrical impulses from the radar are fed to the gun
director, which automatically points the guns and sets the shell
fuses for the correct altitude.

Fig. 27-Late model of radio set SCR -268 trailer packed for
transport, less canvas cover.

the signal travels a total of about 80,000 yards; i.e.,
40,000 yards to the target and 40,000 yards return trip.
If targets are observed at a greater distance than 40,000
yards (23 miles), the echo is obscured by the next trans-
mitted signal or it may arrive during the next succeed-
ing listening interval. In this latter case, the signal may
be tracked, but the range measurement is in error by
40,000 yards, a fact which is usually evident from the
weak condition of the signal.

In a similar manner, the length of the pulse, 5 micro-
seconds, determines the minimum range at which tar-
gets can be detected, since no echoes can be seen while
the transmitter continues to transmit. In addition, the
recovery time of the receivers is such that targets cannot
be seen much closer than about 2000 yards..

The transmitter is keyed and modulated by the units
on the ground beside the trailer. These units were de-
signed by Messrs. Vieweger, Moore, Noyes, and Mar-
chetti. The keyer contains a 4100 -cycle -per -second sine -

wave oscillator which establishes the basic pulse rate,
and additional tubes which convert the sinewave into a
series of sharp pulses. The transmitter tubes are oper-
ated at from 8000 to 15,000 volts. The ring circuit is
coupled through a loop to the open -wire transmission
line which conducts the pulses to the transmitting ar-
ray, which consists of 16 half -wave radiators and 16 re-
flectors.

Each receiving array is connected to its respective re-
ceiver by two transmission lines taken from opposite
ends of the array. Phasing stubs, in the center of each
array, adjust the double-lobe pattern. The two termina-
tions are fed to separate radio -frequency stages, which
are switched on and off alternately by a rectangular
wave of voltage applied to the cathode circuits at 1400
cycles per second. The plate circuits of the radio -fre-

quency stages are connected together, so that in suc-
cessive stages the double -lobe signals are amplified to-
gether in time sequence.

The radio -frequency signal is converted to intermedi-
ate frequency at 19.5 megacycles and amplified in four
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intermediate -frequency stages which display a band-
width of about 1 megacycle. The gain up to this point
is about 20,000 times in voltage, or sufficient to reach
the noise level of the input radio -frequency stages.
Thereafter the signal is detected and amplified at video
frequencies.

The receiver output is then conducted to its associ-
aited cathode-ray indicator, where, after further video
amplification, the pulse signal is applied to the vertical
deflection plates of the cathode-ray tube. The cathode-
ray tube and its auxiliary circuits are similar to those
of an ordinary test oscilloscope. The horizontal sweep is
linear with time and occurs at a rate of 4100 sweeps per
second, the rate being established by the sinewave oscil-
lator in the keying unit. In addition, the horizontal
sweeps are displaced slightly left and right in synchro-
nism with the switching of the radio -frequency amplifiers
in the receiver. Thereby two pulses are made to appear
on the cathode-ray tube, one representing the signal
from the left-hand lobe of the array, the other from the
right-hand lobe. The resulting split image is equalized
by the operator in orienting the array. The range indi-
cator does not display a split image, since its function
is to indicate simply the time difference between trans-
mission and reception. The sweep circuit in this case is
delayed by passing the sinewave from the keyer oscil-
lator through a phase shifter. By adjusting the phase
shift, the pulse can be moved across the screen until it
falls under the reference hairline.

It may also be mentioned that the SCR -268 included
a converter for the purpose of changing slant -range and
elevation indications to altitude for use by the gun di-
rector, designed for us by Frankford Arsenal. _

In all, the SCR -268 employs 110 vacuum tubes.
I would like to call your attention to the soldier

operators of our developmental models. These soldiers
became expert operators and their commander, First
Lieutenant Cassevant, C.A.C., became an expert radar
engineer. To them we owe much in military design.

RADARS FOR LONG-RANGE WARNING

In 1938, work began on another radar, the SCR -270,
to fulfill the requirement for long-distance warning
against aircraft. By that time, the basic research at the
Signal Corps Laboratories had revealed the means of
accomplishing this objective. To obtain long range, the
highest possible transmitter power and a large antenna,
having high power gain, are required. In the receiver
system, high gain in the antenna and the highest pos-
sible sensitivity are necessary. As further aids to long-
range operation, the pulse energy (pulse amplitude times
pulse length) should be high. This implies long pulse.
Finally, in order to maintain high energy per unit of
time on the cathode-ray tube screen, the spacing be-
tween pulses should be no longer than necessary for
them to have time to travel to and from distant targets.

These requirements led, after many changes, to the
following specifications: the transmitter power is be-

tween 30 and 100 kilowatts at a carrier frequency of 110
megacycles according to plate voltages used. The pulses
are 15 to 40 microseconds long and transmitted at a rate
of 625 per second. At 625 pulses per second, the interval
between pulses permits detection out to 150 miles.

A single antenna array is used for both transmission
and reception. This "duplex" operation permits the use
of a single indicator and one operator. The array con-
sists of 32 half -wave dipoles arranged 8 high and 4
wide, and a reflecting screen or alternately one that is
4 high by 8 wide, mounted on a metal tower.

The array is rotated in azimuth at a rate of about 5
revolutions per minute. The transmitted beam is 28
degrees wide and 11 degrees high between half -power
points (or 11 degrees wide by 28 degrees high for alter-
nate antenna). The beam rotates through its own width
(28 degrees) in about a second, during which time some
625 radio pulses are sent out. Thus every point in
space, surrounding the radar from the horizon to 11 de-
grees above the horizon, is continually "sprayed" with
pulses. Aircraft in this region except for wave -interfer-
ence spaces, and out to a distance of 100 miles or more,
reflect visible echoes. By noting the direction and dis-
tance of particular echoes on successive turns of the
array, the paths of the aircraft can be followed by plot-
ting, at 12 -second intervals, the point representing their
position. The angular precision is, of course, poor com-
pared to that of the SCR -268 since no lobe -switching is
employed. But since the function of the radar was to
warn, rather than to direct gun fire, this lack of preci-
sion can be tolerated.

Protection of the receiver is accomplished by the in-
sertion of a spark gap in the receiver transmission line.
This gap breaks down during the transmission of each
pulse and thereby throws a short circuit across the re-
ceiver input. Between pulses, the gap is inactive and the
received signal is passed to the receiver. In a later de-
sign, three such gaps are used to secure a more perfect
short circuit during the transmitted signal.

In the design of the SCR -270, many improvements
of an engineering nature were introduced. The trans-
mitter consists of but two tubes (these tubes were de-
veloped for us by Westinghouse) operated at between
8000 and 15,000 volts plate potential. These are of the
water-cooled variety and possess sufficient emission to
reach a 350 -kilowatt level from a pair of tubes when
series keyed. In the production models, grid modulation
was employed, and a 450TH tube, driven by a similar
tube, served as the modulator. Under these conditions,
30 to 100 kilowatts is obtained from the transmitter.
The receiver has a four -stage intermediate -frequency -

amplifier preceded by an orbital -beam tube radio -fre-
quency amplifier especially developed by RCA. The
final video amplifier, feeding the cathode-ray indicator,
is a beam tetrode. The indicator and range units are
very similar to those of the SCR -268.

The reliable range of the SCR -270 is 120 miles on
bomber aircraft targets, and about 75 miles on fighters.
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The distance to the aircraft is indicated accurately to 2
miles and its direction to about 4 degrees.

A large number of modifications of the basic design
were produced for special needs. The SCR -270 is trailer
mounted and, with its associated trucks, can lie moved
over roads and set up quickly. Another series (the
SCR -271), was produced for fixed location in permanent
or semipermanent buildings. In all 788 radar sets SCR -
270/271 were delivered by the prime contractor, the
Westinghouse Electric and Manufacturing Company.
After five years of use, the SCR -270 is still standard
equipment, no radar set yet developed being able to
replace it completely.

Fig. 28-Early models of both the SCR -270 and SCR -271
installed at Twin Lights, New Jersey.

Fig. 29-An early SCR -271 installed at Twin
Lights, New Jersey.

A view of a fixed and a mobile version of the SCR -
270 is given in Fig. 28, and Fig. 29 is a close-up view of
the fixed -station version of the SCR -270, known as the
SCR -271. This mount was designed by the Blaw-Knox

Company and the electrical fittings by Terpenning. Fig.
30 shows one of the late production models of the SCR -
270. This antenna was designed by the Radio Corpora-
tion of America and is remarkable for bandwidth and
absence of secondary lobes. The mount shown in the

Fig. 30-Radio set SCR -270 set up for operation.

Fig. 31-Radio set SCR -271-D at the Evans Signal Laboratory,
showing shelter for components and operating personnel, 100 -foot
tower, and antenna modified for plan -position -indicator display.
Identification, friend, foe (IFF) antenna is shown at top center on
radar antenna.

foreground was designed by Couse Laboratories and
used in all production models. Fig. 31 shows the high -
tower version of the SCR -271. The tower and mount
were designed by Blaw-Knox Company.

Components of the 270/271 are indicated in Fig. 32.
The receiver and oscilloscope were designed by Mr.
Moore; the production engineering and manufacturing
were done by Radio Corporation of America. The trans-
mitting tubes, also shown, are two spare transmitting
tubes (WL-530), developed by Westinghouse. Figs. 33
and 34 are different views of the SCR -270/271
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Fig. 32-Parts of an early SCR -270 installed
in a K-30 truck.

Fig. 33-Rear view of operating van of radio set SCR -270 showing
transmitter, water cooler, and spare oscilloscope.

Fig. 34-Transmitter for radio set SCR -271-D.

transmitter. This transmitter was developed by Mr.
Watson. The production engineering and manufacturing
were done by Westinghouse.

Fig. 35 is a view of a complete SCR -270 as assembled
for road transportation. Westinghouse was the prime
contractor and had delivered 112 by Pearl Harbor day.
From laboratory model to first delivery took only six
months.

A most important modification is shown in Fig. 36.
This was introduced after our entry in the war, and is a
type of indicator known as the plan -position indicator

Fig. 35-Radio set SCR -270 packed, ready for transport.

Fig. 36-Receiver indicator used with radio set SCR -270/271
modified for plan -position -indicator display.

(PPI). In this indicator, the cathode-ray beam is de-
flected radially outward from the center of the cathode-
ray tube, with the transmission of the pulses. The
cathode-ray beam starts at the center of the tube at the
instant the pulse is transmitted and proceeds outward at
constant speed, its position corresponding to the position
of the pulse in space. When the pulse encounters a target
and is reflected, the cathode-ray beam is brightened by
intensity modulation and a spot of light appears on the
screen, representing the target. Since the direction of the
radial motion of the spot is controlled by the position of
the array both the distance and the direction of the
target are thus indicated. In effect, the screen represents
a plan view of the area surrounding the radar, hence the
name "plan -position indicator." The advantage of the



PPI is that it can display a large number of echoes
simultaneously, whereas the simple indicator previously
described (known as type A) is limited to one target at
a time. This type of equipment is not unique to the
SCR -270/271 but is rather standard to all modern
radars. The chief difficulty in its development was ob-

taining a coating of proper persistence for the face of
the oscilloscope. This particular equipment was de-
signed by the General Electric Company.

CONCLUSION

This story would not be complete without giving due

credit to Messrs. Trees, Rauh, Smith, Burtt, and Lewis,
and their shop groups who corrected the errors of our
engineers and who were responsible for much of the
design.

This concludes the story of the 268 and 270/271,
jointly developed by the Signal Corps Laboratories,
Western Electric Company, Westinghouse Electric Cor-

poration, Bell Laboratories, Radio Corporation of
America, Blaw-Knox, Breeze, Couse Laboratories,
Eitel-McCullough, Frankford Arsenal, General Electric
Company, Le Roy, Fred M. Link, Rangertone, and

Terpenning.

Frequency -Modulated Magnetic -Tape
Transient Recorder*

HARRY B. SHAPERt

Summary-A transient recorder having a frequency range of 0.02

to 1000 cycles per second with useful response up to 2000 cycles per
second is discussed. The transient is recorded on a loop of magnetic
tape and played back synchronously every 0.1 second on an oscillo-

scope screen. Thus, a steady image of the transient is obtained.
Excellent signal-to-noise ratio (40 decibels) is obtained by the use
of a 10 -kilocycle carrier, which is frequency modulated. Each re-
cording can be obliterated by simply pressing a button, with no ma-

terial being consumed.

I. INTRODUCTION

THE TRANSIENT behavior of phenomena has al-
ways eluded both direct measurement and mathe-
matical analysis. Only in the simpler cases, where

all the boundary conditions are known, can the mathe-
matical methods be applied. If they can be applied,
these methods are very powerful and illuminating. The
great majority of transient phenomena are, however,
not clearly defined and must be measured directly.

The instrument to be described is designed to facili-
tate the observation of transients. Amplifiers and oscillo-
scopes are now sufficiently well designed to reproduce
faithfully the common transients which occur in shock
vibrations, lighting, welding, switching, relays, etc. The
difficulty is that the phenomenon occurs as a single flash

on an oscilloscope, and must be photographed to be ob-
served. Direct -inking pens are available, but these are
limited in frequency range, and if high-speed transients
are to be observed, then large quantities of paper are
consumed. The photographic method is satisfactory but
is extremely cumbersome and slow. This is especially
true in laboratory investigations where a great number
of trials are made and where adjustment of the appara-
tus is to be made.

* Decimal classification: R365.3. Original manuscript received by
the Institute, December 14, 1944; revised manuscript received, April
25, 1945. Presented, Cleveland Section, Cleveland, Ohio, November
30, 1944.

t The Brush Development Company, 3311 Perkins Avenue,
Cleveland 14, Ohio.

A neat way to solve the problem is to record the
transient and play it back so that the transient is re-
peated synchronously. Thus the transient appears as a
steady-state signal on the oscilloscope. In this arrange-

Ti../ENT mac,

Fig. 1-The frequency -modulated magnetic -tape
transient recorder.

ment the signal may be observed conveniently. Such a
medium is ideally available in a loop of magnetic tape
or wire. No material is used up, and erasing the signal
is easy and simple. A new signal can immediately be
recorded and observed.

This is the basis for the design of the instrument
shown in Fig. 1. The instrument stands 23 inches high,

November, 1945 Proceedings of the I.R.E. 753
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Fig. 2-Block diagram of transient recorder.

and is conveniently portable for laboratory use. It will
play back transients of 0.7 -volt peak signal with a
45 -decibel signal-to-noise ratio. An attenuator in the in-
put circuit permits the recording of 200 -volt signals. The
simple operation of the pressing of a button resets the
instrument, and it is instantly ready for the next
transient.

The method of operation is shown in Fig. 2. Before
a signal is impressed on the unit, the carrier -frequency
oscillator continuously records 10 kilocycles on the tape
through the recorder head. The tape travels through the
head at 25 feet per second and is 2.5 feet long; hence the
tape makes one revolution every 0.1 second. Since the
tape is driven by a synchronous motor, these revolutions
occur synchronously. At the same time, the obliterating
oscillator continuously obliterates the 10-kilocycle car-
rier. The obliterating head is driven at 30 kilocycles and
obliterates by virtue of the fact that the tape is exposed
to a number of wavelengths of decreasing strength.
Thus, the tape leaves the obliterating head in a neutral
state and no signal is picked up in the pickup head.

When a signal is impressed on the input terminals, it
is divided into two channels, as shown. One modulates
the carrier. While the frequency -modulated carrier is
being recorded on the tape, the other channel drives a
high -gain amplifier which sets off a pair of thyratron
triggers. The first thyratron fires as soon as the transient
signal reaches 20 millivolts. When the first thyratron
fires, it quenches the obliterating oscillator before the
modulated carrier reaches the obliterating head. The
spatial relationship of the recording head and the ob-
literating head insures that all of the input transient is
recorded. In fact, the base line (for zero signal) is 0.01
second long.

The first thyratron, by means of a resistance -capaci-
tance delay, fires the second thyratron 0.1 second later.
When this thyratron fires, it quenches the recording car-
rier. Thus, just as the part of the loop which retains the
first part of the signal comes around to the recording
head, the recording head is quenched and the overriding
of the tail end by the initial part of the signal is pre-
vented.

The frequency -modulated carrier is now picked up by
the pickup head. This signal is repeated synchronously

O
DISCRIMINATOR0

OUTPUT
0

OSCILLOSCOPE

every 0.1 second. The signal is amplified, demodulated
by a special discriminator circuit, and then applied to
the vertical amplifier of a scope with a 10 -cycle sweep
and locked in. The original transient may now conven-
iently be viewed on the screen as a steady-state signal.

If it is desired to observe a second transient, the press-
ing of the reset button shown in Fig. 1 resets the thyra-
trons. The recording on the tape is obliterated and the
carrier oscillator resumes the recording of the carrier.
The unit is then ready for a new transient. If a record
of the transient is desired it can be photographed, or the
loop of tape may be removed and stored. The recorded
signal on the steel tape may be considered an ideal and
permanent record.

As is well known, every transient pulse may be re-
solved into a set of frequencies having a specific magni-
tude and phase relationship. In order to have a distor-
tionless recording of these transients, both the magni-
tudes and the phase relationships of these components
of frequency must be maintained over an infinite band-
width.

In recording any particular transient, it is practicable
to achieve this ideal for only those frequencies which
carry most of the energy. For extremely sharp pulses,
errors will be made in the steepness of the wave front.
The reproduction will be less steep than the actual wave.

Thus, for a square pulse' of 0.1 second duration, a sys-
tem must be capable of rising to full value in at least
0.01 second, or faster. In addition to rising rapidly to
this value, the system must rise to full value and stay
there. This means that the system must be "critically
damped." In practice this is achieved by making certain
that the system does not cut off sharply but is rounded
at the cutoff frequency.

Furthermore, the linear phase -shift requirement pro-
vides that the low frequencies reach maximum ampli-
tude in synchronism with the high frequencies which
attain this maximum amplitude in the required 0.01 sec-
ond. Thus, the top of the square wave is maintained flat
by the low frequencies, once the high-frequency compo-
nents have achieved this amplitude. If it is desired that
the top of the square wave be maintained flat during the

E. A. Guillemin, "Communication Networks," John Wiley and
Son, New York, N. Y., 1935, vol. 2, p. 486.
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pulse, then the lowest frequency required is roughly 10
times the 0.1 second, or 1 second. In addition, the low
frequencies must not be time delayed relative to the
high frequencies. If relative time shift takes place, then,
even if the system reproduces these lows at correct am-
plitude, instead of the crest of the low frequencies ap-
pearing at the start of the transient, the sloping part
of the cycles will appear, and distortion occurs.

In practice, then, the actual time delay of the high
frequencies versus the lows, (due to the phase shift being
nonlinear) must not exceed 1/20 of the time of the dura-
tion of the pulse.

The above conditions are the requirements for even
crude reproduction of this particular transient of a
square -wave pulse. They serve to show the need for
great care and precision in the reproduction of transients.

Fig 3-A method of recording signals on a magnetic tape.

In order to understand the reason for the use of fre-
quency modulation rather than amplitude modulation
in this recorder, it is first necessary to examine the
method of recording and reproducing signals on a mag-
netic -tape loop in an elementary way.

If a current I flows through the coil of Fig. 3, the in-
duced magnetomotive force

MMF = 0.47n/ gilberts (1)

where n is the number of turns in the coil. The resultant
flux which flows is

Q = MMF[(14 R.)/Ril?.] = MMF/R (2)

where R, the reluctance of the system, is given by the
combined reluctance of the tape itself RI and the reluc-
tance of the air leakage path R. Since the soft iron core
has a permeability 1000 times that of the air, practically
the entire generated magnetomotive force of 0.4irnl
gilberts will be applied across the exposed piece of tape.
The flux through the tape then will be governed by the
properties of the tape. The characteristic hysteresis loop
of the tape material is similar to that of most magnetic
materials, and is shown in Fig. 4. The co-ordinates repre-
sent the flux through the tape and the magnetomotive
force across the ends of the tape element. Since the tape
is fully demagnetized by the obliterating head, it ar-
rives at the recording head in the neutral state shown

at 0. Due to the magnetomotive force, the tape is magne-
tized along the characteristic curve and shifts from the
origin to the position M, depending on the strength of
the field. When it leaves the influence of the magnetomo-
tive force of the pole pieces, a new set of flux conditions
obtain as shown in Fig. 3. This leakage flux causes a
magnetomotive force drop to take place in the magne-
tized section of the tape, and the magnetic condition of
the tape varies along a minor hysteresis loop to the posi-

Fig. 4-Characteristic hysteresis loop, magnetic -tape material.

tion P. When the tape then runs under the playback -
head pole pieces, the loop runs to the short-circuit
magnetic position Q. The flux Q then induces a voltage

E = NdQ/dt X 10-8 volts. (3)

Where N is the number of turns in the pickup and
(dQ/dt) is governed by the speed of the moving -tape
element. On leaving the short-circuiting pole pieces of the

Fig. 5-A 10 -kilocycle recorded signal.

pickup, the tape magnetic condition obtains at T, due
to the fact that the flux in the air medium again assumes
the flux -leakage paths shown in Fig. 3. After a number of
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playback short circuits, a minor hysteresis loop is
asymptotically established at R and from then on the
cycles repeat themselves.

Thus, we see that the linearity of the reproduced sig-
nal is governed by the linear relationship between the
induced magnetomotive force at M and the resulting
induced flux R in the playback head. While this linearity
has been striven for by careful manufacture of the tape,
it has been found that different sections of the tape have
slightly different properties due to rolling, handling, and
composition variations in the material.

If it is desired to reproduce direct -current signals, it
is necessary to use some form of modulated carrier due
to the differentiation which takes place in the pickup
head, as shown by (3). For if direct -current were re-
corded by the recording head according to (2), the play-
back voltage would be zero, since the flux in the pickup
head would be constant as shown by (2).

A typical 10 -kilocycle recorded signal is shown in
Fig. 5. Note the small changes in amplitude of the car-
rier signal along the tape. The figure shows a larger

Fig. 6-Showing amplitude modulations due to cutoff of
higher frequencies.

change in recorded signal at one point. This is due to
the change in properties at the tape joint. This is present
at the point where the tape is welded in order to make a
continuous loop. The region of zero carrier is shown at
the left where the obliterating head has removed the
carrier and the tape is in a neutral state.

If this 10 -kilocycle signal is amplitude modulated,
these deviations in carrier amplitude will appear as
background noise, and the ultimate signal-to-noise ratio
will be governed by the inherent lack of uniformity in
the tape.

However, with the use of frequency -modulation sig-
nals, the error in the amplitude of the signal is avoided,
since the signal on the tape is retained only by the fre-
quency and its rate of change.' Amplitude variations in
the signal do not enter into the playback process, and,
in fact, are carefully removed by severe limiting of the
signal before the operation of the discriminator takes
place. Thus, even the violent amplitude change at the
tape joint is removed. The limitation in the signal-to-
noise ratio for frequency modulation occurs with those

August Hund, "Frequency Modulation," McGraw-Hill Book
Company, New York 18, N. Y., 1943, chapter 1.

factors which involve time errors. Thus, if the tape does
not run at uniform speed or "flutters," then distortion
occurs in the playback.

A second -order error occurs if the tape is very non-
uniform. Then the recording flux jumps ahead or is re-
tarded in the recording and playback process as it seeks
the more permeable part of the tape.

II. FREQUENCY MODULATOR

The selection of the circuits for the modulator is based
on the requirements and limitations of the tape. We set
ourselves the requirement that transients of 0.1 -second
duration were to be measured. A convenient size of
loop of approximately 2.5 feet in length was selected.
This meant that the loop had to travel at about 25 feet
per second. The wavelength of the carrier on the tape
then is X = (25 X12)/10,000 = 0.030 inch.

The pole -piece gap on the pickup head could then be
0.007 inch which would be less than 4 wavelength. If
the pole -piece gap becomes the order of 1 wavelength,
then cutoff takes place due to the neutralizing action
on the head from the out -of -phase components of the
cycle which are recorded on the tape. The highest carrier
frequency is selected, which, when frequency modulated,
would not have the higher frequencies cut off. Actually
the heads do cut the higher frequencies with resultant
amplitude modulations (see Fig. 6). The amplitude
modulations are, however, eliminated in the limiter.
Thus, operation is attained at the highest frequency
before cutoff takes place.

The per cent modulation or modulation factor is
made as wide as possible consistent with linear fre-
quency modulation and demodulation. The wider the
swing, the less the influence of "flutter."

Once the carrier frequency is deteimined, then the
upper limit of modulation frequency which can be re-
produced with reasonable accuracy is set. The limita-
tions are set by the selectivity of the filters and the time
constants of the circuits employed.

There are several methods which are practical for use
as frequency modulators. Each of them has its own par-
ticular advantages and disadvantages. In the laboratory
model two of the types were tried and neither of them
was found to be ideal. Consequently, a new direct -modu-
lator scheme has been developed.

The advantage of using a beat -oscillator scheme
for a frequency modulator lies in the fact that, by
raising the frequencies of the beat oscillators to ap-
proximately 50 times that of the carrier frequency,
excellent linearity can be obtained. However, the effec-
tive drift in the carrier frequency is accordingly exces-
sive. This can be controlled by regulating the power
supply and using a set of push-pull modulator tubes, one
of the tubes acting as a variable inductance and the
other acting as a variable capacitance.' The above sys-
tem is satisfactory but requires an excessive number of

See p. 175 of footnote reference 2.
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Fig. 7-Block diagram of playback mechanism.

R22= 25,000 ohms
R23 = 200,000 ohms
R24= 25,000 ohms

R25= 25,000 ohms
R24= 15,000 ohms
R22 = 250,000 ohms

tubes and circuit components, which rules it out for use
in a portable unit.

A method of modulating a resistance -capacitance
oscillator directly has been reported.4 Here, a variable -
impedance tube places a variable capacitance or resist-
ance across the resistance -capacitance feedback path
and causes frequency modulation in accordance with
changes in the grid voltage. When large frequency
swings are obtained by this method, they are accom-
panied by large amplitude modulations. When the
amplitude modulation is corrected by the use of a
limiter, an excessive number of components is used.

This amplitude modulation is avoided in an alterna-
tive resistance -capacitance frequency -modulation sys-
tem.' Here a ladder -type resistance -capacitance network
is used with triode plates acting as variable resistors in
accordance with the grid bias. When wide swings are
obtained they are accompanied by relatively small am-
plitude modulations. The disadvantage in using this
method is the difficulty in obtaining linearity over wide
swings. Linearity is achieved by employing the non-
linear plate resistance of the triode (with grid voltage)
to compensate for the nonlinear, but opposite, swing in
oscillator frequency with change in the two resistances
to ground.

III. FREQUENCY DISCRIMINATOR

The method of playback to the oscilloscope is shown
in Fig. 7. The frequency -modulated carrier is picked up
by the head and applied at the terminals of a high-gain
class C amplifier. Use is made of class C so that the ob-
literated portion of the tape will have its noise -level
signal suppressed and no signal will be fed to the dis-

4 C. -K. Chang, "A frequency -modulated resistance -capacitance
oscillator," PRoc. IRE, vol. 31, pp. 22-25; January, 1943.

Maurice Artzt, "Frequency modulation of resistance -capaci-
tance oscillators," PROC. IRE, vol. 32, pp. 409-414; July, 1944.
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C 4= 10 micromicrofarads
C15 = 0.003 microfarad
C16 = 50 micromicrofarads
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DISCRIMINATOR
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O

criminator. Thus, a clean indication of the start and
stop of the transient is obtained.

The amplifier overloads, and the signal picked up is

strongly limited. Thus, the signal coming out of the
amplifier is a frequency -modulated carrier wave with
square tops. This signal is then differentiated by C14 and
R22, since the impedance of the capacitor at 10 kilo-
cycles is more than an order of magnitude larger than
the resistance. The square waves are thus converted
into pulses.

The "discriminator" used is a novel and extremely
simple one. It converts each pulse of the carrier fre-

quency into a current pulse whose integral is a constant.
Thus, the more cycles which occur in any one second,
the higher will be the integrated total current over the
interval; in others words, the higher the frequency, the
higher the output current. This relationship is achieved
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Fig. 8-Showing linearity of discriminator characteristic.
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in a linear manner by the use of the thyratron 175 in
Fig. 7. R27 and CH coupled to the thyratron, act in the
usual relaxation manner. However, by means of the
potentiometer R24, the bias on the thyratron is set so
that relaxation oscillation is prevented. When one of
the carrier -frequency pulses is applied to the grid, the
capacitor Cm fires through the tube and discharges itself
completely into C15, since C15 is much larger than C16.
The sharp triggering pulse on the grid is now over, and
the capacitor C1, charges up to the B -supply voltage.

Fig. 9-Oscillogram showing shape of the pulses delivered at the
cathode of the thyratron for a 7 -kilocycle frequency.

The grid regains control, since it is biased to cutoff,
and the tube is ready for the next triggering pulse. The
coulombs delivered to C15 are controlled by the B -supply
voltage and the capacitance of C16. The B -supply is regu-
lated and C1, is an air capacitor, hence the constancy of
the coulombs delivered per pulse is assured.

Fig. 8 shows the linear relationship between input fre-
quency to the discriminator and the output volts as
measured at the cathode of the thyratron. It is interest -

Fig. 10-0scillogram of 14 -kilocycle carrier. Note that the tails are
not fully decayed before interruption.

ing to note that this type of discriminator is untuned
and is linear down to direct current. For direct current
there is zero signal since no pulses arrive at the thyra-
tron. For one cycle per second, one pulse per second is
delivered by the thyratron; for two cycles per second,
two pulses per second are delivered, etc.

Fig. 9 shows the shape of the pulses delivered at the
cathode of the thyratron. The oscillogram is taken for a
7 -kilocycle frequency. The sharp rise is the discharge of
the thyratron and the decay is the usual one for a re-
sistance -capacitance circuit. The tail of the decay curve
limits the highest frequency which can be linearly dis-
criminated. If the tube fired in the middle of the curve,
the capacitor C16 would not be fully charged and there-
fore would not deliver the full number of coulombs. The

curve in Fig. 8 starts to round off at about 14 kilocycles
because of this. Thus, the two resistance-capacitance
circuits used in conjunction with the thyratron deter-
mine the upper limit of linear discrimination. Fig. 10
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Fig. 11-High-frequency response characteristic of
transient recorder.

5000

shows the oscillogram of a 14 -kilocycle carrier where the
tails have not fully decayed before interruption.

Several circuits have been devised which eliminate the
characteristic long tails. These were not used since
higher frequencies are not required in this system, and
also because these circuits called for the use of some ad-
ditional components. In the event that wider frequency -
range transients were to be recorded, there would have
been no choice and the faster circuits would have had
to be employed.

The output of the discriminator thus contains a set of
constant integral pulses which appear at the frequency-
modulated rate. A carefully designed low-pass filter
eliminates the carrier, leaving the original transient.
The filter must have linear phase shift and must be
rounded at the cutoff to prevent overshoot. The fre-

A

Fig. 12-Showing the decay of a typical oscillation.

quency-response characteristic of this filter essentially
governs the frequency -response characteristic of the en-
tire recorder and is shown in Fig. 11. At 1000 cycles the
filter rounds off smoothly. The filter as designed had an
m -derived section with infinite cutoff at 6 kilocycles and
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a constant K section. Each section of the filter is sepa-
rately damped to insure the smooth cutoff characteristic
with no overshoot. Only the high end of the frequency -
response characteristic is shown. The system would go
to direct current except for an input capacitor -resistor

Fig. 13-Transient caused by discharging a capacitor
into a resistor.

Fig. 14-Transient caused by switching.

soosti*Ntillia1:3,
* rititets.

4 4 ilk ?

Fig. 15-Transient caused by spoken syllable "aw."

circuit which starts to cut the low frequencies at 0.01
cycle per second.

In this manner the synchronously repeated transient
is applied to the terminals of the oscilloscope, and a
steady-state view of the transient is obtained.

IV. CONCLUSION

A set of typical transients is shown, to which the in-
strument is applicable. The graphs are composed of
three parts: a 0.01 -second zero -signal base line; the tran-
sient proper; and an obliterated carrier -signal section.
The time base is always 0.1 second. Using this as a base,
the frequency components of the transients may be cal-
culated.

Fig. 12 shows a typical oscilation decay. A battery
was simply switched in to a series inductance -capaci-
tance circuit and the voltage across the coil was applied
at the input terminals of the recorder.

Fig. 13 shows the decay of a charged capacitor into a
resistance. The voltage across the resistance was applied
across the input terminals of the recorder. Note the
sharp rise from the base line and the lack of overshoot
at the peak. This is actually one of the more difficult
transients to record, in spite of the simplicity of the
circuit which yields this transient.

Fig. 14 shows three and one-half cycles applied to the
input of the recorder and then cut out by a switch. This

iNPI\PPPAA

Fig. 16-Transient recording of the start of a single -element
fluorescent lamp.

iev-vvvvvvwV

Fig. 17-Transient recording of the start of two fluorescent lamps.

Fig. 18-Showing the timing of a photo -flash lamp.



Fig. 19-Reproduction of 10 -cycle -per -second square wave.

is the type of transient which obtains in an ideal resist-
ance weld.

Fig. 15 shows the build-up time of the transient
caused by the spoken syllable "-aw-" as in the word
"bawl." A microphone and amplifier were connected to
the recorder, and the transient recorded includes the
start of speech to the steady-state sound. With the same
hookup, the low -frequency transients of loudspeakers
could be observed.

Fig. 16 shows the transient recording of the start of a
single -element fluorescent lamp. A photocell was placed
directly across the input of the recorder and the lamp
was simply turned on. Note the lower efficiency of the
initial cycles. Note also that from the base line the
flicker is about 75 per cent.

Fig. 17 shows a repeat of Fig. 16 except that two

Fig. 20-Showing the response of transient recorder to a
100 -cycle -per -second square wave.

lamps are used. Since the lamps do not start simultane-
ously, only the steady-state light is shown. Note that
the flicker as shown relative to the base line is now 30 per
cent. Included in the recording is the step impulse of
the direct -current light.

Fig. 18 shows the timing of a General Electric No. 5
photo -flash lamp with the same photocell connections as
above.

Fig. 19 shows the reproduction of a 10 -cycle -per -sec-
ond square wave. Actually, the response of the system is
shown to a step impulse since the 10 -cycle frequency is
slow enough to cover the tape loop in one cycle.

Fig. 20 shows the response of the system to a 100 -
cycle -per -second square wave.

Glossary of Disk -Recording Terms
HOWARD A. CHINNt, SENIOR MEMBER, I.R.E.

INTRODUCTION

DURING 1941 the Engineering Committee of the
National Association of Broadcasters formed a
Recording and Reproducing Standards Commit-

tee for the purpose of formulating standards for elec-
trical transcription and recordings made for radio
broadcasting. Sixteen technical standards and good
engineering practices were adopted' and are now fol-
lowed by the industry.

A number of other items were under study by sub-
committees and one additional item was completed be-
fore the war interrupted all activity in this field. The
item in question is a glossary of disk -recording terms
prepared by Subcommittee III and approved by the
Executive Committee. This material has never been
published, however, and in view of the potential post-
war interest in recording, it seems opportune that the
glossary be made available generally, particularly since

* Decimal classification: R030 X621.385.971. Original manu-
script received by the Institute, February 23, 1945; revised manu-
script received, May 18, 1945.

t Columbia Broadcasting System, Inc., New York, N. Y.
L. C. Smeby, "Recording and reproducing standards," PROC.

I.R.E., vol. 30, pp. 355-356; August, 1942.

it is not believed that material of this type exists else-
where in the literature.

The members of the subcommittee which prepared
the glossary consisted of H. A. Chinn, Columbia Broad-
casting Syftem, Inc., Chairman; E. J. Content, WOR;
C. Lauda, World Broadcasting System; and G. E.
Stewart, National Broadcasting Company.

GLOSSARY OF TERMS PERTAINING TO CONSTANT -

ROTATIONAL -SPEED DISK RECORDING

Abrasive: The grinding material sometimes incorpo-
rated in record stock for the purpose of shaping the
needle point to fit the groove properly.

Acetate disks: Various acetate compounds used for
solid and laminated (which see) disks. The term is often
erroneously used to describe cellulose -nitrate discs
(which see).

Advance ball: A rounded support (often sapphire)
attached to the recording head which rides on the discs
to maintain a uniform mean depth of cut by correcting
for small variations in the plane of the disc surface.

Angle of groove: The angle from wall to wall of an
unmodulated groove in a radial plane perpendicular to
the surface of the disk.

760 Proceedings of the I.R.E. November, 1945
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Backed stampers: A thin, metal matrix (which see)
which is attached to a backing material, generally a
metal sheet 1/8 inch to 1/4 inch thick.

Binder: A resinous material which causes the various
materials of a record compound to adhere to one an-
other.

Biscuit: A small slab of the stock material, from
which records arg pressed, as it is prepared for use in
the presses.

Blank groove: A groove upon which no modulation is
inscribed.

Burnishing surface (of cutting stylus) : The portion of
the cutting stylus directly behind the cutting edge which
smooths the groove.

Burnishing tool: The stylus sometimes used to smooth
the groove of a recording.

Cake wax: A thick disk of wax (which see) upon
which an original recording is inscribed.

Capacitor pickup: A phonograph pickup which de-
pends for its operation upon the variation of its capac-
itance.

Carbon -contact pickup: A phonograph pickup which
depends for its operation upon the variation in the re-
sistance of carbon contacts.

Cellulose -nitrate disks: See lacquer disks.
Center hole: The hole in the center of the record,

which fits the center pin of the turntable.
Center pin: The shaft protruding from the center of

the turntable used for centering the record.
Chip: The material removed from the disk by the re-

cording stylus in cutting the groove.
Christmas -tree pattern: A term sometimes used in

referring to the optical pattern (which see).
Condenser pickup: See capacitor pickup.
Constant amplitude: Recordings wherein all fre-

quencies of the same intensity are inscribed at the same
amplitude.

Constant velocity: Recordings wherein frequencies of
a given intensity are inscribed with the same maximum
velocity of the cutting stylus.

Core: The central layer or basic support of certain
types of laminated disks. (See laminated and lacquer
disks.)

Crossover frequency: See transition frequency.
Crossover spiral: Same as spread groove (which

see).
Crystal pickup: A pickup which depends for its opera-

tion on the piezoelectric effect of certain (generally
Rochelle salt) crystals.

Cutter: An electromechanical transducer which
transforms electric energy into mechanical motion
which is inscribed into the original record by the cutting
stylus. Also known as recording head.

Cut double (triple, etc.): Make two (three, etc.)
original recordings simultaneously.

Cutting stylus: The cutting tool which cuts the groove
into the original record.

Damping: See mechanical damping.

Drive pin: A pin similar to the center pin, but located
to one side thereof, which is sometimes used to prevent
the record from slipping on the turntable.

Drive -pin hole: A hole in the record which fits over
the turntable drive pin.

Dubbing (in a cutting stylus): Same as burnishing
surface (which see).

Dubbing (in recording): A recording made by re-
recording from one or more records.

Dulling: Forming the burnishing surface of the
cutting stylus.

Duping: To make duplicates by re-recording.
Dynamic pickup: A phonograph pickup in which the

electrical output results from the motion of a conductor
in a magnetic field.

Eccentric circle: A blank, locked groove (which see)
whose center is other than that of the record (generally
used in connection with mechanical control of phono-
graphs).

Eccentricity: The eccentricity of the recording spiral
with respect to the record center hole.

Fast spiral: A blank, spiral groove having a pitch
that is much greater than that of the recorded grooves.

Feedback cutter: A cutter provided with a feedback
circuit (separate from the driving circuit) in which a
voltage, for inverse feedback to the driving amplifier,
is induced by the movement of the cutting stylus.

Filler: The bulk material of a record compound as
distinguished from the binder (which see)..

Flowed -wax platter: Disk base (usually metal) upon
which wax is flowed.

Flutter: Frequency modulation caused by spurious
variations in groove velocity.

Frequency record: A record upon which have been
recorded various frequencies throughout the desired
frequency spectrum.

Groove: The track cut in the record by the stylus.
Groove contour: The shape of the groove in a radial

plane perpendicular to the surface of the record.
Groove speed: See groove velocity.
Groove velocity: The linear velocity of the groove

with respect to the stylus.
Grouping: Nonuniform spacing between grooves.
Guard circle: An inner concentric groove inscribed on

a record to prevent reproducer from being damaged by
being thrown to the center of the record.

Hill -and -dale recording: See vertical recording.
Hot plate: A heated table used for (a) softening the

biscuits of record material prior to placing them in the
press or (b) making flowed waxes.

Instantaneous recording: A recording which may be
used without further processing.

Label: The identification markings on paper or simi-
lar material, at the center of the record.

Lacquer disks: Disks, usually of metal, glass, or paper,
which are coated with a lacquer compound (often con-
taining cellulose nitrate) and used either for "instan-
taneous" recordings or lacquer masters.
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Lacquer master: A term improperly applied to a
"lacquer original" (which see).

Lacquer original: An original recording on a lacquer
disk which is intended to jbe used for the making of a
metal master.

Laminated record: A disk composed of several layers
of material. Normally used with one thin facer on each
side of a core.

Land: The record surface between two grooves.
Lateral compliance: The ability of a reproducing

stylus to move laterally with respect to the record
groove while in the reproducing position in a record.

Lateral recording: A recording in which the groove
modulation is in the plane of the record and along a
radius.

Lead screw: The threaded rod which leads the cutter
or reproducer across the surface of the disc.

Lead-in spiral: A blank, spiral groove at the begin-
ning of a record, generally having a pitch that is much
greater than that of the recorded grooves.

Locked groove: A concentric, blank groove at the end
of modulated grooves whose function is to prevent
further travel of the reproducer.

Magnetic pickup: A reproducer employing an arma-
ture placed in a magnetic field and coupled mechan-
ically to the reproducing stylus. An electric potential is
generated in a coil placed in this field when the stylus is
actuated by the modulated groove of a record.

Master: The negative produced from the original re-
cording (which see).

Master stamper: A master used as a stamper to make
pressings.

Matrix: The negative from which duplicate records
are molded. (See also stamper.)

Mechanical damping: The mechanical resistance
which is generally associated with the moving parts of a
cutter or a reproducer.

Metal master: The metal negative produced directly
from the original recording.

Metal negative: Same as metal master (which see).
Metal mold: Same as matrix (which see).
Mother: A positive produced directly from the metal

master or negative.
Needle (reproducing needle): A replaceable repro-

ducing stylus (which see).
Needle drag: Same as stylus drag (which see).
Needle pressure: Same as stylus pressure (which

see).
Optical pattern: The pattern which is observed when

the surface of a record is illuminated by a beam of
parallel light.

Orange peel: Mottled surface of a defective disc
having an appearance similar to the skin of an orange.

Original recording: See lacquer original and wax
original.

Overcutting: Excessive level in recording to an extent
that one groove cuts through into an adjacent one.

Pickup: A mechanicoelectrical transducer which is

actuated by the undulations of the record groove and
transforms this mechanical energy into electrical
energy.

Pinch effect: A pinching, or in some cases a lifting of the
reproducing stylus, twice each cycle in the reproduction
of lateral recordings, caused by the recording stylus
cutting a narrower groove when moving across the
record while swinging from a negative to a positive peak.

Playback: An expression used to denote the immedi-
ate reproduction of a recording.

Poid: The curve that the center of a sphere traces
when the surface of the sphere is rolling along a sine
wave.

Postemphasis: The complement in reproduction of
pre -emphasis (which see).

Pre -emphasis: A method of recording whereby the rel-
ative recorded level of some frequencies is increased
with respect to other frequencies.

Pressing: A record produced in a record -molding
machine from a matrix or stamper.

Processing: Making the master, mother, and matrix
(which see).

Recording head: Same as cutter (which see).
Re-recording: A recording made from the reproduc-

tion of a recording. (See also dubbing.)
Reference recording: Recording of a program or other

material made for the purpose of checking same.
Reproducing stylus: The "needle" or jewel which fol-

lows the undulations in the record groove and trans-
mits the mechanical motion thus derived to the pickup
mechanism.

Rumble : Low -frequency vibration mechanically
transmitted to the recording or reproducing turntable
and superimposed on the reproduction.

Safety: A second recording, made simultaneously
with the original, to be used for duplication should the
original be damaged.

Shaving: Process of removing material from a wax
disc of recording material to obtain a plane surface.

Shell or shell stamper: A thin metal matrix (generally
0.015 to 0.020 inch thick).

Spew: The excess record material which is ejected
from the record press in the manufacture of pressed
records.

Spread groove: A groove, with greater than normal
pitch, cut between recordings of short -time duration,
thus separating the recorded material into bands while
still enabling the reproducing stylus to travel from one
band to the next.

Sputtering: A process sometimes used in the produc-
tion of the metal master, wherein the wax or lacquer
original is coated with an electrical conducting layer by
means of an electrical discharge in a vacuum. Some-
times called cathode sputtering.

Stamper: A negative (generally made of metal) pro-
duced from the mother (which see) and from which the
finished pressings are molded. (See also matrix.)

Stylus drag: The expression used to denote the effect



of the friction between the record surface and the re-
producing stylus.

Stylus force: Effective weight of reproducer or force
in vertical direction on stylus when it is in operating
position.

Stylus pressure: Term sometimes erroneously used to
denote effective weight of reproducer or stylus force
(which see).

Stylus weight: Actually stylus force (which see).
Surface noise: The noise reproduced in playing a

record due to rough particles in the record material
and/or irregularities in the walls of the groove left by
the cutting stylus.

Throw -out spiral: A blank spiral groove at the end of
a recording, generally at a pitch that is much greater
than that of the recorded grooves.

Throw -out tail: End of throw -out spiral (which see).
Tracing distortion: A harmonic distortion introduced

in the reproduction of records because of the fact that
the curve traced by the center of the tip of the repro-
ducing stylus is not an exact replica of the modulated
groove. For example, in the case of a sine -wave modula-
tion in vertical recording, the curve traced by the center
of the tip of a stylus is a "poid" (which see).

Tracking error: The angle (in a lateral recording) be-
tween the vertical plane containing the vibration axis of

the mechanical system of the reproducer and a vertical
plane containing the tangent to the record groove.

Transition frequency: The frequency at which the
change -over from constant -amplitude recording to con-
stant -velocity rkording takes place.

Translation loss: The loss in high -frequency repro-
duction which occurs as the groove velocity decreases.

Turnover frequency: Same as transition frequency
(which see).

Vertical compliance: The ability of a reproducing
stylus to move in a vertical direction while in the repro-
ducing position on a record.

Vertical recording (hill -and -dale recording): A re-
cording wherein the groove modulation is in a plane
tangent to the groove and normal to the surface of the
record.

Vertical stylus force: See stylus force.
Wax: A blend of waxes with metallic soaps (also see

cake wax).
Wax master: A term improperly applied to a "wax

original" (which see).
Wax original: An original recording on a wax surface

for the purpose cf making a metal master.
William (or willy): A negative produced from a

mother to produce still another mother.
Wow: A low -frequency flutter (which see).

The Servo Problem as a Transmission Problem*
ENOCH B. FERRELLt, SENIOR MEMBER, I.R.E.

Summary-The purpose of a servo is to reproduce a signal at a
place or power level or form different from the original signal, but
under its control. It is therefore a signal -transmitting system. It uses
negative feedback to minimize noise and distortion, which the servo
designer usually calls error. It uses mechanical and thermal circuit
elements as well as electrical circuit elements, but the problems of
circuit design are the same.

The methods of Nyquist and Bode, which have proved so useful in
the design of electrical feedback amplifiers, are equally useful in the
design of servo systems. They encourage the determination of the
significant constants of the system by experimental means involving
steady-state amplitude measurements.

INTRODUCTION

rri HE PURPOSE of this paper is twofold: first, to
point out that many mechanical problems, servo
problems in particular, can be handled by the

circuit -analysis and circuit -design techniques of elec-
trical engineering which the communication and radio
engineers have developed to such a high degree; second,
to encourage those faced with servo problems to study
either the original papers or Nyquist and Bode on this
subject or some of the more recent literature in text-
books or handbooks.

* Decimal classification: 621. Original manuscript received by
the Institute, March 26, 1945.

f Bell Telephone Laboratories, Inc., New York, N. Y.

The purpose of a servo system is to reproduce a signal
at a place, or at a power level, or in a form that is differ-
ent from the original signal, but is under its control. It
is, therefore, a signal -transmitting system. It uses nega-
tive feedback to minimize noise and distortion. All this
can be said just as well about a telephone repeater, a
public-address amplifier or an intermediate -frequency
amplifier. The servo signal is usually mechanical. The
circuit elements are motors, gears, or thermostats. The
noise and distortion are called error. But the basic
problems of stability, bandwidth, and linearity are just
the same. And the simple, straightforward design tech-
nique that is based on circuit theory, and that has been
used so successfully with negative -feedback amplifiers,
is just as simple and straightforward when used with
servo systems.

Let us talk in terms of an example. Suppose we have
an input shaft. It may be a steering wheel, or a tuning
knob, or the shank of a thermostat. It takes on various
positions and motions. We want to reproduce those posi-
tions and motions at an output shaft, which may be a
rudder, a tuning capacitor, or a fuel valve.

This varying motion is a signal in just the same sense
that a varying electrical voltage or current is a signal. It
is a function of time. We may study it by the method of

November, 1945 Proceedings of the I.R.E. 763



764 Proceedings of the I.R.E. November

transients; or we may analyze it by Fourier's method
and talk about its spectrum.

We find immediately one important difference be-
tween this signal and those we are accustomed to handle
in speech and television. It is a low -frequency signal. It
nearly always includes direct current. (Why not bor-
row the phrase, direct current, and apply it to an un-
varying mechanical velocity!) Its spectrum seldom
extends above a very few cycles per second. Often the
highest frequency of interest is even less than a tenth
of a cycle per second.

In our example, let us connect the input shaft to the
brush of a potentiometer. If the potentiometer is ex-
cited by a battery, our output will be an electromotive
force that is proportional to the displacement of the
input shaft. Let us devise a name for the constant of
this proportionality. We commonly call the ratio of a
mechanical force to a mechanical displacement a stiff-
ness. We commonly call the ratio of an electrical force
to an electrical displacement an elastance, the re -

Rc=

I
Fig. 1-A signal -transmission system.

BY = Smiu01/1(S/i,o) + R
= Smi.4.91/ IS + PR + p2.1].

ciprocal of capacitance. The usual symbol for elastance
is S, which recognizes its similarity to stiffness. Let us
combine these concepts of stiffness and elastance, and
apply them to the ratio of an electrical force to a me-
chanical displacement. We will say the potentiometer
has a stiffness. Since the force and displacement are
measured on opposite ends of this circuit element, we
call it a mutual stiffness Sm.

E = S,01. (1)

Now let us apply this electrical force to the armature
of a direct -current motor. The motor now generates a
torque (a mechanical force) that is proportional to the
input voltage (an electrical force). We may treat the
ratio of these two forces as we would a numeric, and
call it the amplification factor of the motor.

T = (2)

The circuit is shown in Fig. 1.
Let us compare the potentiometer, the motor, and a

conventional amplifying tube. They all require some
bias or excitation : a power supply for the potentiometer,
a field for the motor, and a plate battery for the tube.
All three have input terminals, though the input ter-
minal of the potentiometer is mechanical. All three have
output terminals, though the output terminal of the

motor is mechanical. All three generate a proportional
force, but it does not necessarily appear at the output
terminals. To measure it we must prevent motion by
connecting an infinite impedance. This means open cir-
cuiting the potentiometer and the tube, and stalling the
motor. With all three, the ratio of generated force to
input tends to be constant with good design. All three
have an internal resistance. It can be measured as the
ratio of open -circuit voltage to short-circuit current, or
stalled torque to free running speed.' In all three, the
internal resistance tends to vary with amplitude.

Now let us connect the motor to a load. In this gen-
eral discussion we will ignore reduction gears just as we
would ignore an output transformer. The impedance of
the load mesh may include a stiffness, such as a spring
that restores the output shaft to zero. It will include a
resistance that is the sum of the motor's internal resist-
ance and the friction of the load. It will include an in-
ertia that is the sum of the motor inertia and the load
inertia. We can write the familiar differential equation
relating displacement, impedance, and force

SO + R(dO/dt) J(d20/dt2) = T. (3)

Its solution is also familiar?

6 = T/[(S/jw) R+ jab (4)

With the operational circuit notation we go from one of
these equations to the other by the simple algebraic
manipulation of using p for the derivative operator d/dt,
using the same p for the reactance operator jw, and then
interpreting the results in whichever way makes sense.
This is fairly reasonable, even to the nonmathematical
engineer, since d/dt represents (on an incremental basis)
division by time, and jw represents (with phase shift)
multiplication by frequency which is the reciprocal of
time.

We will rewrite (3) and (4)

SO + Rpo Jp20 = T (3')

pe = T/Rs/ p) R pJ] (4')

0 = T4S pR p2J]. (5)

This appearance of the resistance in association with p,
or jw, is really not surprising. Suppose we had neither
stiffness nor inertia, and that we tested the system with
a small alternating input. The output velocity would
follow the input. At very low frequency it would run up,
and then wipe out, a large displacement in each cycle.
At higher and higher frequencies, this cyclic displace-
ment would be less and less. Moreover, the displace-
ment will lag 90 degrees behind the input, because it is
a maximum at the instant when the input and the veloc-
ity have returned to zero. When we are discussing dis-
placement, resistance introduces both phase shift and
dependence on frequency.

1 W. L. Everitt, "Communication Engineering," McGraw-Hill
Book Company, New York 18, N. Y., 1937, p. 46.

2 is used to represent angular velocity and w is reserved for 2711.
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We have an output motion that does reproduce the
,input signal if a constant spring stiffness is the control-
ling term in the denominator of (5). But if coR or cosJ
becomes significant, we get what the radio engineer
calls "frequency discrimination." If the circuit ele-
ments are not constant, we get what the radio engineer
calls "distortion." There may be extraneous disturb-
ances that create "noise." Because of the low frequencies
involved, these unwanted components can be observed
directly, and we are conscious of their instantaneous
values. So we call them error.

One way to reduce noise and distortion, or error, is by
negative feedback. Suppose we mount the potentiometer
body on the output shaft, while leaving the arm on the
input shaft, as shown in Fig. 2. The input to the po-

I
0,

Fig. 2-A feedback system.
= - s,,µ,/[S pR + p23]

02= Az(0,- 02)
AO = 0/µ.

02

tentiometer is now the difference between the input and
output displacements. This is usually called the error
signal.

= - 02. (6)

We shall arrange polarities so that the error signal,
when transmitted through the potentiometer and
motor, tends to reduce itself to zero.

This circuit is shown in Fig. 2. The potentiometer
voltage is now dependent on both input and output dis-
placements.

E = S,(01- 02) (7)

T = S,,um(01- 02)

02 = Smtim(01 02)/ LS pR +

Let us introduce a new term, the loop amplifications

-µ = - S,µ,/ ES pR (10)

If we break the shaft between the motor and the po-
tentiometer body, and displace the potentiometer end
of the shaft some small amount, this signal will be trans-
mitted around a loop through the potentiometer and
motor and back to the break, where it will appear as a
displacement just -µ times the displacement that was
started. We could just as well break the wires between
potentiometer and motor. A signal, now a voltage,
started at the break would be transmitted around the

3 In the discussion of feedback it is customary to call the loop
amplification 110. In this example, because of the xlirect feedback
connection, /1= -1. In many servo systems, ft has other values.

(8)

(9)

loop and return as -pi times the voltage that was
started.

Let us rewrite (6)
AO = 0/µ. (11)

This means that the error will be small if ti is large. If
we make pc large enough we need not distinguish be-
tween input and output in computing error. For this
reason the subscript on 0 is omitted in (11). If we make
pi large enough, we can tolerate, in the active amplifier,
much of what we would call poor quality.

We can even omit the real stiffness on the output
shaft, and greatly simplify the mechanical design. This
makes S=0. In the remainder of this discussion we will
consider S to be zero. This makesµ reactive, and the
error will be out of phase with the signal. But if pi is
large, the error will be small.

Let us evaluate this error more carefully. Let us re-
write (10)

= (Jowl/ [P(P coin (12)

where coo =S.µ,./R, w, =R/J, and S=0. The value of
µ is plotted in Fig. 3. If we put this value of µ in (11),

AO = (p0/coo) [p20/(wino)]. (13)

Equations (10) and (12) were in such a form that p
could be easily interpreted as the reactance operator jcu.
Equation (13) is in such a form that p can be easily
interpreted as the differential operator.

AO. = (0/coo) + P/ (0116)0 1- (13')

This shows the error to be composed of two parts: one
proportional to velocity, and one proportional to ac-
celeration. Both are dependent on the loop gain, and
can be expressed in terms of two simple constants.

The loop gain has been plotted in Fig. 3. At low fre-
quencies, where motion is limited by the resistance,
velocity is proportional to error and independent of fre-
quency, while displacement is inversely proportional to
frequency. We have made the curve into a straight line
by plotting the logarithm of amplitude ratio against the
logarithm of frequency. Since doubling the frequency,
which corresponds to an octave in music, results in
halving the displacement, which is a 6 -decibel loss to
communication engineers, we say this low -frequency
part of the curve has a slope of -6 decibels per octave.
The intercept of this section of the curve is coo. This coo is
a useful measure of the low -frequency gain, and hence
of the smallness of the error. In many designs, the in-
ertia takes effect at some frequency less than coo, say at
cot. Here the curve steepens to -12 decibels per octave,
because the acceleration is proportional to the error,
and hence the output displacement is inversely propor-
tional to the square of frequency. If this section starts
at col, its intercept will be at the geometric mean of
coo and coi. Thus our errors depend on these intercepts of
the loop gain curve; the larger the intercepts are, the
smaller the errors will be.

The curve of Fig. 3 is, of course, an idealized curve.
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In practice, there ai e still steeper sections at higher fre-
quencies where other reactances take effect. Examples
of such reactances are the inductance of the motor wind-
ing, and the shunt capacitances in vacuum -tube ampli-
fiers that may be inserted between the potentiometer
and the motor. The true curve is not a series of straight-
line segments, but a smooth curve that rounds off the
corners between them. .

LOG. FR EOu ENCY

Fig. 3-Simple loop -gain characteristics.
A = coocol/EMP A- oh)]

AO = e/A = (0/coo) ± (P20/wowl).

We have examined error. Let us examine the other
main element in servo design, stability. If we combine
(9) and (10), we obtain

02 = /1(01 - 02)

= [AM + /2)]01. (14)

We have been working with the idea that if ti is numer-
ically large, then 02 and 01 are very much alike. But sup-
pose the absolute value of pi is 1. This occurs at the
intercept of the loop gain curve. The reactances that re-
duced the gain will also produce phase shift. Suppose
that at the loop -gain intercept, the phase shift is just
180 degrees. Now µ has the value -1. In (14), 02 may
now have a finite value, while 01 is zero; that is, at this
intercept frequency we get an output with no input. The
system oscillates. Because the frequency is so low, we
sometimes say the system hunts. By analogy to an oscil-
lating audio -frequency amplifier we may say it "sings."

To emphasize the mechanism of the oscillation, we
say it sings around the loop. We designed the loop with
a phase reversal at low frequencies. If we had an error,
it was propagated around the loop and, because of this
reversal, annulled itself. But at this singing frequency,
the reactances have introduced an additional phase re-
versal, and when the error gets around the loop it tries
to reinforce itself. If the return signal is larger than the
original error, the error grows until it is limited by over-
loading in the system. If the return signal is weaker
than the original error, the error will die out and dis-
appear. The weaker the return signal, the faster the
error will decay.*

This leads us to describe two margins of safety that

H. Nyquist, "Regeneration theory," Bell Sys. Tech. Jour., vol.
11, p. 126; January, 1932.
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we needs At gain crossover, which is the frequency for
which the amplification is unity and the gain is zero,
we need a phase margin. And at Phase crossover, which
is the frequency for which the return signal is in phase
with the error, we need a gain margin. It is good design
practice to have a gain margin of 10 to 20 decibels and
a phase margin of 40 to 60 degrees.

In Fig. 4, the curve marked "gain I" shows the loop
gain for a typical servo system. In this case the po-
tentiometer was excited with alternating current, and
between the potentiometer and motor were a vacuum -
tube amplifier, a detector, and a filter. The filter caused
the additional steepening of the gain curve at high fre-
quencies.

In Fig. 4, the curve marked "phase I" shows the loop -

phase characteristic. It is of considerable importance
that if the gain characteristic is known, the phase char-
acteristic can be computed from it.' This means that if
we can make amplitude measurement of the loop gain
as a function of frequency, we can compute our phase
margins. It means even more: if we can determine the
loop gain at one frequency, and if we can determine the
various "corner frequencies" at which the gain curve
changes slope, then we can draw both curves completely
and determine both gain and phase margins.

1LL

I
-

PHASE I

GAIN MARGINS

LOG FREQUENCY

PHASE MARGINS

\\\

Fig. 4-Loop characteristics
I. before equalization

II. after equalization.

o db
180 °

Bode gives general formulas relating gain, phase, and
frequency. In most servo designs, it is easy to compute
the characteristics of each independent part separately
and then simply add them together; that is, it is easy if
the circuit constants are known. Too often the servo
designer attempts his design without knowledge of these
circuit constants. Their determination should be a first
step in the design. These circuit constants include me-
chanical inertia, mechanical resistance, the mutual or
conversion stiffness of potentiometers, and the amplifi-
cation or torque factor of motors, as well as the more
familiar electrical constants.

6 H. W. Bode, "Relations between attenuation and phase in feed-
back amplifier design," Bell Sys. Tech. Jour., vol. 19, pp. 421-455;
July, 1940.

6 There exists a notable exception to this statement, but it seldom
annoys the servo designer. See footnote reference (5).



In Fig. 4, curves I have been drawn with satisfac-
tory margins but with low intercepts and hence large
errors. To reduce errors at low frequencies we can in-
crease the gain, for example, in the vacuum -tube ampli-
fier. But this will destroy the margins and cause singing
at some higher frequency.

Can we introduce a phase -correcting network that
will improve the phase margin and permit the use of
more gain? Yes, we can. And, by analogy to amplifier
and wire transmission practice, we will call that net-
work an equalizer. The basis of this equalization is as
follows: Bode has shown that, with the exception al-
ready noted, phase shift is associated with the slope
of the gain curve in the amount of 15 degrees of phase
shift for each decibel per octave of slope. To have a 45 -
degree phase margin we must have, in addition to the

initial reversal, a phase shift of 135 degrees. This must
be associated with a slope of 9 decibels per octave.

In Fig. 4, curves II show the gain and phase of a
servo loop after equalization. Here loss was introduced
at a frequency just below the 6 -to -12 corner of the orig-
inal curve. This was done by means of a shunt capacitor
in a direct -current part of the system. It gave a steeper
slope and more phase shift. Then a resistance was put in
series with this capacitor so that we would get a flat loss
at higher frequencies and recover the lower phase shift.

It will be observed that in the region of gain cross-
over we have a moderate slope in the gain curve and
hence a safe phase margin. But at a little lower fre-
quency, we have a steep section. This has raised the
low -frequency end of the curve, thereby giving us a
large low -frequency ,u, and hence small errors.

A Very -High -Frequency Aircraft Antenna for the
Reception of 109 -Megacycle Localizer Signals*

. BRUCE E. MONTGOMERYt MFMBER, I.R.E.

Summary-A brief review of an instrument landing system is
given to show where the localizer antenna fits into the over-all scheme.
The localizer-antenna requirements are stated, and definitions that
apply to this antenna are given. A description of an antenna that
meets the specified requirements is given, including curves that show
its performance over a ground plane. Patterns taken in flight on a
twin -engine transport plane are included.

INTRODUCTION

N INSTRUMENT landing system for aircraft
may be made up of three parts: first, a localizer
transmitter to provide horizontal guidance; sec-

ond, a glide -path transmitter to provide vertical guid-
ance; and third, marker transmitters to provide spot
checks on the progress of the aircraft towards a success-
ful landing. The localizer is placed a short distance off
the far end of the airport runway on which the landing
is to be made and projects its course down the center
of this runway. The glide -path transmitter is located
near the localizer and projects its sloping course in
proper relation to the localizer course. The intersection
of the planes of the localizer and glide -path courses
is the line the aircraft follows to a landing. Marker
transmitters are placed at two points on the landing
path. One of them is several miles from the edge of the
airport and the other is at the airport edge. These trans-
mitters project beams upward, and through a suitable
receiver aboard the aircraft notify the pilot of his posi-
tion.

This paper will confine its attention to the antenna
mounted on the aircraft to receive the localizer signals.

* Decimal classification: R525. Original manuscript received by
the Institute, March 22, 1945; revised manuscript received, June 8,
1945.

t United Air Lines, Chicago, Illinois.

In the process of finding a suitable antenna, a number
of types were investigated. Photographs and a descrip-
tion of the successful antenna developed and curves and
data showing its performance are included.

The successful antenna must meet the following re-
quirements:

1. The size, weight, and aerodynamic drag must be
kept to a minimum.

2. A band of frequencies from 108.3 to 110.3 mega-
cycles must be received.

3. The antenna must be sensitive to horizontally
polarized waves only.

4. The output from the antenna delivered to the re-
ceiver must not be more than 10 decibels below the
the standard dipole described later in this paper.
This must hold throughout the band described in
(2).

5. The pattern in the horizontal plane must be free
from variations in output greater than 6 decibels
for any heading in relation to the signal source.
This requirement is to be met over a plane con-
ducting surface. Maximum pickup should occur
fore and aft.

Requirement (1) is obvious without discussion. Re-
quirement (2) was determined by the frequency -band
assignment made for localizer operation. Requirement
(3) was fixed by the type of polarization used in the
transmitting antenna. Previous investigation1,2 had

1 C. H. Jackson and J. M. Lee, "Preliminary investigation of the
effects of wave polarization and site determination with the portable
ultra -high -frequency radio range," CAA Tech. Devel. Report 24,
February, 1940.

P. C. Sandretto, "Principles of Aeronautical Engineering,"
McGraw-Hill Book Company, Inc., New York, N. Y., 1942, pp. 80-
83.

November, 1945 Proceedings of the I.R.E. 767
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shown horizontally polarized waves to be superior to
those of vertical polarization. Requirement (4) was de-
termined as follows: Flight tests were made with differ-
ent antenna models. One of these models gave the mini-
mum acceptable range for reception of localizer signals.
The pickup of this antenna was then compared to the

zo"

GROUND PLANE HERE

92 -

BALANCED TRANSMISSION LINE TO RECEIVER

Fig. 1-Schematic diagram of the U antenna.

pickup of the standard dipole under standard test condi-
tions and its output was found to be 10 decibels below
the output of the standard dipole. Requirement (5) is
necessary because the aircraft may be heading in any
direction when first picking up the localizer course. The
6 -decibel variation is an arbitrary figure arrived at after
flight tests had shown that some variation could be ac-
cepted if it were not excessive.

REVIEW OF THE LITERATURE

Because of the relative newness of the very -high -fre-
quency and instrument landing arts, there is little pub-
lished information available on antennas of a type suita-
ble for mounting on aircraft.

Alford and Kandoiana describe several types of loop
antennas suitable for aircraft use. Their discussion is
mainly limited to a mathematical derivation of the elec-
trical properties, however.

Bennett' describes a similar loop antenna actually
used on an aircraft in an instrument landing system. It
is a horizontally mounted antenna, bent in the shape
of a circle, and connected to a balanced transmission
line in much the same manner as are the Alford loops.

DEFINITIONS

The gain of an antenna is defined as the output in
decibels delivered at the antenna mid -band frequency

Andrew Alford and A. G. Kandoian, "Ultra -high -frequency
loop antennas," A.I.E.E. Tech. Paper, January, 1940.

4 Robert P. Bennett, "Radio Signaling System," United States
Patent No. 2,221,939, November 19, 1940.

using the output of the standard dipole as a zero -decibel
reference. All gain measurements are made with the
front of the antenna under test pointing towards the
signal source.

The selectivity of an antenna is the output in decibels
delivered over a frequency band using the output of the
standard dipole at mid -band frequency as a zero -decibel
reference. All selectivity measurements are made with
the front of the antenna under test pointing towards the
signal source. The signal -source -antenna current (at a
current maximum) is held constant at all frequencies
in the band.

The horizontal space pattern of an antenna is the plot
of the output in decibels delivered at mid -band as the
antenna is rotated through 360 degrees. The front of the
antenna is taken as the 0 -degree heading and the output
at 0 degrees is used as the zero -decibel reference output.
The space pattern may be taken over a plane conducting
surface, and will be referred to as the free space pattern,
or it may be taken on an airplane and here it will be
referred to as the airplane space pattern.

THE U ANTENNA

This antenna meets the requirements set up in the
preceding paragraphs. It is so named because its active
pickup elements are in the shape of a U. It is mounted
horizontally with the base of the U forward. It is
shown schematically in Fig. 1. The antenna may be re-
garded as a quarter -wave resonant line that has been
partially opened, or it may be regarded as a half -wave
antenna partially folded. A current maximum occurs
at a, and voltage maxima at bb'. There are points cc'
across which the antenna resistance is equal to the char-
acteristic impedance of the transmission line to the re-
ceiver. Fig. 2 shows an experimental model with the

SHORTING BAR

Fig. 2-A laboratory model of the U antenna.

supporting mast removed to show the construction of
the folded center section of the antenna. The height of
the mast is 94 inches and the length of the U is 20
inches.

The U antenna in Fig. 2 was adjusted to have an
input resistance of 230, 500, and 800 ohms (at point cc'
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in Fig. 1) and a selectivity curve was made for each
condition. A balanced line of 200 -ohm characteristic im-
pedance was connected between the antenna and a
source of radio -frequency energy. Standing waves were
measured on this line and adjustments were made on
the antenna to produce the required impedance. For in-
stance, a standing -wave ratio of 2.5 with a voltage
minimum a quarter wave from point cc' indicates a 500 -
ohm antenna resistance..

The selectivity curves were made as follows: A re-
sistor whose impedance was measured as 201 -I-j15 ohms
at 110 megacycles was connected in place of the source
of radio -frequency energy. Radiations were received on
the antenna and the voltage developed across the load
resistor was measured at several frequencies. These
curves are shown in Fig. 3. The important points here
are that as the input resistance of the antenna increases

0105
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Fig. 3-Selectivity curves of the U antenna.

the output decreases at resonance, and the curve broad-
ens. If fairly constant output is desired over a band
several megacycles wide it is desirable to increase the
antenna input resistance when the load, as represented
by the receiver input, closely matches the line. If the
load does not match the line, this method of broadening
the antenna selectivity curve is not recommended, since
the line will present a complex impedance to the an-
tenna that will be a function of the length of the line.
This may produce an undesirable shift in the selectivity
curve of the antenna.

The zero -decibel output level in Fig. 3 is the output
delivered to the load resistance when a horizontal half -
wave dipole 18.5 inches high is substituted for the U
antenna. This is the standard dipole to which previous
reference has been made.

The free space pattern of the U antenna is shown
in Fig. 4. It was made by rotating the antenna about a
vertical axis while receiving energy in a field of constant
intensity.

An improved laboratory model of the U antenna is
shoWn in Fig. 5. The pickup arms are covered by poly-

styrene tubing, and the fore part of the antenna is cov-
ered by a housing formed from polystyrene sheet. The
assembly is mounted on a streamlined mast.

Since this antenna must, when mounted on an air-
plane, receive signals under all types of flying condi-
tions, a spray test was conducted to determine the ef-

iso

Fig. 4-Free space pattern of the U antenna.

fect of wetting the antenna while receiving signals. The
antenna was mounted in position and transmitted en-
ergy received on it. The output when dry, wet under
spray, wet-no spray, arms only wiped dry, and the

Fig. 5-An improved laboratory model of the U antenna.

entire antenna wiped dry was recorded. Arm coverings
of one-half and three-quarter inch diameter polystyrene
and one -inch diameter bakelite tubing were used. Table
I shows the result of these tests.

The following conclusions can be drawn from these
data: most of the decrease in output is caused by water
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TABLE 1

Type of Arm Covers
Entire

Antenna
Wet Under

Spray

Entire
Antenna
Wet-No

Spray

Arms Only
Wiped Dry

Entire
Antenna

Wiped Dry

No Cover
Decibels

-4.3 Decibels
-2.2 Decibels- Decibels

-0.5
1/2 -inch diameter
polystyrene -3.4 -1.7 -0.3 0

3/4 -inch diameter
polystyrene -3.5 -2.9 -0.7 -0.35
1 -inch diameter
bakelite -2.3 -0.8 - 0

on the arms; the water on the housing has little effect;
the largest diameter covering gives the best results.

One determination made that is not shown in Table I
is the loss introduced by the one -inch -diameter bakelite
tubes. The bakelite covers caused a 5 -decibel decrease
in output as compared to no covers, while the polysty-
rene covers caused little or no decrease in the output.

(/ ANTENNA INOUNTaG
POSITIONS

POSITION AI
REAR EDGE OF P'/LOTS'

ESCAPE MATCH

POs?/ow
TOP OF FUSELAGE
ABOVE LAVATORY

BOEING 2470
TWIN -ENGINE ALL -METAL

TRANSPORT 4/RPLAIVE

Fig. 6-Antenna mounting positions for Figs. 7, 8, 9, and 10.

This information indicates that an arm covering of
relatively large diameter is desirable, if loss in output

15 MILES
TO TRANSMITTER

15 MILES
TO TRANSMITTER

AIRPLANE
BANK IN
DEGREES

Fig. 8-Airplane space pattern of the U antenna obtained when
flying a tight circle with the antenna mounted in position 1,
Fig. 6.

due to water is to be avoided, and that polystyrene is a
satisfactory material, while bakelite is not.

AIRPLANE
BANK IN
DEGREES

10 M LES
TO TRANSMITTER

41"

Fig. 7-Airplane space pattern of the U antenna obtained when Fig. 9-Airplane space pattern of the U antenna obtained whenflying a flat circle with the antenna mounted in position 1, Fig. 6. flying a flat circle with the antenna mounted in position 2, Fig. 6.



1945 Montgomery: 109 -MC Localizer-Signal Receiving Antenna 771

It was also found that all types of arm covers lowered
the resonant frequency of the antenna by approximately
3 megacycles. This means that removal (in service) of
the arm covers, due to breakage, will cause a serious de -
tuning of the antenna that may result in 8 or 9 decibels
loss.

The airplane space pattern of the U antenna is of
interest. Patterns on an all -metal twin-engined Boeing

10 MILES
TO TRANSMITTER

AIRPLANE
BANK IN
DEGREES

Fig. 10-Airplane space pattern of the U antenna obtained when
flying a tight circle with the antenna mounted in position 2, Fig. 6.

247D airplane are included for two mounting positions:
the rear edge of the pilots' escape hatch and the top of
the fuselage above the lavatory. Fig. 6 shows these two
mounting positions. Flight tests were made which re-
sulted in Figs. 7, 8, 9, and 10. To obtain data for these,
circles were flown at 10 to 15 miles from the transmitter
operating on 109.5 megacycles. The direction to the
transmitter is shown by the arrow on each figure. On
each antenna two circles were flown. One was a flat
circle (the airplane was generally banked less than 20

degrees) and the other was a tight circle (the airplane
was generally banked more than 40 degrees).

These patterns are interpreted as follows: the strength
of the signal delivered to the receiver is given by the
length of the radial line from the center of the graph to
any point on the curve. The flight path of the airplane
is indicated by the airplane outline and arrow on each
illustration: For instance, in Fig. 7, the strength of the
signal received, when the airplane is in the position
shown, is proportional to the length of the line from the
center of the graph to the curve measured along the
radial passing through the wings of the airplane. The
numbers appearing near the curve indicate the angle of
bank at that point in the circle. When the airplane was
in the position shown, the angle of bank is seen to be 17
degrees. The direction of arrival of the received signal
at the airplane is 230 degrees, where 0 degrees is the
direction in which the airplane is heading.

Fig. 11-The military version of the U antenna.

Figs. 7, 8, 9, and 10 are representative of the patterns
that are obtained from this type of antenna when
mounted on an airplane. Considerable irregularity is
observed. The pattern in three dimensions is quite ir-
regular since the shape of the pattern is shown to be in-
fluenced considerably by the angle of bank in which the
airplane is flying. No attempt has been made to predict
the pattern that any particular mounting position might
give. Even after obtaining a pattern, it is sometimes
found that the pattern is contrary to what is expected.
For example, in Fig. 7, more signal is obtained when the
airplane is flying across course with the left wing raised
in the transmission path than when the airplane is fly-
ing in the opposite direction with the wing lowered out
of the transmission path. It is probable that the lowered
wing, which is large in relation to a wavelength, is re-
flecting some energy into the antenna, and that the path
length is such as to cause partial cancellation when com-
bined with the direct wave at the antenna. Generally



speaking, the antenna should be mounted on or near
the center line of the airplane. Better results are usually
obtained with the antenna mounted on top of the
fuselage, although satisfactory results may be ob-
tained with mounting on the underside of the fuselage
if nonradio factors require it.

Fig. 11 shows the AN -100-A antenna. This U an-
tenna has the pickup arms supported in a molded -
rubber head which does introduce some loss but pro-
vides good mechanical support. The aerodynamic drag
produced by this antenna is about 5 pounds at 200 miles
per hour. This will cause the speed of a transport plane
of the DC -3 type to be reduced less than one-half mile

per hour. This antenna was produced in quantity by
Communication Equipment and Engineering Company,
of Chicago, Illinois, for the Army Air Forces.
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A Proposed Standard Dummy Antenna for
Testing Aircraft -Radio Transmitters*

CHANDLER STEWART, Jig, ASSOCIATE, I.R.E.

Summary-A new type of dummy antenna employing a 35 -foot
roll of coaxial cable and a power indicator is described. It roughly
simulates the impedance characteristics of an actual aircraft antenna,
which is used over the range of 2 to 30 megacycles. Its impedance
characteristics are not appreciably affected by mechanical shock,
humidity, ageing, etc. Power measurements can be made with it
over a wide impedance range with a single indicating instrument.
The impedance presented to the transmitter terminals is unaffected
by lead geometry, ammeter impedances, etc. Its power -dissipating
capability is limited by the flow temperature of the cable dielectric,
and is of the order of 125 watts.

INTRODUCTION

THE RESISTANCE of a fixed -wire aircraft an-
tenna over the range of the usual communication
frequencies from about 2 to 20 megacycles is

quite likely to vary as much as from 1 to 10,000 ohms,
and the reactance from -5000 to +5000 ohms." (See
Fig. 1). Even greater impedance variations than these
are common with certain types of fixed aircraft an-
tennas. Consequently, the output -impedance tuning and
loading range requirements of aircraft -radio transmit-
ters which are designed to operate with any of these an-
tennas must meet especially stringent requirements.
Since it is inconvenient to test transmitters by connect-
ing them to typical aircraft antennas and determining
whether they will deliver the required power output
over the required frequency range, and since such a test
method would cause serious and unlawful interference
with actual communications, it has been common prac-
tice to use dummy antennas for this purpose.' -8 Such

* Decimal classification: R525 XR327. Original manuscript re-
ceived by the Institute, April 25, 1945; revised manuscript received,
June 20, 1945.

"I Headquarters, Air Technical Service Command, Wright Field,
Dayton, Ohio.

I P. J. Holmes, "Aircraft antennas characteristics," Electronics,
vol. 15, pp. 46-48; December, 1942.

2 G. L. Haller, "Aircraft antennas," PROC. I.R.E., vol. 30, pp.
357-362; August, 1942.

3 H. Salinger, "A dummy -dipole network," PRoc. I.R.E., vol. 32,
pp. 115-116; February, 1944.

dummy antennas have consisted of networks of lumped
resistance and reactance, whose complexity depended
upon the bandwidths and the extent to which the dum-
mies simulated real antennas.

Testing of aircraft -radio transmitters with dummy
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Fig. 1-The characteristics of impedance versus frequency for a
typical aircraft -communication antenna.
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antennas of this type has been subject to the following
limitations:

(1) Simple two- or three -element networks are not
capable of simulating the half -wave and odd quarter -
wave impedances of a real antenna at both high- and
low -frequency regions of the communication band of 2
to 20 megacycles.

(2) The more complex networks must be large physi-
cally,because of the high voltages each element must stand.

(3) The complex networks are difficult to construct
in a way that will insure close adherence to a standard
impedance characteristic under conditions of normal
use. This is an especial problem at integral half -wave-
length (maximum -impedance) regions, where a discrep-
ancy in the reactance of a capacitor or inductor of only
one per cent (due either to manufacturing tolerances or
to subsequent shifts in physical characteristics due to
normal handling) could easily double or triple the ter-
minal impedance of the dummy.

(4) Due to the extremely wide resistance ranges in-
volved, power measurement over the required frequency
range has necessitated a set of three or four ammeters,
and has required great care to avoid damaging the
lower -range meters by overload.

(5) Because the impedance "seen" by the transmitter
depends upon the geometry of the connecting leads and
the ammeter impedance, as well as the terminal im-
pedance of the dummy antenna, tests on exactly similar
transmitters with the same type of dummy have fre-

50

R.F WATTS
APPLY CORRECTION FACTOR

Special power scale for diode indicator.

quently yielded widely differing results.
In order to reduce these limitations and to simplify

the problem of standardization on a single type of
dummy antenna for testing aircraft -radio transmitters
operating in the range of from 2 to 30 megacycles, a
new type of dummy antenna is proposed.

Although this proposed dummy antenna has fixed
characteristics which represent only one type of air -

TERMINALS FOR
CONNECTION TO

TRANSMITTER

341-8. COIL OF RADIO FREQUENCY
CABLE RG-7U CHARACTERISTIC
IMPEDANCE -100 OHMS HALF
WAVE RESONANT FREQUENCY -12.0
MEGACYCLES

LOW POWER SWITCH
FOR 1-12.5 WATT RANGE

WESTON MODEL 425 RF MILLIAMMETER
(0-100 MILLIAMMETERS) OR EQUAL.
RESISTANCE APPROX 8 OHMS.
DIAL SCALE MARKED 0-125 WATTS.

Fig. 2-Schematic diagram of the proposed dummy antenna,
employing a thermomilliammeter power indicator.

craft antenna, its maximum and minimum resistance
and reactance values approach the limits encountered
in nearly all aircraft antenna in its frequency range.
Therefore, all types of aircraft transmitters for these
frequencies must be capable of operating satisfactorily
at these impedance limits. For many of the same rea-
sons that a standard dummy antenna has been estab-
lished for testing receivers,4 a standard dummy antenna
for aircraft -radio transmitters seems desirable.

4 I.R.E. "Standards on Radio Receivers," 1938.

RADIO TRANSMITTER
I TURNS "20 A.W.G.-\
TINNED COPPER '

Fig. 3-Schematic diagram of the dummy antenna, with a diode power indicator.

1. Approximately 31 feet of radio -frequency cable RG-7/U for
connection to the transmitter under test.

2. High -voltage coaxial connector.
3. High -voltage coaxial connector.
4. Approximately 31 feet of radio -frequency cable RG-7/U with

the outer insulating jacket removed. The total length of the
cable is such as to resonate at 12 megacycles.

5. Copper heat -radiating fins.
6. Resistance R1, approximately 4000 ohms.

7. Connection for oscilloscope or modulation monitor.
8. Adjustable capacitance, approximately 1 to 1 micromicro-

farad.
9. Radio tube, type 1S5.

11. No. 6 dry cell.
12. By-pass capacitor, 500 micromicrofarads.
13. Filament switch.
14. Voltmeter multiplier.
15. Microammeter, with special power scale.



Proceedings of the I.R.E.
November

10,000

1,000

v.) 100

Ox

U..1 10

ZU

o
ec

0
z

10

U
z
1--

0 100
(/)

ANTENNA CHARACTERISTICS
DUMMY ANTENNA TS -381 (XAVU

.01M

1111110111101711114111111

M. UNIMMEAMEMEMIEMIllilMinfainglialgaMMENI
10111:1=1 VISIMIMM11

uneardrimardraum

1,000

IIIIK11111111111111111111111111
OS

inummumumunumo
111=11MMINISF 111.= gsmgmummi.

NMELIMINIMMILIEM

MMMMM

0 4 8 12 16 20 24 28
FREQUENCY - MEGACYCLES

Fig. 4-The characteristics of impedance versus frequency
for the proposed dummy antenna.
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34.5' RF CABLE RG-7/U
Fig. 6-Correction factor to be applied to the power indications of

the diode power indicator of Fig. 3.

DESCRIPTION

This dummy antenna, which is designed to simulate
roughly a typical 40 -foot fixed aircraft antenna, con-
sists of approximately 34.5 feet of radio-frequency cable
RG-7/U. Most of this length is stripped of its outer in-
sulating jacket, and wound around a form with metal
heat -radiating fins between turns. One end of this cable
is connected to the transmitter under test, and the
other through a small series capacitor to a power in-
dicator, such as a shunted radio -frequency milliam-
meter or a diode voltmeter, as shown in the alternative
circuit arrangements of Figs. 2 and 3, respectively.

The impedance characteristic is shown in Fig. 4. Note
the similarity between the impedance characteristics of
this dummy and of the typical aircraft antenna shown
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in Fig. 1. A correction, such as shown in Figs. 5 and 6, Subtracting (6) from (5) yields
must be applied to the power indications. Pf (WM = (1/2) [(G/coC) - (RAIL)]. (7)

MATHEMATICAL THEORY OF THE DUMMY ANTENNA Combining (3) and (7) produces
I. Definitions of Terms Zo = -VL/C/Pf - (a/p), (8)

a =attenuation constant of cable in nepers per foot
which, by definition, becomes

=wavelength constant of cable in radians per foot I Z.1 /P1 - (a/$). (9)
C=distributed capacitance of cable in farads per

foot In practice it will be found that

= power -indicator series capacitance in farads Pf << 1 (1'0)

CA= total diode shunt capacitance and
7 =a+j0 a/P «1, (11)

El =radio -frequency voltage input to diode, root -so that the following approximation of (9) is accurate:
mean -square

Er= radio -frequency voltage at open end of cable, I Z. I {1 +.i[Pf (a/13)]}- (12)

root -mean -square Combining (2) and (8), and applying (10) and (11)
f = frequency of applied voltage in cycles per second yields

G =distributed conductance of cable in mhos per foot = wCZ/. (13)

I, = current at open end of cable =0 From transmission -line theory?
I,= current input to cable in amperes Z., = Zo coth 71. (14)

1=total length of cable in feet Substituting

n = a whole integer, such that fll - nr = 0
N = attenuation constant of cable in decibels per 100

(12) in (14) yields,
a

[1 j (Pf
/3

by definition of 7,
(sinh 2a/ -j sin 2$l)

(15)
2(sinh2 cri+sin2

feet
P = power input to cable in watts The cable used will be short enough for

Pi= power factor of cable dielectric al <<1 (16)
R= cable -conductor resistance in ohms per foot and since (10) and (11) also apply, the following ap-
R1=effective diode input resistance in ohms proximations are justified, from (15):

R.=maximum input resistance of cable in ohms
R,=input resistance of cable in ohms

Rooco =angular velocity of input voltage in radians per

Z0[2a1+ (Pf - a/P) sin 2811
= (17)

2 Ral)2 sin' 13/1
second = 2rf and

X. = maximum input reactance of cable in ohms X., = (- Z. sin MO/ {2 [(a/) 2 + sin2 01]}. (18)

X.,=input reactance of cable in ohms 3. Regions Far from Half -Wave Points
Z.= complex characteristic impedance of cable in

ohms For frequencies such that

I Z. I = absolute magnitude of cable characteristic im-sin 131>> al, (19)

pedance, in ohms (17) becomes

Zoe = input impedance of cable in ohms =R0, -1 -PC.. Roo (al/sin2 pi) + - (a/13)] cot NI (20)

2. Derivation of Cable Open -Circuit Impedance and (18) becomes
X, = - Z. cot 01. (21)

From basic transmission -line theory,' the following
group of formulas may be obtained: 4. Regions Near Integral Half -Wave' Points

such that
- nr 0 (22)

For frequenciesa = (1/2)(GNIRC RfCTL), (1)

= coN/L-C, (2) where
and n > 1, (23)

Zo = s./L/C/(1/2) [(G/wC) - (RAZ)]. (3)
sin 81 = $1 - nr, (24)

From basic capacitor theory,' (17) becomes
G = PfX, (4) [Pf(13/- nr)-1-(a/fl)nr11/ [(ai) 2+ (fit -nr)2] (25)

and
Pf = G/wC. (5) and (18) becomes

Dividing (1) by (2), - Zo(f// - nr)}/ { (al) 2 + - tir)2}. (26)
a/P = (1/2) [(G/c0C) (RAZ)]. (6)

The values of $1 for maximum resistance are obtained
1W. L. Everitt, "Communication Engineering," McGraw-Hill

Book Company, New York 18, N. Y., 1937, p. 118. by equating the first derivative of (25) to zero. In this
I F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill

Book Company, New York 18, N. Y., 1943, p. 110. 7 See p. 159, equation (46), of footnote reference 5.
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case, the assumptions of (10), (11), and (22) permit the
following approximation:
(dR,,)/(d,5l)

-2f-.12Zoaln1r[(n7r/i3l) -1]} / [(al)2 + ((3l - nr)2]2 = 0, (27)

from which
13l = nr.. (28)

The value of the maximum resistance is obtained by
substituting (28) in (25)

= Z./ al. (29)

The values of 01 for maximum reactance are obtained by
equating the first derivative of (26) to zero
(dX,)/(di3l)

= Z0[01- n102- (a1)21/ [(a1)2 _ nr)212=

from which
- na = + al. (31)

The value of the maximum reactance is obtained by
substituting (31) in (26)

X. ^ ± Z./(2al). (32)

It is interesting to note that, from (29) and (32),
Rmax_r=--' 2Xm.. (33)

5. Power Input to Open-CircuitedCable
From transmission -line theory,8

= Ir cosh yl (E,./ Zo) sinh yl. (34)

Since, for an open -circuited cable, Ir=0, this becomes,
by definition of 7,

= (E,./Z,)(sinh al cos Si j cosh al sin al), (35)

from which, applying (16),
/.12 = (Er2 z o2) Re 2 sing

P = I ./.12/?....

Substituting (17) and (36) in (37) yields
P = (Er2/Zo) { al + [P1 - (a/ 13)] [(sin 213/)/2] ). (38)

6. Calibration of Diode Indicator
C,

0
Fig. 7-Equivalent radio -frequency circuit of the diode voltmeter.

Application of basic -theory to the diode -voltmeter
circuit, shown in Fig. 7, yields

Er/El = I 1 + (Cpk/Ci) - (j/wCiRj) I (39)

which, substituted in (38), produces
P = Ei2/Zo[al - (Pf - a/a) (sin 2#/)/2

 (1 + Cpk/C1)2[1 + 1/ [o., (CI + Cpk)R1]2]. (40)

EXPERIMENTAL PROCEDURE AND RESULTS

The impedance characteristics of this dummy an-
tenna, as shown in Fig. 4, were calculated from formulas
(20), (21), (25), and (26), and verified by direct meas-

See p. 159, equation (46), of footnote reference 5.

(30)

(36)

(37)

EtR

T
I( toCPKRE

urements with General Radio radio -frequency bridges
type 821 and type 916, and with Boonton Q -Meter type
160A. The curve of cable open-end voltage of Fig. 8 was
obtained from (38) and verified experimentally.

200

15 00

000

2 3 4 5 7 10 15 20 30

FREQUENCY IN MEGACYCLES

Fig. 8-Open-end voltage of the 34.5 -foot length of radio -frequency
cable RG-7/U with 100 watts input.

It is apparent that, since the power into the dummy is
proportional to the square of the open-end voltage, and
since the deflection of a thermocouple -type milliam-
meter is proportional to the square of its current, inser-
tion of such an instrument into a linear network receiv-
ing voltage from the cable open end would result in a
deflection proportional to power. However, since this
deflection is also a function of frequency, as shown in
Fig. 8, a correction must be applied to the meter de-
flection. In order to minimize the magnitude of this cor-
rection, a search was made for a coupling network which
would have a transfer impedance versus frequency char-
acteristic similar to the curve of Fig. 8. Several com-
binations of shunt and series capacitors were tried, and
their response determined experimentally. The results
of tests on some of these are shown in Figs. 9 and 10. It
was found that the inductive reactances of the type of
small mica shunt capacitors used were of the same order
of magnitude as their projected capacitive reactances
and the meter resistances, and that these reactances
were considerably affected by the geometry of the con-
nections to the meter terminals, the lead lengths, etc.
Consequently, it was neither possible to measure the
capacitor characteristics nor to calculate response
curves such as those of Figs. 9 and 10. Since the 1900-
micromicrofarad curve of Fig. 9 appeared most nearly
to match the curve of Fig. 8, this capacitance was used
in an experimental model of the dummy, although
thermomilliammeters of different manufacture, shunted
by other values of capacitors, may yield curves equally
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as suitable. The correction -factor curve of Fig. 5 was
obtained from these data for this arrangement, which
used a special linear scale which was attached to the
radio -frequency milliammeter.

An alternative power indicator is shown schematically
in Fig. 3. It employs a vacuum -tube voltmeter, whose

200` 1

150

--I

7.

6MINIIIIMMIL
5CI

40

3d

2 3 4 5 6 7 8 9 10 15 20 .30

FREQUENCY IN MEGACYCLES

Fig. 9-Calibration of Weston model 425 0-125 radio -frequency
milliammeter No. 128502 in a capacitive network. Direct -cur-
rent resistance =8.2 ohms.

frequency response is given by (39). The power calibra-
tion of this indicator versus frequency, in contrast to
that of the previously described thermomilliammeter
circuit, can be calculated, and (40) can be used for this
purpose. Since the deflections of this meter are propor-
tional to voltage, the dial scale must have power indica-
tions proportional to the square of the deflection. This
permits a considerably greater power range on one scale
than does the thermomilliammeter arrangement.

A third 'possible power -indicating arrangement, con-
sisting of is thermomilliammeter capacitively coupled to
the cable at a point about one fourth the way from its
open end, would be simplest to design since lead induc-
tances or meter resistances would not affect its calibra-
tion. However, this was not the subject of any ex-
perimentation at this time, because of the limited range
of frequencies over which satisfactory indications could
be obtained.

Power -dissipation tests were made on this dummy,
employing twenty copper fins, each eight inches square.
At an ambient of 71 degrees centigrade, with 125 watts
input, a maximum rise of 18 degrees centigrade was
encountered, which is well within the safe limits for
polyethylene. The latter does not distort appreciably
at 100 degrees centigrade.

Complete data on the effect of temperature on the

input impedance has not been collected as yet. One
manufacturer has stated that the cable characteristic
impedance can be held to within two per cent of a
nominal value of 100 ohms, so that, from (17) and (18),
it would seem that the input impedance of the dummy
antenna could also be held to within close limits.
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Fig. 10-Calibration of a radio -frequency milliammeter
in a capacitive network.

CONCLUSIONS

This proposed standard dummy antenna appears to
have the following advantages over other types used in
testing aircraft -radio transmitters:

(1) It more nearly simulates the impedance char-
acteristics of an actual aircraft antenna over a wide fre-
quency range than does any other simple device yet
proposed.

(2) The impedance characteristics are not appreci-
ably affected by mechanical shock, humidity, aging, etc.

(3) Power measurements over extremely wide im-
pedance ranges can be obtained with a single indicating
instrument.

(4) Since the cable connects directly to the terminals
of the transmitter under test, without any opportunity
for lead geometry variation and without any input am-
meters, the impedance "seen" by the transmitter is es-
sentially that given by a curve such as that of Fig. 4.

For general use in the field, the diode indicator is

probably preferable to the thermomilliammeter type,
since it permits a considerably greater power range, and
replacement meters and capacitors need not meet as
strict impedance requirements, permitting the use of

standard components.



Some Considerations Concerning the Internal
Impedance of the Cathode Follower*

HAROLD GOLDBERGt, SENIOR MEMBER, I.R.E.

Summary-The behavior of the cathode follower working into a
load consisting of R and C in parallel is investigated for step -function
and sine -wave input. It is found that the tube is easily cut off for
applied voltages which are decreasing functions of time. The condi-
tions for which the tube is conductive for decreasing applied voltages
are derived. They are severe for step -function input but not for sine -
wave input. The influence of tube parameters, supply voltages,
applied -voltage wave form and amplitude, and load conditions are
analyzed. Design recommendations are suggested which increase
the conductive range. It is pointed out that these recommendations
are of value even if conditions for conduction during all operating
situations cannot be satisfied.

IT IS WELL known that the internal, or source im-
pedance presented by the cathode follower is
R./(11+1) or 1/(Gm+Gp). Since Gm is large in com-

parison with G., the expression is usually given as
1/Gm. While it is obvious that the tube can present
such a source impedance only if it is conducting, it
is an error to assume that the follower is conducting
as long as proper direct operating voltages are applied
and the grid -to -ground, or driving voltage, does not
become more negative than the grid cutoff voltage of
the tube. This error may be commonly made because
the steady-state direct voltage necessary to cut the fol-
lower off is the grid cutoff voltage of the tube.

E:

Fig. 1-General circuit.

Experience with the behavior of the cathode follower
driving a load consisting of R and C in shunt and driven
by a rectangular wave soon shows that care must be
taken to prevent cutoff during the times the driving
voltage is decreasing. One sees evidence of tube cutoff
even though the driving voltage to ground is far from
cutoff. This may also happen with a sinusoidal driving
voltage, but not to such a great degree. The reason, of
course, is that the cathode -to -grid voltage of the fol-
lower may exceed cutoff even though the driving voltage
does not, and this behavior is a function not only of the

 Decimal classification: R132. Original manuscript received
by the Institute, November 9, 1944; revised manuscript received,
January 30, 1945. Presented, National Electronics Conference, Chi-
cago, III., October 6, 1944. (The Chicago Section of The Institute of
Radio Engineers was one of the sponsors of the National Electronics
Conference.)

f Bendix Radio Division, Bendix Aviation Corporation, Balti-
more, Md. Formerly, Stromberg-Carlson Company, Rochester, N. Y.

operating voltages applied to the tube, but of the wave
form and amplitude of the driving voltage, the charac-
teristics of the load, and the tube parameters.

It is the purpose of this paper to analyze the condi-
tions under which cutoff takes place and to point out
what factors govern this action. An ideal triode has been
assumed, that is, one whose current equation may be
written ip= (µE.-FE)G as long as i is nonnegative.
It may be said that such a choice is highly idealized,
and that the nonlinear behavior in the region of cutoff
should be taken into account, since this paper is con-
cerned with the effects of cutoff. It turns out, however,
that the choice of the ideal equation and its sharp
cutoff characteristic predicts results which are qualita-
tively checked by experiment even if the quantitative
results may be in error because of this idealization.
Furthermore, the idealization leads to linear differential
equations which may be solved, while the nonidealiza-
tion leads to nonlinear differential equations whose
solution may be very difficult. The final justification of
the assumption is that it leads to information which is
of value just as the ideal triode equation has led to
valuable results many times, where it was not strictly
justified.

The choice of load, R and C in parallel, may seem
somewhat restricted too, but it covers a large number
of applications of the follower. It serves to point out
the dangers of too indiscriminate use of the follower and
shows that the follower is not the panacea for all ills,
as it sometimes seems. This paper is not intended as a
comprehensive treatment of the action of cathode fol-
lowers, but is presented as an analysis of one aspect of
the operation of these devices.

The analysis will be concerned with an ideal triode
connected as a cathode follower to a cathode load con-
sisting of R and C in shunt. A direct plate -supply voltage
is provided and a driving voltage is superimposed on a
direct grid -supply voltage to ground. The operation is
analyzed for a step voltage which instantaneously
raises the grid -to -ground voltage, a step voltage which
instantaneously lowers the grid -to -ground voltage, and
a voltage which is a sinusoidal function of time. The
first two driving voltages are of interest because of their
applications to rectangular waves and pulses. The
sinusoidal driving voltage is of traditional interest and
also throws light to the operation of the so-called
"infinite -impedance" detector.

The discussion will be based on the following deriva-
tions and set of definitions (see Fig. 1):
E.= the instantaneous voltage between cathode and grid
E,, = the instantaneous voltage between cathode and

plate
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R = the dynamic plate resistance
Gp=11Rp
Gm = the grid -plate transconductance

IA = the amplification factor
G,=1.1G

e= 2.7183, the base of natural logarithms
ip = the instantaneous cathode current in the arrow di-

rection
ic = the instantaneous capacitor current in the arrow

direction
e.= the instantaneous capacitor voltage in the arrow

direction
Eb= the steady plate-supplyvoltage in the arrow direction
E2= the steady input voltage in the arrow direction
el =the amplitude of the sinusoidal input voltage in the

arrow direction

It will be convenient to define four more quantities
which occur frequently in the analysis.

E* =12E2d-Eb
El* =11E2 -120E2+ Ell
R.=RRpl[R-FRO.4-1-1)] R, is the parallel combina-

tion of R and the internal impedance of the cathode
follower Rp/(µ +1)

S=coCR.
The basic equation for the ideal triode is

ip = (AE, Ep)Gp. (1)

Since the tube is a nonlinear device, all subsequent
equations involving the tube must be restricted as
follows: The plate current of the tube in the arrow direc-
tion is identically zero unless 0; E-. 0. These condi-
tions state that the effective plate voltage is never
negative and that the plate or cathode current is never
negative. In every case, effects due to transit time will
be neglected.

The following circuit equations may now be written:
i = G p[- P.E2 pei cos w(t - to) - Ed (2)

e, - (ip = 0 (3)
ie = - Cde,/dt. (4)

Solutions for G and i, may be written in the form
ee = ale-g(t-to) + /31 cos [w(t - to) - 01] + 31 (5)
ip = ate-act-to) + 132 cos [w(t - to) + 02] + 32. (6)

Substituting (5) and (6) in (2), (3), and (4) and equat-
ing the coefficients of like functions of t gives

81. = R.E*/Rp (7)

62= ReE*/RRp (8)

a2 = - 1)aap (9)
g = 1/CR. (10)

Nl = p.el.R./R,1/1+ S2 (11)

/32 = meiR s2R2/Re2ARR,N/1 + S2] (12)

01 = tam-' S (13)

02 = tan -1 S(R/R. - 1)/(1 + S2R/Re). (14)

This gives

ec= al r(e-to)/CRe+ (Se1R Rp'Vld-S2) cos [w(t- to) -01]
R ,E* (15)

ip = [ (A+ 1)al/Rp (e ti))/CR.

(Fell? e/ [RRp-Vld-S2])-V1-1-S2R2/ R.2}

 cos [w(t- /0)+02]+ R 8E* / (16)

These solutions hold for all i's greater than or equal to
to. al may be determined from the initial conditions at to.
At to, the capacitor voltage is assumed to be ea al is
then obtained from

al = ea - R,E*/Rp - lied?. cos 01/(Rp-V1 + S2) (17)

since cos 01 = 1/.\/1 + S2
al = Go - ReE*/Rp -tteiReaRp(1+ S2)]. (18)

These equations assume that the tube is conducting;
i.e., that ip is not negative. If the tube is not conducting,
the equations become

ee = ecre-(t-r)ICE for T S t (19)

where ea. is the capacitor voltage at time T.
Case 1: The investigation will be for a step -function

voltage or voltages applied to the grid, plate, or com-
bination (see E*). While it may seem that this case is
somewhat trivial, it is applicable to certain types of
sweep circuits and serves to point out certain features
of the operation of the cathode follower. The internal
impedance of the follower is also a direct consequence
of the treatment of this case. (See Fig. 2.)

E1J
ect TC

Fig. 2-Circuit, case 1.

For this case we have
Re=14/(2-1-1)=1/(G.+Gp) (20)

g=(2+1)/CR,
e.= [ea- E* /(2±1)]e-(0+1) (1-10) /CRp+Ely (2+ 1)

(21)
(22)

iP= (µ+1)[ea-E*1(.0-1)]/Rp}e-G,+1)(t-80)1cRp (23)

It is at once evident that unless ea is less than
E*/(kt-F1), nothing happens when E* is applied to the
tube. If ea is equal to or greater than E*/(1+1), the
current must be zero or negative. For either of these
cases, the current is zero. This states that the capacitor
may be charged under certain conditions to a voltage
higher than its initial voltage, but may never be dis-
charged. It is evident that discharge would require the
transfer of electrons from plate to cathode. The charge
is exponential with a time constant CRp/(A +1). From
the analogy of a capacitor charging through a resist-
ance R, which gives rise to a time constant CR, the
tube may be seen to act as a resistance Rp/(µ +1) or
1/(Gm+Gp). This may be called the internal impedance
of the cathode follower. The effective voltage of the
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follower as a generator is given by E*/(µ +1). It is evi-
dent that the tube conducts only when the applied step
function results in voltages on the tube which allow
conduction. If any charging of the capacitor takes
place, it will be because the tube conducts, and the
charge will be an exponential function of time. The
equilibrium, or steady state, is reached when the tube
ceases to conduct.

This entire behavior, except for the time constant of
the charge, may be predicted without deriving the equa-
tions. The current in a capacitor charged through a
resistor is a unidirectional exponential pulse which grad-
ually approaches zero as the capacitor voltage ap-
proaches its final value. Furthermore, a capacitor can-
not charge to a voltage greater than that which will
render the tube nonconducting in the circuit of Fig. 2.
These two facts demand that the capacitor charge ex-
ponentially to a final value which just requires zero cur-
rent in the tube.

Case 2: In this case, R is finite. The investigation is
again for a voltage which is applied stepwise in time to
the circuit. If E* is applied to the circuit at to, and eco is
the capacitor voltage at this instant, the circuit equa-
tions are, fort > to
ec = (eco - LE*/ R)e-(t- to) ICR. ReDyR, (24)
iv = { [- (.1 1)(eco - ReE*/.14)]/Rp/e- (t-to) 'CR.

± ReE*/RRp. (25)
The charge is again seen to be exponential in nature.
The time constant is CR,. In this instance, the internal
impedance of the follower in parallel with R forms the
resistive part of the time constant. If eco is less than
RE*/ R, the capacitor charges upward to the final
value R.E*114 and ip is never negative. It is evident
from (25), however, that eco may also be greater than
R.E*/R without requiring i to be negative. This means
that C may also be discharged under certain conditions
without cutting the tube off. The use of a finite resistance
in shunt with C allows discharge of C under conditions in
which the tube conducts and presents a low impedance in
shunt with C, just as it did in the charging case. This
means that the application of decreasing step voltages to
the follower, subject to restrictions, will not cut the follower
off if C is shunted by a finite resistance R. The conditions
for which this is true may be investigated with the aid
of the following equations. Let us suppose that E* had
been applied at some time prior to t,. and the circuit al-
lowed to come to equilibrium. The capacitor voltage
would be ReE*/Rp. Now at to, change the value of E*
stepwise downward to a new value E1*. This might be
done by changing E2 or Eb or both. The greatest interest
is in the case corresponding to a change in E2 alone. The
equations for this case are
ec = (ReEVR, - ReENRp)e-(1-to) IC 11. ReEi*/R (26)
iy = [- + 1) (ReE*/Rp - ReEi*/Rp)/Rp]e-(t-toicR.

ReENRRp. (27)
The limits for the applied decreasing step function for
which the tube will still conduct may now be determined

by setting ip at t = to equal to zero and solving for AE*
which is E*-E1*. This gives the maximum value of
LIE*, AoE*, that may be used without stopping conduc-
tion in the tube. We obtain

DoE* = Ei*Rp/(µ 1)R. (28)
However, this gives

60E* = R,E*/R (29)
but eco = ILE*/.1?,
therefore DoE* = Rpeco/R. (30)
In particular, the interesting case is for oE*, Eb fixed.
For this case, DoE* becomes tal0E2 and we obtain

AoE2 = RpecohiR (31)
AoE2 = eco/RG,. (32)

This states that the conducting range is increased by
increasing E* and by decreasing R and Gm. It is unfor-
tunate that the latter is true, since a decrease in Gm
results in an increase in the time constant of the charge
or discharge. To insure conduction, G. may not be
chosen as large as possible for low impedance without
taking into account its effect on A0E2. The smallest per-
missible value of R may determine the type of tube to
be used. Unless R is reduced to such a value that RG,,,
is equal to unity, 4,0E2 is not very large. When RGm is
equal to unity, AoE2 is that change in E2 which causes
the capacitor to discharge to zero.

The question may be asked as to the physical mecha-
nism which gives rise to this action. It is evident that the
discharge current cannot flow through the tube. Yet,
the capacitor discharges as though the discharge cur-
rent does flow through the tube. This may be explained
by considering the action of another circuit first. Con-
sider the circuits in Figs. 3(A) and 3(B).

Ri
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Fig. 3.
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It is well known that, if C is charged by a two -termi-
nal black box containing the network to the left of C
in either circuit, the effect is exactly the same. In the
case of Fig. 3(A), however, all of the charging current
must pass through R1 and yet the time constant is given
by the product of C and the parallel combination of R1
and R2. In this case the applied voltage is higher than
for the case of 3(B). It is enough higher so that the initial
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charging current is the same for both cases. In other
words, the capacitor of 4(A) charges toward a voltage E
with a time constant of CR1 initially, but it need charge
only to a final voltage of E'. The capacitor voltage will,
therefore, reach E'(1 -1/e) in a shorter time than it
would take to reach E(1 -1/e) if R2 were not in the
circuit. In essence, the shorter time constant is the con-
sequence of an apparent equilibrium condition at the
commencement of charging which is greater in value
than the actual equilibrium condition. A similar action
takes place in the discharge condition in the follower.
The initial apparent equilibrium value is lower than the
actual, and the capacitor approaches its actual equilib-
rium value with greater speed than expected. The condi-
tion circuitwise is equivalent to the tube conducting in
the reverse direction.

There are applications, however, where it is not pos-
sible to meet the condition for tube conduction. Such a

(A)

If again the change from E* to El* is brought about by
a change of E2, AE2, Eb fixed, (39) becomes

T - to = CR loge [R.(2. 1)/R,(1 - ALAE2/E*)]. (40)

This equation tells us that for a fixed AE2, T -to may
be made small by increasing E* without limit. In fact,
T-- to may be made to approach zero by increasing E*.
Equation (40) is not in such form as to make this evi-
dent, however. It has been previously postulated that
LIE2 is greater than or equal to AoE2, then

AE2 > ReE*hiR.
If this is true, then /2AE2/E* z Re/R
Or i0E2/E* = Ra/R +97
where n is some number greater than or equal to zero.
If this is substituted in (40), and certain reductions car-
ried out, we obtain
T - to = CR log, [1/{1 [1. Rp/R(A4 1)])]. (41)

It is evident that the argument of log, is always greater

(B) (C)

Fig. 4-Results of increasing E* for rectangular wave input. (E increasing to right.)

situation is one in which the applied AE* is greater than
DoE*. The tube ceases to conduct for a time in this case,
until the conditions for conduction are again restored by
the fall of the capacitor voltage. Let us suppose that
1E* is applied for a time T1-to following to and is then
removed, and let us suppose that not only is AE* greater
than DoE* but is such that for the entire interval Ti -to,

- 1)ec < 0. (33)

Then i, is identically zero over the interval and the
capacitor voltage is given by

ea = (ReE*/14)e-(t-go)ICR. (34)

The rapidity of the discharge may be increased only by
decreasing the value of R for a fixed C. The internal im-
pedance of the tube is effectively infinite in this case.

Suppose, however, that AE* has such a value that at
a time 4+ T, ea has fallen to such a value that for all
subsequent times in the interval (T, T1)

- (4+ 1)ea E1* > 0. (35)

Then for the interval T1- T, the tube conducts and the
equations for the interval T1- T are
ee = (GT ReEi*/14)e-(2-7')ICR. ReEi*/R (36)

i = [- + 1) (ecT - ReENR)/Rp]e-(t-T)ICR.
ReENRR2, (37)

where - (.1 1)e,T + El* = 0. (38)

The equilibrium value is not zero in (36) as it was in the
case of (34).

The interval T -to may be calculated from (34) and
(38). It is

T - to = CR log, [R,(1 1)E*/R,E1*]. (39)

than or equal to unity and T - to is therefore always
greater than or equal to zero. T - to will be zero when

AE2 = AoE2 = ReE*/12R

but this is the criterion for conductive operation and
for this case T -to must be zero.

Except for the case where the tube is nonconducting
over the entire interval, T1-to, the operation may be
termed quasi conductive since the final phase of the dis-
charge takes place with the tube conducting. As already
pointed out, an increase of E* decreases the time T- to,
and also increases the conducting range. Therefore, even
where the action is not entirely in the conducting range,
the time of discharge may be reduced by increasing E*.
As the oscillograms show in Fig. 4, it is possible to start
with the completely nonconducting case, and by increas-
ing E*, successively to shorten the time of discharge
until conductive operation is attained. It is advanta-
geous, therefore, in all cases, to keep E* at its highest
practical limit.

Case 3: This case concerns itself with the application of
sinusoidal input voltages. The analysis will again be
directed toward the calculation of the region of con-
ductive operation. This may be determined by the con-
ditions which insure a nonnegative cathode current in
the tube. An examination of (15) and (16) would seem
to indicate that all of the terms in the cathode -current
expression must be taken into account in determining
this region. The exponential term may be ignored, how-
ever, and only the sinusoidal and steady termsconsidered.
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This is based on the following argument. Consider el
to be zero at first and E* to be applied and the circuit
allowed to come to rest. Then increase el at a very slow
rate. If the increase is slow enough, we may intuitively
see that a condition may be approached where the out-
put voltage consists only of a sinusoidal and steady term
and the tube is conducting at all times. In the limit, the
condition is reached where the sum of the sinusoidal and
steady terms are at all times greater than or equal to
zero. This limit gives us the region of conductive opera -

(A)
(B)

If this limit is exceeded, the tube will not conduct over
part of the cycle and the output voltage will be expo-
nential over the nonconducting interval. The oscillo-
grams in Fig. 5 show the behavior for a fixed -input
sinusoidal voltage as E* is gradually increased. It is
evident that all of the conclusions arrived at for the
step function still apply.

In the case of the "infinite -impedance" detector, it is
necessary that the operation be nonconductive for all
sinusoidal input voltages. This may be done by making

Fig. 5-Results of increasing Es for sinusoidal input. (ES increasing to right.)

tion. Any increase over this will clearly result in non -

conduction over part of the cycle and the appearance of
exponential terms in the current and voltage. The ap-
plication of this argument gives us the criterion for con-
ductive operation

OAReel/RRp\/1 S2h/1 s2R2/R.2 < ReE*MR2, (42)

or ei Lc E* -V1 + S2/ [1"/1 .92/0/R62]. (43)

When S is very small; i.e., when the applied frequency
is very low, this becomes approximately

ei 6 EVA (44)

which states that the operation is equivalent to the con-
ductive region for steady applied voltages. For steady
voltages, an input voltage -el, applied in addition to
E*, of absolute value equal to E*/12, will cut the tube
off. When S is large relative to unity, the criterion is
approximately ei S LE*/ µR. (45)
R,E*/µ12, however, is the limit of conductive operation
for the step function. This should be the case since (45)

E2

T
eatTc

Fig. 6.

is correct in the limit as S approaches infinity. This
merely states that, as the rate of change of the input
voltage approaches that of the step function, the crite-
rion for conductive operation must also approach that
for the step function.

(C)

E* zero or R infinite. In practice, R is made large and E*
is simply Eb. The detector will not work for vanishingly
small inputs, however, or will distort on 100 per cent
modulation unless the operation is truly nonconductive.
This may be accomplished by making E* zero which
requires that E2 be equal to -Eb/µ. This is equivalent
to saying that the detector should be biased to cutoff.
The fact that the ideal triode equation does not apply
very close to cutoff modifies this' statement somewhat.

CONCLUSIONS

The internal impedance of the cathode follower is
effective for increasing- as well as decreasing -input volt-
ages as long as the tube conducts. The criterion for con-
ductive operation is that for all times (see Fig. 6)

- Oz 1)ec ILE2 ± 4.W Eb ?_ 0. (46)

In general, as long as the applied voltages to the tube
are increasing, this criterion is satisfied. When the ap-
plied voltages are decreasing, however, (46) will not be
satisfied unless certain precautions are taken and the
tube may be rendered nonconducting. When conduct-
ing, the cathode follower presents a source impedance
equal to 1/(G.-I-Gp)

The conductive range for applied voltages which are
decreasing functions of time may be increased by de-
creasing the value of R, decreasing the G., or increasing
the value of E*. These may be done singly or in any
combination depending on circumstances. Where it is
not possible to satisfy the conditions for conduction,
these measures will improve operation if they are carried
as far as possible in any given application.

The choice of a tube for a given cathode -follower ap-
plication should not be made solely on the basis of G.,
but should be also dictated by the factors analyzed in
this paper.



Note on the Fourier Series for Several Pulse Forms*
WILLIAM J. LATTIN t, ASSOCIATE, I.R.E.

Summary-Fourier-series expressions for symmetrical rectan-
gular, triangular, and trapezoidal pulses are derived in a form from
which general curves of the magnitudes of the harmonic -amplitude
coefficients may be plotted. From these curves it is possible to obtain
the values of the amplitude coefficients of the harmonics for any ratio
of pulse duration t to cycle period T.

HE FOURIER series for the rectangular pulse,
shown in Fig. 1, is as follows:

f(t) = L,
T 2=1

k = 1, 2, 3, 4, etc.
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Fig. 1-The rectangular pulse.

The maximum amplitudes of the harmonic com-
ponents k may be determined if t1/T is known by evalu-
ating (2/irk) sin k(ti/T)r. With the Fourier series in this
form, the computation must be made for each harmonic
for which one desires to know the amplitude. While a
curve of the amplitude coefficients may be plotted ver-
sus the harmonic order k for particular values of 11/T,
it obviously will not apply for other values of ti/T un-
less we confine the argument to the case where 11/T<<1.

By putting the function in a slightly different form,
it is possible to arrive at a curve which has no such con-

* Decimal classification: 510 X537.7. Original manuscript re-
ceived by the Institute, March 9, 1945; revised manuscript received,
June 13, 1945.

1304 Locust Street, Owensboro, Kentucky.

finement and enables one to visualize the shape of the
plot of amplitude coefficients versus harmonic order for
a rectangular pulse having any given value of 11/T.
This is accomplished by substituting k=K(T/ti) and re-
stricting K to those values for which k =1, 2, 3, 4, etc.
Making this substitution, the following expression re-
sults:

17 k-°' 2
f(t) = E - sin Kr cos kcot), K = k

tl-
The plot of (2/7rK) sin Kr versus K is shown in Fig. 1.
From this curve, the harmonic amplitudes may be
found for any value of the ratio t1/T for any harmonic k

by reading the values ak for the point on the K axis
where K=k(t1/T). If the absolute value of the ampli-
tude is required, the figure determined from the curve
must be multiplied by E.(ti/T). However, in most in-
stances, we are interested in the ratios of harmonic to
fundamental amplitudes, and these may be readily de-
termined from the curve. Also, the K axis may be trans-
formed to correspond to the value of ti/T desired as is
shown in Fig. 1 for various values, and the harmonic
amplitudes ak may be read directly from the curve in
terms of k. The curve is a general expression, and may
be used with any value of t1/T for which the harmonic
amplitudes are required.

As an example, the equation for the so-called square
wave (17/T=1/2) may be obtained. For the funda-
mental frequency, k =1, K=1.1=0.5, and from the
curve a1=1.27, similarly

k = 2.0 K = 1.0

k = 3.0 K = 1.5

k = 4.0 K = 2.0

k = 5.0 K = 2.5

k = 6.0 K = 3.0

k = 7.0 K = 3.5

at= 0
as= - 0.42

at= 0
a6= 0.25

a6= 0
a7= - 0.18.

Placing these values in the series, we obtain the square -
wave equation

f(t) = E. (1/2)(1 + 1.27 cos cot - 0.42 cos 3cot

+ 0.25 cos 5wt - 0.18 cos 7cot ).

The Fourier series for the symmetrical triangular
pulse shown in Fig. 2 has been given similar treatment,
resulting in the following expression:

17 ( 1
k-oo 2

f(t)2= E.--
T
-
2 2K2

E (1 - cos Kr) cos kwt),

K= k(11/T).

The function (2/7r2K2) (1 -cos Kr) versus K is plotted
in Fig. 2, and may be used in exactly the same manner
for a triangular pulse, as explained above for the rec-
tangular pulse and Fig. 1.
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The Fourier series for the symmetrical trapezoidal
pulse shown in Fig. 3 is

f(i)=Em_t± /1+r 2(cos rKr -cos Kr)
cos kcot)

T 2 k=1 7r2K2(1-r)

K= k(t2/T), r=t1/t2.

The function [2(cos rKr -cos Kir)/7r2K2(1 -r)] versus
K results in a family of curves for the different values of
r--t1/t2 required. This plot is given in Figs. 3 and 4 for
several values of r=ti/t2. From these curves, at least
an estimate of the amplitude coefficients may be ob-
tained for any value of r. Specific values can, of course,
be obtained only for the values of r, given on the curves.
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Fig. 2 -The symmetrical triangular pulse.

It may be remarked that the triangular pulse is a spe-
cial case of the above equation; for if t1=0

1.2

I.0

0.8

0.6

0.4

0.2

f(t) = Em -
12 1 k=°° 2- E (1 cos Kr) cos kcot).
T 2 .0K2 0

With this information, a complete visual picture may 02
be obtained of the harmonic content of any of the above -0.
straight -sided symmetrical pulses. The progression of
the curves from the rectangular pulse through the trape-
zoidal form to the triangular pulse should be noted,
since they all belong to the same family of symmetrical
pulses, and the general shape of each curve may be more

Fig. 3 -The symmetrical trapezoidal pulse.
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Fig. 4 -The symmetrical trapezoidal pulse.

K

easily remembered. tain the quantity k X (ti/T) as a simple product. In
This treatment may, of course, be applied to other wave forms having expressions such as sin (k-1)(ti/T)7r,

wave forms, if the coefficients in the Fourier series con- sin (k-1-1)(ti/T)7r, etc., it does not appear feasible.



Analysis of Current -Stabilizer Circuits*
W. R. HILL, JR.t, MEMBER, I.R.E.

Summary-The performance of any current stabilizer can be
predicted in terms of two parameters defined as the stabilization
transconductance, and the output conductance, go. Together with
the equivalent circuits of Figs. 2 and 3 these two factors permit the
calculation of the stabilizer performance in conjunction with any
load circuit and direct -current supply. Fundamental stabilizer cir-
cuits based on the degenerative and mu -bridge principles are devel-
oped and analyzed for the two parameters defined. For simple cir-
cuits, the analysis suggests the use of pentodes to obtain best
stabilization. Superior performance can be obtained by the mu -
balance circuit described. This circuit provides an output current
substantially independent of any input -voltage or load -circuit change.

INTRODUCTION

Principal Symbols
Instantaneous Values of Alternating Components

ec= glow -tube plate -to -cathode voltage
e9 = grid -to -cathode voltage
ep= plate -to -cathode voltage
e,.= stabilizer output voltage
e, = stabilizer input voltage
i = plate current
ir =stabilizer output current
i =stabilizer input current

Instantaneous Total Values
ei= stabilizer input voltage
eo =stabilizer output voltage
ii =stabilizer input current
io =stabilizer output current

Effective Values of Alternating Components
E, =open -circuit rectifier supply voltage
E,.= stabilizer output voltage
E,= stabilizer input voltage
I = stabilizer output current
1. = stabilizer input current

Average Values
Ec= glow -tube plate -to -cathode voltage
E, = stabilizer input voltage
Eo = stabilizer output voltage

= stabilizer input current
/0 = stabilizer output current

Parameters
g,= stabilization transconductance, mhos
go = stabilizer output conductance, mhos
R, =glow -tube dynamic resistance, ohms
r = plate resistance, ohms

RL = load resistance, ohms
Z9 = internal impedance of supply rectifier, ohms
ZL =load impedance presented to stabilizer, ohms

* Decimal classification: R338. Original manuscript received
by the Institute, November 20, 1944; revised manuscript received,
January 29, 1945. Reprints of this paper may be obtained without
cost by addressing the Engineering Experiment Station, University
of Washington, Seattle 5, Washington.

f University of Washington, Seattle 5, Washington.

Zo =equivalent impedance presented to load by
stabilizer and direct -current supply, ohms

µ, =grid -plate amplification factor
tt= screen -plate amplification factor

co =angular velocity, radians per second

GENERAL ANALYSIS

Developments of Equivalent Circuits

THE OUTPUT current of a properly designed cur-
rent -stabilizer circuit is an approximately linear
function of the input voltage and the output volt-

age as expressed by the following relation
io = a + be; + ceo (1)

where a, b, and c are constants. The following analysis,
based upon the use of this equation, is similar to deriva-
tion of the equivalent circuit for the vacuum -tube
amplifier which gives results that are correct for small -
signal amplification and which are useful even when the
signal is so large that the vacuum -tube parameters can
no longer be considered as constants.

Constant a of (1) is of no interest in predicting the
stability of the stabilizer under changes of input voltage
or load. The nature of b can be determined by taking the
partial derivative of io with respect to ei. This gives

b = aio/aei = g. (2)

which will be defined as the stabilization transconduct-
ance of the circuit. This factor is a measure of the
effectiveness of the circuit in preventing input -voltage
changes from affecting the output current.

Taking the partial of io with respect to eo gives
c = aio/aeo = - go (3)

which will be defined as the output conductance of the
circuit. The negative sign accounts for the fact that an
increase of eo normally produces a decrease of io which is
imagined to be produced by the effect of a positive in-
ternal resistance.

Placing the newly defined factors in (1) gives the fol-
lowing expression :

io = a + g,e, - goeo. (4)

From this relation, evidently the best stabilizer is one
having the smallest possible values of g, and go. In fact,
if both factors are zero the output current will be inde-
pendent of both input- and output -voltage changes.

In stabilizer analysis the changes of voltage and cur-
rent are of interest. Consequently each of the variables
of (4) will be considered to consist of a steady-state,
value and a number of alternating components. By use
of the superposition theorem the analysis can then be
carried out for one component alone in a fashion similar
to amplifier analysis. Rewriting (4) in terms of a steady-
state value and a single alternating component,
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Jo + Ir, sin wt = a + g,Ec sin (wt + 0,)
- goEo - goErm sin (cot + (5)

Under steady-state conditions the alternating compo-
nents are zero so that /0 = a + gaEi - goEo.
Therefore,

/, sin wt = g,E.m sin (cot + 0,) - goE,,, sin (cot +
Rewriting this in terms of effective vector values,

= g,E8 goEr. (6)

Fig. 1 shows a schematic diagram of current stabilizer,
load impedance, and supply voltage. By Thevenin's
theorem the voltage source is represented as a single
voltage and internal impedance for each component of

Fig. 1-Schematic diagram of stabilizer and load.

Outpe'

Fig. 2-Equivalent circuit of stabilizer (Thevenin's theorem).

Ir

Output

Fig. 3-Equivalent circuit of stabilizer (Norton's theorem).

the input -voltage variations. For slow variations of in-
put voltage Z, is equal to the slope of the voltage -cur-
rent characteristic of the rectifier. For high -frequency
variations Z, is nearly equal to the reactance of the
filter output capacitor. E, is the open -circuit value of
the rectifier -voltage variations.

Reference to Fig. 1 shows that E,=E,-I,Z. In many
stabilizer circuits the difference between the input and
output currents is negligibly small, such that I, = I,.. Al-
though this is not true for some circuits, it can be made
exact by considering impedances shunting the sta-
bilizer" input terminals as part of Z0. Consequently
Ea = Eg-ITZ.. Substituting this value for E, in (6),

/, = g,E, - g,120 - goE,.

Solving for Er,
Er = (geE g/ go) - I,((1 + g)/ go). (7)

Equation (7) can be represented by the equivalent
circuits shown in Figs. 2 and 3. Fig. 2 shows the equiva-
lent circuit (Thevenin's theorem) to consists of a voltage
gsEdgo in series with an impedance Zo = (1-FgZ5)/go.
Since the quantity gaZ, is usually small compared to
unity, the internal impedance Zo is nearly equal to 1/go
or ro.

When the output conductance go approaches zero the
circuit of Fig. 2 becomes indeterminate, making it more
convenient to use the equivalent constant -current cir-
cuit shown in Fig. 3 (Norton's theorem).

Use of Equivalent Circuit to Predict Stabilizer
Performance
A current stabilizer attempts to supply a constant

current regardless of any change in input voltage or
output voltage. In many cases a change of load resist-
ance causes the change in output voltage. The perform-
ance with respect to changes in input voltage can easily
be predicted with the help of Fig. 2. In this circuit the
current change /, due to an input -voltage change E, is

I = grE / go(Zo+Z L)= [gr E ,/ go(Z L+ (1- I- ,)/ go)]. (8)
In using the relation given by (8) -it must be remembered
that ZL and Z, are functions of the frequency so that
the performance of the circuit may depend upon the
frequency of the input -voltage variations. For instance,
when analyzing the system for slow input -voltage
changes, Z, is practically equal to the direct -current
internal resistance of the supply rectifier (the slope of
the voltage -current characteristic curve) and ZL is the
direct -current resistance of the load. For analysis of the
effect of the rectifier -ripple voltage on the current out-
put, however, Z, is practically equal to the reactance of
the filter output capacitor and ZL must be taken as the
impedance of the load to the ripple frequency.

As an example of the use of (8) assume that, for the
stabilizer under investigation, go is 20 micromhos and g,
is 10 micromhos. The stabilizer is to be used with a
rectifier having a direct -current internal resistance of
1000 ohms, and a load having a direct -current resistance
of 1000 ohms. Computing the internal impedance of the
system,

Zo = (1 -I- (10-9(1000))/(2)(10-9 = 50,500 ohms.
If a line -voltage variation of 10 per cent is expected and
the rectifier output voltage without load is 300 volts,
the open -circuit change in rectifier output voltage will
be approximately 30 volts. Inserting this information
into (8) the resulting change in output current can be
computed!, = 10(30)/(20)(50,500 + 1000)

= 0.00029 ampere = 0.29 milliampere.
The performance of the circuit with respect to the recti-
fier -output ripple would be substantially the same be-
cause in this particular case the values of Z, and ZL
affect the problem by only a few per cent.
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The effect of output -voltage changes on the load cur-
rent can be determined from an inspection of Fig. 2.

It = - Er/Zo = - E,/((1 g29)/go). (9)
The negative sign takes account of the fact that an in-
crease of Er causes a decrease in output current. For the
stabilizer just considered a 30 -volt change in output
voltage would cause a change of 30/(50,500) or 0.59
milliampere in output current.

A calculation of the effect of a change in load resist-
ance on the output current requires a use of the fact
that the stabilizer output consists of a steady-state
value of current in addition to the current It shown in
Fig. 2. The analysis need be carried out only for slow
changes in load resistance since high-speed alternating
changes in resistance are seldom encountered. Under the
initial steady-state conditions the output voltage Eo pro-
duced by current /0 flowing through RL is

Bo = /oRL. (10)

An increase ARL in the load produces changes Er and /,
in the output voltage and current. Under these condi-
tions Bo + Er = -F Ir)(RL ARL).
Expanding and subtracting (10),

Er = IotiRL IrRL IrERL. (11)

This gives the value of output -voltage change Er pro-
duced by the change in load resistance. Substituting the
value of Er from (11) into (9) and solving for I,.,

Ir = - IoARLAZo RL ARL). (12)

For the stabilizer used as an example, the change in a
load current of 50 milliamperes produced by changing the
load resistance from 1000 ohms to 1500 ohms would be

Ir = - 50(500)/(50,500 + 1500) = 0.48 milliampere.

Effect of Frequency on g, and go
Strictly speaking, factors g, and go should be defined

as admittances y, and yo to take account of the fact
that there may be a phase angle between Er and It or
E, and I,.. For stabilizer circuits involving only vacuum
tubes and resistors, however, the two ,factors will be es-
sentially pure conductances from zero frequency up
through and beyond the audio -frequency band depend-
ing on the care taken to reduce circuit capacitance. For
circuits employing glow tubes, the frequency range is
greatly reduced and the factors may have appreciable
reactive components at frequencies below 1000 cycles
per second. This is caused by the relatively slow transit
time and recombination rate of the positive ions in the
discharge. The effect of this is to make the glow -tube
impedance appear to have an inductive component; if
this is measured its effect on the circuit performance can
be estimated or computed by means of the expressions
set forth in the following analysis.

ANALYSIS OF SPECIFIC CIRCUITS

The following discussion is concerned with the analy-
sis of typical stabilizer circuits for the factors g, and go.
To aid in gaining an understanding of the operation of

the various stabilizer circuits, simple basic types will be
analyzed first.

Basic Degenerative Stabilizer
The basic degenerative -type stabilizer is shown in

Fig. 4. The operation of this circuit depends on the fact
that any change in load current changes the grid bias
of V1 in such a direction as to oppose that load -cur-
rent change.

0
%=

Input

=Estes

0
Rx

\AAAAIV

Fig. 4-Basic degenerative stabilizer.

of

f
Output

eo =Eof er

0

Fig. 4 will now be analyzed for the two factors g8
and go. Writing (2) of the general analysis in terms of
alternating components,

g, = aio/aei = es! "0.
A change in load current it will produce a change in grid
voltage of e5= -412k, while a change of e, at the input
with eo held constant will cause a change in the plate
voltage of Vi equal to ep=e,-irRk. Substituting these
values for e, and ej, in the basic vacuum -tube relation

it = (µe e,)/r
we obtain it = ip = (- giesk + e. - ifRk)/r.
Solving this relation for the ratio it/e,

g. = it/e, = 1/(rp (A 1)Rk).

(13)

(14)

The factor go as defined in (3) can be written in terms
of alternating components as

go = - er I e,..0. (15)

Examination of Fig. 4, however, shows that the sources
of input and output voltage and the stabilizing circuit
comprise a simple series circuit. Consequently, an in-
crease in input voltage will have exactly the same effect
on the current as a decrease in output voltage. As a re-
sult

go = - = - 4/ - e, I er-o = g.. (16)

Consequently, for a circuit of this type in which no
shunt impedances appear across the input or output,
the factors g, and go are equal in magnitude.

Good stabilization requires a small g, and go so that V1
should possess a high p. and rp. This suggests the choice
of a pentode, although this entails additional circuit
complications. The transconductance of the tube is of
secondary importance, although from the standpoint of
minimum voltage drop in the stabilizer a high transcon-
ductance is desirable. Resistance Rk should be large, but
in this simple circuit the value will be dictated largely
by the choice of tube and operating voltages.
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Basic Mu -Bridge Stabilizer

An improvement in the stabilization transconduct-
ance g, can be obtained with a circuit based on the
familiar bridge circuit for measuring amplification fac-
tor. However, no improvement in factor go is obtained.
This circuit is shown in Fig. 5. Operation of this circuit
takes advantage of the fact that two opposing voltage
changes applied to the grid and plate, one mu times the
other, results in no plate -current change. In Fig. 5,

4 '10 71 Ir.
7.

Input

6,1= ,

7L

Out1put

00'Eo7L er

Fig. 5-Basic mu -bridge circuit.

resistor Ri is made equal to µRk and any change e, in
the input voltage is divided and applied to both plate
and grid of V1 with no resultant change in plate current.
Owing to Rh in the cathode circuit the stabilizer is a
combination of mu -bridge and degenerative types, and
any change in the load circuit is corrected for as effec-
tively as with the circuit of Fig. 4.

To obtain g. for Fig. 5 the circuit must be analyzed for
the ratio it/e, with e,. held zero as defined in (13). The
grid -cathode voltage of VI is a function of both e,
and

where

and

e, = - irRk' -
Rh' = RiRk (Ri + Rh),

U = Rh/(R1 + Rh)
This is obtained by applying the superposition theorem
and determining the separate effects of it and e, before
combining them. The plate -cathode voltage of VI can be
written in a similar manner as ep=e,-4.1?1,' - Ue.. The
values ep, e,, and 13 of Vi are related by the expression

ip = it = (µe, ep)/rp.
Substituting for e, and e2, their equivalent expressions
and solving for the ratio itle,

g. = = (1 - (u 1)U)/(rp + 1)14'). (17)
To obtain complete independence from supply volt-

age variations, g, must be zero which means that the
numerator of (17) must equal zero. Performing this op-

operation, solving for U, and replacing U in terms of
and Rh, U = 1/(µ1) = Rh/(Rh + R,).
Solving for Ri,

R AtRh (18)

as had been anticipated. Since the parameter AI is not
strictly a constant, this relation cannot be satisfied for

all values of load current and the numerator of (17) will
not remain exactly zero. Consequently, the inclusion of
the degenerative effect of Rh in the circuit is of value.
This is indicated in (17) by the term (2-1-1)Rk' which
increases the denominator.

The behavior of the circuit with respect to output-
voltage variations is no better than that of Fig. 4. In-
spection of the circuit shows that the only difference
between an input- and an output -voltage change is that
an output change has no effect on the grid voltage of V1
other than through a change in load current. This
amounts to repeating the derivation of g, with re-
placing e, and with factor U equal to zero. Making this
change the expression for go is obtained.

go = 1/(r, + (ti
Replacing Rh' by the expression RiRk/(Ri-FRk) and re-
membering that Ri=i2Rk if the circuit is properly de-
signed, the expression for go becomes

go = 1/(r, + uRk). (19)

This represents a slight sacrifice in the value of go com-
pared to (14) to obtain a great improvement in g..

Although the circuit of Fig. 5 is a convenient one for
illustrating the basic mu -bridge circuit it is not a practi-
cal one because the direct current flowing through Ri
would produce a voltage drop in Rh that would bias V1

approximately to cutoff. A practical solution is to insert
a constant -voltage glow tube at point a in the circuit.
This reduces the current through R, and Rh and permits
V1 to pass current. As far as changes in input voltage
are concerned, however, the glow tube has a negligible
effect on the operation of the circuit. Other circuit im-
provements to permit easy adjustment of the output
current will suggest themselves after a study of the cir-
cuit.

Pentode Stabilizer (Mu -Bridge Circuit)
The expressions representing go and g, for the two

basic circuits analyzed suggest the use of pentodes in
place of triodes in order to obtain high values of r
and u, at the same time maintaining a high transcon-
ductance and low voltage drop in the stabilizing circuit.
Comparison of pentodes and triodes of equivalent cur-
rent rating indicates an advantage of the order of 100 to
1 for the pentode. Utilization of a pentode, however,
complicates the circuit because of the necessity of pro-
viding a constant screen potential. A practical solution
to the problem of inserting a pentode into the basic
circuit of Fig. 5 is shown by Fig. 6.

Substantially constant voltage for the screen of V1 is
obtained by glow tube V2 (several in series if sufficient
voltage is required). A portion of this same constant
voltage drop is applied to the control grid through re-
sistors R2 and Rs, thus making adjustment of grid bias
and consequently the output current independent of the
value of Rh. This allows the use of large values of Rh
in which the voltage drop may be even greater than the
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cutoff bias for Resistor Ri provides compensation
for input -voltage changes exactly' as in Fig. 5.

A complete solution for this circuit requires a knowl-
edge of the control -grid -plate, screen -plate, control -grid -
screen, and plate -screen mu factors, the plate and screen
dynamic resistances, and the dynamic resistance of V2.
The solution thus obtained is undesirably complex and,
furthermore, no information is published on the major-
ity of the required circuit parameters. This makes it
desirable to adopt an approximate solution. Unfortu-
nately, neglecting any one of the factors causes consider-
able error, but a study of the situation indicates that a

Fig. 6-Pentode stabilizer (mu -bridge circuit).

useful simplification consists of neglecting the effect of
the screen current. It is not, however, permissible to
neglect the effect of: the screen on the plate current or
the variation in voltage drop across V2. Although this
approximate solution may be, in error as much as 50 per
cent in predicting the values of gc and go, it is at least of
value in designing a circuit to obtain the most effective
stabilization.

The solution based on these approximations is'

1 +( R, \rµR3 Rk-

(1+ AV) (20)
RI RciLR2+R3 J \Rk+R;

rp R4+ ;45)
To make g, zero it is necessary to set the numerator of
(20) equal to zero. Performing this operation and solving
for the ratio R;/Rk,
Ri A +'A, gti

=.--_

Rk 1 + (RcAR1+ Re))[12-1?3/ (R2+ R3) ± Alegi
1. (21)

This determines Ri once Rk has been chosen. The value
of R1 is determined by the operating voltage and current
for V2, Re is the dynamic resistance of V2, and the ratio
between R2 and R3 is determined by the bias needed
on V1.

1 For frequencies where the impedance of the glow tube has an
appreciable reactive component, this complex impedance should be
substituted for the shown. The use of impedance requires that the
analysis be carried out in terms of effective instead of instantaneous
alternating values. The resulting expression is the same in either case.

The corresponding solution for go is

go iv 1/(r, Rk(Ai ;45)). (22)

The complete circuit analysis indicates that the effect
of screen current is to make g, smaller than given by
(20) and go larger than given by (22).

It should be noted that the only difference between
the mu -bridge pentode circuit and a straight degenera-
tive circuit is the inclusion of resistor R,. Consequently
g,, and go for the degenerative pentode circuit can be
obtained by substituting Ri= co in (20) and (22).

In order to illustrate the use of Fig. 6 and (20), (21),
and (22), a stabilizer design will now be carried out and
compared to the corresponding experimental circuit.
The circuit will be designed for the following assumed
operating conditions: Eo =150 volts; /0=30 milliam-
peres; E1=400 volts. A tube suitable for this output is a
6F6 pentode for which A =180, /2 = 20, and rp= 70,000
ohms. For a screen voltage of 200 volts, Ec must be 200
volts plus the drop in Rh. A VR 150/30 in series with a
VR 105/30 makes a satisfactory combination. For the
particular glow tubes used, the total value of R, was 600
ohms. A convenient value for Rk is 1000 ohms. The load
current plus an estimated screen current of 5 milliam-
peres and current through Ri of about 10 milliamperes
produce a total drop in RI, of 45 volts. This makes the
screen voltage of V1 about 200 volts as planned. From
the tube characteristics the grid bias required on V1
for a 30 -milliampere plate current is about -12 volts.
Thus the values of R3 and R2 must be such that the
drop across R3 is 45 -12 =33 volts. The remainder
of the 250 -volt Ec must be across R2; hence R2/R3
= (250 -33)/33 = 6.6. R2 and R3 should be as large
as possible except that R3 must not exceed the maxi-
mum grid -circuit resistance allowed for V1. It is con-
venient to make R3 adjustable to permit adjustment of
the output current. Resistor R1 must provide a drop of
150 volts while carrying a glow -tube operating current
of 15 milliamperes and a screen current of 5 milliamperes.
Its value is then 7500 ohms.

The value of Ri can now be computed from (21). In-
serting the various values already determined gives a
value of 45,000 ohms for R. A check should now be
made to correct the estimate of the current through Ri
used in establishing the voltage drop across Rk. This
check shows the Ri current to be 8 milliamperes instead
of the assumed 10 milliamperes which is close enough
to make recomputation unnecessary. Extreme care in
carrying out the computations is not justified by the
approximations made in deriving (21).

The performance of the circuit designed above was
tested in the laboratory with the results shown by the
curves of Figs. 7 and 8. Since the slope of the curve in
Fig. 7 is the factor g, resistor Ri was adjusted until the
curve was flat at the assumed input voltage of 400 volts.
The actual value of Ri required to establish zero g, at
this point was 39,000 ohms as compared with the
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computed value of 45,000. The difference is an indication
of the inaccuracy to be expected from the simplifications
made in obtaining (21).

The negative slope of the curve of Fig. 8 is a measure
of the output conductance go of the circuit. This slope
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Fig. 7-Performance of pentode mu -bridge circuit.
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Fig. 8-Performance of pentode mu -bridge circuit.
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is equal to 5.3 micromhos at the assumed output voltage
of 150 volts. Computing go from (22) a value of 3.7
micromhos is obtained.

The behavior of the stabilizer as a degenerative type
with Ri removed is shown in Fig. 9. Comparison with
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Fig. 9-Performance of degenerative pentode circuit.

Fig. 7 immediately shows the advantage of the mu -
bridge circuit. Measurement of the slope at the operat-
ing point yields a g, of 11 micromhos. The value com-
puted from (20) with Ri equal to infinity and the ratio
R2/R3 adjusted to re-establish the correct bias is 13.5

E, = /50 volts

500

micromhos. The output conductance go is not apprecia-
bly affected by removing R.

Mu -Balance Stabilizer

Substantially the same order of stabilization as that
obtained with pentodes can be obtained by using a
triode control tube in conjunction with an amplifier for
amplifying the voltage changes before applying them to
the control -tube grid. Use of triodes, however, has the
advantage that the characteristic obtained is more
nearly straight than when pentodes are employed. As a
result the mu -bridge principle is more effective because
the balance is maintained over a wider range of voltage
changes. For example, in Fig. 7 the curve can be made
flat at any point in the operating range desired but, ow-
ing to the rapid change ofµ and ri, with applied voltage,
the over-all regulation for large input -voltage changes is
not particularly good.

The addition of an amplifier affords another impor-
tant advantage; it provides a convenient phase inversion
making it possible to apply the mu -balance principle in
the way suggested by Fig. 10. With this circuit any

-o
Fig. 10-Basic mu -balance circuit.

t
O

change in either input or output voltage which produces
a voltage change e9 across the control tube will also
provide an inverted voltage change at the grid to main-
tain the plate -current constant. By employing triodes
which have the characteristic of nearly constant ampli-
fication factor over most of the operating region, very
good stabilization of output current can be obtained.
Beside providing better stabilization, circuits based on
this principle have the advantage of correcting equally
well for both input- or output -voltage changes and they
may be placed in either the positive or negative side of
the circuit.

In practice it is desirable to supplement the mu -
balance circuit with degeneration in order to reduce the
effects of any unbalance that may occur over portions
of the operating range. A practical stabilization circuit
embodying these two principles is shown by Fig. 11. In
this circuit, resistor Rk serves to provide a degenerative
voltage that is amplified by V2 and applied to the grid
of I71. The voltage drop in Rk also serves as a means of
obtaining a negative grid bias for Vl. Resistors R2 and
R3 serve to select a fraction of the voltage drop across VI
for amplification and phase inversion by V2 as discussed

it
6
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in connection with Fig. 10. Glow tube Vs serves as a
reference voltage against which the drop in Rk is com-
pared by V2. Glow tube V4 (one or more of the one -
quarter -watt type) permits applying the plate -voltage
changes of V2 to the grid of V1 although the two ele-
ments must operate at a direct -current difference of po-
tential.

0

Fig. 11-Degenerative mu -balance circuit.

o-

The performance obtained with the circuit of Fig. 11
is shown by the curve of Fig. 12. A single curve is suffi-
cient to describe the circuit characteristic because the
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Fig. 12-Performance of degenerative mu -balance circuit.

300 350 400

stabilizer takes the form of a two -terminal network in
series with the output. Consequently the current flow
depends entirely on the difference between input and
output voltages. From a comparison of the curves it is
apparent that this circuit is about thirty times more
effective than the pentode mu -bridge circuit; further-
more, it is equally effective for both input and output
variations, whereas the mu -bridge circuit is not.

The design of the circuit of Fig. 11 is not difficult.
Resistors R1, R4, and Rk are dictated by the choice of
tubes and operating conditions. There remains the
choice of R2 and R3 which determines the circuit balance
and controls the performance of the stabilizer. In prac-
tice it is convenient to use a potentiometer for the
R2-Rs combination and to adjust the circuit for best
performance experimentally. This can be done by apply-
ing to the input an alternating voltage in addition to the

direct voltage and observing the voltage across a load
resistance with an oscilloscope. The potentiometer is
then adjusted until the oscilloscope figure is of minimum
height.

An analysis of the circuit leads to an equation involv-
ing the circuit elements that is difficult to solve explicitly
for the ratio of R2 to R3. By making certain simplifying
assumptions, however, it is possible to establish an ap-
proximate value for this ratio that is of use in selecting
suitable values for R2 and R3. The approximate expres-
sion is as follows:

R2 AikL2R1
1. (23)

R3 (1 + [M2(Rk + Re) + rp2] - R1
The actual values of R2 and R3 should be as high as
possible; ordinarily R2 can be made larger than 1 meg-
ohm.

The design procedure for the circuit of Fig. 11 is as
follows: The voltage drops across Vg and Rk differ only
by the bias on V2 and the small drop in R3; therefore,
if V2 is a high -mu triode operating at a small negative
bias, the voltage drop /oRk is nearly equal to Eo. R4 is
selected to be as high as possible yet to draw sufficient
current through V4. By employing one -quarter -watt
neon lamps for V4 this operating current can be made
less than 100 microamperes. R1 is chosen as a proper
load resistance for V2 consistent with proper operating
plate voltage for V2. The ratio R2/R3 is then computed
and values of R2 and R3 are chosen.

A sample design for a circuit capable of an output
current of 50 milliamperes will serve to illustrate this
procedure. Suitable tubes are a triode -connected 6L6 for
V1 and a type-6SF5 high -mu triode for V2. A 2 -watt
neon lamp provides a value of E0 of about 60 volts which
is a compromise between using a high E6 and corre-
spondingly high Rk with improved degeneration, or a
low E,, to reduce the over-all circuit drop. The value of
Rk will then be approximately Ed/2 or 1000 ohms. The
operating voltage across VI must next be selected. A
value of 200 volts is sufficient for VI to pass 50 milliam-
peres with a reasonably negative grid voltage ( -12
volts). The over-all drop in the stabilizer will then be
250 volts under the assumed operating conditions.

R4 is selected by observing that the drop across it is
about 38 volts and that it must carry a current of about
50 to 100 microamperes to operate V4. A suitable value
for R4 is 500,000 ohms. The plate of V2 should operate
at about 100 volts as a compromise between maximum
plate voltage and reasonable allowable drop in R1. This
requires the drop across V4 to be about 112 volts. Two
one -quarter -watt neon bulbs in series provide a drop of
110 volts which fits the circuit requirements nicely. The
glow tubes used for Vg and V4 must be of the type with-
out series resistance in the base. Reference to the char-
acteristic curves for V2 indicates that with a plate volt-
age of 100 volts a reasonable value of plate current is
0.3 milliampere. This will be obtained with a negative
grid voltage of one volt, a value well below the region



where appreciable grid current flows. Resistor R1 must
then carry 0.3 milliampere plus the current in R4 or a
total of 0.376 milliampere with a voltage drop of 100
volts; a resistance of 250,000 ohms is required. The cur-
rent flow through Vs is rather small but a 2 -watt neon
lamp is a satisfactory choice. For this tube a value of R,
of 400 ohms was observed.

The ratio R2/R3 can now be computed. Inserting the
circuit constants into (23) a value of 108 is obtained. For
an R2 of 1 megohm, Rs should be about 9000 ohms. A

convenient arrangement employs a 15,000 potentiometer
for Rs.

The circuit described above was tested experimentally
with the results shown in Fig. 12. The actual value of
the ratio R2/R3 required to obtain Fig. 12 was 94 instead.
of the computed approximation of 108. Other circuit
constants were identical to those designed with the ex-
ception that adjustment of /0 to exactly 50 milliamperes
required a value of 940 ohms for Rk instead of the esti-
mated 1000 ohms.

Dynamics of Electron Beams*
Applications of Hamiltonian Dynamics to Electronic Problems

D. GABORt

SURVEY OF THE PROBLEM

IT IS THE purpose of this paper to present certain
advanced theories of dynamics in a form in which
they may be useful to the electronic research

worker. The foundations of these theories were mostly
laid by Sir William Rowan Hamilton, over a hundred
years ago.

Hamilton has left three complete formulations of
dynamics, equivalent in meaning, as different as possible
in form. These are Hamilton's principle, the canonical
equations, and the Hamilton -Jacobi equation. Only the
first of these appears to be well known among electronic
research workers, as this principle is usually made the
starting point of treatises on electron optics. This paper
deals, therefore, mainly with the other two, which de-
serve to be better known and more widely used.

The dynamical problems which may present them-
selves in electronic devices can be conveniently graded
in six stages, each with three subdivisions. There are
thus, in all, 18 stages of more or less continuously in-
creasing difficulty:

(A) The motion of a single electron, in
1. electrostatic fields (steady or quasi-
2. static electromagnetic fields steady motion).
3. variable electromagnetic fields ("transit -time" ef-

fects).

The fields can be considered as quasi -static so long as
they do not change appreciably during the passage of an
electron. We adopt the subdivision 1 to 3 also in the fol-
lowing stages, but do not write it down explicitly.

(B) "Regular" electron flow, without random motion,
with negligible current and space charge.

 Decimal classification: R138. Original manuscript received by
the Institute, August 13, 1945. This paper is an expanded version of
a lecture before a joint meeting of the Northwest Section of the In-
stitution of Electronics and the Manchester District Branch of the
Institute of Physics, April 14, 1944. The lecture was printed in The
Science Forum (Electronics Section), September, 1944.

t The British Thomson -Houston Company, Ltd., Rugby,
England.

(C) Electron flow with random motion, but negligible cur-
rent and space charge.

(D) Electron flow with space charge, but replacing the
electrons by a continuous charge and current dis-
tribution.

(E) Fluctuations of the electron flow, due to the particu-
late nature of the charge carriers (noise).

(F) Interaction of individual electrons with one another
(degeneration of the regular flow into random mo-
tion).

Only the stages A, B, and C will be discussed in this
paper, each with 3 subdivisions; that is, nine cases in
all. If these are attacked with elementary or ad hoc
methods, each of them presents a separate problem. It
is the fundamental advantage of the advanced Hamil-
tonian methods that, by applying them, each problem
can be reduced to a simpler type; i.e., it can be moved
one or sometimes several stages down in the hierarchy
of difficulties. For instance, we shall be able to treat mo-
tion in electromagnetic fields essentially by the same
method as in purely electrostatic fields, and transit -time
effects by the same methods as problems of steady mo-
tion. Moreover, we shall have little to do with the mo-
tion of a single electron, as Hamilton's methods enable
us to treat the motion of a whole "regular" beam,
emitted by a cathode, in a unified fashion. Finally, the
problem of random motion can be reduced under very
general assumptions to the problem of regular flow.

THE MOTION OF A SINGLE ELECTRON-HAMILTON'S
CANONICAL EQUATIONS

If an electron with charge -e moves in an electro-
magnetic field with electric -field intensity E and mag-
netic intensity H, its law of motion due to Lorentz is

dp.
= e[E + c

(v X H)]. (1)

This is the Newtonian form of the law of motion. At the
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left side we have the rate of change of the mechanical
momentum pm, which, for velocities small against the
velocity of light, is p, =my, where v is the vector of
velocity and m is the mass of the electron. The expres-
sion at the right side is the force. The units are Gaus-
sian.'

This is a rather complicated and unhandy expression,
though it is the one most often used. Hamilton found in
1834 a different formulation of the law of motion. The
fundamental idea is to consider the momentum p not as
a derivative of the motion in space, but as a vector in a
special "momentum space," with co-ordinates p., py, p,.
These three monentum co-ordinates together with the
"configuration" co-ordinates x, y, z, entirely describe
the momentary dynamical state of the particle. The
reason for this doubling of data will become fully mani-
fest somewhat later, in the discussion of random mo-
tion. With these six variables the law of motion can be
written down in the "canonical" forme

dx] 03C- -
dt opy

dpz a 3C= _
dt ax

(2)

Corresponding equations obtain for y and z. 3C is the
"Hamiltonian," defined as the total energy of the parti-
cle, expressed by the position (x, y, z) and the momentums
(pt, pi p,). Hamilton himself did not think of applying
these equations to forces of the queer type which act at
right angles to the velocity. It was only about 70 years
later when it was discovered that the "canonical equa-
tions" can be used also for the description of electron
motion in electromagnetic fields, if the Hamiltonian is
assumed as follows 4,s

3C =
2m

Rp x -
c

A )2± (py - Av)2
1 rel

-e Az)]

In this equation, 45 is the scalar or "electrostatic" po-
tential, while Az, .A,, Az, are the components of the
vector potential A. The second term, -e* is the poten-
tial energy of the electron, hence we must expect that
the first term is the kinetic energy. This can be verified
by substituting 3C into the first set of the canonical
equations (2). These give, in vectorial form

1
v = (p - A).

(3)

(4)

In order to convert the formulas in this paper into the m.k.s.
system as used, e.g., by J. A. Stratton, "Electromagnetic Theory,"
McGraw-Hill, Book Company, New York, N. Y., 1941, change H
into µ0}1=B and cancel all factors 1/c associated with H or A.

See Appendix I.
3 The Hamiltonian 3C and the action W must be considered as

functions, not quantities. The variables in which they are expressed
form a very essential part of their definition.

4 R. Becker, "Theorie der Elektrizitat," Elektronentheorie, vol. II,
Teubner, Leipzig, 1933, p. 69. This discovery was made by K.
Schwarzschild in 1903.

5 L. Brillouin, "A Theorem of Larmor of Importance for Electrons
in Magnetic Fields," Phys. Rev., vol. 67, pp. 260-266; April, 1945.

On substituting 3C into the second set of (2), these turn
out to be equivalent to the law of motion (1).

The essence of this is that the magnetic field and its
complicated action on the electron can be taken into
account by the simple expedient of giving a new defini-
tion for the momentum p, which may now be called
"total" momentum. This definition is, according to (4)

e e

p = my - -A = - - A.

The total momentum of an electron in a magnetic field
is the sum of the mechanical momentum pm and of the
vector potential A, multiplied by a universal constant
-(e/c).

It may be noted that the vector potential is not en-
tirely defined. In the same way as a constant can always
be added to 4), the gradient of an arbitrary scalar func-
tion can always be added to A, without affecting the
electromagnetic field.6

The first obvious advantage of the Hamiltonian form
of the equations of motion is, thus, that electron motion
in electromagnetic fields can be treated formally (and
as we shall see later, also practically), by the same meth-
ods as in electrostatic fields. A second advantage is that
these equations lead straight to the two fundamental
invariants of dynamics, the invariants of Lagrange and
of Liouville.

LAGAANGE'S INVARIANT

Quantities which remain constant during the motion
of an electron are called integrals of the motion. But the
well-known integrals of dynamics, the integrals of mo-
mentum and of energy, are of rather limited use in
electronic devices. The integrals of momentum can be
usefully applied only in special cases, distinguished by a
certain symmetry, and the integral of energy applies
only in static or quasi -static cases, but not in fields
which vary appreciably during the transit time of an
electron. On the other hand, the two fundamental in-
variants are of general and unrestricted validity in the
electronic problems which have been listed under
(A)-(E).

Let us consider an electron beam; for instance, the
electrons emitted by a cathode, which can be first visu-
alized as a hail of particles. We now replace this "hail"
by a continuous distribution of trajectories, densities,
velocities, etc. This may be called the "hydrodynamical
picture" of the beam. As in hydrodynamics, we forget
the elementary particles which compose the fluid. We
are allowed to do this, as in all problems (except those
of the types (E) and (F)), the constants of the electrons
will always figure only in the combination (e/m), hence
it does not matter whether both e and m have definite
values, or whether both go to the limit zero, so long as
their ratio remains the same. With this understanding

6 The most general transformations which leave the field equa-
tions and the laws of motion invariant are the "gauge transforma-
tions." See W. Heitler, "The Quantum Theory of Radiation," Oxford,
1936, p. 3.
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we can with impunity use the word "electron" for these
indefinitely subdivided particles. We can now define
invariants as quantities which are determined by the

)77
771 I,

p

Fig. 1-Lagrange's invariant.

simultaneous state of a group of electrons, and remain
constant during their motion. Invariants thus character-
ize certain particularly simple properties of an electron
beam in a similar way as integrals characterize proper-
ties of single trajectories. Hence their importance and
usefulness in the theory of electronic devices.

We consider a closed curve c1 in an electron beam
(Fig. 1) at some time 11. The electrons which at the time
t1 are situated on c1 will be situated at some later time 12
on some other curve c2. Let us determined in every point
of the curve the component of the total momentum tan-
gential to the curve, which we call pa, and with the line
element ds form the following integral round the closed
circuit c

C = f psds.

This is called the "circulation" of the vector p around c.
It can be proved from Hamilton's canonical equations that

C = constant (5)
along all the positions successively occupied by the curve c.
In particular, if C=0 at one position, it remains zero
during the whole motion.?

By the well-known theorem of Stokes, the circulation
can also be expressed as the flow of the vector curl p
through any surface bounded by the curve c, hence the
theorem (5) can also be expressed by saying that a closed
circuit of electrons will carry the flux of the vector curl p
with it, without any change. Let us apply this to an in-
finitesimal area dS, moving along with the electrons. Let
n be the normal to dS and curinp the component of curl
p in this direction. (n need not and will not in general
coincide with the direction of motion). We now obtain
the same theorem in the following differential form :

curinp dS = constant. (6)

This expression is-Lagrange's "differential invariant,"
which he discovered in 1808. The form (5) is often called
Poincare's integral invariant,8'9 as H. Poincare derived

7 See Appendix II.
8 E. T. Whittaker, "Analytical Dynamics," fourth edition, Cam-

bridge, 1937, p. 267.
9 C. Carath6odory, "Geometrische Optik," Berlin, Germany,

1937, p. 32.

it, in a more general form than the one here used, in
1890. In our special applications there is no need to use
this name, as the equivalence of (5) and (6) was proved
in 1845 by Sir George Stokes. Indeed, (5) is nothing else
than the "circulation theorem" of hydrodynamics,
slightly generalized, as the total momentum p for elec-
trons has the value my, used in hydrodynamics, only in
the absence of magnetic fields. As the circulation theo-
rem of hydrodynamics was also first discovered by La-
grange, it appears only fair to call both (5) and (6) "La-
grange's Invariants."

APPLICATION OF LAGRANGE'S THEOREM TO
ELECTRON BEAMS

As a first application, let us show how an integral of
motion can be derived from Lagrange's integral invari-
ant in the practically important case of axially sym-
metrical electromagnetic fields (Fig. 2). In such fields
the vector potential A is "tangential," that is, it runs in
circles around the axis. It has the same direction as the
velocity v1 in Fig. 2. If a group of electrons were situated
at some time ti on a circle ci. at some later time 12 they
will again occupy a circle, coaxial with the first. By
reason of the rotational symmetry we can in this case
immediately write down (5) in the following form:

(rvi)i - (ry
e

= - L(Ar)i - (Ar)2]
me

e

(4' - 4)2) .
27mc (7)

The second part of the equation follows immediately
by applying Stokes' theorem to the circulation of the
vector potential A. The curl of the vector A is the mag-
netic intensity H, and its circulation is the magnetic
flux 43, hence we obtain the result that the increase of an-
gular momentum of an electron between two points of its
trajectory is proportional to the difference of magnetic flux
4' through circles drawn through it coaxially, in its first

Fig. 2-Busch's theorem.

and in its second position. In the special case when the
field is stationary, this flux difference is equal to the flux
which flows through any surface bounded by the two
circles. This is known as Busch's theorem, and is funda-
mental for electron optics."

10 For some further conclusions from this theorem, see D. Gabor,
"Electron Optics," Electronic Engineering, December, 1942.



1945 Gabor: Dynamics of Electron Beams 795

From the Hamiltonian analogy of dynamics and
optics, it must be expected that Lagrange's theorem has
an optical counterpart. It will be useful, however, to
recall to mind that an optical system can represent a
dynamical one only under certain restrictions. First of
all, as the idea of "time" is entirely alien to geometrical
optics, only electron motion in steady fields can be repre-
sented optically." A second qualification is that the
kinetic energy must be a function of the position only;
i.e., only "regular" beams, which have started from a
cathode with zero velocity or from a point with con-
stant velocity, can be represented, but not trajectories
with arbitrary distribution of initial velocity. Finally,
though magnetic fields can be represented by a refrac-
tive index, this is of a strange type which has no coun-
terpart in ordinary optics. An electron in a magnetic
field cannot describe the same trajectory forward and
backwards, while light can always be sent back the
same way, along the same ray." If we accept these three
restrictions, there exists a counterpart in optics of La -
grange's theorem. This is the theorem of Malus, dis-
covered, curiously, in the same year as Lagrange's (1808).

According to Malus' theorem, if a system of rays
starts at right angles to some surface, it is always pos-
sible to construct a family of surfaces which cut every
ray at right angles. Such a system of rays is called in
geometry and in optics a "normal congruence." It fol-
lows from Lagrange's theorem that the same is true for

in a purely
vided that they all start with zero or constant velocities
from a point or at right angles to a surface. This is il-
lustrated in Fig. 3.

On the other hand, Malus' theorem is not valid for
electron trajectories in a magnetic field. An example is
shown in Fig. 4. If the beam is imagined built up of dif-
ferent layers, it is possible to draw orthogonal curves
to the trajectories on every one of these cigar -shaped
surfaces, and connect these curves by surfaces, but these
will not be at right angles to the trajectories, which
form what is known as a "skew congruence."

Fig. 3-Electron beam in electric field.
"Normal congruence."

It may now be asked whether Malus' theorem cannot
be extended also to electrons in a magnetic field, if in -
instead of the velocity vector v we consider the vector

11 In three dimensions. A more general optical analogy exists in
four dimensions. See D. Gabor, "Electron Optics," Electronic Engi-
neering, February, 1943, and also later on in this paper.

12 Dr. Alfred N. Goldsmith has pointed out to me that this is true
only in the absence of magneto -optical effects.

of the total momentum p = my - (e/c)A, and try to
draw surfaces at right angles to these. This is indeed pos-
sible in many cases, though not in all. The problem

Fig. 4-Electron beam in magnetic field.
"Skew congruence."

which is of particular importance to us in electronics is
the representation of electron beams emitted by cath-
odes at zero velocity ("regular beams"). The results are
as follows:"

If the magnetic field has no component normal to the
cathode, the vector p will form in the electron beam an
irrotational field; i.e., we have everywhere

curl p = 0. (8)

In this case we shall be able to treat electron motion in
an electromagnetic field, stationary or not, by the same
methods which apply to electric fields, merely by formu-
lating the equations with the help of the total momen-
tum p instead of my.

If, however, the magnetic field at the cathode has a
normal component, we have at the cathode surface

curl p = - - H. (9)

and by Lagrange's theorem the field of p in the beam can-
not be irrotational. This is a much more complicated
case, and we shall leave it aside in this paper. Fortu-
nately, in almost all electronic devices (8) is fulfilled,
and those in which it is not fulfilled (e.g., the Farns-.
worth dissector, the Orthicon, the Phillips image con-
verter) can be satisfactorily discussed by elementary
methods. Perhaps the only exception is the magnetron
with skew magnetic field, electron dynamically the
most complicated of all devices. This could be treated
only by an extension of the simple theory discussed in
this paper.

THE HAMILTON-JACOBI EQUATION

Let us now consider beams in which (8) applies; i.e.,
in which p is an irrotational vector. This suggests natu-
rally (following the example of electromagnetic theory,
or of hydrodynamics) to express p as the derivative of
some potential function which may be called W. We
write, therefore

p = grad W (10)

and with this we have solved (8). There remains the

u See Appendix III.
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problem of determining the function W in such a way
that it shall solve at the same time the equations of
motion; i.e., give the correct value of dp/dt. This prob-
lem was solved by Hamilton in 1834, in the following
way: To (10), which, reduced to the components, can
be written

aw aw-= P. -ay =
ax

we add a further equation

aw-=
at

Py
aw-
az

= pi (10a)

aC*(x, y, z, t). (11)

The function 3C* i,s again the total energy, but unlike
the Hamiltonian ae it is a function of position and time
only, as p., p, pi have been expressed in it as functions
of x, y, z, and t. ac* has therefore a more restricted mean-
ing than 3C. While the Hamiltonian characterizes a
dynamical problem, 3C* characterizes a congruence of
trajectories, which we have called a "regular" electron
beam.

The time derivative &WM cannot be arbitrarily
chosen, as the space derivatives are given by (10a), and
three compatibility equations of the type 32W/axat
=a2W/Stox must be fulfilled between them. But these
turn out to be the canonical equations of motion; hence
(11) is indeed a valid formulation of the dynamical
problem.

We now write out (11) in full, substituting the values
of pi, etc., from (10a), and obtain

(alv + -e- A zy+ (-aw + Av)2
ax c ay c

aW e 2

A) = 2m (eck - 9
ataz c

. (12)

This is the nonrelativistic Hamilton -Jacobi" equation
for an electron in an electromagnetic field.

The derivation which has been sketched out here,
and the use which we are going to make of this equation
are rather different from the usual practice in analytical
dynamics.'" There it is shown that, once a general
solution of the Hamilton -Jacobi equation is known,
any trajectory can be derived from it. But this is of little
use in electronics. The Hamilton -Jacobi equation can be
exactly and generally integrated only in a few simple
cases, in which the solutions can be obtained also by
elementary methods. On the other hand particular solu-
tions with the 'correct initial conditions often can be
fairly easily obtained by numerical or graphical meth-
ods. Therefore we use the Hamilton -Jacobi equation
only to determine an "action function" W(x, y, z, t),

" This equation was found by Hamilton in 1834, by Jacobi only in
1837, but the customary name' "Hamilton -Jacobi equation" is a
well -deserved recognition of Jacobi's merits in the development of
Hamiltonian dynamics.

" See p. 315 of footnote reference 8.
" A. Sommerfeld, "Atomic Structure and Spectra," Appendix

VII.

which is a sort of "velocity potential"-"" for electron
beams with irrotational momentum distribution. As we
have seen, this application is possible only in the case
of beams which are emitted by a cathode without a
magnetic component normal to its surface. In the case
of the "skew magnetron" the Hamilton -Jacobi equa-
tion can also be applied, but only in the orthodox man-
ner, which is not in general very helpful.

APPLICATION OF THE HAMILTON-JACOBI EQUATION

The least promising line of attack on the Hamilton -
Jacobi equation is a direct attempt to integrate it
analytically. On the other hand, this equation may be
very useful in three types of applications:

(a) approximate solutions
(b) the inverse dynamical problem
(c) small variations of dynamical problems.
We restrict ourselves for a start to steady or quasi -

steady fields, and illustrate the applications by two-
dimensional examples.

(a) Graphical or Numerical Approximations

The Hamilton -Jacobi equation in the case of a pure
electrostatic field

(--aaWy )2= (grad W)2 = 2meck (l3)1

admits a very simple interpretation which leads to a
useful method of graphical solution. Fig. 5 is an illus-
tration in the case of plane motion. Let us assume that)
we know one line W= constant. We can now draw the
next line W= Wo±dW, if we write (13) in the form

(dW/dn)2 = 2meq5.

x

Fig. 5-Propagation of the action in
an electrostatic field.

17 A velocity potential appears to have been first used in electron
optics by F. Gray, "Electrostatic Electron Optics," Bell Sys. Tech.
Jour., vol. 18, pp. 1-32; January, 1939, where it is used for electro-
static fields only, though extension to magnetic fields is also men-
tioned.

" The Hamilton -Jacobi equation has been also used by K. Span-
genberg in a paper, "Use of the action function to obtain the general
differential equations of space charge flow in more than one dimen-
sion." Jour. Frank. Inst., vol. 232, p. 365; October, 1941.

19 K. Spangenberg and L. M. Field, "Some simplified methods
of determining the optical characteristics of electron lenses," PROC.
I.R.E., vol. 30, pp. 138-144; March, 1942; and Electrical Communica-
tion, vol. 20, p. 305; April, 1942. Both Gray and Spangenberg con-
sider only steady fields.
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This means that we must proceed by a distance
dn= + dWR/2me41 in the direction of the normal.
The ambiguity of sign means only that we can assume
the action increasing in either of the two directions;
i.e., the electrons can be assumed to move one way as
well as the other. Once we have fixed the sense of mo-
tion, we can gradually construct by this process the
whole family of lines of constant action, and draw the
trajectories as the curves which intersect them orthog-
onally. This can be done with fair accuracy if a mirror
is used as a ruler, which is turned until the kink dis-
appears between the line and its image.

instead of drawing the lines dn at right angles to
W= constant, we can also use Huygens' construction;
i.e., draw circles with the radius dn and construct the
next line of constant action as their envelope. It is
known that this formal analogy with the construction
of a wave front has received a very concrete physical
interpretation in wave mechanics.2°

In the static case with magnetic field the Hamilton -
Jacobi equation becomes

(OW e
\2+

taw
Ay/l2a x a y/2= (grad W -

e

A)= 2meg5. (14)

It has been mentioned that the vector potential is

not entirely specified, as we can always add the gradient
of an arbitrary scalar function to it. We now use this to
make A zero at the cathode surface, so that the cathode
itself shall become a surface W= 0, and in the immedi-
ate neighborhood of the cathode W shall take the same
course as in the purely electrostatic case. For example,
in the case trol f a magnetron with cathode radius ro a
vector potental in tangential direction

A, = 4H(r - ro2/r)

fulfills the conditions curl A =H and A =0 for r = ro.
Once the vector potential is thus suitably specified,

the same process can be applied to solve (14) as in the
electrostatic case, but now it is convenient to draw two
figures, as shown in Fig. 6. In the figures at the left the
co-ordinates are the mechanical momenta

aw e OW e
-As - A,mv. = -

ax
mv = -

ayc c

and in these co-ordinates the Hamilton -Jacobi equa-
tion is represented by a circle C with radius -V2meck.

In the diagram at the right the co-ordinates are x and y.
Again we assume that in this "configuration" space we
know one line (or surface) W= Wo. To a point Q we
mark a corresponding point Q' in "momentum space,"
with the co-ordinates (e/c)A. and (e/c)A5, and through
this point Q' we draw a line parallel to the direction of

20 See the extremely lucid explanations of E. Schrodinger in his
second paper on "Wave Mechanics," reprinted in his "Collected
Papers on Wave Mechanics," Blackie, 1928, which we have followed
up to this point.

the normal n. This intersects the circle in two points,
and gives two velocities, v1 and v2, equal in magnitude
but different in direction, pointing towards opposite
sides of the line W= Wo. The difference in direction
illustrates once more the fundamental property of the
magnetic field, that a trajectory cannot be described in
opposite directions.

In order to find the distances dn we must now take
the reciprocals of the distances

(---inverse of c
WRY

AY

T dW/p

is (2.ame141

Momentum space

Pi= (dW/dn), and

w,+ chi
Wo

W,,+dW

Configuration space

Fig. 6-Propagation of the action
in an electromagnetic field.

P2 = (dW/dn)2, and multiply by dW. It is more in-
structive, however, to leave the direction of p for the
moment undetermined, and determine the locus of the
radii dn. This means that we must transform the circle

c by "reciprocal radii" or "inversion" with respect to
the point Q'. But the inverse of a circle is again a circle,
hence the locus of dn=dW/p is easily determined. This
inverse circle, transferred into the second diagram is an
elementary "Huygens' wavelet." Its eccentricity with
respect to Q illustrates the peculiar effect of the mag-
netic field, which allows the "action waves" to spread
more easily in some directions than in others.

In practical constructions it is not necessary to draw
the Huygens' wavelets in every point, and the process
can be made fairly speedy by drawing, once for all, two
reciprocal figures, say a straight line and its inverse
circle, so that reciprocal distances can be drawn with-
out recourse to the slide rule.

(b) The Inverse Dynamical Problem
The electronic engineer is often faced not with the

problem of finding electron motion in a given field, but
designing the field so as to produce a certain desired type
of electron motion. The Hamilton-Jacobi equation is
particularly suitable for this purpose, as once the motion
is given by some action function W (x, y, z, t) the po-
tential o which will produce this motion is immediately
given by

aw
2meo = 2m -

at
(grad W)2. (15)

In the following we will restrict ourselves to steady
motion. In this case, what the. designer wants to pre-
scribe are usually only the trajectories, the velocities
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themselves are mostly not of immediate interest. All
one has to do is to draw the family of trajectories which
form the beam, and construct graphically or analytically
the family of curves which intersect these at right
angles; i.e., the lines W= constant. Let their equation
be u(x, y) = constant. We can now make W any arbi-
trary function of u, and obtain the potential which can
produce the prescribed trajectories in a form

= F(u) (grad u)2 (16)
where F is an arbitrary but positive function of u.
This can be modified as it suits the purpose best.

100

80

40

0

2em9S -0 so 100

Trajectories

a =10 a= i
10

10

0

Fig. 7-Example of two -valued action function. Equipotential I ines
are drawn with thin continuous lines, the loci of constant actionwith thick lines.

The action W cannot be arbitrarily prescribed in
eases in which W is a multiple -valued function, as this
would result in general in a multiple -valued potential,
which is an impossibility. Multiple-valued action func-
tions arise in all problems in which electron paths cross
one another.2' In this case the following artifice may be
adopted:

Let us assume two orthogonal families of curves
u(x, = Cl w(x, y) = C2.

If we want a two -valued action function, we can assume
it in the form

W = f(u) [g(w)]112 (17)
where f and g are arbitrary but single -valued functions.
The potential 4 follows now from the equation

2m$ = (-di) (grad u) -
du

Y (grad w)2
2 1 dg

4g dw
which is a single -valued function. The term containing
Vg(w) has dropped out because of the orthogonality

" See J. H. L. Jonker and A. J. W. M. van Overbeek, "A new
converter valve," Wireless Eng., vol. 15, p. 423; August, 1938,
which contains some instructive examples of such electron beams,
illustrated by means of a rubber membrane model.

of u and w. If four -valued action functions are required,
we can put

W = U(u)11/2 [g(w)]"2.
A certain class of orthogonal curves can be easily

manufactured, by assuming u and w as conjugate har-
monic functions. This is to say we assume an arbitrary
function F of the complex variable z =x+jy, and put

F(x jy) = u(x, y) jw(x, y).
As an example, let us put

F(z) = z2 = x2 - y2 2jxy.
We choose, for instance,

W = axy 13(a2 + x2 y2)312

which gives

2enu4 = grad' W = (x2 + y2) [a2 9132(a2 + x2 y2) j.

A numerical example of this field is shown in Fig. 7.
The lines W= constant have two branches each, which
terminate in a common cusp at the hyperbola

yE - x2 = a2

beyond which the action becomes complex. This hyper-
bola is the envelope of the trajectories belonging to the
beam.

Though it is easy in this way to manufacture electron
beams together with their corresponding potentials,
these potentials cannot always be realized. They will not
in general satisfy the Laplace equation (in the case of
negligible space charge), or the Poisson equation (in
the case of strong electron currents). Nevertheless, they
may often give useful hints to the designer; and in many
cases it will be possible, if necessary, to eliminate the
space charge, or space -charge deficiency, by super-
imposing a relatively weak field, and treating this by
the perturbation methods discussed in the next section.22

a
Fig. 8-Data of motion which determine

the electrostatic field.

How much of the electron motion are we allowed to
prescribe arbitrarily in a Laplacian field? Fig. 8 gives
an answer to this, in the case of plane motion. It can be

22 A direct attack on the problem of electron motion consistentwith its own space charges leads to equations of formidable com-
plication and difficulty. See footnote reference 19.
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proved that the electrostatic field will be entirely deter-
mined by a "narrow beam" between two points P1 and
P2, if the potentials in two of its points, e.g., in the end
points, are prescribed (Fig. 8a). This is analogous to the
well-known theorem for paraxial beams in axially sym-
metrical fields.

An important exception must be noted. If the central
trajectory forms a closed loop; i.e., if it intersects itself,
and there is no electrode inside this loop, the field will
be entirely determined by the loop of the trajectory and
the potential of one of its points, say the point Q in
which it intersects itself (Fig. 8b). All the rest of the
field and of the beam can be constructed from these
data.

(c) Small Perturbations
It is very often not sufficient for the electronic engi-

neer to know the electron motion in a given field; in
many cases he will be as much, or even more, interested
by the changes in the motion produced by changes in
the electromagnetic field. Perhaps the greatest ad-
vantage of the Hamilton -Jacobi equation is that it lends
itself so well to the treatment of slight variations of a
dynamical problem. The method of perturbations was
used in celestial mechanics for almost 80 years before
1916, in which year the astronomers Epstein and
Schwarzschild introduced the Hamilton -Jacobi methods
into atomic physics.

Let us assume that we have found a solution of the
Hamilton -Jacobi equation in a potential field qSo, which
we call Wo. We have therefore

(ax31170)2 (ayavvoy- + - = 2ent4)0.
We now add to 4o a small "perturbing" potential
Neglecting the square of the momenta produced by the
perturbation we obtain the linear equation for

aWo avvi alvo awi
ax ax

+-
O

-= en*. (18)
y ay

It is now convenient to introduce new co-ordinates in-
stead of x and y. We could, for instance, choose the
unperturbed trajectories themselves and the family of
curves orthogonal to them as suitable curvilinear co-
ordinates. But there is no need to specify this more
exactly, as the co-ordinate at right angles to the un-
perturbed trajectory drops out of (18) and one obtains
the very simple result

awl (ill
(19)

ow° 20o

We need only integrate this along an unperturbed tra-
jectory to find the changes which the perturbing field
has caused in the action function.

To illustrate this very useful method, let us consider
the deflection of an electron stream in a triode by a posi-
tive grid (Fig. 9). As a convenient "unperturbed state"

= - 

we choose the state in which the grid is uncharged, so
that the trajectories are parallel, straight lines. If now
we apply to the grid potentials slightly smaller than in
the "unperturbed" state, the lines W= constant will
move a little towards the anode, and curve slightly
towards it. Their shape can be determined by an easy
integration. If the grid charge is slightly positive, the
effect is the opposite, the constant action lines move
towards the cathode and curve away from the cathode.
Consequently, the electron beams, which at negative
grid charge were slightly concentrated towards the
anode, now spread out.

Grid Grid charge Grid charge
uncharged negative positive

Fig. 9-An application of the perturbation method.

It can be seen from the figure that the action which
at uncharged grid was a single -valued function now
splits up into several branches. The lines W= constant
intersect above the center of the grid wires. These parts
of the W -lines and of the trajectories must be deter-
mined by extrapolation. This is not difficult, nor very
arbitrary so long as the perturbation remains small.
But even large departures of the grid potential from
the uncharged state can be treated in this way, if the
change is divided up into sufficiently small steps, which
are calculated in succession, each step as the perturba-
tion of the previous one.

ELECTRON MOTION IN RAPIDLY VARYING FIELDS
(TRANSIT -TIME EFFECTS)

If the electromagnetic field varies appreciably during
the time of flight of an electron in the device, the energy
integral is no longer valid and elementary theory loses
its chief guide. But the Hamilton -Jacobi equation

C---W+eA)+(-3/47+-Aiy
Ox c ay c

a W e- A. = 2;11(
az c

ecl) -
at

(12)

remains valid, and the term awiat indicates directly the
departure from the constancy of total energy.

It appears desirable to treat time on the same footing
as the spatial co-ordinates, but in (12) these figure in a
markedly asymmetrical manner. It is known that rela-
tivity theory establishes a certain symmetry between
time and space, let us therefore first see the relativistic
Hamilton -Jacobi equation16,2°
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(1 aw e (a e- - - MC - -ft) - + A
c at c ax c

- (-a8117 -e AY- (--
az

(3147 -
c
e A.Y= (mc)2. (20)

y c

This, however, is not symmetrical, but rather anti -
symmetrical in I and x, y, z which is, of course, to be ex-
pected, as in relativity not the real time t, but the im-
aginary quantity jct is a counterpart of the spatial co-
ordinates.

ElerLron beam

0

Oscillating electrode

Fig. 10

0

In electronic devices we deal mostly. with electron
velocities considerably smaller than the velocity of light,
hence the difference between (12) and (20), which con-
sists of terms of the order (v/c)2, is usually negligible.
There is, therefore, no objection against adding other
terms of this order to (12) by which the term at its right
side is transformed into a negative square, instead of a
positive square. Nor is it necessary to make the quantity
c equal to the velocity of light, we can make it any
velocity C, provided it is large against v. We introduce
now as fourth co-ordinate

T = Ct (21)

and obtain the Hamilton -Jacobi equation in the sym-
metrical form

\2 e+ mC±
. c

A .

aw e e+
a

(- +
az c

A, + --I-- A.
y c

= 2m(e4, (22)

We call this the "antirelativistic" Hamilton -Jacobi
equation. If C tends. o the limit infinity it goes over into
the nonrelativistic equation, and in general the errors
will be of the order

1 1

v2 + ).
62 C2

The antirelativistic equation" can be interpreted as
follows:

23 I have called this an antirelativistic equation, but it is, of course,
one of the minor fruits of relativity. So long as classical Newtonian
mechanics was believed to have absolute validity, mathematicians
spent most of their effort in finding rigorous solutions of the classical

We can replace a time -dependent problem of electron
motion in n dimensions by a stationary problem in n+1
dimensions, if we in part to the electrons an initial velocity
in the direction of the new co-ordinate large against the
velocities in the other directions. In other words, the
trajectories must always include small angles with the
new axis.

This principle has been used for making a mechanical
static model of a velocity -modulation tube of the Hahn -
Metcalf type."'" These tubes contain a "modulator,"
a section of which is shown in Fig. 10, and a "demodu-
lator" of identical design. The electron beam emitted by
a cathode is accelerated by a direct -current field, out-
side the figure, at the left, and moves in turn through a
tube at constant potential 00, through an oscillating
electrode, and through a third tubular electrode, called
the "drift tube," which has the same constant potential
00 as the first. The beam is subjected to electric fields
only in the two "gaps" at the entrance and at the exit
of the oscillating electrode. The potential profile at dif-
ferent instants is indicated in the lower part of Fig. 10.

In the mechanical model, a photograph of which is
shown in Fig. 11, the potential distribution is repre-
sented in the form of a relief. One horizontal co-ordinate
x represents the axial position, the other co-ordinate
represents time, the vertical co-ordinate is proportional
to cp. Any section at t= constant represents the potential
profile in the tube at that instant. In addition to the
modulator shown in Fig. 10, the relief in Fig. 11 com-
prises also at the left a constant downward slope, which
represents the accelerating direct -current field, and at
the right a constant rising slope, representing a retard-
ing direct -current field. This has been added in order to
measure the energy acquired by the electrons by the
highest point which they reach on this slope.

Fig. 11-Static model of Hahn -Metcalf velocity-
modulation tube.

The left edge of the model represents the cathode.
Electrons, represented by steel balls, leave this with

equations. But as relativity has taught us that the classical laws
are themselves only approximations, there is no reason why we should
not replace them by more convenient approximations.

24 D. Gabor, "Energy conversion in electronic devices," Jour.
I.E.E. (London), part III, vol. 91, p. 128; September, 1944.

25 W. C. Hahn and G. F. Metcalf, "Velocity -modulated tubes,"
PROC. I.R.E., vol. 27, pp. 106-116; February, 1939.
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zero velocity; that is to say, their x(t) curves start here
in the direction of time. According to the principle men-
tioned, the "velocity in the time direction" must be
large as compared with the physical velocities; i.e., the
steel balls must be launched from a height large as com-
pared with the height differences in the relief. In the
model, which is intended for demonstration only, not for
measurements, this rule has not been strictly observed,
in order to display the trajectories on a more convenient
scale.

If a steel ball is launched in a certain "phase," cor-
responding to the dotted line, the trajectory turns
parallel to the time axis at the exit from the modulator,
which means that the corresponding electron has lost
all its energy in the modulator. A steel ball launched
half a cycle later-continuous line-climbs on the slope
at the right to a height above the cathode edge; i.e.,
it has gained energy from the alternating field in the
modulator. The two trajectories intersect at a certain
point. At this point the electron which was launched

AA:treeCent screen

e/ectron gun

Fig. 12-Static model of oscillating magnetron.

later has caught up with the one launched half a cycle
earlier. This phenomenon is called " phase focussing" or
"bunching."

Mechanical models of this sort can be constructed
only for one-dimensional transit -time problems, but
another kind of model is possible also for two-dimen-
sional motion. Fig. 12 is a suggested static model of an
oscillating magnetron. The electrodes are longitudinally
subdivided and direct -current potentials are impressed
on them, which vary along the axis by the same law as
they would vary with time in actual operation. An
electron gun shoots a thin beam with large velocity in
axial direction, tangentially to the electrode which repre-
sents the cathode. The trajectory is registered on a
fluorescent screen which can slide axially along the
cathode.

The new principle suggests also another kind of
model, in which electron trajectories are replaced by
light rays. Hitherto, it was not thought possible to
imitate electron optical devices optically, as the enor-
mous ratios of electron -optical refractive indexes could
not be reproduced. But if we add a new dimension to
the device, only small differences of the refractive index
will be required to produce appreciable deflections. In-
stead of trying to produce a continuously varying re-
fractive index, we can also produce these deflections by
suitably shaped refracting surfaces. Fig. 13 shows an

optical model of the same velocity -modulation tubes
of which we have already seen a mechanical model. The
surfaces of the thin refracting plates of glass or trans-
parent plastics must be shaped according to the po-

X

Fig. 13-Optical model of velocity -modulation tube.

tential profile. Unlike the mechanical model, this one
is suitable also for two-dimensional problems, and it has
the advantage of being free from friction.

Perhaps more important than these new models is
the discovery that there exists a fairly highly developed
theory of transit -time phenomena in a rather unexpected
place; in the Gaussian theory of optical instruments.
Gaussian optics is the theory of light rays which include
small angles with an axis. The special case of rotation -

0
6

c

non- rea eivi$Cic
(parabola)

.1%/

c _.(p,14- A5)

anti-relativistic
circle) \

Fig. 14-The three types of Hamilton -Jacobi equation.

ally symmetrical optical instruments, which is most
widely known, is of little use in electronics, but the
general case also has been worked out in considerable
detail, especially by Gullstrand, and by Caratheodory.26

The analytical and graphical methods explained in
the previous chapter can now be transferred to transit -
time problems, with the help of the "antirelativistic"
Hamilton -Jacobi equation. Fig. 14 explains the procedure

" See chapter V, pp. 84-102, of footnote reference 9.
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in the case of one-dimensional motion, which is
entirely analogous to the treatment of two-dimensional
stationary problems. It illustrates particularly the dif-
ference between the exact, relativistic Hamilton -
Jacobi equation, and the two approximations. The locus
of the total momenta in relativistic treatment is a hyper-
bola, in the classical treatment a parabola, in the "anti-

ct

relativistic

non -relativistic

anti- relativistic

X

Fig. 15-The three types of Huygens' wavelets.

relativistic" approximation a circle (in the case of two-
or three-dimensional motion a sphere or a hypersphere).
The corresponding inverse figures; i.e., the "Huygens'
wavelets," are shown in Fig. 15. So long as C is assumed
very large (as in the drawings) the three methods will
give practically the same results for small velocities.

ELECTRON BEAMS WITH RANDOM MOTION

We add now a further touch of realism to the abstrac-
tions hitherto considered, by taking into consideration
the random distribution of the initial velocities in direc-
tion and magnitude. This means that we must now drop
the picture of the electron beam as a fluid in three di-
mensions, which can have only one (or a finite number)
of velocities in any given point. Fortunately, we can
immediately replace it by another picture, by the flow
of a fluid in Hamilton's phase space.

Hamilton's idea of the phase space composed of con-
figuration space and momentum space is one of the
most useful of his creations." In the special case of
electron motion this space is six -dimensional for three-
dimensional problems; hence only one-dimensional prob-
lems can be graphically illustrated, but these give
sufficient help to the imagination to deal also with more
complicated cases.

The usefulness of phase space is based on the second
general invariant of dynamics, Liouville's invariant,
which may be stated without proof.28 The motion of
the points representing electrons in phase space is like
the motion of an incompressible fluid. If these points,
or let us simply say electrons (though we are now at two

27 It might be argued that Hamilton was only the grandfather of
the phase space, and that it was J. Willard Gibbs who recognized its
significance and usefulness. See Gibbs' "Elementary Principles of Sta-tistical Mechanics," 1902. The name "phase space" is also due to
Willard Gibbs.

211 For a simple proof, see R. H. Fowler, "Statistical Mechanics,"
Cambridge, 1929, p. 11. For more rigorous proofs, see p. 283 of foot-
note reference 8, and p. 39 of footnote reference 9.

removes from the original idea of the electron as a defi-
nite point charge), occupy at some instant a closed sur-
face in phase space, the volume of this space will remain
invariant during the motion. As the number of elec-
trons remains also invariant, we can express this by
saying that the density D in phase space is an invariant
of the motion. This is illustrated in Fig. 16.

//

/

x
Fig. 16-Liouville's invariant.

The "continuity equation" in phase space is there-
fore

dD
0.

dt

To simplify matters, we will write this out in full only
for the case of one-dimensional motion, writing x for
the co-ordinate, and p for the corresponding momen-
tum

dD aD dx OD (112 aD

dt - at + dt ax dt ap 0.

We now substitute dx/dt and dp/dt from the canonical
equations (2), and obtain

dD OD aac aD aae aD
dt at ap ax ax ap

= 0.

This is the fundamental equation for the electron dis-
tribution. Its generalization to more than one dimension
is obvious.

(23)

(24)

(25)

ELECTRON DISTRIBUTION IN STATIONARY
ELECTROMAGNETIC FIELDS

If the field is stationary, the motion will also have a
stationary solution and the corresponding distribution
density D will be the solution of the equation

aac aD a 3C aD-= 0. (26)ap ax ax ap
This is a homogeneous linear partial differential equa-
tion of the first order, with the general solution

D = F( 3C). (27)

As in stationary fields 3C = constant along every tra-
jectory, this means that the phase density D is a constant
along every trajectory, though it can vary from one
trajectory to another in any arbitrary way. The validity
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of this result is not confined to the one-dimensional
example.

Let us now apply this to an electron beam emitted
by a therm ionic cathode. For simplicity let us assume
that the cathode emits uniformly over its emitting area,
where the density is

mv2
D = K exp(-

2kT\
(28)

From this it follows at once that any point of the phase
space we shall have either the density

1

D = K exp (--
kT

(imv2 - e4))) (29)

or the density
D = 0 (30)

according to whether this point of phase space is reached
by electrons or not. The whole solution of the distribu-
tion problem can therefore be put together out of the
"Maxwell -Boltzmann distribution" (29), and the trivial
solution (30).

As the two solutions are known, the ,only problem
which remains is to fix the boundary between them. But
this is a dynamical problem of the type as considered in
the previous sections; hence the problem of random mo-
tion is effectively reduced to one of a simpler type.

As an example, let us first consider one-dimensional
motion, between plane electrodes. As is evident from
their derivation, the solutions (29) and (30) are not
affected by the presence of a magnetic field, though the
boundary between them may be affected, but in the one-
dimensional case a magnetic field (which must be in the
direction of the motion if the motion is to remain one -

Fig. 17-Velocity distribution in the case of linear motion.

dimensional) has no effect at all. We can therefore
neglect it from the start. It is now convenient to express
the momentum p by the velocity, but we now call this
u, to distinguish it from the velocity v= V2eck/m which
a "regular" beam; i.e., one without initial velocity,
would have at the same point. We can now write the
Hamiltonian

3C = mnv2-ect,=;m(u2-v2)

hence the density becomes

D = D(u2 -

The density remains constant along the hyperbolas
u2-v2= constant which are, of course, the lines of
constant total energy. This and the apparent deforma-
tion of the density distribution are shown in Fig. 17.
The boundary between the Maxwell -Boltzmann solu-
tion and the trivial solution D = 0 is very simple in this
case, as it is represented by the line u =v. This means
that only those electrons can appear in the beam which
have left the cathode, 4) =0 with zero or positive
velocity.

In the case of space -charge -limited flow, rt has to be
measured from the potential minimum, not from the
cathode surface.

In problens of more than one dimension the deter-
mination of the boundary is somewhat more compli-
cated and we cannot go into it in detail. Fig. 18 gives
a hint how this can be carried out. The solid angle out-
side which no electrons can reach a point P is deter-
mined by those electrons which have started from the
edge of the cathode, with initial velocities tangential to
it. As in most cases, this solid angle is very small, ap-
proximate solutions can easily be obtained by similar
methods as discussed in the previous chapters.

ELECTRON DISTRIBUTION IN RAPIDLY VARYING FIELDS

In transit -time problems, the energy integral 3C = con-
stant and the simple law D =D(3C) fail us simultane-
ously, and they cannot be replaced by other, more
general solutions. Nevertheless, as the equation for D
is a linear partial -differential equation of the first order,
solutions in special cases can be developed fairly easily.
These may be of some interest for the problem of the
theoretical limitation of the performance of electronic.
devices by random motion.29'3°

Fig. 18-Angular limitation of an electron beam.

CONCLUSION

We have seen that certain methods of dynamics
originating from Hamilton's work have appreciable
advantages in the field of electronic problems discussed

" D. B. Langmuir, "Theoretical limitations of cathode-ray tubes,"
PRoc. I.R.E., vol. 25, pp. 977-991; August, 1937.

SO J. R. Pierce, "Theoretical limitations to transconductance in
certain types of vacuum tubes," PROC. I. R. E., vol. 31, pp. 657-663;
December, 1943.
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in this paper. It may be added that their usefulness
probably does not extend much further, as they seem to
give little help in the problems of space charge and
noise. But it appears, from recent investigations of the
author, that in many of these problems very good use
can be made of Hamilton's third method, which has not
been dealt with in this paper. By formulating all equa-
tions of the electronic discharge in the form of a single
minimum problem, approximate solutions have been
found for space -charge problems which otherwise offer
great difficulties. It is hoped that it will soon be possible
to publish these results.

APPENDIX I

PROOF OF HAMILTON'S CANONICAL
EQUATIONS

The first set of the canonical equations constitutes
the definition of the total momentum p according to
(4), the second set gives the law of motion. This can be
summed up in the vector equation

dp
= - grad 3C.

dt

Using (5) the left side can be written

dp _d e A\
dt dt c

av e OA e= m- - - - - - (vV)A
at c at

where (vV)A is a vector with the c -component

OAx aAx aA xv.- + vi,- + V2
ax ay az

By (3) the x -component of the right side of (31) is

- grad z 3C= -- p2+- A.
1 e aA x

c ax
+

+e -=- vz-+vy---+vz +e - ax me ax ax

-e aA x aAt, ad,

Ox ax

By a well-known vector relation, the first term at the
right side is the x -component of the vector

e
[(vV)A + v X curl A]

so that the right side of (31) becomes

e e
e grad tp - -v X curl A - - (vV)A. (33)

Comparing this with (32) the terms - (e/c) (vV)A cancel
out. Substituting

H = curl A
1 aAE = - grad 4) - - -
c at

we obtain the law of motion (1) in Lorentz's formula-
tion.

APPENDIX II

PROOF OF LAGRANGE'S THEOREM

Consider a closed curve c at some instant t, with the
circulation

C (pxsx-F pray + posz).

The symbol S Will be used in the following for denoting
simultaneous distances between particles, while the
symbol d will be reserved for their motion. The rate of
change of the circulation C during the motion of the
curve c is

dC d

dt =dt
r
("x "3' + "3)

=

f(px +cLpy dp. ddbtx

dt dt dt

P&Syy-dt p. -
dt

dpx dp, dx(31) = 6x + - + - oz + pxS
dt dt dt dt

dy

+ p5
_dz\

dt dt )
dpx dpi, p,

= ji- Sx ± - Sy ±d-
dt dt dt

Sz

(32)
+3(P.vx+Pyvy+P.v.) - (v.sp.+v.opy+v2bp.)1

aae 03C ax aaeox + - Sy + - az + - spx
ax ay az apx

a 3C a 3C-
3Py spy op,

op) = -fsac = o.

In the second line, we have carried out the differentia-
tion. In the third line, the order of displacements along
simultaneous positions and along the trajectories has
been interchanged. In the fourth, the second term has
been transformed so as to split off a complete differ-
ential. In the last line, the canonical equations (2)
have been used, which transform the whole integrand
into a complete differential, the integral of which must
vanish along every closed circuit. Thus the circulation
is an invariant of the motion.

APPENDIX III

THE CURL OF THE TOTAL MOMENTUM IN
REGULAR ELECTRON BEAMS

In a regular electron beam, that is to say, in a beam
which starts from a cathode with zero velocity, the total
momentum p has an initial vorticity normal to the
cathode of the value

ecurl p = - -11. (34)
c

while the tangential components of the curl are zero.



The first part of this statement follows immediately
from Lagrange's theorem, if it is applied to any closed
circuit of electrons starting simultaneously from the
cathode, as at the cathode surface the tangential
velocity is zero. In order to prove the second part, as-
sume that the normal n to the cathode surface coincides
with the x direction, and the tangential component of
H with the z direction. The y component of Lorentz's
(1) is

d avy avy avy avy\
m

di
vy = m(

at
+ v.

ax
+ vy + v.

ay az )

factor go to zero like x1/2 at a saturated cathode and like
x213 if the discharge is space -charge -limited. Thus the
remaining terms are dominant near the cathode sur-
face. Dividing these by v. we obtain

avy em- = - H.. (37)
ax

On the other hand at the cathode surface, as v.=0

avy dv,s avy
curl, v=

ax ay ax
Thus

e

- eEy -v .H z (35)

At the cathode surface
avy

vy = v. =
at

= Ey = o. (36)

These. terms go to zero at the cathode surface at least
like x, whereas the remaining terms which have vs as a

e
curl. p = curl. (my - -A

e
= curl. my - - Hs = 0

c
(38)

that is to say, the tangential component of the vorticity
of the total momentum at the surface of a cathode is
zero in all circumstances.

The Plane -Wave Resolution of Guided Waves*
S. S. MACKEOWNt, FELLOW, AND JOHN W. MILES

Summary-Wave propagation in cylindrical guides of both rec-
tangular and circular cross section is treated by representing the
proper solutions to Maxwell's equation through a plane -wave ex-
pansion of the Hertzian vector. In the case of a rectangular wave
guide only a finite number of plane waves (two or four) is required to
represent a given mode, while for the circular guide an infinite mani-
fold is required. The plane waves are uniform, traveling with the
velocity of light in the medium at an angle to the cylindrical axis
which is determined by the frequency and the eigenvalue of the mode
under consideration.

INTRODUCTION

THE PROPOSITION that any solution to the
wave equation may be resolved into an expansion
of plane waves has been enunciated by several

writers, including Stratton' and Ramo and Whinnery.2
For academic purposes it nevertheless seems worth
while to produce the expansions explicitly for the im-
portant cases of propagation in circular and rectangular
wave guides. These expansions and concepts have
proved helpful in classroom presentation of the subject,
particularly in clarifying the concepts of phase and
group velocities.

THE FIELD EQUATIONS

In the interests of simplicity we shall derive all field
vectors from the Hertzian vector, following Stratton.'

* Decimal classification: R116. Original manuscript received
by the Institute, February 6, 1945; revised manuscript received,
April 16, 1945.

t California Institute of Technology, Pasadena, Calif.
$ Lockheed Aircraft Corporation, Burbank, California.
s J. A. Stratton, "Electromagnetic Theory," McGraw-Hill Book

Co., New York, N. Y., 1941.
2 Simon Ramo and John Whinnery, "Fields and Waves in Modern

Radio," John Wiley and Sons, New York, N. Y., 1944.

In cylindrical co-ordinates (u, v, z), the fields are com-
pletely specified by the z component of the Hertzian
vector which is herein represented by the scalar function
p(u, v, z). (z is the co-ordinate measured along the axis
of the cylinder, and u and v are orthogonal co-ordinates
in a plane of constant z.) Inasmuch as the Hertzian vec-
tor satisfies the vector wave equation and the z co-ordi-
nate is measured in a fixed direction, its z component
must satisfy the scalar wave equation; viz.,

V20 = 0, k = 0.10112co = 27r/X (1)

where u and e are the permeability and the dielectric
constant, respectively, w is the angular frequency, and X
is the wave length in the medium (not, however, the
guide wave length). The operator a/at has been replaced
by jw in accordance with the assumption of harmonic
time variation.'

The scalar and vector potentials 0 and A are then
given by' = - aik/az

A = jcopie

In the case of TM or E waves; i.e., Hz= 0, we
= - V0E - jWAE
= X AH

while for TE or H waves (E. = 0) we have
DH = V X AH
HH VOH jWAH.

(2)

(3)
have

(4)

(5)

(6)

(7)

The boundary conditions require the vanishing of the
s Note that Stratton assumes a time variation e'"' where we have

assumed e1'"'. Simply substituting -j for i reconciles the two assump-
tions, ei`' being more general engineering usage.

See Appendix A for a resume of the vector notation used herein.

November, 1945 Proceedings of the I.R.E. 805
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tangential electric field or, equivalently, of the normal
magnetic field at the metal surface. For the E modes we
may require (17 X 7E)  ti to vanish,' which, from (3) is
effected by the vanishing of the tangential derivative
of lks; viz.,

04s/0s = 0 (8)

while for the H modes we require (V X TIN)  I to vanish,
which from (3) is effected by the vanishing of the nor-
mal derivative of OH; viz.,

alk/an = 0. (9)
In treating (1) it is customary to assume propagation

along the z axis with a propagation constant jh so that
we may write

4/(u, v, z) = f(u, v)eihs (10)
where the positive or negative sign is associated with
propagation in the positive or negative z direction, re-
spectively. We remark that the mathematical motiva-
tion of this choice is one of simplicity, and is not neces-
sarily accompanied by any a priori conviction as to the
direction of travel of any individual wave front. The
wave represented in (10) has a phase velocity (w/h).
Substituting (10) in (1) we have the two-dimensional
wave equation

'of + of = 0, = ks - h2. (11)

There is a doubly infinite set of solutions to (11) corre-
sponding to a doubly infinite set of discrete values for K,

these eigenvalues being determined by the boundary
(8) or (9).

THE RECTANGULAR WAVE GUIDE

The solutions to (1), satisfying the boundary condi-
tions (8) and (9) in a rectangular wave guide bounded
by the planes x=0, x=a, y =0, and y =b(u =x, v=y),
are found to be (see Appendix B)

1,GE,(x, y, z) = sin (mrx/a) sin (mry/b)Ji" (12)
y, z) = cos (mirx/ a) cos (mry/b)eih' (13)

KE2 = KH2 = (n7/02 (nrib)2 (14)

where m and n are integers. We observe that, by ele-
mentary trigonometry, both (12) and (13) may be ob-
tained by superimposing solutions to (1) of the type

lAnn(X, y, = eir±"(xla)inr(vlb)ths] (15)
where any combination of the signs is permitted. If we
define the angles

a = tan-' (K/h) = (K/k) (16)
14 = f tan-' (mb/na) (17)

we may write
y, =

= [i sin a cos j sin a sin cos a] k
= ix + jy

(18)
(19)
(20)

X being the "vector -propagation constant" and T2 the
radius vector. The function given by (18) represents a
uniform plane wave traveling at a polar angle a to the z
axis and an azimuthal angle 3 to the X axis with the
velocity of light (c= (tie) -'12) in the medium. The

6 ñ is the unit vector normal to the cylindrical surface in question;
similarly 3 is the unit tangential vector in a plane of constant z.

properties of a plane wave, listed in any standard test,"
include the mutual orthogonality of the electric field,
the magnetic field, and the axis of propagation and, for
a uniform plane wave, the uniformity of the fields in
any plane transverse to the axis of propagation. From
(16) we observe that the phase velocity (co/h) of any
mode is greater than the velocity of light by a factor of
sec a. Accordingly, the measured guide wavelength is
sec a greater than X, inasmuch as it is measured between
planes of constant phase; however, since the plane
waves which make up the guided wave travel at an
angle a to the z axis, the group velocity of the guided
wave is less than the velocity of light by a factor of
cos a.

Chu and Barrow' following Brillouin and Page and
Adams, have given the plane -wave resolution for the
special case of the TE01 mode, where b is greater than a,
and mention the experimentally observed phenomenon
that radiation through a slot cut in one face of the guide
is at the predicted angle a =sin-i(X/2b) (see (14) and
(16) for m =0, n =1) to the z axis. As a more explicit
example of a plane -wave resolution in a rectangular
guide, we choose the Hmn mode traveling along the
positive z axis; from (13) we may write
ihr,(x, y, = 1/4 [e-i(mTzle+nirldb+hz)

 e-g-mirxIa+nrylb+hz)
 e-g-mrx(a-nrylb+hs)
 e-i(InTzla-nTylb-Fhs)]

= 1/4 Nil + 4,2 -F + 4'4] (21)
where 4',, Os, 03, and 4' are plane waves traveling at
polar and azimthal angles

= {R,002 (0)2iii2v2)
01= ± tan-' (mb/na), = w T- 131 (22)

respectively. We remark that, for the special case
m =0 4'i=4'4(13i =184=0) and 4/2=03(132=133=7), while
for n = 0 4/1 = 02(31=132=7r/2) and lb = 04(133=134= 37r/2).

CIRCULAR GUIDE

For the case of the circular guide we use a treatment
which is suggested by Stratton's general treatment of
cylindrical waves.' The solutions to (1) in the co-ordi-
nates (u = r, v =0, z) satisfying the boundary conditions
(8) and (9) in a circular guide of radius a are found to be
(see Appendix B)
tk,,,,,(r, 0, = J,(Kr)ei(tm04-4s) = fir,e)eihi (23)

J.,(KEa) = 0 (24)
..T.'(KRa) = 0 (25)

where Jm(x) is the Bessel function of the m'th order.' In
general, several solutions of the type (23) will have to be
linearly combined to give the correct polarization in O.
By expressing the Bessel function as the contour inte-
gral' and making the change of variable 13 =4±0

L. J. Chu and W. L. Barrow, "Electromagnetic waves in hollow
metal tubes of rectangular cross section," PRoc. I.R.E., vol. 26, pp.
1520-1555; December, 1938.

7 cts is an arbitrary phase constant specifying the polarization of the
potential.

8 Eugene Jahnke and Fritz Emde, "Tables of Functions," Dover
Publications, New York, N. Y., 1943, p. 147.
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= (j-ni/2r) f e-ligar eee #+"idCk
0f 27±8

= e-j[ornr cos (13T0)-Fm(0T0)-m7,/ 214

±O

Hence

f
22±8

f(r, 0) = sin a cos (:40)rd#
±0

1(19) = 1/21re-im(0-1-7/2)

(26)

(27)

(28)

where a is given by (16). Expanding the cosine in the
exponent of (27) and substituting in (23) we obtain

27±0

#(r, 0, z) = f g(13)e-ije'redg (29)
±0

where X and T? are given by (19) and (20).
The solution given by (29) represents an infinite

manifold of plane waves, having amplitudes c/13/27r and
phase 27rg($) propagating along coaxial cones of aper-
ture 2a and at azimuthal angles $ with the velocity of
light in the medium. The situation is more complex than
in the case of the rectangular guide since the number of
waves required for the resolution of a guided wave is
infinite, but since the angle a is given by (16) in both
cases, the phase velocity, the group velocity, and the
phenomenon of cutoff can all be interpreted as in the
case of the rectangular guide.

As an example of plane -wave resolution in a circular
guide, we choose a vertically polarized Hu wave, since
this mode has the lowest cutoff frequency of all possible
circular modes, traveling in the positive z direction.
From (3) and (6) we conclude that vertical polarization;
i.e., no 0 component of electric field at 0=a/2, requires
the solutions of (23) to be combined in such a way to
give # varying as cos 0; hence we write

#H(r, 0, z) = 1/2Ji(Kir) [el +

= 1/20h+ 00 (30)

-7" 1' (1C la) = 0 (31)

2r±0

Where ¢;= fto
e-jk eina cos( tiT 0) Tai% (32)

2r

g represent two infinite manifolds of plane waves of
phase distribution je--0 and amplitudes 1/27rdf3, each
manifold being constituted to effect the vanishing of the
tangential electric field at r =a, and the two manifolds
being combined to give a vertically polarized wave.

A similar treatment may be made for the solutions in
a coaxial guide if the contour integral representation of
the Neumann function is introduced along with the
representation of the Bessel function given by (26).
When the Bessel and Neumann functions are combined
in such a way that, for the proper choice of the eigen-
value, the tangential electric field vanishes at both the
inner and outer conductors, the resultant manifold of
plane waves will be found to be reflected back and forth,
while also progressing along the z axis, between the
outer and inner conductors.

APPENDIX A

VECTOR NOTATION

The co-ordinate systems used in the foregoing were
rectangular (right-handed) and cylindrical polar (0

measured counterclockwise and 0 =0 when and
the corresponding vector co-ordinates are (t = ix, ji =jy,
z= kz) and (I.= fir, 0=010, 2= kz) where i, j, k, ?I, and th
are unit vectors in the positive x, y, z, r, and 0 directions,
respectively.

The gradient, or directional derivative of a scalar V is
given by

VV = iav/ax javlay feav/az (33)

which, in cylindrical polar co-ordinates, may be written

VV = flav/ar ei/t. aV /a0 TeaV /az. (34)

The curl of a vector V( = i V.+Te V.) is given by
V X V = i(aV Way - aV ./ az) + j(aV ./ az - aV ./ a x)

k(aV,,/ax - aV zlay) (35)

which, in cylindrical polar co-ordinates, may be written
1 av ,

+
ay, av,i

v x V = r1[-- -
r ae az az ar

Ter a(rva) av, 1.
L r ar ao

APPENDIX B

SOLUTIONS OF THE SCALAR -WAVE EQUATION

The scalar -wave equation8 may be written
02#/ax2 a&/aye 02/az2 = 0.

The assumption of a cylindrical -co-ordinate system
(u, v, z) can be introduced by assuming a solution of the
form (10), so that the solution of (37) is reduced to the
solution of (11), which may be written

awax2 a2f/ay2 + of 0. (38)

On rectangular co-ordinates the substitution of the
trial solution f(x, y) =X(x) Y(y) leads to the result

(36)

(37)

f(x, y) = (A cos ux B sin µx) (C cos vy D sin vy) (39)
K2 = 1.42 + v2. (40)

If the planes x=0, x =a, y=0, and y = b are assumed
perfectly conducting the boundary condition (8) re-
quires

alpE atp B a0E aipE
= = 0 (41)

ax
=

ax
=

11.43 ay .-0 8Y x-a

while (9) requires
&pH aIGH aoH- ayH= - = 0. (42)
ax

=
x-o ax

=
x..a ay v-0 ay v-b

From (10) it is seen that (41) and (42) may be applied
directly to f(u, v), in this case given by (39). Applying
(41) to (39) we obtain

fE(x, y) = sin µx sin vy, A = mT/a, v = nr/b (43).

while applying (42) to (39) yields
fH(x, y) = cos ;Ix cos vy, µ = ma/a, v = nr/b. (44)

Substituting (43) and (44) in (10) yields (12), (13), and
(14).



In polar co-ordinates (r, 0), (38) becomes
a2f/ar2 1/r af/ar 1/r2 avyatr K2f = 0. (45)

The assumption of the trial solution f(r, 0) = R(r)0(0)
yields Bessel's equation for R(r) and the harmonic
equation for 0(0) with the result

f(r, 0) = [AJ.(Kr) BN.(Kr)lei(±m".) (46)

where J. and N. are Bessel functions of the first and
second kind, respectively, and A, B, and are arbitrary.
Inasmuch as N,(0) is infinite, B must be equated to
zero for a solution in a hollow circular guide (this
would not be, true in a coaxial guide), while continuity

of the solution with respect to 0 demands that m be an
integer. Assuming the perfectly conducting boundary
r =a, (8) and (9) become

a#E/aelr_a = 0. (47)

alPH/arjr....= 0. (48)

Applying these conditions to (46), the transcendental
equations (24) and (25) are obtained, where the integer
tt denotes the sequence of the roots to the equations
starting with the smallest in each case.

By convention, n runs from one to infinity, and there
is no n =0 root.

Note on the Measurement of
Transformer Turns -Ratio*

P. M. HONNELLt, SENIOR MEMBER, I.R.E.

Summary-This note shows that in many important cases the
turns -ratio of iron -core transformers is given by the simple relation

N1/N2 = VX.I/X.2,
in which X,51 and X,.2 are the reactive components of the short-
circuit primary and secondary impedance of the windings concerned.
The measurements are conveniently made with an impedance or
inductance bridge. This equation also gives the turns -ratio of certain
air -core transformers.

I. INTRODUCTIONr I HE RATIO of turns of its windings is probably the most im-
portant parameter of a transformer; and the occasion for
measuring this ratio for transformers at hand is of frequent

occurrence.
The proceduret-4 most commonly given for determining this pa-

rameter is that of exciting the primary winding by a known alter -

Fig. 1-The iron -core transformer.

nating voltage, and measuring the secondary winding open -circuit
voltage by means of a high -impedance voltmeter. The turns -ratio is
then taken as equal to the ratio of the terminal voltages of the wind-
ings. Although this method is very useful, particularly with power
transformers, its accuracy is seriously limited by leakage inductance

* Decimal classification: 8264.3. Original manuscript received by the Institute,
April 17, 1945; revised manuscript received, June 21, 1945.

Signal Corps, U. S. Military Academy, West Point. New York.
1 F. E. Terman, 'Radio Engineers' Handbook," first edition, McGraw-Hill Book

Company, New York 18, N. Y.. 1943, p. 973.
2 A. E. Knowlton. "Standard Handbook for Electrical Engineers." McGraw-Hill

Book Company, New York 18. N. Y., 1941, p. 611.
2 H. Pender and K. McIlwain, "Electrical Engineers' Handbook," John Wiley

and Sons, Inc., New York, N. Y., 1941, pp. 7-23, section 7.
4 Electrical Engineering Staff. Massachusetts Institute of Technology, "Mag-

netic Circuits and Transformers,' John Wiley and Sons, Inc., New York, N. Y., 1943,
pp. 442-448, 352-353.

and distributed capacitance in the' windings, and by instrumentation
This is particularly true when use is made of vacuum -tube voltmeters
(to minimize the secondary burden) in the measurement of audio-
frequency transformers. Even if not subject to these errors, this
method is only an approximation, since it is strictly a measure of the
ratio of the transformer mutual impedance to primary impedance,
and not a measurement of the turns -ratio.

Precision methods of calibrating instrument -transformer ratios5
are likewise concerned only with determinations of terminal voltage

are also not measurements of the actual turns -
ratio.

The purpose of this paper is to point out the simplicity of de-
termining the turns -ratio by measuring the transformer short-circuit
impedances from both the primary winding (giving Z5,1) and the sec-
ondary winding (giving Z.52). These measurements are conveniently
made on an impedance or inductance bridge. The desired transformer
turns -ratio NI/N2 is given to a high order of accuracy by the square

Nli/N2: I

A I RATIO
IDEAL TRANSFORMER

Fig. 2-An equivalent circuit representing the iron -core transformer
of Fig. 1.

root of the quotient of the reactive (or inductive) components of the
short-circuit impedances; that is,

N1/ N2 = Ist1/X ac2 aBc11Led (1)

This method-for all its ease of application and high accuracy-is
apparently not well known.

II. THE IRON -CORE TRANSFORMER

The basis for the application of (1) to an iron -core transformer-
such as shown in Fig. 1-may be established from a consideration of
one of its equivalent circuits, shown in Fig. 2. In the latter illustration,

" F. A. Laws, "Electrical Measurements," Second Edition, McGraw-Hill Book
Company, Inc., New York, 1938, pp. 609-622.
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Honnell: Measurement of Transformer Turns -Ratio 809

N1 and N2 = the number of primary and secondary turns,
R1 and R2 = the effective resistances of the windings,
Xi and X2 = the leakage reactances of the windings,
G and B = the equivalent conductance and susceptance due to

the magnetic characteristics of the iron core referred to the
primary winding, and

a = the ratio of transformation or turns -ratio N1/N2 of the trans-
former windings under consideration.

The short-circuit impedance of the transformer as measured be-
tween the primary terminals 1 and 2, with the secondary terminals 3
and 4 short-circuited, is

as(R2 +iX2)
Z.1 + jX.ci = R1 +9X1 +

1
(2)

+ a2(R2 jX2)(G - jB)
Likewise, the secondary short-circuit impedance measured between
terminals 3 and 4, with the primary terminals 1 and 2 short-circuited, is

1 Ri -F,PCI
Red + iXse2 = R2 + iX2

as 1 + (RI + j.X1)(G -jB) (3)

Equations (2) and (3) yield the following reactive components, re-
spectively:

[1 -Fa2(GR2-1-BX2)]-(B2/X2)la2(GX2-BR2)1
X.c1=X1-Fa2X2 (4)

[1 ±a2(GR2-1-BX2) ]2+ [a2(GX2_ BR2)]2

X1 [1 + GR1+RX1] (RI/X1)1GX1-BRil
X.a= X2+ (5)02 [ 1 -FGRI-FBX1 ]2+ [GX1-BRI]2

Case I. Unrestricted: Under the most general conditions, the ratio
of (4) to (5) yields a symmetrical but unwieldy expression which
apparently does not yield the results indicated by the simple equation
(1). Recourse to experiment, however, discloses that (1) does correctly
give the turns -ratio of transformers to the limit of the accuracy ob-
tainable with impedance bridges. The reasons for this are perhaps
more evident when the following special cases are considered.

Case Z. G=O, B=O: With G=0 and B=O, the ratio of (4) to (5)
gives

X..1/Xsc2 = [(Xi a2X2)/(X2 (Xi/a2))1 = a2.

Thus,s we have finally the exact equation

Ni/N2 = a = v'Tscl/X..2 = 1/Lsci/L.c2. (1)

Now the condition G=0 and B =0 is tantamount to stipulating that
the transformer is free of core loss and that it requires no magnetizing
current. Since X.e1 and X.a are short-circuit parameters, this condi-
tion is very closely approximated because the core may be operated
at very low flux densities during the measurements. As easily demon-
strated experimentally, the transformer then acts like a perfectly
linear device, and the usual large variations of inductance with cur-
rent amplitude and with frequency are greatly reduced and of the
same order of magnitude as the variations in an air -core inductor.

Case 3. (G-jB)0, but a2R2=R1 and a2X2=X1: Under these
conditions core losses and magnetizing current may exist, but (4)
and (5), or more simply (2) and (3), also yield the exact relations

NI/N2 = a = N/X..i/X.2 = V.L..1/L8c2. (1)
Now the restrictions imposed here are those commonly satisfied in
transformers used for power transfer: that is, "impedance matching"
or "power" transformers. In such transformers, the winding volume
is divided equally and uniformly between the several windings in
order to minimize copper losses and leakage inductances. This auto-
matically insures7 that a2R2 =R1 and a2X2=X1.

Thus it is evident that, in important practical cases, the turns -
ratio of transformers may be determined from the measured values of
short-circuit reactances (or inductances) and substitution in (1). Fur-
thermore, the effects of distributed capacitance in the windings is
minimized due to the reduced impedance level of the measurements.
As for the winding leakage reactances, instead of being a source of
error, they make possible this very convenient and accurate method of
measuring transformer turns -ratio.

III. AIR -CORE TRANSFORMERS

If we define an air -core transformer as that special class of induc-
tively coupled circuit which has identical winding dimensions, vol-
ume, and shape for the primary and secondary windings, then experi-
ment will show that the expression

NI/Ng = N/Xsc1/Xac2
Note that under these conditions the turns -ratio is also given by

blaNs =/E,c1/Eses.
7 See page 342 of footnote reference 4.

(1)

also furnishes a good approximation to the turns -ratio. This may be
shown from the following development.

The reactive component X..1 of the short-circuit impedance meas-
ured at the primary terminals 1 and 2 of the inductively coupled
coils shown in Fig. 3, with terminals 3 and 4 short-circuited, is

X,1 = co/4 - [(w2M2)/(R22 (coL2)2)1  coL2

in which the symbols have their usual meanings. This may be written
= (ALI [1 - k2/(1 (1/Q2)2)]

where Q2=WL21 R2 is the reactance -resistance ratio of the
coil alone, and k2 = M2/LIL2 is the coefficient of coupling.

tii

(6)

secondary

Fig. 3-The air -core transformer.

Similarly, the reactive component X..2 of the short-circuit imped-
ance measured at the secondary terminals 3 and 4 with terminals 1
and 2 short-circuited, is

X se2 = "2[1 k2/(1 + (1/Q0 2)] (7)
where Qi = coLi/R1 is the reactance -resistance ratio of the primary coil
alone. The ratio of (6) to (7) gives

Xsc1/X.2= Li/L2 [ ( 1 - ks/( 1 + (1 /Q2)2))/(1 - 0/(1 + (1/Q02)) I. (8)

Now the turns -ratio of coupled coils is related to their inductance by
the relations

Li/L2 = (Ni/N2)2  k2/k1. (9)
In this equation, the primary and secondary cooling factors k1 and
k2 are defined as follows:

in which
011 = the equivalent total flux linking turns N1 due to the current

i1 acting alone,
022 = the equivalent total flux linking turns N2 due to the current

i2 acting alone,
021 = the equivalent mutual flux linking N2 due to the current

in N1 acting alone,
012 = the equivalent mutual flux linking N1 due to the current i2

in N2 acting alone.
From the definitions (10) and (11), and the usual definitions
of self and mutual inductance Li Nickii/ii, L2 --N24)22/i2, and

= N1012/i2, equation (9) is easily derived. (It can also
easily be shown that the coefficient of coupling is related to the
coupling factors by the expression k2 =k1  k2.)

Substituting (9) into (8) and solving for the turns -ratio gives

N1 /X.0 /14 V 1 - k2/(1 (1/Q')2)
(12)

N2 '= X.d V k2 1 - k2/(1 + (1/Q2)2)

021/Ou
k2 = 012/022.

(10)
(11)

which applies to all coupled coils. The direct application of (12) to
the determination of the turns -ratio of coupled coils is unfortunately
not possible since k1 and k2 cannot be determined from measurements,
although experimental confirmation of the equation is simple enough
when the turns -ratio is known.

For air -core transformers as defined above, the primary and sec-
ondary volumes are indistinguishable except as to the number of
turns (and if the winding space factors are identical and the con-
ductors finely divided so that eddy -current losses are unimportant),
then° Q2 =Q2, and also by symmetry, k1= 14. As a result, (12) reduces to

N1/ N2 = 1/.XsclOrrc2 (1)

and is exact for air -core transformers as herein defined. It should be
noted that (1) also applies in this case even though the magnetic
coupling between the windings of the transformer approaches zero;
that is, the coils are not coupled together at all!

This equation is derived in Electrical Engineering Staff, Massachusetts Insti-
tute of Technology, "Magnetic Circuits and Transformers," John Wiley and Sons,
Inc., New York, N. Y.. 194.3. chapter 17.

e See pages 216-218 of footnote reference 4.
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Discussion on

"The Theory of Transmission Lines"*
EDWARD N. DINGLEY, JR.

Fred J. Heath:' Mr. Dingley has made a very useful
contribution towards the understanding of transmission -
line theory by those who are not familiar with the math-
ematics so often used. In particular, the use of the
exponential notation throughout, and the use of Fig. 2,
with its accompanying text, makes it easy to visualize
the formation of standing waves, and the occurrence of
other phenomena on transmission lines.

Because of the fact that this is a "tutorial" paper, it
seems desirable to point out those parts which appear
to be misleading to the student. At the risk of appearing
pedantic, I am listing such parts in the order in which
they appear in Mr. Dingley's paper, with my comments
on each.

Page 118, Paragraph 1:
The words "infinitely long" constitute an unnecessary

restriction of the first statement. It would be desirable
to confine reference to the length of the line to those
cases in which it is of particular significance.

Page 119, Paragraph 2, discussion of (5) and (5a):

Might it not have been better to say, "If (5) and (5a)
are true, they must be true at all points along the line,
including the point where 1=0." It seems undesirable
to talk of a line of zero length, when a line of unspeci-
fied, but fixed, length is easier to visualize, and is satis-
factory from a mathematical standpoint.

The subscript s in (6) and (6a) refers to the sending
end of the line, where 1= 0.

Page 119, Paragraph 4, (8) and (8a):
Again, it might have been better to say, "In (7) and

(7a), at the point 1=0,

dE/(dl) = (8)

(at 1 = 0)

dI/(dl) = (8a)"

(at 1 = 0).

Mr. Dingley's meaning is clear, but E, and Is are not
functions of 1 in this particular case, where the con-
stants of integration in (5) and (5a) are being evaluated.
It may, in fact, be considered that (5) to (13a), inclu-
sive, are being considered as related to a line of un-
specified, but fixed, length, with a fixed load at the far
end, and a fixed generator supplying E, and I, at the
point 1=0.

 Proc. I.R.E., vol. 33, pp. 118-125; February, 1945.
1 Research Enterprises, Ltd., Leaside, Ont., Canada.

Once (13) and (13a) have been obtained, they may be
applied to any line.

Page 119, Paragraph 10, (14) and (14a):
The true significance of "1" is not brought .out in the

development of these equations. It is suggested that it
might have been better to say, "If the line is infinitely
long, then E and I at the far end (where 1= o) must be
zero."

Page 119, Paragraph 11, (16) and (16a):
The reference to an "infinitely long" line at this point

is particularly unfortunate, following as it does the
derivation of (15) and (15a). In view of the fact that the
main development from here on is based on (16) and
(16a), it is unfortunate that Mr. Dingley did not deduce
these equations directly from the basic equations, rather
than through a loose transformation of (13) and (13a).
The only apparent use made of (13) and (13a) is the
deduction of the value of Zo. This could have been ob-
tained with equal facility by dividing (16) by (16a) and
obtaining the limit, as l-* co , of E/I.

Page 120, Paragraph 8, discussion of a and 13:
The nature of ,(3, and its relation to an angle, measured

in circular radians, is clearly shown in the latter part of
the paper. The relation of a to the "hyperbolic radian"
is passed over with very little comment. One recognizes,
of course, the necessity of limiting the scope of such a
paper as this, yet, if the hyperbolic angle is to be
brought into the discussion at all; it would seem best to
show the connection between the exponential form of
the equations, used throughout the paper, and the hy-
perbolic form, which is used so frequently in the stand-
ard texts. Perhaps a footnote reference to some of these
texts would be sufficient.

Page 120, Paragraphs 8 and 13:
The statement that "a represents the change in ampli-

tude of the voltage or current as it travels a unit length
of transmission line" is presumably based on an infinite
line, or one with a load equal to Zo, as it neglects the
effect of standing waves. Strictly speaking, a represents
the change in the logarithm of the amplitude of the volt-
age or current as it travels a unit length of the trans-
mission line. As such, it is a measure of the ratio of the
amplitude of the voltage (or current) after traveling the
unit length of the transmission line to its amplitude on
entering the unit length of line.

Page 121, Paragraphs 3 and 5, following (40) and (46):
In both these paragraphs, it should be emphasized

that not only is R=0 = G but also K =1=

810 Proceedings of the I.R.E. November, 1945
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Page 121, Paragraph 5, following (46):

The statement "The sending and receiving voltages
(and currents) are equal" is misleading. The whole of
the input power is received at the load, without loss in
the line, but the actual values of voltage and current
at the two ends of the line may differ considerably, due
to the standing waves mentioned at the end of the para-
graph.

Page 121, Paragraph 6:

Not only must R = 0 = G, but also the product KX1.1
must be independent of frequency.

Page 121, Paragraph 8, following (48):

While it is true that (47) is the same as (32), Mr.
Dingley has overlooked the fact that (45) is obtained
through (41) from (37) and (39), which are based on the
condition that K=1=1.4.

As stated by Mr. Dingley, the condition for (47), that
R XB = G X X, is generally obtained by loading with
either lumped inductors, or by uniform wrapping of the
line with high -permeability material. The velocity of
transmission under these conditions may be deduced as
follows:

Substitute from (47) in (30)

V = co/ft= w/coN/ LC = 1/V:ff. unit lengths per second. (1)

The loading of the cable increases the effective in-
ductance of the cable. This may bs accounted for by
setting u in (35) equal to ui >1. In practical cables, K in
(36) is > 1, and will here be set equal to K1> 1.

If (1) is applied to a practical, loaded cable,

Vl = 1/\CL. = 1/µ1K1 X 1/ Loco (2)

= 1/ AN77C-i- X 3 X 1010 cm/sec.

= 1/ µ1K1 X Vo

where the subscript 1 refers to conditions in the practi-
cal, loaded cable, and the subscript 0 refers to conditions
in the "ideal" cable of (45).

It may similarly be shown from (31), (47),. (35), and
(36) that

= 27r/j31= 27r/µ1K1 = (1160.Ki)Xo (3)

where the subscripts refer to conditions in the ideal, and
the loaded, practical cable, as in (2).

While ui and K1 will vary slightly with frequency, as
do R and G, it is possible to obtain good compensation
over a fairly wide band of frequencies.

Pages 121-122, (Fig. 2 and discussion):
This clear figure and the accompanying discussion

make it very easy to visualize the formation of standing
waves on the line, and contribute greatly to an under-
standing of this and related phenomena.

Page 122, Paragraph 8 (infinitely long line):

After the excellent discussion of Fig. 2, it is difficult
to understand how Mr. Dingley could make the state-
ments contained in this paragraph. These statements
apparently arise from a misconception of the true sig-
nificance of 1 in (49) and (50). There is some evidence
of confusion in paragraph 4 on this page, where "1=1"
is referred to three different times, yet the context indi-
cates that the meaning is not necessarily the same in
each case!

A little consideration will reveal that the 1 in these
equations is the distance from the load, or receiving,
end of the transmission line to the point at which it is
desired to find the phase and amplitude of E or I.

It cannot be overemphasized that 1 is in no way re-
lated to the ultimate length of the line!

Reference to Fig. 2, and to the equations, will show
that as one moves along the line away from the load,
the "reflected" voltage, and current, becomes more and
more attenuated, as its vector (Me -ate -oleo in (51))
follows the spiral (Fig. 2) inwards towards zero as an
asymptotic value at "infinity." At the same time the
"sent" -voltage (and current) vector will follow an out-
ward path along the spiral, becoming "infinite" at
"infinity."

The maxima and minima are in no way affected by
any conditions existing in that section of the line which
is on the "generator side" of the section under considera-
tion, so long as Er (and I,.) is maintained. The use of
the transmission line as an impedance -measuring device
is based on this fact.

Page 124, Paragraph 8 (numerical example):
In order for the computations to check, it is necessary

for Z., to be 322 -j540 ohms.

Page 125:
The value of 27702." is 6.3 -1-j277.

E. N. Dingley, Jr. :2 I appreciate Mr. Heath's kind-
ness in commenting on my paper. His comments aid
materially in clarifying several otherwise obscure
points. In apology for my lack of clarity and for the in-
excusable arithmetical error on pages 124 and 125, I
would like to add that the subject paper was written
only for my own edification and use about eight years
ago and was dusted off and submitted only in response
to the Institute's urgent appeals for material.

Page 120, Paragraphs 8 and 13: a, the "attenuation
constant," might better be defined as "the natural lo-
garithm of the ratio of the amplitude of the transmitted
voltage (or current), measured at any point on the line,
to the amplitude of the transmitted voltage (or current)

2 United States Navy Radio and Sound Laboratory, San Diego,
California.



measured at a second point one unit length away from
the first point in the direction of flow of the transmitted
energy, in the absence of a reflected wave." The re-
flected wave alone is attenuated in exactly the same
ratio. The vector sum of the transmitted and reflected
waves add in phase at certain points of the line to pro-
duce a maximum of voltage (or current) and they op-
pose in phase at other points to produce a minimum of
voltage (or current). The resulting sinusoidal voltage

(or current) variations, as the point of measurement
progresses along the line, are called "standing waves."
Due to the presence of standing waves, the direct meas-
urement of a is difficult. It is most easily calculated by
means of (58).

On page 124, column 2, lines 11, 15, 26, and 32, the
number "560" should, in each instance, be "541," and
in line 11, a minus sign should be placed before the j in
the exponent of e.

Institute News and Radio Notes
Board of Directors

September 5 Meeting: At the regular
meeting of the Board of Directors, which was
held on September 5, 1945, the following
were present: W. L. Everitt, president;
G. W. Bailey, executive secretary; S. L.
Bailey, W. L. Barrow, E. F. Carter, W. H.
Crew, assistant secretary; Alfred N. Gold-
smith, editor; R. F. Guy, R. A. Hackbusch,
R. A. Heising, treasurer; F. B. Llewellyn,
B. E. Shackelford, D. B. Sinclair, W. 0.
Swinyard, H. M. Turner, H. A. Wheeler,
L. P. Wheeler, and W. C. White.

Building -Fund Campaign Report: Chair-
man Shackelford reported a Building -Fund
total of $601,122, tabulated as follows:

Actual
Production

As
Credited

Initial Gifts $506,192.50 $476,732.50
Sections and In-

dividuals 94,929.51 124,389.51

$601,122.01 $601,122.01

Actual Section subscriptions coming from
the members will run very close to the goal
of $75,000. The quota for "Initial Gifts"
which had been set at $425,000 is now passed
and the Building -Fund Committee esti-
mates $625,000 will be received in total.

Constitution and Bylaws
Article IV, Section 2: It was approved to

delete Section 2 of Article IV which now
reads:

"Article IV, Section 2-The annual
dues shall be payable in advance on
the first day of January,"

and to amend it as follows:
"Article IV, Section 2-When an ap-
plicant for membership is elected, the
membership period shall be dated as
of the first day of the month following
election. The member's annual dues
period and the period during which he
shall receive publications of the Insti-
tute shall run concurrently with his
membership period. The annual dues
shall be payable in advance at the be-
ginning of the annual dues period."

Article IV, Section 3: The recommenda-
tion of the Executive Committee that, in ac-

cordance with Section 3, Article IV of the
Constitution, the Board of Directors waive,
until January 1, 1946, all changes in dues of
the membership as called for under the re-
cently adopted "Westman Amendment" was
unanimously approved

Amended Bylaw Section 46: The follow-
ing wording was unanimously approved for
Bylaw Section 46:

"Sec. 46-The standing committees,
each of which shall normally consist
of five or more persons, shall include
the following:

Admissions
Appointments
Awards
Board' of Editors
Constitution and

Laws
Education
Executive Commit-

tee of the Board of
Directors

Investments
Membership
Nominations
Papers
Public Relations
Sections
Tellers

Annual Review
Antennas
Circuits
Electroacoustics
Vacuum Tubes
Handbook
Facsimile
Frequency Modula-

tion
Industrial Electron-

ics
Medical Electronics
Radio Receivers
Radio Transmitters
Radio Wave Propa-

gation and Utiliza-
tion

Railroad and Vehic-
ular Communica-
tion

Research
Standards
Symbols
Television

"These committees shall be advisory
to the Board of Directors on those
matters which are reasonably de-
scribed by the committee names, ex-
cept as defined in these Bylaws.
"The terms of appointments of the
Admissions, Awards, Board of Edi-
tors, Constitution and Laws, Edu-
cation, Investments, Membership,
Nominations, Papers, Public Rela-
tions, Sections, and Tellers Commit-
tees shall start with the first day of
the month following appointment
and continue until the date the suc-
ceeding terms of appointments take
effect. The Board may specifically
advance or delay the terminating
date of any committee and the start-
ing date of a succeeding committee.
The Board shall make appointments
to the following committees: Annual
Review, Antennas, Circuits, Electro-
acoustics, Vacuum Tubes, Handbook,
Facsimile, Frequency Modulation,

Industrial Electronics, Medical Elec-
tronics, Radio Receivers, Radio
Transmitters, Radio Wave Propaga-
tion and Utilization, Railroad and
Vehicular Communication, Research,
Standards, Symbols, and Television,
each year between January first and
May first, and the terms of appoint-
ments shall be from May first of the
year when the appointments are
made until April thirtieth of the fol-
lowing year. Additional appoint-
ments may be made to fill vacancies
or to care for special cases as the need
arises, with the term of the appoint-
ment expiring April thirtieth."

Admissions Committee Manual: A num-
ber of changes in the Admissions Manual
were suggested.

Papers Procurement Committee: The
tabulation of papers from the survey made
by this Committee shows that 164 members
are writing papers; 172 plan shortly to do
so; and 189 will prepare papers when secu-
rity regulations permit. Thus, a total of 525
papers can be expected for the PROCEEDINGS.

I.R.E. Representative on RTPB: Dr.
W. L. Barrow as nominated as I.R.E. Rep-
resentative on RTPB, and Dr. D. B. Sinclair
was appointed as Alternate I.R.E. Repre-
sentative.

The Royal Commission on Education:
Mr. Hackbusch requested and received per-
mission to mail to The Royal Commission
on Education a copy of the reprint of Dr.
Everitt's article "The Presentation of Tech-
nical Developments Before Professional So-
cieties."

Resumption of Engineering Training:
Dr. Everitt called attention to the serious
situation caused by the cessation of engi-
neering training during the war and the con-
tinuation of drafting of eighteen- to twenty-
five -year -old men for the Services, with the
resultant interruption in their education. As
a result of this situation, Dr. Everitt stated
he had called a meeting of the presidents of
the leading professional organizations to
discuss actions necessary to bring about the
resumption of engineering training.

The following resolution was unani-
mously approved

(Continued on page 814)
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1946 Winter Technical Meeting
High -lighting the first postwar Winter Technical

Meeting of the Institute at the Hotel Astor, January 23
to 26, 1946, four major features are expected to make
the session one of the most significant ever held.

As was common at former meetings, Wednesday, the
opening day of the convention, will be devoted to I.R.E.
business, incuding the Sections Representatives' Meet-
ing and the Sections Representatives' luncheon. The
commercial exhibits will open at 6:00 P.M.

Scheduled for Thursday, January 24, are three major
features of the Meeting-the Symposium of I.R.E.
Technical Committees and technical papers on the latest
electronics developments. This year, papers on many
vital subjects hitherto barred by military security will
be read. Tentative subjects thus far scheduled will in-
clude: Broadcasting, Frequency Modulation and Tele-
vision; Navigational Aids; Communications and Relay
Links; Radar; Industrial Electronics; Testing Equip-
ment; new developments in Panoramic Reception;
Microwave -Measuring Devices; Broadcast Receivers;
Vacuum Tubes; Antennas; and Radio Wave Propaga-
tion. As is customary, all papers will have been pre-
sented for the first time at this Meeting and none will
have been published before in any form. In accordance
with last year's successful plan, two technical sessions
will be run simultaneously, but wherever possible the
papers and sessions will be so arranged that important
sessions on the same or related subjects will not conflict.
On this same day the Annual Meeting of the Institute
will be held. At this time the retiring president will hand
the gavel to the incoming president.

One of the outstanding presentations of the Meeting
will be the unusually extensive commercial exhibits.
They will require all of one floor and part of another in
the Hotel Astor. It is expected that 150 or more firms
will sponsor this great assembly of exhibits; and so much
interest has been shown thus far by radio manufacturers
and electronics companies that it seems likely the ex-
hibit space will be completely reserved before the open-
ing day. This timely exhibition will constitute the first
radio engineering show of postwar radio equipment and
parts. There will be no standard size for any exhibit this
year, and firms may select for their exhibits any size
they desire within reasonable limits. It is felt that this
type of display will benefit the radio engineers and the
radio industry as a whole to the greatest extent at this
time when the industry is in the midst of reconversion
plans.

A third major and enjoyable event of the meeting will
be the annual banquet held Thursday evening, January
24, at which a speaker of national prominence will ad-

dress the members and their guests. In addition, there
will be entertainment high lights. At this function, as in
former years, the two principal annual awards will be
made: the Institute Medal of Honor awarded in recog-
nition of distinguished service in radio communications,
and the Morris Liebmann Memorial Prize made "to a
member of the Institute who has made public during the
recent past an important contribution to radio commu-
nications." Announcement will then be made of the
election of new Fellows of the Institute, and the retiring
president of the Institute, Dr. William L. Everitt, will
address the convention.

Following the schedule of past years, the fourth ma-
jor feature is to be the annual President's Luncheon,
held Friday, January 25, in honor of the incoming presi-
dent.

For out-of-town members it is contemplated that or-
ganized inspection trips to points of interest throughout
New York city will be arranged. Women's activities,
under the direction of Miss Helen M. Stote, are being
planned, and will include luncheons and sight-seeing
trips.

The Registration desk will function during the entire
Meeting. The Exhibits will close promptly at 2 P.M.
Saturday, January 26. No organized luncheon is planned
for Saturday.

Officials and members of the General Committee for
this annual Winter Technical Meeting are: Chair-
man, Edward J. Content; Vice -Chairman, James E.
Shepherd; Secretary, Elizabeth Lehmann; Committee-
men, Austin Bailey, George W. Bailey, Stuart L.
Bailey, Howard S. Frazier, and William B. Lodge.

Subcommittee chairmen in charge of the various ac-
tivities are: Arrangements, George Milne; Banquet,
C. M. ("Buck") Lewis; Exhibits, H. F. ("Hank") Scarr;
Finance, Raymond F. Guy; Hospitality, Philip F.
Siling; Papers, Arthur E. Harrison; Printed Program,
Dorman D. Israel; Publicity, Will Whitmore; Registra-
tion, Harold P. Westman; Section Activities, George B.
Hoadley ; Special Features, Donald H. Miller; Standing
Committee Activities, George T. Royden; Technical
Committee Activities, William H. Crew; Women's
Committee, Helen M. Stote.

Members and their families are cordially invited to
this 1946 Winter Technical Meeting, which is expected
to be one of the most pleasant gatherings in the Insti-
tute's history, and are urged to make their reservations
early. A full -page advertisement appears on page 1A
of the advertising section of this issue. At the bottom of
this advertisement is a coupon for the convenient use of
members in making their hotel reservations.
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"The Board of Directors of The In-
stitute of Radio Engineers believes
that the immediate resumption of
engineering and scientific training is
of paramount importance to the eco-
nomic and military security of the
Country, and, to this end, recom-
mends to the President and Congress
that exemption from military service
should be granted to undergrdauate
and graduate students in good stand-
ing in approved engineering and sci-
entific curricula. It further recom-
mends that the induction of
eighteen -year -old high school gradu-
ates accepted for entrance to such
curricula should be postponed until
an opportunity is given to complete
one term, after which the preceding
recommendation as to good standing
should apply.
"It further urges that release from
military service be accelerated for all
students whose training in engineer-
ing and science has been interrupted."

Executive Committee

September 5 Meeting: The Executive
Committee meeting, held on September 5,
1945, was attended by W. L. Everitt, presi-
dent; G. W. Bailey, executive secretary;
S. L. Bailey, W. L. Barrow, E. F. Carter,
W. H. Crew, assistant secretary; Alfred N.
Goldsmith, editor; and R. A. Heising, treas-
urer.

Membership: Executive Secretary
Bailey reported that, by order of the Board,
it was now incumbent upon the Executive
Committee to consider applications not ap-
proved by the Admissions Committee.

Sixteen applications for transfer to Sen-
ior Member grade; three for admission to
Senior Member grade; thirty-eight for trans-
fer to Member grade; twenty-seven for
admission to Member grade; one hundred
and nineteen applications for Associate
grade; and thirty-three applications for Stu-

dent grade were approved and will be found
on page 44A of the October, 1945, issue of
the PROCEEDINGS.

Constitutional Amendment: President
Everitt read the report of the Tellers Com-
mittee on the count of ballots on the "West -
man Amendment" and commented on the
favorable vote of 83.3 per cent for and 16.7
per cent against adoption. It was unani-
mously approved that the Executive Com-
mittee recommend to the Board that, in
accordance with Section III, Article 4, of
the Constitution, the Board of Dircctors
waive until January 1, 1946, all changes in
dues of the membership as called for under
the recently adopted Westman Amendment.

Connecticut Valley Section: The request
of the Connecticut Valley Section for ad-
mission to membership in The Connecticut
Technical Council was unanimously ap-
proved.

Committee Appointment: Dr. Karl Span-
genberg was appointed to the Papers Pro-
curement and Papers Committees.

Institute Representatives in Colleges-1945
Alabama Polytechnic Institute: Appointment Later
Alberta, University of: J. W. Porteous
Arkansas, University of: Appointment Later

British Columbia, University of: H. J. MacLeod
Brooklyn, Polytechnical Institute of: G. B. Hoadley

California Institute of Technology: S. S. Mackeown
California, University of: L. J. Black
Carleton College: Appointment Later
Carnegie Institute of Technology: Appointment Later
Case School of Applied Science: P. L. Hoover
Cincinnati, University of: W. C. Osterbrock
Colorado, University of: Appointment Later
Columbia, University of: J. R. Ragazzini
Connecticut, University o: Appointment Later
Cooper Union: J. B. Sherman
Cornell University: True McLean

Detroit, University of: Appointment Later
Drexel Institute of Technology: Appointment Later
Duke University: W. J. Seeley

Florida, University of: P. H. Craig

Georgia School of Technology: M. A. Honnell

Harvard University: E. L. Chaffee

Idaho, University of: H. E. Hattrup
Illinois Institute of Technology: C. S. Roys
Illinois, University of: A. J. Ebel
Iowa, State University of: L. A. Ware

Johns Hopkins University: Ferdinand Hamburger, Jr.

Kansas State College: Karl Martin
Kansas, University of: G. A. Richardson

Lawrence Institute of Technology: H. L. Byerlay
Lehigh University: Appointment Later
Louisiana State University: Appointment Later

Maine, University of: W. J. Creamer, Jr.
Manhattan College: Appointment Later
Maryland, University of: G. L. Davies
Massachusetts Institute of Technology: E. A. Guillemin and W. H.

Radford
McGill University: F. S. Howes
Michigan, University of: L. N. Holland
Minnesota, University of: 0. A. Becklund

Nebraska, University of: F. W. Norris
Newark College of Engineering: Solomon Fishman
New Mexico, University of: W. F. Hardgrave
New York, College of the City of: Harold Wolf
New York University: Philip Greenstein
North Carolina State College: W. S. Carley
North Dakota, University of: Appointment Later
Northeastern University: G. E. PIM
Northwestern University: R. E. Beam
Notre Dame, University of: H. E. Ellithorn

Ohio State University: E. C. Jordan
Oklahoma Agriculture and Mechanical College: H. T. Fristoe
Oregon State College: A. L. Albert

Pennsylvania State College: G. L. Crossley
Pennsylvania, University of: C. C. Chambers
Pittsburgh, University of: Appointment Later
Princeton University: J. G. Barry
Purdue University: R. P. Siskind

Queen's University: H. H. Stewart

Rensselaer Polytechnic Institute: H. D. Harris
Rice Institute: Appointment Later
Rose Polytechnic Institute: Appointment Later
Rutgers University: J. L. Potter

Southern Methodist University: Appointment Later
Stanford University: Appointment Later
Stevens Institute of Technology: F. C. Stockwell

Texas, University of: E. W. Hamlin
Toronto, University of: Appointment Later
Tufts College: A. H. Howell

Union College: F. W. Grover
Union States Naval Academy: G. R. Giet
United States Military Academy: P. M. Honnell
Utah, University of: 0. C. Haycock

Virginia, University of: L. R. Quarles
Virginia Polytechnic Institute: R. R. Wright

Washington, University of: A. V. Eastman
Washington University: Stanley Van Wambeck
Wayne University: G. W. Carter
Western Ontario, University of: G. A. Woonton
West Virginia University: R. C. Colwell
Wisconsin, University of: Glenn Koehler
Worcester Polytechnic Institute: H. H. Newell

Yale University: H. M. Turner
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Cledo Brunnetti
C. R. Burrows
F. C. Everett
W. L. Everitt

ANNUAL REVIEW

L. E. Whittemore, Chairman
R. S. Burnap
W. G. Cady
P. S. Carter
C. C. Chambers
I. S. Coggeshall
W. T. Cooke
D. E. Foster
E. A. Guillemin
R. F. Guy

Keith Henney
I. J. Kaar
A. C. Keller
J. F. Morrison
E. W. Schafer
J. A. Stratton
H. A. Wheeler
C. J. Young
P. D. Zottu

ANTENNAS

P. S. Carter, Chairman
Andrew Alford
W. L. Barrow
G. H. Brown
Harry Diamond
W. S. Duttera
Sidney Frankel

R. W. P. King,
W. B. Lodge
J. F. Morrison
D. C. Ports
S. A. Schelkunoff
J. C. Schelleng

R. F. Guy D. B. Sinclair
W. E. Jackson George Sinclair
E. C. Jordan Norman Snyder

L. C. Van Atta

CIRCUITS

E. A. Guillemin, Chairman
H. W. Bode J. M. Miller

C. A. Nietzert
A. F. Pomeroy
J. B. Russell, Jr.
Stuart W. Seeley

L. A. Kelley W. N. Tuttle
H. A. Wheeler

ELECTROACOUSTICS

A. C. Keller, Chairman
B. B. Bauer
S. J. Begun
R. P. Glover
F. V. Hunt
V. N. James

R. A. Miller
G. M. Nixon
Benjamin Olney
H. F. Olson
H. H. Scott

FACSIMILE

C. J. Young, Chairman
J. C. Barnes
F. R. Brick, Jr.
Henry Burkhard
J. J. Callahan
A. G. Cooley
R. C. Curtiss
C. N. Gillespie

J. V. L. Hogan
L. D. Prehn
Hugh Ressler
Arthur Rustad
L. G. Stewart
W. E. Stewart
R. J. Wise

FREQUENCY MODULATION

C. C. Chambers, Chairman
J. E. Brown D. L. Jaffe
M. G. Crosby M. H. Jennings
C. W. Finnigan V. D. Landon
W. F. Goetter H. B. Marvin
A. C. Goodnow D. B. Smith
R. F. Guy J. E. Young

Technical Committees
MAY 1, 1945-MAY 1, 1946

HANDBOOK

H. A. Wheeler, Chairman
C. T. Burke Knox Mcllwain
R. S. Burnap Frank Massa
J. D. Crawford R. D. Rettenmeyer
W. H. Crew J. C. Schelleng
R. L. Dietzold F. E. Terman
D. G. Fink B. F. Wheeler
Sidney Frankel J. R. Whinnery

R. M. Wilmotte

INDUSTRIAL ELECTRONICS

P. D. Zottu, Chairman
(Appointments Later)

MEDICAL ELECTRONICS

(Appointments Later)

PIEZOELECTRIC CRYSTALS

W. G. Cady, Chairman
C. F. Baldwin E. W. Johnson
W. L. Bond W. P. Mason
J. K. Clapp R. A. Sykes
Clifford Frondel K. S. Van Dyke

J. M. Wolfskill

RADIO RECEIVERS

D. E. Foster, Chairman
G. L. Beers C. J. Franks
J. E. Brown J. K. Johnson
W. F. Cotter C. R. Miner
L. F. Curtis Garrard Mountjoy
W. L. Dunn H. 0. Peterson
H. C. Forbes H. P. Westman

R. M. Wilmotte

RADIO TRANSMITTERS

J. F. Morrison, Chairman
M. R. Briggs
H. R. Butler
Harry Diamond
F. A. Gunther
W. E. Jackson

W. B. Lodge
J. C. Schelleng
Robert Serrell
D. B. Sinclair
I. R. Weir

J. E. Young

RADIO WAVE PROPAGATION AND
UTILIZATION

J. A. Stratton, Chairman
S. L. Bailey H. 0. Peterson
C. R. Burrows J. A. Pierce
T. J. Carroll S. A. Schelkunaff
D. E. Kerr R. L. Smith -Rose

H. W. Wells

RAILROAD AND VEHICULAR
COMMUNICATION

W. T. Cooke, Chairman
A. E. Abel
T. G. M. Brown
F. C. Collings
C. N. Kimball, Jr.

D. E. Noble
G. H. Phelps
F. M. Ryan
Winfield Salisbury

RESEARCH

F. E. Terman, Chairman
(Appointments Later)

STANDARDS

R. F. Guy,
R. S. Burnap
W. G. Cady
P. S. Carter
C. C. Chambers
I. S. Coggeshall
W. T. Cooke
D. E. Foster
Virgil M. Graham
E. A. Guillemin
Keith Henney
L. C. F. Horle C. J. Young

P. D. Zottu

Chairman
I. J. Kaar
A. C. Keller
J. F. Morrison
Knox Mcllwain
E. W. Schafer
H. L. Spencer
J. A. Stratton
H. M. Turner
H. A. Wheeler
L. E. Whittemore

SYMBOLS

E. W. Schafer, Chairman
R. R. Batcher J. H. Dellinger
M. R. Briggs E. T. Dickey
R. S. Burnap H. S. Knowles
C. R. Burrows 0. T. Laube
H. F. Dart A. F. Pomeroy

TELEVISION

I. J. Kaar, Chairman
J. E. Brown P. J. Larsen
K. A. Chittick L. M. Leeds
D. E. Foster H. M. Lewis
P. C. Goldmark Jerry Minter
T. T. Goldsmith, Jr. Garrard Mountjoy
R. N. Harmon D. W. Pugsley
D. L. Jaffe R. E. Shelby
A. G. Jensen D. B. Sinclair

D. B. Smith

VACUUM TUBES

R. S. Burnap, Chairman
E. L. Chaffee F. B. Ingram
K. C. De Walt D. E. Marshall
W. G. Dow J. A. Morton
R. L. Freeman I. E. Mouromtseff
A. M. Glover L. S. Nergaard
T. T. Goldsmith, Jr. G. D. O'Neill
J. W. Greer H. J. Reich
L. B. Headrick A. C. Rockwood
E. C. Homer A. L. Samuel
D. R. Hull J. R. Steen



I.R.E. People

LAWRENCE C. F. HORLE

LAWRENCE C. F. HORLE

Lawrence C. F. Hoyle (A'14 -M'23 -F'25),
who has been appointed chief engineer of the
Radio Manufacturers Association, engineer-
ing department, will be responsible for the
management of the department, including
the RMA Data Bureau and related activi-
ties. Dr. W. R. G. Baker (A'19 -F'28) an-
nounced Mr. Horle's appointment on Au-
gust 13, 1945. He stated that the RMA
Board of Directors had authorized such
personnel and other changes in the engineer-
ing department as would be necessary to
serve the electronic industry after the war.

Mr. Hoyle has been associated with the
development of the radio industry in various
public and private capacities since 1906.
Among some of the important positions he
has held in the industry are: expert radio
aide with the Navy Department's yard at
Washington; chief engineer of the de Forest
Radio Telephone and Telegraph Company
at New York; consultant, Department of
Commerce Radio Laboratory, Bureau of
Standards, Washington; chief engineer, Fed-
eral Telephone and Telegraph Company,
New York; and vice-president, Federal
Telephone Manufacturing Corporation, Buf-
falo; president, Radio Club of America; and
president, The Institute of Radio Engineers
in 1940. He has been employed as a con-
sulting engineer since 1932.

Mr. Hoyle was graduated from Stevens
Institute of Technology. He is a Fellow
of the American Institute of Electrical En-
gineers and the Radio Club of America.

KARL TROEGLEN
Karl Troeglen, (A'30-M'42-SM'43) on

Spetember 1, 1945 joined the KCMO Broad-
casting Company of Kansas City, Mo., in
the capacity of technical director. Well-
known to midwest broadcasters, Mr. Troe-
glen has been active in commercial radio
since 1927. Previous to joining KCMO he
was associated with the Western Electric
Company, Inc., in the field engineering de-
partment. He was a member of the National
Association of Broadcasters Engineering
Committee during 1941-1942.

Change of Member Address
For 1946 Yearbook

If you have made any changes in
your address or position since you sent
in your YEARBOOK postcard question-
naire, will you please inform I.R.E.
Headquarters promptly. It would be
helpful in that case if you would make a
statement to the effect that your YEAR-
BOOK listing should be changed as fol-
lows: (Here insert the proper changes.)
No YEARBOOK corrections in address
or position can be made after January
1, 1946. Kindly address your communi-
cations to
The Institute of Radio Engineers, Inc.

330 West 42nd Street
New York 18, New York

ADMIRAL STONE HONORED
The United States Army Distinguished

Service Medal was presented on August 9,
1945, to Rear Admiral Ellery W. Stone
(A'14 -M'16 -F'24), USNR, of New York
City, Chief Commissioner, Allied Commis-
sion, by Vice -Admiral William Glassford,
Commander of the United States Navy's
Eighth Fleet, at a ceremony in the office of
the Mediterranean Theater's Deputy Su-
preme Allied Commander, General Joseph
T. McNarney.

The Citation, approved by the President
of the United States, reads as follows:

"Rear Admiral Ellery W. Stone earned
the admiration and respect of his Allied as-
sociates and members of the Italian govern-
ment for his outstanding services from Sep-
tember, 1943, to May, 1945, with the Allied
Military Mission, later the Allied Control
Commission, successively as Director of
Communications subcommission, Vice -Pres-
ident, Deputy Chief Commissioner and
Chief Commissioner. With the Communica-
tions Subcommission, Admiral Stone,
through his alertness and grasp of the situa-
tion, was able to plan, co-ordinate and exe-
cute the restoration of communications in
liberated Italy. Later, as Vice -President and

KARL TROEGLEN

ELLERY W. STONE

Deputy Chief Commissioner, he was senior
representative of the Allied Control Com-
mission at Salerno, then the seat of the
Italian government in liberated territory.
There he dealt directly with the Italian gov-
ernment and was responsible for the general
enforcement and execution of the surrender
terms and for the insurance that the Italian
government's conduct would conform to the
requirements of an Allied base of operations.
As Acting Chief Commissioner and, from
November, 1944, as Chief Commissioner,
Admiral Stone had full executive responsibil-
ity for the activities of the Allied Commis-
sion during the period beginning shortly
after the fall of Rome and ending with the
complete liberation of Italy. With great fore-
sight, he planned military government ac-
tivities in the north and formed organiza-
tions to meet the difficult political problems
encountered. At the same time, he pressed
steadily and effectively for the assumption
of greater responsibility by the Italian gov-
ernment."

Among those present at the ceremony
were Field Marshal Sir Harold R. L. G.
Alexander, Supreme Allied Commander, and
General Joseph T. McNarney, and other
high American and British generals and ad-
mirals of the Mediterranean command.

At a ceremony at the Palazzo Quirinale
in Rome, Italy on August 10, 1945, Rear
Admiral Ellery W. Stone, USNR, Chief
Commissioner of the Allied Commission,
was presented with the Order of Knight of
the Grand Cross of St. Maurice and St.
Lazarus by the Lieutenant General of the
Realm, Crown Prince Umberto. Present at
the investiture were Prime Minister Parri,
Foreign Minister DeGasperi, and Under-
secretary of the Presidency of the Council of
Ministers Arpesani. Prime Minister Parri,
who as "General Maurizio" of the Italian
Partisans of Northern Italy had been in
close collaboration with Admiral Stone for
many months prior to the German surren-
der, spoke at length of the assistance given
to Italy by Admiral Stone since September,
1943. Founded in the twelfth Century, the
Order of Grand Cross of St. Maurice and
St. Lazarus is the highest award of knight-
hood conferred in Italy.
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Contributors

ROGER B. COLTON

Roger B. Colton was born on December
15, 1887, at Jonesborough, North Carolina.
He was graduated from Sheffield Scientific
School, Yale University, in 1908, and re-
ceived the degree of Master of Science from
the Massachusetts Institute of Technology
in 1920. He served details as a special Army
student at Massachusetts Institute of Tech-
nology and Columbia University, having
entered the Army as a Second Lieutenant
in 1910.

In 1934, Major -General Colton was
placed in charge of the research and develop-
ment division of the Signal Corps Labora-
tories, later serving as the director of the
Signal Corps Laboratories; and, with the
advent of the war, as chief of the signal sup-
ply service and chief of the engineering and
technical service of the Signal Corps.

In 1944, coincident with the division of
radio and radar responsibilities between the
Signal Corps and the Air Forces, General
Colton was transferred to the Army Air
Forces, and at present is assistant for elec-
tronics to the chief of materiel and services,
at headquarters.

Enoch B. Ferrell (A'25-M'29-SM'43)
was born in Sedan, Kansas, in 1898. He re-
ceived the B.A., B.S. in E.E., and M.A. de-

ENOCH B. FERRELL

grees, from the University of Oklahoma in
1920, 1921, and 1924, respectively. Mr. Fer-
rell taught in the department of mathemat-
ics of the university until 1924.

Since 1924 Mr. Ferrell has been a mem-
ber of the research department of the Bell
Telephone Laboratories, where he has been
engaged in work on short-wave and ultra -
short -wave radio transmitters, and on relays
and switches for use in the telephone cen-
tral -office plant.

D. GABOR

D. Gabor was born at Budapest in 1900.
He studied at the Technische Hochschule in
Berlin and received his doctor's degree in
1927. In 1925, Dr. Gabor constructed one of
the first high-speed cathode-ray oscillo-
graphs, and in 1926, the first trigger circuit
for the automatic oscillography of tran-
sients. From 1927 to 1933, he was associ-
ated with the physical laboratory of Siemens
and Halske, Berlin, engaged in the develop-
ment of high-pressure quartz lamps, with
the molybdenum -foil seal now in general !use.

Dr. Gabor has been employed by the re-
search laboratory of the British Thomson
Houston Company, in Rugby, England,
since 1934. His work deals with low-pressure
discharge devices, high -vacuum electronics,
and optical problems. He is a Fellow of the
Institute of Physics, and was the 1944 win-
ner of the Duddell Premium of the Institu-
tion of Electrical Engineers.

Harold Goldberg (A'38-M'44-SM'44)
was born in Milwaukee, Wisconsin, on
January 31, 1914. He received the B.S. de-
gree in electrical engineering in 1935, the
M.S. degree in 1936, and the Ph.D. degree in
1937 from the University of Wisconson. He
served as research Fellow in electrical engi-
neering from 1935 to 1937. After teaching
engineering mathematics at the University
of Wisconsin during 1937 and 1938, Dr.
Goldberg received an appointment as post -
doctorate research Fellow in physiology at
this University and conducted biophysical
research under this Fellowship until June,
1941. He received the Ph.D. degree in
physiology from the University of Wisconsin

HAROLD GOLDBERG

in March, 1941. From 1941 to the end of
1944 he was with the Stromberg-Carlson
Company research department in the ca-
pacity of senior engineer. Since January,
1945, he has been associated with the re-
search and development section of Bendix
Radio Division of the Bendix Aviation Cor-
poration. He is a member of the American In-
stitute of Electrical Engineers and Sigma Xi.

:
P. M. Honnell (J'27-A'29-M'41-SM'43)

was born on January 28, 1908, in Paris,
France. He received the B.Sc. in E.E. degree
from Texas A. and M. College, in 1930, and
subsequently studied at Technische Hoch-
schule, in Vienna; the Conservatoire des
Arts et Metiers in Paris; the Massachusetts
Institute of Technology, receiving the M.Sc.
in E.E. degree; and the California Institute
of Technology, from which he received the
M.Sc. degree.

From 1926 to 1928 he was a radio opera-
tor in the United States Merchant Marine.
In 1930 he joined the technical staff of the
Bell Telephone Laboratories, remaining with
that organization until 1933, when he be-
came a research geophysicist with the Texas
Company, a position which he held until
1938.

P. M. HONNELL

1945 Proceedings of the I.R.E. 817
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S. S. MACREOWN

In 1940 Colonel Honnell was appointed
assistant professor of electrical engineering
at Southern Methodist University. As "a re-
serve officer, he was called to active duty in
1941 as a member of the staff and faculty of
the Signal Corps School, at Fort Monmouth,
N. J., and in 1942 he was assigned to the
faculty of the United States Military Acad-
emy, at West Point, N. Y. He holds the
rank of Lieutenant Colonel, and at present is
in charge of the laboratories and director of
the course in electronics of the department of
chemistry and electricity at West Point.

William J. Lattin (A'41) was born on
July 23, 1910, in Davenport, Iowa. He re-
ceived the B.S. degree in 1932, and the M.S.
degree in 1933, from the Case School of Ap-
plied Science.

From 1933 to 1935, Mr. Lattin was an
assistant in the electrical engineering depart-
ment of Columbia University. During 1935
and 1936 he was employed by the Electric
Controller and Manufacturing Company,
Cleveland, Ohio, as engineer. From 1936 to
1940 he was a radio engineer associated with
the Ken-Rad Tube and Lamp Corporation,
in Owensboro, Kentucky, now a division of
the General Electric Company. From 1940
to 1942, Mr. Lattin served as a radio engi-
neer with the Civil Aeronautics Administra-

JOHN W. MILES

tion, in Washington, D. C., and in 1942 he
returned to the Ken-Rad Corporation, where
he has remained to date. He is a member of
Sigma Xi, Tau Beta Pi. and Eta Kappa Nu.

S. Stuart Mackeown (A'19-M'29-F'40)
was born on December 3, 1895, in New York
City. He received the B.A. degree from
Cornell University in 1917, and the Ph.D.
degree in 1923.

From 1918 to 1919 he served as a Second
Lieutenant in the radio development section
of the Signal Corps. From 1923 to 1926 he
was a National Research Fellow at the Cali-
fornia Institute of Technology. In 1926 he
joined the electrical engineering staff of the
California Institute of Technology, where he
is now professor of electrical engineering, in
charge of work on electronics and communi-
cations.

WILLIAM J. LATTIN

John W. Miles was born on December 1,
1920, in Cincinnati, Ohio. He received the
B.S. degree in electrical engineering in 1942,
the M.S. degree in electrical engineering, the
M.S. degree in aeronautical engineering, and
the Ph.D. degree in aeronautical engineer-
ing, all from the California Institute of
Technology.

In the summer of 1942, Dr. Miles was as-
sociated with the General Electric research
laboratory, and later was a teaching fellow
at California Institute of Technology, in
Pasadena, California. He was subsequently
employed by the Radiation Laboratory at
Massachusetts Institute of Technology, and
is at present associated with the Lockheed
Aircraft Corporation, in Burbank, Cali-
fornia.

Dr. Miles is a member of the American
Institute of Electrical Engineers, Tau Beta
Pi, and Sigma Xi.

Bruce E. Montgomery (S'34-A'38-M'44)
was born on July 11, 1913, at Milan, Mis-
souri. He received the A.B. degree from Park
College in 1934, the B.S. degree in electrical
engineering in 1936, and the degree of Elec-
trical Engineer in 1943, both from Iowa
State College.

In 1937, Mr. Montgomery was a student
engineer with the Westinghouse Electric and
Manufacturing Company. Since 1937 he has

BRUCE E. MONTGOMERY

been associated with the United Air Lines
Transport Corporation, first as an engineer
in the communications laboratory and pres-
ently as a project engineer in the engineering
department. He is a member of Sigma Pi
Sigma and Eta Kappa Nu.

Harry B. Shaper was born in New York
City on September 10, 1913. He received the
B.S. and M.S. degrees from the School of
Technology, College of the City of New
York, in 1936, and from 1937 to 1940 he at-
tended the evening sessions of Brooklyn
Polytechnic Institute.

Mr. Shaper joined the staff of The Sono-
tone Corporation in 1936, and until 1940 he
was associated with that organization as an
engineer working on hearing -aid microphone,
phone, and amplifier designs. In 1940 he be-
came associated with The Brush Develop-
ment Company, developing surface -rough-
ness instruments, microphones, phones, and
recording instruments. He is now head of the
acoustic and instrument engineering depart-
ments of The Brush Development Company.

For photographs and biographical
sketches of W. R. Hill, Jr., and Chandler
Stewart, Jr., see the January, 1945, issue of
the PROCEEDINGS; for Howard A. Chinn,
see September, 1945; and for Arthur B.
Bronwell, see October, 1945.

HARRY B. SHAPER



STEP UP PRODUCTION
In the Laboratory-On the Assembly Line

with

C.T.C. ,fee-Set TERMINAL BOARDS
No more time -wasting board cutting, drilling and lug
mounting when you have C.T.C. All -Set Terminal Boards
on hand. They're furnished completely assembled with
any size C.T.C. Turret Terminal Lug in four widths,
M"; 2" (lug row spacing 1"); .21A" (lug row spacing
2"); 3" (lug row spacing 21A") to fit all standard resistors
and condensers. Select proper width board and go to
work.

C.T.C. All -Set Terminal Boards are made of 3/32",
1/8" and 3/16" linen bakelite only and come in five -
section boards which can be broken into fifths by bend-
ing on a scribed line. They may be ordered in sets of the
four widths, or in lots of six or multiples of six in any
single width. Extra lugs and stand-offs are supplied.

For complete information on these new, money -saving All -
Set Terminal Boards, write for C.T.C. Catalog Number 100.

CAMBRIDGE THERMIONIC CORPORATION
456 CONCORD AVENUE  CAMBRIDGE 38, MASSACHUSETTS
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AN AMPLIFIED
ANSWER

TO AN ENGINEER'S

PARTICULARLY PERFECTED

FOR PRE -EMPHASIZED

DISC RECORDING

A new Altec Lansing 35 watt, 65
db gain, premium quality A255
amplifier, with plenty of reserve
power and flat over the entire
frequency range, has been panic-
ularly perfected for the require-
ments of high power at high
frequencies as required for pre -
emphasized disc recording. Curves,
specifications and performance
data will be sent immediately upon
request. Refer to Altec Lansing's
new A255, 35 watt, amplifier.

1210 TAFT BLDG., HOLLYWOOD 28, CALIF.

250 WEST 57 STREET, NEW YORK 19, N. Y-

IN CANADA: NORTHERN ELECTRIC CO

BALTIMORE
"Atom Smashing and the Atomic

Bomb," by R. D. Fowler, Johns Hopkins
University; September 25, 1945.

BUENOS AIRES
"Technical School of Correos Y Tele-

comunicaciones," by Marcelo Barbieri,
Correos Y Telecomunicaciones; August 3,
1945.

"Atomic Disintegration and Its Appli-
cations," by Gaston Wunenburger, Fa-
cultad Igenieria de Buenos Aires; August
23, 1945.

"Quartz Crystals and Their Applica-
tions," by Alejandro Rojo, Transradio In-
ternacional; September 7, 1945.

BUFFALO -NIAGARA

"Schmidt Optical System as Applied to
Projection Television," by Alden Packard,
Colonial Radio Corporation; September
26, 1945.

CEDAR RAPIDS'

"Behavior of Dielectrics Over Wide
Ranges of Frequency, Temperature and
Humidity," by R. F. Field, General Radio
Company; September 19, 1945.

CONNECTICUT VALLEY
"Radio -Relay Systems," by C. W.

Hansel', Radio Corporation of America;
September 20, 1945.

DAYTON

"Industrial Use of Electronic High
Frequency Generators," by W. G. Dow,
University of Michigan; September 20,
1945.

LOS ANGELES
"The Progar," by R. V. Howard, As-

sociated Broadcasting Corporation; Sep-
tember 18, 1945.

"Trends in Receiving Tube Design,"
by Bernard Walley, RCA Manufacturing
Company; September18, 1945.

PITTSBURGH
"Microwaves," by E. U. Condon, West-

inghouse Electric Corppration; September
10, 1945.

ST. LOUIS
"The Frequency -Modulation Walkie-

Talkie and Other Wartime Communica-
tions Developments," by Lloyd Morris,
Galvin Manufacturing Corporation; Sep-
tember 27, 1945.

SEATTLE
"A New Simplified Method for Solving

Electrical Network Problems," by Cor-
nelius Lanczos, Boeing Aircraft Com-
pany; September 28, 1945.

WASHINGTON
"The RCA Antennalyzer," by G. H.

Brown and W. C. Morrison, RCA Labora-
tories; September 10, 1945.

WILLIAMSPORT
"Silicon Crystal Rectifiers," by Ed-

ward Cornelius, Sylvania Electric Prod-
ucts, Inc.; September 5, 1945.

COLUMBUS
"Betatron," by T. J. Wang, O.S.U.

Betatron; August 10, 1945.

Standard 10 and 20 watt fixed re-
sistors, 1.50,000 and 1-100,000
ohms. Also standard adjustable re-
sistors, 25 to 200 watts, 1-1,000,000
ohms, with sliders and brackets.

* And that means a lot. Those
green -colored inorganic -cement -
coated Clarosfat power resistors
are now found in radio -electronic
assemblies that are built to last.
These resistors positively "stay
put." They are brutes for punish-
ment. Their service records are out-
standing. Yes, use Greenohms for
better initial equipment or for bet-
ter maintenance jobs.

* Ask our local jobber about
standard Greenohms. And for spe-
cial applications, write us direct.

CIAROSTAT MFG. C0., Inc.  28.54 N. 6th St., Buddy'', N.Y.
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Federal
men know

tilicroware

On a gusty March day in 1931 . . . when man's voice was beamed
across the English Channel from an antenna less than an inch long
and powered by a mere half -watt . . . Microwave was born.

This was the inauguration of a new technique in the art of com-
munication ... blazing the trail for modern, high fidelity television,
FM transmission, pulse time modulation, plurality of currents on a
common carrier, and certain other commercial applications for this
technique.

Many of the scientists now at work in Federal laboratories partici-
pated in that triumph and helped in its developement through the
years. Now they are engaged in extending its application, opening
vast and striking possibilities for the future of communications.

Pioneer in the field of microwave . .. a contributor to radio progress
for more than 35 years . . . Federal stands for leadership in research,
development and manufacture of equipment and components for
every segment of the communications industry.

Federal Telephone and Radio Corporatioa
Newark 1, N. J.
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WE MANUFACTURE

Radio coils
Solenoids

Bank -wound

Universal
Universal progressive
Paper section
Layer -wound

Toroids

From the middle of the
voice frequency to ultra-
high frequency. Electronic
and radio equipment of all
kinds.

ALSO

Hermetic
Wax

Varnish -impregnating
Baking, vacuum -impregnating
Oil filling

We have a completely
equipped laboratory with Q
meters, twin -"T" bridges
and special bridges . . . for
frequency analyzing and
prime standard of fre-
quency.

WE HAVE EQUIPMENT
FOR ANY TYPE OF TREATMENT:

We are equipped for turning out special sub -assembly work
. work on complete units where allied to our various facili-

ties as well as small punch press work . . . lugging and ter-
minal assembly . . soldering, testing . . . original design and
product design.

We invite you to consult with us without obligation.

COMMUNICATION PARTS
NOT INC.

1101 NORTH PAULINA ST. CHICAGO 22, ILLINOIS

The following transfers and admis-
sions were approved on October 3, 1945:

Tranifer to Senior Member
Adams, J. J., 447 Cottage Hill Ave., Elm-

hurst, Ill.
Baldwin, M. W., Jr., 463 West St., New

York 14, N. Y.
Barry, J. G., School of Engineering,

Princeton University, Princeton,
N. J.

Cahill, F. C., 50 Follen St., Cambridge 38,
Mass.

Campbell, J. A., 1261 Shearer St., Mon-
treal 3, P.Q. Canada

Clark, W. R., 48 Marmaduke St., Toronto
3, Ont., Canada

Crooks, R. K., Powers Run Rd., RFD 2,
Pittsburgh 15, Pa.

d'Humy, F. E., 60 Hudson St., New York,
N. Y.

Distad, M. F., Naval Research Labora-
tory Annex, North Beach, Md.

Dyer, J. N., Eagle Drive, RFD 3, Stam-
ford, Conn.

Easton, I. G., General Radio Co., 275
Massachusetts Ave., Cambridge
39, Mass.

Eldred, W. N., 314 Aragon Blvd., San
Mateo, Calif.

Fishman, S., Newark College of Engineer-
ing, High St., Newark 2, N. J.

Fox, A. G., Bell Telephone Laboratories,
Box 107, Red Bank, N. J.

Geiger, D. G., Bell Telephone Company of
Canada, 76 Adelaide St., W., To-
ronto 1, Ont., Canada

Hollywood, J. M., Naval Research Labora-
tory, Anacostia Station, Washing-
ton 20, D. C.

Homer, E. C., 190 Toylsome Lane, South-
ampton, L. I., N. Y.

Hudack, J. M., Bell Telephone Labora-
tories, 463 West St., New York, 14,
N. Y.

Kent, E. L., 1101 E. Beardsley Ave., Elk-
hart, Ind.

Klipsch, P. W., Southwestern Proving
Ground, Hope, Ark.

Larson, G. C., 58-25 Little Neck Parkway,
Little Neck, L. I., N. Y.

London, C., 3000 Reisterstown Rd., Balti-
more 15, Md.

Martin, K. H., Department of Electrical
Engineering, Kansas State College,
Manhattan Kan.

Meacham, L. A., Bell Telephone Labora-
tories, Murray Hill, N. J.

Million, J. W., Jr., 5424 N. Keystone,
Indianapolis, Ind.

Morecroft, J. H., Jr., 6094 S. Adams St.,
Glendale 5, Calif.

Onder, K., 671 S. Catalina Ave., Pasadena
5, Calif.

Oxley, R. F., Ulverston, N. Lancs,.
England

Page, R. M., 2611-33 St. S. E., Washing-
ton 20, D. C.

Richardson, W. G., Canadian Broadcast-
ing Corp., 1440 St. Catherine St.
W., Montreal 25, P.Q., Canada

(Continued on page 38A)
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IRC wSIET141P" for SERVICE

*FACTORY REPRESENTATIVES

IRC DISTRIBUTORS

IRC RESISTORS ARE "ON LOCATION"

From coast to coast and border to border you'll find IRC "spe-
cialists" ready to help you with your resistor problems. These
alert and capable organizations are ready to assist you in
determining the precise resistors for your specific appli-
cations. IRC can render.this unbiased technical service
because it is the largest exclusive producer of resistance
devices, making more types of resistors in more shapes, for

more applications than any other manufacturer in the world.
Because of volume production combined with specialized

engineering skill, orders in any quantity can be filled
promptly. Your inquiries will be given immediate and effi-
cient attention. Names and addresses of your nearest IRC
Distributors will be furnished on request.

0114.011.10011A% 000100_, 011FSKTAIIIINI, 4.
DEPT. 10-K

401 NORTH BROAD STREET PHILADELPHIA 8, PA.
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IRC REPRESENTATIVES

ATLANTA
Hollingsworth & Still, 407 Norris Bldg.

BOSTON
Ray Perron 131 Clarendon St.

BUFFALO
Harry B. Segor Ellicott Square Bldg.

CHICAGO
S. B. Darmstader

308 W. Washington St.

CLEVELAND
Fred Bell 1400 W. 25th St.

DALLAS
George E. Anderson Santa Fe Bldg.

DETROIT
Koehler-Pasmore

8316 Woodward Ave.

INDIANAPOLIS
Vernon C. Macnabb, 915 Riveria Dr.

KANSAS CITY, MO.
C. W. Reid 1825 McGee Avenue

LOGAN, UTAH
Ronald G. Bowen 83 E. First St.

LOS ANGELES
Dave N. Marshank

672 S. Lafayette Park Place

NEW YORK
International Resistance Co.

A. H. Hardwick 165 Broadway

PITTSBURGH
George 0. Tanner 508 Grant St.

SAN FRANCISCO
James P. Hermans 1278 Mission St.

SEATTLE
Dave M. Lee 2626 Second Ave.

ST. LOUIS
Norman W. Kathrinus 1218 Olive St.

ST. PAUL
J. U. McCarthy 1725 Hillcrest Ave.

37A



No. 5 of a Series

MODERN
COIL WINDINGS

Partial View of Assembly Department

For many months, COTO-COIL facilities have

been employed in producing wartime essentials.

Now, as we have so long hoped, our entire plant

can be devoted to peacetime industry.

Our 28 years of experience are at your

service to help you with modern coil de-

sign and construction.

COTO-COIL CO., INC.
COIL SPECIALISTS SINCE 1917

65 PAVILION AVE. PROVIDENCE 5, R.I.

(Continued front page 36A)

Robinson, H. A., C.S.O., R.C.A.F., Ca-
nadian Joint Staff, 2222 "S" St.,
N.W., Washington, D. C.

Scarr, H. F., Western Electric Co., 120
Broadway, New York 5, N. Y.

Schreyer, T. E., National Broadcasting
Co., Inc., Merchandise Mart, Chi-
cago 54, Ill.

Schultz, F. V., 2352 Emerson Ave., Day-
ton 6, Ohio

Spangenberg, K. R., Radio Research
Laboratory, Divinity Ave., Cam-
bridge 38, Mass.

Stockman, H., Cruft Laboratory, Harvard
University, Cambridge, Mass.

Admission to Senior Member

Colmar, P. V., U. S. Coast Guard, 1300
E St., N.W., Washington 25, D. C.

Dodds, W., RCA Laboratories, Princeton,
N. J.

Drake, R. E., 20 Delaware Ave., Dayton,
Ohio

Henderson, M. C., 1364 Virginia Way, La
Jolla, Calif.

Niesse, J. L., New York Central System,
466 Lexington Ave., New York 17,
N. Y.

Rust, W. F., Jr., 2100-19 St. N.W.,
Washington 9, D. C.

Subba Rao, N. S., Annamalai University,
Annamalainagar P.O., South India

Weihe, V. I., 1801 Shroyer Rd., Dayton,
Ohio

Wolf, S. K., c/o Postmaster, San Fran-
cisco, Calif.

Transfer to Member grade
Asbury, R. T., 201 Park Drive, Baltimore

28, Md.
Armitage, G. G. G., 55 Birchview Circle,

Toronto 9, Ont., Canada
Barrett, E., 18 Forest St., Cambridge 40,

Mass.
Bauer, W., 376 Crestview Rd., Columbus

2, Ohio
Blake, L. V., 1527-28 St., S.E., Washing-

ton 20, D. C.
Boughtwood, J. E., 60 Hudson St., New

York, N. Y.
Bowman, L. H., 6121 Sunset Blvd., Los

Angeles 28, Calif.
Braun, V. J., 2673 N. Raymond Ave.,

Altadena, Calif.
Buck, D. G., 10 Peter Tufts Rd., Arling-

ton 74, Mass.
Bullock, W. W., 4232 W. 167 St., Lawn-

dale, Calif.
Byers, V. J., Box 368, Clinton, Ont.,

Canada
Cassidy, R. J., 1347 Villa Rd., Birming-

ham, Mich.
Chernow, M. B., 676 Westwood Ave.,

Long Branch, N. J.
Clark, J. F., Jr., 101 Joliet St., S.W.,

Washington 20, D. C.
Coe, R. L., Radio Station KSD, Post -

Dispatch Bldg., St. Louis, Mo.
Dahlin, E. K., 3242 N. Racine Ave., Chi-

cago 13, Ill.
(Continued on page 40A)
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made and assembled

500 Electronents*

for this

Radio Receiver Rack

Demonstrating how Scovill can reduce your overhead
on small parts or complete assemblies

Put yourself in the shoes of the prime
contractor who needed this three -
position, high -frequency radio receiver
rack for big bombers in a hurry. He
could have undertaken to make in his
own plant the more than 500 individ-
ual parts required, or . . . made some
and purchased the remainder, then
assembled the complete unit himself.
Instead he turned the complete re-
sponsibility over to Scovill . . . and
saved time, space, trouble and money.

Here's what Scovill did: made all
the metal parts of sheet, rod, wire and
tube stock using such metal -working

methods as forging, stamping, drawing,
heading, machining and wire forming
. . . cut all wires to length, stripped
and soldered them into position .

manufactured, tested and adjusted re-
lays . . . assembled the entire rack as
illustrated.

Investigate how Scovill's versatile
production setup, as exemplified
above, can improve the quality or
lower the cost of your small electronic
components or complete assemblies.
Learn how Scovill's designing and
metal -working experience and facili-
ties will make you sure of getting the

one right solution to your metal -parts
problems. For proof of Scovill's ability
to help you, write for liter-
ature. Fill in the coupon
below and mail it today.

*Electronents = Electronic Components

.

covill
MANUFACTURING COMPANY

WATERBURY 9l CONN.

Please send me a free copy of "Masters of Metal" booklet de-
scribing your facilities. I am interested in the ELECTRONENT*
applications checked.

 Batteries
 Record Changers
 Clips
.0 Condensers

 Dials
 Escutcheons
 Jacks
 Lugs

 Panels
 Sockets
 Stampings (misc.)
 Tubes

SCOVILL MANUFACTURING COMPANY
Electronic Division
26 Mill Street, Waterbury 91, Connecticut

Name

Company

Other applications Address
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Unique, simplified,
rugged construction

HERMETICALLY -SEALED

JUST OUT!
This new Shallcross Engi-
neering Bulletin "R" gives
full details on Shallcross Akre -
Ohm Resistors including styles
designed to meet Accurate
Fixed Wire Wound Resistor
Specifications JAN R93.

 Resistance element entirely sealed.

 No separate lead from resistance element to terminal.

 Standard terminal and mounting arrangements.

 Physical dimensions practically the same as standard
impregnated resistors.

 Both resistance form and protective shell are
ceramic.

 Resistance element, winding form, and protective
shell form one rigid unit.

 Rugged, rigid construction allows rough handling
without danger of breaking seal.

 Resistances from 1000 ohms to 10 megohms non -
inductively wound can be hermetically sealed
without difficulties due to leakage.

 Low tolerances, 1% or less, are standard.

Write for details!

SHALLCROSS MFG. CO.
DEPT. IR-1111, COLLINGDALE, PA.

ENGINEERING  DESIGNING  MANUFACTURING

(Continued from page 38A)

Di Marco, A., Carabobo 105, Buenos
Aires, Argentina

Doig, W. J., 1150 Manning Ave., Verdun,
Montreal 19, P.Q., Canada

Duckworth, G. W., 226 Greystone Rd.,
Bridgeport 4, Conn.

Easley, R. L., 295 Garfield Pl., Brooklyn
15, N. Y.

Felton, W. W., 603 Hillborn Ave., Swarth-
more. Pa.

Fisher, A. B., 53 Robinswood Rd., South
Weymouth 90, Mass.

Fratar, F. J., 253 Harrogate Rd., Penn
Wynne 31, Pa.

Furanna, A. J., 732 Wellington St., Lon-
don, Ont., Canada

Gamara, N. J., 301-15 St., N.E., Cedar
Rapids, Iowa

Good, L. H., 4201 Otterbein Ave., In-
dianapolis 3, Ind.

Hart, E. D., 97 Waterfall Rd., London
N.11, England

Hewitt, L. G., P.O. Box 101, Jefferson -
town, Ky.

Hodges, M. F., 1723 Irving St., N.W.,
Washington 10, D. C.

Horbach, S., 12 Nickerson St., Paw-
tucket, R. I.

Kramer, A. W., 23 Brooklyn Ave., West
Hempstead, L. I., N. Y.

Larime, L. H., 203 Allenhurst Ave., Royal
Oak, Mich.

Lawsine, L., NAS, COMFAIR, West
Coast, San Diego, Calif.

Lempert, I. E., 614 Valley Rd., Upper
Montclair, N. J.

Loughlin, B. D., 39-11-210 St., Bayside,
L. I., N. Y.

Luscombe, C. F., 1534 Northgate Rd.,
Baltimore 18, Md.

McGonigle, W. J., Sr., 146 St. James PI.,
Brooklyn 5, N. Y.

Madsen, R. G., 160 Old Country Rd.,
Mineola, L. I., N. Y.

Meadows, L. A., 5910 Second Pl., N.W.,
Washington 11, D. C.

Michon, A. E., 39 Shadyside Ave., Sum-
mit, N. J.

Munzer, L. F., 1312 S. 23 St., Arlington,
Va.

Naber, J. S., Box 22, Rantoul, Ill.
Osborn, B. K., 618 Evergreen Ave., East

Lansing, Mich.
Packard, G. N., 463 West St., New York

14, N. Y.
Parker, A. T., 215 Dumbarton Rd., Balti-

more 12, Md.
Rishell, G. L., 138 E. 5 St., Emporium,

Pa.
Robinson, S. A., 111 Ivy Rock Lane,

Westgate Hills, Upper Darby, Pa.
Schwartz, L. S., 117 Joliet St., S.W., Wash-

ington 20, D. C.
Shorland, H., 131, Upper Elmers End Rd.,

Beckenham, Kent, England
Spencer, B. F., 87 Poplar St., Garden City,

L. I., N. Y.
Stevenson, H., 176 Benton St., Rochester

7, N. Y.
Stolzenbach, R. W., 1414 N. Lowry Ave.,

Springfield, Ohio
(Continued on page 42A)
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s)'7945 THOUSANDS OF TESTIMONIALS

BUY A VICTORY BOND TODAY!

Thousands of testimonials are in the files at Hallicrafters. They are from members

of the armed services all over the world. They tell how Hallicrafters-built com-
munications equipment has performed dependably and brilliantly on all the
battle fronts of the world. Many of these letters are signed by licensed amateurs

who include their call letters with their signatures. A high percentage of the let-

ters conclude with sentiments like these-we quote: "If a rig can take it like the
HT -9 took it in the Australian jungles, it's the rig for my shack after the war".. .
"When I buy my communications equipment it will be Hallicrafters". . ."After
we have won this war and I can get a ham ticket there will not be the slightest

doubt as to the equipment I will use . . . it will be Hallicrafters". . .-Meeting
Hallicrafters gear in the service was like seeing someone from home . . . I used

to have one of your receivers at W7FNJ . . . hope to have more after the war"

. . .- being an old ham myself I know what went into the 299 . ." Thus does the

voice of the amateur come pouring into Hallicrafters headquarters, providing
information, guidance and further inspiration to Hallicrafters engineers. Ama-

teurs will find in Hallicrafters peacetime output just the equipment they need -
refined and developed in the fire of war and continuing to live up to the well

earned reputation as "the radio man's radio."

halliirafters RADIO
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Sied
-To users oi vibrator power transformers

Chicago Iransiorrier
recommends

its

Compound
Sealed, Drown 5 -eel Case

construction
achieve riaximu-n

shielding,
long

Land dependable oper

ating life, and simplicity
of mounting

C. T. also makes...
Power transformers for
radio and other elec-
tronic circuits, audio
and filter reactors, in-
slImment transformers,
a Jto and control trans-
formers, wave filters,
Cucrescent ballasts
arc ignition coils.

CHICAGO TRANSFORMER
DIVISION OF ESSEX WIRE CORPORATION

3501 WEST ADDISON STREET
CHICAGO, 18

(Continued front page 40A)

Tonjes, V. H., 1900 F St., N.W., Washing-
ton 6, D. C.

Tull, E. H., Box 456, Clinton, Ont.,
Canada

Weichardt, H. H., 455 W. 34 St., New
York 1, N. Y.

Wholey, W. B., 6 Chauncy St., Cambridge
38, Mass.

Wies, G. A., 112 Kingsbury Rd., Garden
City, L. I., N. Y.

Wilkinson, W. C., RCA Laboratories,
Princeton, N. J.

Wilton, R., RCAF Station, Clinton, Ont.,
Canada

Woll, H. J., 1133 N. Oakland Ave., In-
dianapolis 1, Ind.

Admission to Member
Amos, B., 101 Canterbury Ave., North

Arlington, N. J.
Baston, W. M., 15 Lynn Rd., Port Wash-

ington, L. I., N. Y.
Bennett, F. D., 24 Doolittle Drive, Day-

ton 3, Ohio
Bishop, H. 0., Postgraduate School, U. S.

Naval Academy, Annapolis, Md.
Blitz, D., 26 Linden Lane, Princeton, N. J.
Boltz, H. A., 6654 Hartwell, Dearborn,

Mich.
Bradley, W. F., 1611 N. McKinley Rd.,

Arlington, Va.
Carrick, W. E., 366 Oxford St., Halifax,

N. S., Canada
Catanzaro, J., 4041 Wilkens Ave., Balti-

ore 29, Md.
Chapin, M. F., 401 McCleod Ave., Mis-

soula, Mont.
Costello, E., 21 New York Ave., Baldwin,

L. I., N. Y.
Craver, J. N., Andalusia, Bucks County,

Pa.
Cowperthwait, W. L., Jr., 24 Midland

Drive, Morristown, N. J.
Dahlbom, C. A., Bell Telephone Labora-

tories, 180 Varick St., New York 14,
N. Y.

Dectrow, T. X., 5835 Webster St., Phila-
delphia, Pa.

Dettinger, D., 52-21 Browvale Lane, Little
Neck, L. I., N. Y.

Drew, I. E., 3400 Keim St., Philadelphia
34, Pa.

Drew, J. L., 2742 S. Troy St., Arlington,
Va.

Endicott, H. L., 2205 S.E. 34 Ave., Port-
land 15, Oregon

Etter, W. A., Plant Engineering Agency,
17 and Sansom St., Philadelphia 4,
Pa.

Finegood, D., Plant Engineering Agency,
Architect Bldg., 17 and Sansom St.,
Philadelphia 3, Pa.

Germany, L. W., 136, Victoria Rd., Cam-
bridge, England

Gilman, W. E., 1423 Thatcher Ave.,
River Forest, Ill.

Gordon, H. L., 100 Normandy Drive,
Silver Spring, Md.

Hackenberg, J. H., 60 Hudson St., New
York 13, N. Y.

Hellen, E., 212 Lucinda Ave., Belleville,
Ill.

(Continued on page 444)
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WITH AN EYE
TOWARD BETTER
HIGH -FREQUENCY INSULATION

We Recommend Turx for:
Radio Circuit Supports
Variable Condensers
Generator Brush Holders
Mounting Strips
H. F. Panel Assemblies
Stand-off Insulators
H V Arc shields
Antenna Reel Insulators
Ocillator Circuits
R. F. Coil Forms
Magnetic Relays
Fixtures for
Dielectric Heating Units.
Etc., Etc.

Post war competition calls for the finest type of high
frequency insulation. Based upon competitive tests

we believe you should choose TURX for the best
performance. TURX is a better glass bonded mica

material, stone hard in its composition because
of a peculiar pyro welding process. It is moisture resistant; resistant
to thermal shock; to distortion and can be fabricated into the most
intricate forms at tolerances as close as .005. If you are planning
to ship to the tropics or where fungi growth is a problem, ask us
to tell you more about TURX because TURX is absolutely resistant
to fungi deterioration. The performance of TURX too, in the field
of DIELECTRIC HEATING has been so outstandingly successful
that it is rapidly becoming the top choice of electronic engineers.
A single piece or a thousand, each will give uniform satisfaction
because of a guaranteed "Quality Through Control." A catalogue
and complete statistical data will be sent you on request. We
suggest writing today.

INTERNATIONAL PRODUCTS CORP.

Successor to Pero quo

INTERNATIONAL PRODUCTS CORPORATION
2554 GREENMOUNT AVE.  BALTIMORE 18, MD.
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Communications
WELL

IN
HAND

 Transmitting
equipment designed,
and manufactured
by Wilcox Electric
Company of Kansas
City, Missouri.

THE inclusion of Astatic's GDN Series Dynamic Micro-
phone in this modern airline dispatching office installa-
tion speaks for itself. Present-day communications
systems demand the finest possible equipment. Astatic
products measure up to these high standards of operating
efficiency.

SHOWN in the installation pictured above is a Dynamic,
semi -directional, all-purpose Microphone of the Astatic
DN Series, mounted on Grip -to -Talk Desk Stand. This
stand embodies a relay -operating ON -OFF Switch for
remote control of transmitters and amplifiers, the switch
itself being operated by a slight pressure of the fingers
upon a convenient grip bar.

41.

Astatic Microphones, Phonograph Pickups
and Cartridges are going forward daily in an ever-in-
creasing volume to manufacturers of radio, phonograph,
communications and public address equipment, and to
authorized Astatic jobber outlets.

You'll HEAR MORE
from Astatic

CORPORATION
CONNEAUT, OHIO

IN CANADA CANADIAN ASIATIC LTD, TORONTO, ONTARIO

44A

(Continued from page 42A)

Harris, W. E., 2041 Walnut St., Phila-
delphia 3, Pa.

Hartman, E. D., 730-12 Ave., Bethle-
hem, Pa.

Hayes, W. A., 21 Lowell Terrace, Bloom-
field, N. J.

Hilderbrand, R. H., Fairview Village,
Montgomery County, Pa.

Ireland, R. P., 5410 Ridgewood Court,
Chicago 15, Ill.

Jones, C. H., 750 Charing Cross Rd.,
Baltimore 29, Md.

Kimball, V. L., Box 386, Kaunakakai,
Molokai, Hawaii

Lewinstein, M., 125 Cabrini Blvd., New
York 33, N. Y.

MacLachlan, V. D., 1 Wadsworth Rd.,
Perivale, Greenford, Moor., Eng-
land

Martin, A. D., Jr., Walnut Park Plaza,
63 and Walnut St., Philadelphia 39,
Pa.

Moore, G. 0., 304 Edgehill Rd., North
Hills, Pa.

Mundt, A. J., 625 Kimball Ave., Westfield,
N. J.

O'Brien, F. L., 90 Home Ave., Rutherford,
N. J.

Paddock, D. G., 4826 Illinois Ave., N.W.,
Washington, D. C.

Pearson, P. A., c/o W. A. Manning, 649
Alvarado Row, Stanford Univers-
ity, Calif.

Perlman, S., 750 Lefferts Ave., Brooklyn
3, N. Y.

Phelps, B. E., International Business
Machines Corp., Endicott, N. Y.

Powell, J. J., Maintenance Div., Bldg. 30,
Holabird Signal Depot, Baltimore
19, Md.

Roncier, R., Rue des Gate -CEPS 15, St.
Cloud, (Seine et Oise), France

Rufo, J. D., 2822-5 Ave., San Diego 3,
Calif.

Selden, W. R., 2512 Monument Ave.,
Richmond 20, Va.

Smith, A. V., 276 Riverside Dr., New
York 25, N. Y.

Sutinen, C. P., 720 N. Grant, Indian-
apolis 1, Ind.

Taylor, A. S., 43 Harvard St., Montclair,
N. J.

Tharp, N. B., 21 Sanford Ave., Baltimore
28, Md.

Toeneboehn, C. C., 3909s Tholozan, St.
Louis 16, Mo.

Turner, R. R., 12 Winding Way, Haddon-
field, N. J.

Vollrath, W. W., 527 Telford Ave., Day-
ton 9, Ohio

Waggoner, G. F., 16 Charles St., Schenec-
tady 4, N. Y.

Walker, A. S., 204 Hospital St., Montreal,
P.Q. Canada

Westrick, E. W., 382 Woodland Ave.,
Oakmont, Pa.

Whatley, R. L., 20 N. Kenyon St., Indian-
apolis 1, Ind.

Wicks, D. S., 3895 Rodman St., N.W.,
Washington 16, D. C.

(Continued on page 46A)
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REMOVABLE
R. F. HEADS

All radio frequency cir-
cuits are included in
the 2-20 Mc. R.F. head
shown above. All con-
nections to the trans-
mitter cabinet are by
means of plugs and
receptacles.

A medium power transmitter, designed particu-:atly for aeronauti-
cal service. Equally adaptable to other fixed services. Check these
features for their application to your .communication problems:

* Four transmitting channels, in the following frequercy ranges.
125-525 Ky. Low Frequency:

2- 20 Mc. High Frequency.
100-160 Mc. Very High Frequency.
Other frequencies by special ordei..

* Simutareous channel operation, n following maximum combinations:
3 Channels telegraph.
2 Channels telephone.
1 Channel telephone, 2 Channels telegraph.

* Complete remote control by a sifgle telephone pa per operator.

* 400 Watt plus carrier power.
* Low first cost. Removable radio frequency heads are your protection

against Frequency obsolesence.
* ReliabLity backed by two years of engineering rc:-..earch, one year of

actual field operation.
* Available with all -steel, or wood pre -fabricated trorsanitter house co

plete with primary power, antenna, and ventilation fittings. - -

* Not a "post-war plan," but a field-tested transmitter now in product7o
An inquiry on your letterhead °tining your reqvi-tments

will bring :100 !ompiete data.

WILCOX ELECTRIC COMPANY, INC.
Manufacturers of Radio Equipment

ourteenth and Chestnut Kansas City, Missour:

Proceedings of the I.R.E. November, 1945 45A
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BLAW- NOX puts through
the Call!

There are a hundred -and-one
pieces of apparatus necessary
to electronic operation but,
finally the voice or picture goes
out into space via the antenna.

Whether it's FM, Television or
VHF you can be sure of getting
the most out of your power and
equipment by "Putting the Call
Through" on Blaw-Knox Ver-
tical Radiators.

BLAW-KNOX DIVISION
of Blaw-Knox Company

BLAW-KNOX Vertical RADIATORS

(Continued from page 44A)

Williams, W. M., 2015 Poplar St., Phila-
delphia 30, Pa.

Wolcott, E. G., Western Electric Co.,
D-9821, 195 Broadway, New York,
N. Y.

Wright, E. C., 4445 Brindisi St., San
Diego 7, Calif.

Yost, R. R., Jr., 48 Bayview Ave., Port
Washington, N. Y.

Zeidler, H. M., Harvard Radio Research
Laboratory, Cambridge, Mass.

Zierdt, C. H., Jr., 104 Bellaire Ave., Day-
ton 10, Ohio

Admission to Associate

Anazalone, C., 2255-63 St., Brooklyn 4,
N. Y.

Auchter, H. A., 114 E. Market St., Iowa
City, Iowa

Bassave. R., 30 Joralemon St. Bldg. C 79,
Brocklyn 2, N. Y.

Benns, W. E., Jr., 305 Hancock St., RFD
4, Columbia, S. C.

'ossom, L. R., 77 Martin St.. Cambridge
38, Mass.

Dollen, I., 903 New York Ave., Brooklyn 3,
N.Y.

Bolton, L. J., 80, Palmeira Rd., Bexley -
heath, Kent, England

Brook, J. B., 346 Lumsden Ave., Toronto,
Ont., Canada

Brown, H. W., 21 Chauncy St., Cam-
bridge 38, Mass.

Brown, W., 30 Circle Drive, Bantam,
Conn.

Cabella, A. W., 240 Lindsley Rd., Little
Falls, N. J.

Caldwell, J. H., 101 Hartsdale Rd., Harts-
dale, N. Y.

Cameron, H. J., 236 W. 55 St., New York
19, N. Y.

Cartwright, J. R., 39, Queen Anne's
Grove, Ealing, London W.5, Eng-
land

Chapman, W. R., 901 Arizona Ave., Santa
Monica, Calif.

Chen, H., 26 Cedar Ave., Towson 4, Md.
Chu, L. S., 507 Allegheny Ave., Towson 4,

Md.
Clark,' D. L., Research Dept., Stromberg-

Carlson Co., Rochester 3, N. Y.
Clifford, R. W., 295 Egerton St., London,

Ont., Canada
Collins, E., 120 Bristol Ave., Toronto,

Ont., Canada
Collins, F. W., 507 Salem Ave., Toronto,

Ont., Canada
Copeland, W. T., 205 Elm St., Northamp-

ton, Mass.
Coundjeris, A., 34-20-74 St., Jackson

Heights, L. I., N. Y.
Cowan, D. A., 1216 Virginia Pl., Fort

Worth, Tex.
Davis, J., 505 Miller Circle, Garland, Tex.
DiNozzi, A. D., 252 Broadway, Boston 11,

Mass.
Dabrowski, J. H., 165 0 St., South Boston,

Mass.
Dowell, M. R., 24 Irving St., Watertown

72, Mass.
(Continued on page 504)
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50 pages of parts

and

their technical data

Standard items are "keyed" with jobber part numbers, making
it simple and convenient b order from your local distributor.

Included are:

 POTENTIOMETERS AND RHEOSTATS in 5 different sizes ranging
from 3 to 15 watts. Simple in design, rugged, and dependable.

 "T" & "L" PAD ATTENUATORS in.5 different designs for control-
ling volume in circuits of microphones, loud speakers, phono-
graph pick-ups, mixers, audio and public address amplifiers.

 SWITCHES that are compact in size; simple in design, ana of
highest quality material are your assurance of dependable
service with economical cost. Standard types and circuits.

 LEAF SPRING STACK ASSEMBLY SWITCHES-Low-cost, practical, de-
pendable Contact Switch Assemblies for use in coin machines,
record changers, electrical medical instruments or wherever
simple leaf switches are required-available to meet innumer-
able different specifications and arrangements.

 PHONE PLUGS AND JACKS are available in various styles. Jacks
include the famous "Imp" Type, and the Short and Long
Frame Types. Phone Plugs supplied in two- and three -con-
ductor types . . . for practically every type of application.

This Utah Catalog, No. U.C.-44, is 50 pages loose-leaf bound, and provides
the engineer with complete technical data and blueprint details. Copies
available without oblligation upon written request on your business

letterhead and mention of your position. Writ* today for your copy)

.

t"fr#41'v.,
.015

Utah Electronics (Cenecle) Ltd., 300 Chensbly Rml, Lenevevil, tileetreel (23) P. Q.  Uses Radio, S. A. /Abilene* 4S, Leone' Aires

UTAH RADIO PRODUCTS COMPANY
320 NORTH ORLIRNS STREET CHICAGO 10, ILLINOIS



IONICALLY'NEATED LOW VOLTAGE GAS RECTIFIERS
Readily Available Smaller Space Requirement Lower Operating

A major deterrent to the further size reduction of radio receivers
and other equipment designed for universal operation from a
standard 117 volt AC or DC line or internal batteries, has been
the size and power dissipation associated with the rectifier tube.
The advantages of an ionically heated tube for low voltage
applications were recognized early by the Raytheon engineers,
who have long pioneered in the field of gas tube development.
However, considerable research has produced the 0Y4 and
OY4G which start cold from no more than 95 volts DC. High
rectification efficiency is realized from the low internal drop
and high peak current ratings. Physically these types have the
same dimensions as the familiar OZ4G and OZ4.

Where size is an important factor, use of the OY4G' in place
of the 117Z6GT, as extensively employed in the three way
receivers, will result in a substantial reduction of the space
requirements.

OY4G AND 0Y4 RATINGS
Half, Wave Rectifier-Condenser Input to Filter'

Maximum Inverse Peak Voltage

Maximum Peak Current

Maximum DC Output Current

Minimum DC Output Current

Minimum Series Anode Resistance (117V line operation).

Approximate Tube Drop

Maximum DC starting Voltage' 

Temperature  Commercial in Cost  Long Life  Quicker Starting

Even more important is the differential of approximately
eight watts in favor of the 0Y4 and OY4G because of the ionic
heating feature. This saving cuts the input power down by more
than 50% for a normal receiver. Consequently, cabinet size can
be decreased without danger of excessive heating. Furthermore,
the time required for the set to become operative is the same
whether on DC, AC or battery - that is, almost instantaneous.

These tubes have been engineered to produce a minimum of
the radio frequency disturbances associated with a gaseous
discharge. The simple filter circuit indicated below will generally
reduce such interference to a negligible value.

If your product does not call for the ionically heated low
voltage gas rectifier, there is a Raytheon type designed for your
need. And all Raytheon tubes follow the same rigid pattern of
advanced engineering with precision manufacture. To get con-
tinuing best results, specify Raytheon High -Fidelity Tubes,

300 volts

500 ma

75 ma

40 ma

50 ohms

12 volts

95 volts

'Pins 7 and 8 must be connected together. Rapid intermittent operation is
undesirable.

"With starter anode network as shown in circuit.

gkeetio Reeehoing gide givhion
NEWTON, MASSACHUSETTS LOS ANGELES
NEW YORK CHICAGO ATLANTA

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TURES. AND

0Y4GTYPICAL 0Y4 OPERATING CIRCUIT

RAYTHEON
MANUFACTURING COMPANY

EQUIPMENT FOR THE NEW ERA OF ELECTRONICS
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Model C
The Vertical Sealing Machine

The Model F Lathe
Maximum length overall, 39"
Spindle hole diameter, 14/16"

The Model HS Lathe
Maximum length overall, 63"

Spindle hole diameter, 25jfi"

The Model EE Lathe
Maximum length overall, 84"
Spindle hole diameter, 314"

Proceedings of the I.R.E. November, 1945

The Model K Lathe
Maximum length

overall, 113"
Spindle hole

diameter, 6ke

Litton Glass Making Lathes were developed for
the purpose of bringing precision in glass to the

vacuum tube industry, but applications outside of

this industry are equally benefited.
Litton glass working equipment has been used by major oil

companies in the fusing, shaping and building of glass oil instal-

lations. They have also been used in the Chemical, Physical and

Metallurgical laboratories of large universities, and in private

and industrial and government research organizations. Also by

manufacturers of scientific glass apparatus, optical equipment,

precision instruments, glassware and thermal containers.

Ranges of work vary from .020 to 35. inches in diameter.

Wherever glass precision and production are important Litton

equipment should be used. Send for catalog.

Etk""kIEEP"\IG LABORATORIES
REDWOOD CITY, CALIFORNIA, U. S. A.

1)\



Expert service
engineer making final
check -upon a 160-A Q Meter

A complete Laboratory Overhaul
for your Q Meters and Q -X Checkers

after strenuous wartime use.

"Q SERVICE" includes
1. General Check and Clean-up of the instrument.
2. Complete Re -calibration in our Standards Department.
3, Loan of a replacement while your instrument is in our

Laboratory.

In answer to many requests and in recognition of the
unusual demands made on your instruments during the
Wartime years, this "Q SERVICE" has been developed.

For complete information write to Department R

BOONTO ADIO
BOONTON, N J.

DESIGNERSDESIGNERS AND MANUFACTURERS OF THE "Q" METER ... OX -CHECKER FREQUENCY MODULATED SIGNAL
GENERATOR ... BEAT FREQUENCY GENERATOR ... AND OTHER DIRECT READING TEST INSTRUMENTS

Membership

(Continued from page 46A)

Dral, J. H., 319 Lincoln Ave., Lincoln, Ill.
Durr, E., 320 W. Oakwood Ave., Bucyrus,

Ohio
Ebel, F. E., 3705 N. Port Washington

Ave., Milwaukee 12, Wis.
Ehrbar, E. J., 4307 W. 137 St., Cleveland

11, Ohio
Farber, E. R., 4217 W. North Ave., Mil-

waukee 8, Wis.
Felton, L. E., Box 692, Litchfield, Conn.
Foote, S. H., 2070 N. Fair Oaks Ave.,

Pasadena 3, Calif.
Forrest, M. A., 13 Church Rd., Malvern

Link, Worcestershire, England
Fuller, F. C., 14238 S. LaSalle St., Chi-

cago 27, Ill.
Garcia Favre, C. A., Maure 2007, Buenos

Aires, Argentina
Gil Giron, R., Tres Arroyos 836, Buenos

Aires, Argentina
Gonzalez, E., Pato Consolidated Gold

Dredging, Ltd., Apartado 819, Bar-
ranguilla, Colombia, South America

Hamlin, K. B., Hq., Air Technical Service
Command, Box 699, Area A, Wright
Field, Dayton, Ohio

Harris, B. E., Jr., 5088 Bancroft Drive, La
Mesa, Calif.

Heaverlo, H. D., 1016 S. 8 St., Oskaloosa,
Iowa

Henry, H. P., Jr., 763 Burkesdale Rd.,
Norfolk 5, Va.

Hitchcock, J. S., 27 Percy Rd., London
N.12, England

Jennings, M. H., 567 Palisade Ave.,
Yonkers, N. Y.

Johnson, A. A., 2120 S. Sycamore St., Santa
Ana, Calif.

Kates, F. F., 2810 Leeward Ave., Los
Angeles 5, Calif.

Keeler, P. M., Radio Research Laboratory,
18 Divinity Ave., Cambridge 38,
Mass.

Klann, P. A., c/o Fleet Post Office, San
Francisco, Calif.

Kleinman, C. H., 150 W. 87 St., New
York 24, N. Y.

Knowles, R. H., 903 S. Howard Ave.,
Tampa 6, Fla.

Lampert, L. F., 3927 Welland Ave., Los
Angeles 43, Calif.

Lasater, W. D., 6523 Latona St., Seattle,
Wash.

Lubeck, B., 2619 Sedgwick Ave., New
York 63, N. Y.

Lusted, L. B., 2 Ellsworth Ave., Cam-
bridge 39, Mass.

Maguire, J. P., Jr., 307 E. 18 St., New
York 3, N. Y.

McAdie, C. H., 4321 Shamrock Ave.,
Baltimore, Md.

McAllister, J. T., 4D Plateau Pl., Green-
belt, Md.

McKee, D. A., Northern Electric Co.,
1261 Shearer St., Montreal 22, P.Q.,
Canada

McKee, E. S., Naval Ordnance Labora-
tory, Navy Yard, Washington,
D. C.

Miller, C. E., KOMO/KJR Transmitter,
2600-26 Ave., S.W., Seattle 6,
Wash.

(Continued on page 58A)
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BROADCAST STATION COMPONENTS
1111111111111111.0

qt,&09,7,47
1,110 YARICK STREET NEW YORK 13, N. Y.

tt

txroirr 0110SION: 13 EAST 40th STREET, HEW TORN 16, N.Y., C.A31ES:'ARLAIS"

Proceeding, of the Norcml,er, 1945

AL PLANTS

51A



ENGINEERS
For Design Work

on Radio Receivers,

Audio Amplifiers,
Television

Men with substantial com-
mercial experience wanted,
preferably those having De-
grees in Electrical or Com-
munications Engineering.
Write, giving details of ex-
perience and salary expected,
to:

FREED RADIO
CORPORATION
Makers of the Famous Freed-
Eisemann Radio -Phonograph

200 Hudson Street
New York 13, N.Y.

Here is a

Permanent

Position

FOR AN

EXPERIENCED

COMMUNICATIONS

MAN
You may be interested in this permanent
position with a long established, progres-
sive Radio school. To qualify, you should
be a college graduate with engineering
and operating experience in Radio com-
munications. Experience teaching Radio
subjects will be an advantage-and ex-
perience in writing instruction manuals
clearly, interestingly is essential. Get in
touch with us now. Let's see if we can
come to a mutual understanding so you
can start with us the day you are avail-
able. Tell us all about yourself-your edu-
cation and experience-your ambitions-
your salary requirements. We will hold
your letter in strict confidence. Write
Box 403. Proceedings of the I.R.E., 330
West 42 St., New York 18, N.Y.

The following positions of interest to
I.R.E. members have been reported as
open. Apply in writing, addressing reply
to company mentioned or to Box No. ....

The Institute reserves the right to refuse any
announcement without giving a reason for
the refusal.

PROCEEDINGS of the I.R.E.
330 West 42nd Street, New York 18, N.Y.

ENGINEERS

With experience in audio circuit work
for engineering development on hearing
aids and associated devices. Experience on
hearing aids not actually necessary. Ap-
ply to Chief Engineer, Zenith Radio Cor-
poration, 6001 West Dickens Avenue, Chi-
cago 39, Illinois, giving details of educa-
tion, age and experience. Excellent op-
portunities for interested personnel.

ENGINEER OR TECHNICIAN

To write articles on radio (particularly
FM) and television, including mainten-
ance. Fee basis. Collaboration possible for
beginners. Lieutenant Myron Eddy, 295
Broadway, New York 7, N.Y.

RADIO ENGINEER

Several years experience on radio re-
ceivers and associated equipment desir-
able. Circuit development and mechanical
design. Knowledge of production test pro-
cedure and test equipment. Opportunity
in new division in established firm. Pre-
mier Crystal Laboratories, Inc., 63 Park
Row, New York 7, N.Y.

ACOUSTICAL ENGINEER

Preferably with E.E. degree to work
in the field of microphones, phones, and
supersonics. Our employees know of this
advertisement. Box 399.

CHIEF, OR SENIOR ENGINEER

New York television radio manufac-
turer, expanding very fast, requires man
with several years thorough experience
in design and production of home radio
receivers. Not a temporary but a perman-
ent opportunity. Still have substantial mili-
tary work; also very substantial home
set orders throughout U.S.A. and abroad.
Pay is high. U. S. Television Manufac-
turing Corp., 106 Seventh Ave., New
York 11, N.Y.

TELEVISION ENGINEERS

Design experience in the development
of television cameras, terminal equipment
or transmitters. State experience and sal-
ary desired. Apply in person or in writing
to Personnel Department, Raytheon
Manufacturing Company, Inc., Communi-
cations Division, 60 E. 42nd St., New
York 17, N.Y.

(Continued on page 54A)

LOUD SPEAKER
DESIGNERS

Men trained in acoustics and with
seperal years' experience in the
development and design of loud
speakers.

TELEPHONE
CIRCUIT ENGINEERS

Men with several years' experience
in the development of automatic
telephone circuits.

SOUND SYSTEM
ENGINEERS

Electrical engineers with several
years' experience in the develop-
ment and design of high quality
audio amplifiers.

Stromberg-Carlson Co.
Rochester 3, New York

SENIOR
ENGINEER

COLLEGE GRADUATE

with a minimum of
5 years experience
in Receiver Circuit
Development work.

Required for
Commercial Engineering

Section of Radio and
Transmitting Tube

Manufacturer

JUNIOR
ENGINEER

COLLEGE GRADUATE
No experience

necessary.
Required for circuit
and general tube

applications work.

Write or Call

TUNG-SOL LAMP WORKS
INC.

370 Orange Street
Newark 4, N.J.
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Illustrated is a DILECTO fabric base laminated
phenolic part used in airborne electrical equip-
ment. Since this part is subject to severe mechani-
cal stresses and is also an insulator it must be
strong and remain stable under vibration, high
humidity and temperature extremes. DILECTO
meets all these requirements, with a wide margin
of safety.

KL-45

C -D PRODUCTS

The Plastics

MICABOND-Built-Up

Mica

DILECTO-A.
Laminated

Phenolic.
Elecuical

Insulation.

ceLOR01.1-A
Molded Phenolic-

Standard
and Special

Forms

Especially
Suited to 711-11-E

AilvoadsilabatnecnT:lats;

anrpseetrt%

DILECIENE-A.
Pure Resin Plastic

The NON-Metollics

Descriptive
Literature

DIAMOND
Vulcanized

FIBRE
Bulletin

Gf gives
Compre-

VULCOID--Resin
Impregnated

heasive
Data on all G.I)

Vulcanized
fibre.

Products.
Individual

Cam -

Insulation.

Eabricated,
formed

or

HAVSG--Plastic
Chemical

Equip - Molded to Specifications.

Ment,Pipe,Valves

and fittings.

Available.
logs are also

C -D Dielectric materials are engineered to meet
specific electrical and mechanical problems.
There are standard grades developed as a result

of experience gained during 50 years
of serving manufacturers in every indus-
try. These standard grades can, how-
ever, be modified to meet particular
problems. Combinations of the different
C -D NON -metallic materials can also be
made to provide required combinations
of properties. C -D technicians will be
glad to study your "What Material"
problems and suggest solutions.

DISTRICT OFFICES
NEW YORK 17 CLEVELAND 14 CHICAGO 11
SPARTANBURG, S. C. SALES OFFICES IN PRINCIPAL CITIES

WEST COAST REPRESENTATIVES
MARWOOD LTD., SAN FRANCISCO 3

IN CANADA,
DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8

C1942liiie/J2491 t.ff/M404/tet FIBRE COMPANY
Established 1895 _Manufacturers of Laminated Plastics since 1911-NEWAR h 48  DELAWARE



Draftsman Wanted

Also

Designer

Detailer

Tracer and

Engineer

We are one of the largest
manufacturers of a wide vari-
ety of communication and elec-
tronic equipment in the world,
fully prepared and ready to go
ahead with a very ambitious,
expansion program as quickly
as we are permitted. There will
be unlimited possibilities for
creative, ambitious men to ad-
vance to key positions both in
research development and pro-
duction field.

At present, we are produc-
ing vital equipment for our
fighting forces.

Good Starting Salaries

Exceptionally fine working conditions.

Apply Personnel Office
8 A.M. to 5 P.M.

FEDERAL TELEPHONE &
RADIO CORP.

the Mfg. unit of the International
Tel. & Tel. Corp.

591 Broad St., Newark, N.J.
WMC Rules Observed

(Continued from page 52A)

SALES ENGINEER
For sale of new and interesting elec-

tronic device. Must have had previous sales
experience in radio or other electronic
equipment. A real opportunity for right
man with large international organiza-
tion. Write qualifications in detail to Box
400.

DIRECTOR OF ENGINEERING
Smaller firm with national organization

and established post-war business in elec-
tronic, audio and electro-acoustic fields
has opening for engineer in charge of
development and design. Salary liberal.
Must have engineering degree and prac-
tical experience. Design of audio and
electro-acoustic systems. Replies confiden-
tial. State education, experience record,
patents, etc. Photograph if available. Box
398.

GRADUATE ELECTRICAL ENGINEER
Having experience in the preparation

and prosecution of U. S. patent applica-
tions, preferably in electrical fields includ-
ing radio. Location New York City. Sub-
mit complete details, education, experi-
ence, and indicate salary expected. Box
392.

ELECTRICAL ENGINEERS
To be trained for patent work in the

electronic fields, particularly radio. Loca-
tion New York City vicinity. Submit com-
plete details, education, experience, and
salary requirements. Box 393.

RADIO AND ELECTRONIC ENGINEERS
Pre-war company carrying on consult-

ing and manufacturing business, requires
engineers to develop special industrial elec-
tronic devices, wire and radio communica-
tion equipment. Excellent post-war oppor-
tunity. Location New York City and
Washington, D.C. Write qualifications in
detail to Box 394.

ENGINEERS, PHYSICISTS, ANALYSTS
Needed for research, development, de-

sign, technical writing, supervision, test-
ing, on electronic and mechanical prob-
lems, and as analysts, San Diego, Califor-
nia. Possible post-war future. Write giv-
ing personal history, education, experience,
references, draft status, availability, to
Personnel Manager, University of Cali-
fornia Division of War Research, U. S.
Navy Radio and Sound Laboratory, San
Diego 52, Calif o-nia.

RADIO, ELECTRONIC AND TELEPHONE
ENGINEERS, ELECTRONIC AND

MECHANICAL DRAFTSMEN
Needed by one of the largest manufac-

turers of a wide variety of electronic and
communications equipment in the World,
fully prepared and ready with an ambi-
tious postwar program. Write to Person-
nel Manager, Federal Telephone and Ra-
dio Corporation, 591 Broad Street, New-
ark, N.J.

(Continued on page 56A)

Radio Engineers

Our post-war expansion
program requires additions
to our staff.

We offer excellent oppor-
tunities to radio engineers
who have had extensive ex-
perience in circuit design.
FM and television experi-
ence is especially desirable.

A good post-war future for
those with proven ability.

Please write, describing
your educational and techni-
cal background, and experi-
ence in detail.

Aloe
RADIO CORPORATION

37-06 Thirty Sixth St.
Long Island City 1, N.Y.

Professional Service
FRANK MASSA

Electra -Acoustic Consultant
DEVELOPMENT PRODUCTION DESIGN

PATENT ADVISOR

ELECTRO-ACOUSTIC & ELECTRO-MECIIA N I CAL
VIBRATING SYSTEMS

SUPERSONIC GENERATORS & RECEIVERS
3393 Dellwood Rd., Cleveland Heights 18, Ohio

M. F. M. Osborne Associates
Consulting Physicists

Fluid Dynamics, Mechanics, Electronic De-
sign, Electromagnetic and Acoustic Wave
Propagation, Mathematical Analysis.

703 Albee Bldg., Washington 5, D.C.
ATlantic 9084

W. J. BROWN
Electronic 6' Radio Engineering Consultant
Electronic Industrial Applications, Com.
mercial and Broadcasting_ Transmitter and

Receiver Design, Test Equipment, etc.
23 years experience in electronic

development
2879 Coleridge Rd., Cleveland Hts., Ohio

Fairmount 0030

STANLEY D. EILENBERGER
Consulting Engineer

INDUSTRIAL ELECTRONICS
Design-Development-Models

Complete Laboratory and Shop Facilities
6309 -13 -27th Ave.

Kenosha, Wis. Telephone 2-4213

54A Proceedings of the I.R.E. November, 1945



A COMPLETE LINE OF TRANSMITTER

.Jit;;31.3 L.7 L7 4,14.I' 6.;

FEATURING

TRADITIONAL BENDIX RELIABILITY

Bendix Radio, for years the leading manufacturer of aircraft

radio equipment, now offers a complete and flexible line of
transmitter equipment to fit the power and frequency require-

ments of any airline ground station.

Engineered for reliability in operation, these transmitters are
designed specifically for aeronautical services in this country and

in foreign operations.

Airline ground stations are now assured long, trouble-free,

unattended transmitter service-with a minimum of maintenance
-by the sound design and sturdy construction that has for years

made the products of Bendix the Standard of the Aviation Industry.

For information as to dimensions, weight, construction, electrical

characteristics and easy -service features, write

"Bent*
BALTIMORE 4 BENDIX RADIOD MARYLAND

TG -16

 
a $ 

DIVISION

A.R0.41CI Of
4.0v"111::=1  ell' 

STANDARD FOR THE AVIATION INDUSTRY
Proceedings of the I.R.E. November, 1945
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UNUSUAL OPENINGS
for ENGINEERS

and DRAFTSMEN
We have several openings for experienced engineers and drafts-
men and some openings for young engineers who do not have
experience, but have the necessary training and education in
the following fields:

Research in General Electronics, Navigation, Television, Radar,
Acoustics and Communications.

Airborne, Mobile and Fixed Transmitter Design.

Broadcast Receiver, Television Receiver, Communication Receiver
and Direction Finder Design.

Experienced Mechanical Designers and Draftsmen in the above
fields are also needed.

Salaries are open and are top for the experience and training in
the industry.

Write direct to-Director of Engineering and Research
Bendix Radio Division
Bendix Aviation Corporation
Baltimore 4, Maryland

-"IlencW7adio

MICROTORQUE
SENSITIVE  ACCURATE

RELIABLE

FUNCTIONS

1 Can be directly coupled to low
torque indicating meters or more-
ments (existing pressure, temper-
ature gauges, etc.) by simple
yoke on instrument pointer with.
out interfering with instrument
indicating function.

2 Ideal for take -offs from bellows
elements (pressure, temperature,
flow, etc.) causing negligible
drag on control element.

3 Ideal amplifier follow-up corn.
ponents in bridge -type control-
relatively large electrical outputs
for small mechanical inputs.

4 Operate directly recorder -con-
trollers, recording galvonometers,
milliammeters, ouillographs or
polarized relays.

S Indicate or record remotely posi-
tions of shafts, meters, or other
mechanical elements.

WRITE SECTION X

G. M. GIANNINI & CO., INC.

AUTOFLIGHI
INSTRUMENTs

PE SERIALN0

m 8IANNINI 11 CO 40.

AUTO FLIGHT

3 4

POTENTIOMETER
FOR REMOTE RECORDING

INDICATION CONTROL

FEATURES

1 Less than .003 oz. in. input torque

2 Linearity ,12% or better.

3 Weight less than 34 oz. space en-
velope 1"x 7/." cylinders.

4 Vibration -proof, 4 to 55 cycles up
to 6 g's.

5 2.5 Watts power dissipation.

6 Resistance 100 to 2500 ohms.

7 Jewel bearings, platinum metal
brush and resistance material,
highest quality contact perform-
ance.

S Long life and dependability
proved in many airborne and in-
dustrial applications.

9 Available in 270' potentiometer
arrangement or continuously ro-
tatable transmitter type-toroidal
coil tapped at 120' intervals with
twin brush take -offs separated by
180'

161 EAST CALIFORNIA STREET
PASADENA 5, CALIF., U. S. A.

(Continued from page 54A)

ELECTROLYTIC DEVELOPMENT ENGINEER

Capable of designing and supervising
installation of equipment. To take com-
plete charge of laboratory and supervise
production quality control. Must have pre-
vious experience with etching and forma-
tion processes.

ELECTRICAL ENGINEER

Should have broad background of
theory and practice in small electrical
parts or equipment manufacturing. Posi-
tion at present that of co-ordinating engi-
neering problems of field sales with labo-
ratory, engineering and manufacturing
departments. Will have wide latitude of
authority and report directly to manage-
ment. To the right man, position will lead
to that of Chief Electrical Engineer. Ex-
perience in capacitor field is advisable.

ELECTRICAL ENGINEER
POWER FACTOR IMPROVEMENT

This key position for a new department
requires an electrical engineer with spe-
cific experience in power factor improve-
ment problems. Technical writing ability
is important. The right man probably
would have gained his experience with a
public utility or manufacturer of heavy
power equipment. He must be qualified
to create and supervise an entire depart-
ment for sales of capacitors used in power
factor improvement. He will be given
assistance of a competent staff of capaci-
tor engineers but will be required to de-
sign and arrange for manufacture of as-
sociated power factor equipment. Sales
experience will be helpful but not essen-
tial.

Applicants are requested to outline ex-
perience, education, present and previous
earnings and salary requirements. All re-
plies will be held in strictest confidence.
Our own engineers know of this adver-
tisement. Address Box 401, Proceedings
of the I.R.E., 330 West 42nd Street, New
York 18, New York.

SALES ENGINEER

Manufacturer of materials for radio
components needs sales engineer with
good technical background to appraise and
work on technical details in the sales of
their products. Headquarters New York.
Box 402, Proceedings of the I.R.E., 330
West 42nd Street, New York 18, New
York.

ENGINEERS

Opportunities are offered by an expand-
ing, progressive engineering organization
to first-class Development, Communica-
tion and Radio Engineers with extensive
prewar experience. Write: Maguire In-
dustries, Inc., Electronics Division, Per-
sonnel Dept., 342 W. Putnam Ave., Green-
wich, Conn.
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1000 uufds.
HIGH VOLTAGE VACUUM

CAPACITORS
ANOTHER FIRST BY

EiUMW
.RADIONE,

VACUUM ELECTRONIC COMPONENTS

TENTATIVE CHARACTERISTICS
Peak Voltage, 10 KV (increased voltage ratings
may be obtained upon request).

Peak Current, 100 amps. Capacity, .001 ufds.
Overall Length approximately 77."
Maximum Diameter at center 454"

This new Jennings unit is required for heavy industrial needs
where induction heating and other eiectronic uses call for the
unusual in capacities, size and performance. Also for Broad-
cast Studios and Experimental Laboratories where rugged
mechanical construction in a vacuum capacitor of this capac-
ity is essential.

We welcome your inquiry and the opportunity to serve you.
WATCH JENNINGS FOR NIEW DEVELOPMENTS IN THE FIELD

OF SPECIALIZED VACUUM ELECTRONIC COMPONENTS. WRITE FOR
CATALOG IR

Patent'
applied for

JENNINGS RADIO MANUFACTURING COMPANY . 1098 E. WILLIAM ST. . SAN JOSE 12, CALIFORNIA
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Membership
ONE QUICK CENTRAL SOURCE

TRANSFORMERS

Thordarson
Stancor

Solo
General Radio

UTC
Superior

Merit Coil
Knight

General
Transformer

Acme
Pioneer Electric

Crest

Helpful
BUYING
GUIDE
Available
on Request
Write for it!

It's simpler, faster to get your transformer needs from
this one central source. Here, under one roof, are all
the leading makes, in all the wanted types:

Power  Adjustable  Voltage Regulating
Step-up and Step-down  Plate and Filament

Audio Input  Interstage and Output  Modulation
Driver  Microphone, Line and Mixing Transformers

Filter and Swinging Chokes  Audio Reactors
Fluorescent Lighting Ballasts

Large and varied stocks are maintained for rush
service. Close contact with manufacturers expedites
procurement. This complete service saves time and
work. That's why thousands call ALLIED First!

WRITE, WIRE, OR PHONE HAYMARKET 6800
Jor Everything in Radio and Electronics

ALLIED RADIO
CORPORATION

833 W. Jackson Blvd. Dept. 3-L-5 Chicago 7, Illinois

SUPPLIERS OF ELECTRONIC PARTS AND EQUIPMENT TO INDUSTRIAL AMERICA
Electronic Tubes, Rectifiers, Power Supplies, Intercommunicating Systems, Sound Systems, Photo -Cell Equip-
ment, Batteries, Chargers, Converters, Generators, Supplies for Resistance Welders, Fuses, Test Instruments,
Meters, Broadcast Station Equipment, Relays, Condensers, Capacitors, Resistors, Rheostats, Transformers,

Switches, Coaxial Cable, Wire, Soldering Irons, Microphones, Speakers, Technical Books, etc.

(Continued from page 50A)

Miller, H. B., 729 E. Lowell Ave., Misha-
waka, Ind.

Moore, B. F., Jr., Radio Corporation of
America, 745-5 Ave., New York
22, N. Y.

Morehouse, G. D., 20A Prescott St.,
Cambridge 38, Mass.

Moskowitz, L. S., 520 Navy Rd., Bldg.
13, Section C., San Francisco,
Calif.

Murphy, J. P., c/o Postmaster, New York,
N. Y.

Newhall, H. F., Rockefeller Hall, Ithaca,
N. Y.

Nikas, G. J., 1925 N. Park Ave., Phila-
delphia 22, Pa.

Packard, R. H., c/o A. D. Little, Inc.,
30 Memorial Drive, Cambridge 42,
Mass.

Phillips, H. B., 213 S. Madison St., Iowa
City, Iowa

v. Pieschel, A. E., Fernandez Espiro 52,
San Isidro FCCA, Argentina

Pollard, J. M., 4861 Edgewood Pl., Los
Angeles 6, Calif.

Parker, S. E., Cruft Laboratory, Harvard
University, Cambridge, Mass.

Rigby, W., 10, Bedwell Close, Welwyn
Garden City, Herts., England

Riley, J. C., 12 Gray Gardens East, Cam-
bridge 38, Mass.

Rose, B., 86-36 Palermo St., Hollis 7,
N. Y.

Rosenberg, B. M., Naval Training School,
(Pre -Radio Material), Hugh Man-
ley School, 2935 W. Polk St., Chi-
cago 12, III.

Routon, W. S., 484 Beacon St., Boston 15,
Mass.

Schaffir, W. B., 118-35 Metropolitan Ave.,
Kew Gardens, L. I., N. Y.

Schede, R. W., U.S.N.M.W.T.S., Solo-
mons, Md.

Schorr, M. G., 70 Circular Ave., Hamden,
Conn.

Schuster, 0., 210 Fauquier St., Water -

view, Portsmouth, Va.
Sheats, H. W., Jr., 412 N. Pine St., Char-

lotte, N. C.
Smith, E. B., Jr., National Bureau of

Standards, Washington, D. C.
Smith, H. W., P.O. Box 925, Santa Bar-

bara, Calif.
Smith, M. R., 2400 Pleasant Ave., S.,

Minneapolis 4, Minn.
Snell, H. R., 160 State St., Boston,

Mass.
Spence, H. W., 667 Turner Ave., Grand

Rapids, Mich.
Stephens, C. J., 6, Newlyn Rd., Welling,

Kent, England
Sukhadia, P. U., Plot 427, First Floor,

Room 16, Sion Rd., Shantinatn
Bhuvan

Matunga (G.I.P.), Bombay 19, India
Swenson, H. T., Staff, Fleet Sonar School,

Key West, Fla.
Sucree, R., Aguero 23, Barquisimeto,

Venezuela
Tarr, R. K., Wenham, Mass.
Thiel, W. H., c/o E. H. Sargent & Co.,

155 E. Superior, Chicago 11, Ill.
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The New Collins 21ikir 5 kw Broadcast Transmitter

  

Fulfilling the Tradition of
Collins Quality Leadership

The 21A is a thoroughly developed 5 kw AM broad-
cast transmitter, and an excellent example of char-
acteristically superior Collins engineering and con-
struction.

Based on sound, well -proved principles of design,
the 21A has been completely modernized within re-
cent months. New components of improved design,
with longer life and higher safety factors than were
previously available, assure reliable continuous oper-
ation.

The response curve is flat, within t IA db. from 30
to 10,000 cycles. Reduced power to 1 kw is obtained
by instantaneous lowering of plate voltages, permit-
ting uninterrupted program transmission.

We will be glad to send you detailed information
regarding the 21A, other Collins transmitters, the
12Y remote amplifier, the 12Z four channel remote
amplifier and Collins high quality studio equipment.
Collins Radio Company, Cedar Rapids, Iowa; 11
West 42nd Street, New York 18, N. Y.

FOR BROADCAST QUALITY, IT'S ...

COLLINS EQUIPMENT IS SOLD IN CANADA
BY COLLINS-FISHER, LTD., MONTREAL.

The Collins 12Y
. Remote Amplifier

A one channel remote amplifier for
unattended operation from a 115
volt a.c. power source, the 12Y pro-
vides the advantages of quick set-
up, small size, light weight, high
fidelity, simple operation, utmost
reliability and low cost. It is prac-
tically hum free due to the removal
of the isolation transformer, which
is in the power cable.
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Membership
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WRITE TODAY,
on your letterhead,
for your free copy.
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This unusual Arnold manual on permanent magnets is the product of

many morths of careful research and planning.

I- is devoted entirely to the consideration of the factors affecting

the design, fabrication end application of Alnico permanent magnets.

Written entirely by A-nc Id engineers, its purpose is to help engineers

n industry to better utilize the magnetic and physical characteristics

of the Alnico alloys n a -riving at efficient design.

Write today, on vour letterhead, for your free copy.

* *()%

THE ARNOLD ENGINEERING COMPANY
147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS

Specialists in the Manufacture of ALNICO PERMANENT MAGNETS

(Continued from page 58A)

Thompson, F. C., c/o Marconis W. T.
Co. Ltd., Valve Laboratories,
Chelmsford, Essex, England

Tickner, M. A., 12 Hollingbourne Gar-
dens, West Ealing, London W.13,
England

Tippitt, G. E., 638 E. Fairmount Rd.,
Burbank, Calif.

Tisdale, J. M., 1137 Pine St., Philadelphia,
7, Pa.

Tissot, T. P., Jr., 303 Serrano Drive, San
Francisco, Calif.

Tucker, E. A., 927-3 St., Santa Monica,
Calif.

Urbina, A., Casilla 40-D, Santiago de
Chile

Walker, D. F., 944 St. Nicholas Ave.,
New York, N. Y.

Ward, R. F., 63 Joseph St., Brampton,
Ont., Canada

Welsh, W. A., 331A Harvard St., Cam-
bridge 39, Mass.

Wenzel, R., 364 Hastings St., South
Williamsport, Pa.

White, J. F., NTS (Radar), Massachu-
setts Institute of Technology, Bos-
ton. Mass.

Yakutis, A. J., 20 Crescent St., Worcester
5, Mass.

Zweifel, F. A., 2717-34 Ave., San Fran-
cisco, Calif.

HIGH ACCURACY
In Measuring:

 CAPACITANCE-RESISTANCE--IN INDUCTANCE
* STORAGE FACTOR (0) OF COILS
 DISSIPATION FACTOR OF CONDENSERS

MODEL 200.A IMPEDANCE BRIDGE is a port-
able, self contained instrument of highest quality
used extensively by the Army, Navy, and many
manufacturers.

The range of measurement for capacitance is 1

micro microfarad to 100 microfarads; for resistance,
1 milliohm to 1 inegohm; for Inductance, I micro -
henry to 100 microhenrys. The accuracy on the main
decade is 1% for capacitance or resistance meas.
urements and 2% for inductance tests.
Reading obtained from 6 inch direct reading dials.
All controls and connections plainly marked and
conveniently located on the panel. 3Spags book
gives methods for many types of measurements.

IMMEDIATE DELIVERIES
Our factory is in a position to make fast deliveries
on Model 2004 and other products including pre-
cision mica condensers, binding posts, several types
of AWS rheostat potentiometers and decade and low
capacity switches.

Brown Engineering Co.
4635 6. E. Hawthorne Blvd. Portland 15. Oregon
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The basic starting point in designing transportation

communications equipment is CONSTANT VOLTAGE

With a calculated operating voltage,
communications equipment can be
designed to operate superbly in the
laboratory.

But what happens when this equip-
ment gets into the field where volt-
ages may vary as much as 30% from
the laboratory standard? Signals
become indistinct and garbled and
the life of costly tubes may be pre-
maturely shortened.

The communications equipment
now being designed to provide
greater safety, greater efficiency in
the operation of our rail, sea, air, bus

and truck transportation cannot ful-
fill this function if it is to rely on
uncertain supply voltages. Constant
voltage here is a "must".

SOLA Constant Voltage Transform-
ers specially designed for communi-
cations equipment have been widely
and successfully used before and dur-
ing this war. They are the starting
point in the basic design of much of
the equipment now being planned
for the major developments that are
coming. Have you planned them
into your equipment?

Consultation now with SOLA engi-

Constant Voltage Transformers

neers means better communications
for the future. SOLA Constant Volt-
age Transformers are available in
standard designs in capacities from
10VA to 15KVA. Or special units
can be designed to meet any require-
ments. SOLA Constant Voltage
Transformers require no supervision
or manual adjustments. No net-
works or moving parts to get out of
order. They protect both themselves
and the equipment against short cir-
cuit. They are a practical and eco-
nomical solution to ever present
voltage problems.

To Manufacturers:
Built-in voltage control guaran-
tees the voltage called for on your
label. Consult our engineers on
details of design specifications.

Ask for Bulletin KCV-102

Transliormorsfor: Constant Voltage  Cold Cathode Lighting  Mercury Lamps  Series Lighting  Fluorescent Lighting  X -Ray Equipment  LuminousTube Signs
Oil Burner Ignition  Radio  Power  Controls  Signal Systems  etc. SOLA ELECTRIC COMPANY, 2525 Clybourn A , Chicago 14, Illinois
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* : Service /
Approved
DYNAMOTORS

714.it THE SMALLEST IN SIZE
70 THE LARGEST IN OUTPUT
Engineered and built by specialists, EICOR
DYNAMOTORS have earned their fine
reputation through years of exacting serv-
ice. These dependable units furnish the
necessary high voltage power for commu-
nications, direction finding, radio compass
and other controls.

Our complete line of frame sizes makes
possible the widest available range of dy-
namotor output ratings in the most com-
pact sizes and weights. This assures the
most economical size and weight for every
need!

The experience and skill of Eicor Engi-
neers are instantly available to help you
on any problem involving Dynamotors,
Motors, or Inverters.

Send44 didfiK1
DATA FOLDER
This handy folder gives
useful data and informa-
tion on E1COR Dyna-
motors, D. C. Motors,
and other Rotary Elec-
trical Equipment. Write
for it!

SERIES NO. MAX. OUTPUT
WATTS DIAMETER LENGTH WEIGHT

2300 10 25A6 in. 47/s in. 2'/8 lbs.
2700 15 23A in. 434 in. 23/4 lbs.
3400 125 37A6 in. 55/8 to 812 in. 41/2 to 71/2 lbs.
4100 200 41/6 in. 61/2 to 73/8 in. 63/4 to 9 lbs.
4500 250 41/2 in. 61/2 to 8 in. 111/2 to 131/4 lbs.
5100 350 51/4 in. 81 to 10 in. 17 to 211/2 lbs.
6100 500 06 in. 95/8 to 12 in. 28 to 36 lbs.

1E= cm 911 Hco. 1501 W. Congress St., Chicago, U. S. A.
DYNAMOTORS  D. C. MOTORS  POWER PLANTS  CONVERTERS
Export Ad Auriema, 89 Broad Sr., Nev., York, U. S. A. Cable Aur,emo, New York

WOLLASTON PROCESS
Wire as small as
1 OF AN INCH

100.000 IN DIAMETER

. . . available in Platinum
and some other Metals

.00001" is less than 1/30 the
diameter of the smallest wire
die commercially available.
Yet our Wollaston Process
wire (drawn in a silver jacket)
closely meets your specifica-
tions for diameter, resistance
and other characteristics.

This organization specializes
in wire and ribbon of smaller
than commercial sizes and
closer than commercial toler-
ances. Write for List of Products.

SIGMUND COHN & CO.

SINCE 1901

44 GOLD STREET NEW YORK 7
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SHERRON TELEVISION TEST EQUIPMENT

Key to Quality Control at All 3 Points

0, rr

2111M11..71%
.111101.

Sherron
Electronics

AT POINT OF

AT POINT OF

AT POINT OF

MANUFACTURE

TRANSMISSION

FIELD SERVICE

As designers and manufacturers of :est equipment for the electronic
indus:ry, we at Sherron Electronics have a first-hand knowledge of
how extremely important quality test equipment will be in telexisbn
broadzasting.... Every phase of telecasting must be checked thorough-
ly . . . monitoring, measuring, detection, propogation and kinescope
tubes. . . . Sherron Test Units are designed and manufactured to
meet the specifications and requirements of the television industry.
. . . As added assurance of depeniable performance, all Sherrcn-
manufactured Television Test Equipment is applied at our experi-
mental television station W2XDK.

. . . The full-scoped facilities and s?ecialized skills of Sherron Elec-
tronics are available to manufacturers of television equipment aid
operators of television stations.

LABORATORY  DESIGN  DEVELOPMENT
MANUFACTURING

SHERRON ELECTRONICS CO.
Division of Sherron Metallic Corp.

1201 FLUSHING AVENUE BROOKLYN 6, N. Y.
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ONCE AGAIN you can get sturdy, dependable
STANCOR Transformers in a wide variety of sizes and
types-or get them built to your exact specifications-
in any reasonable quantity, within reasonable time.

STANCOR Transformers, Reactors and Electronic
Equipment made outstanding performance records
all over the world-often under most adverse operat-
ing and climatic conditions. They are the best that
science, skill and modern precision equipment are pro-
ducing today. So get "quotes" from STANCOR first
and specify STANCOR where performance counts.

STANCOR
STANDARD TRANSFORMER CORPORATION
1500 NORTH HALSTED STREET, CHICAGO 22, ILLINOIS

AMERICA'S
maa

COMPLETE

SOURCE
SUPPLY

Where the impossible

becomes the usual.

6,000 square feet of
space and a consider-

ably enlarged staff,

enable us to improve a

service that has always

been TOP FLIGHT.

With over 10,000
items

in
Nation -

stock of Standard
Nation-

ally advertised
products,

you have a wide selection
to

fill your every
requirement.

71/eAree o

sun RADIO
& ELECTROOICS CO., Inc.
122 Duane St., New York 7

Tel. BArclay 7-1840
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THESE VALUABLE ITEMS iii'cictitetae
or very soon. Write, wire or phone for further information

 head phones test equipment  compone

parts marine transmitters and receivers co  e

practice equipment  sound detecting ecuipment 

vehicular operation police and command sets  radio
beacons and airborne landing equipment.

OWED

HIGH VOLTAGE POWER SUPPLY

halliErarrters RADIO
HALLICRAFTERS CO., AGENT OF RFC UNDER CONTRACT SIA-3-24

MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT

COPYRIGHT 1945 THE HALLICRAFTERS CO.

This is the RA -38 power supply-another of the num-
erous valuable items in the group of government
radio and electronic supplies offered for general
distribution through the Hallicrafters Co., agents
for RFC under Contract 51A-3-24.

Output voltage continuously variable from 0 to
15,000 volts. Can be easily adapted to deliver
up to 6,000 volts at 1 ampere. Excellent power
supply for laboratory work or can be used
as power source for broadcast stations, in-
duction heating equipment, vacuum tube
life tests and many other industrial
applications.

CLIP THIS COUPON NOW
RFC DEPARTMENT 207, HALLICRAFTERS
5025 West 65th Street Chicago 38, Illinois

 Send further details and price on RA -38 Power Supply
 Send listings of other available items

Especially interested in

NAME

ADDRESS

CITY ZONE

STATE



WORLD'S

FASTEST PLANE

144e,1

ANDREW COAXIAL

CABLES!

Lockheed's sensational
new jet-propelled su-
per fighter, the P-80
"Shooting Star," is
the world's fastest and
highest flying plane.

*It is highly significant that AndreW
coaxial cables were chosen for the vital

radio and radar equipment installed in the
P-80. They were selected because they are
much more resistant than ordinary solid
dielectric cables to the high temperature
encountered in the tail of the plane.

Andrew Co. is a pioneer manufacturer of
antenna tuning and phasing equipment, in-
cluding a complete line of ceramic insulated
coaxial cables and all necessary accessories.
Write for catalog.

ANDREW CO.
363 EAST 75th STREET, CHICAGO 19, ILLINOIS

THE

VIBRATIONPROOF
SHOCK-PROOF

EBY

MINIATURE
TUBE

SOCKET

The ideal miniature socket for

RAILWAY  AIRCRAFT

AUTOMOTIVE

and other commercial radio

and electronics equipment

Now available for commercial use - the
famous Eby miniature tube socket, the only
socket meeting specification JAN -S-28 for
military aircraft use.

Developed to meet the most rigorous serv-
ice conditions of constant vibration and
shock, the peace -time applications of this
socket are readily apparent.

The use of the Eby miniature tube socket
with special beryllium copper contacts as-
sures minimum tube breakage and maximum
uninterrupted operation of equipment.

Can be supplied with shock shield and
protective cover or saddle type.

(Also available with phosphor bronze con-
tacts for home radio receivers.)

Write today for
Samples and Prices
of the Eby Vibration -
proof, shock - proof
miniature tube
socket.

HUGH H.

INCORPORATED
18 W. CHELTEN AYE.

PHILA. 44, PENNA.
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callite components are at work
in this pocket-size miracle

The' Sonotone .ring aid, with its
midget air and boacconduction ear
receiver, gives an acot\ic output of
100 decibels in a device so small it
fits into a vest pocket.

Designing 2 and 3 -tube amplifier
circuits with an associated micro-
phone within such minute space in-
volved the development of highly

efficient tubes just about an inch
long.

In these tubes, Callite fine molyb-
denum and tungsten grid and fila-
ment wires are specified by Sonotone

-Callite "moly" for its excellent
working properties and complete
freedom from oxidation - Callite
thoriated tungsten wire for its rug-

ged strength, plus required elec-
tronic emission values.

For cooperation in designing and
applying metallurgical compo-
nents, call on Callite. Our special-
ized knowledge and experience
may save you time and money.
Callite Tungsten Corporation, 544
Thirty-ninth St., Union City, N. J.
Branches: Chicago, Cleveland.

Hard glass leads, tungsten and molyb-
denum wire, rod, and sheet, formed parts,
and other components for electronic tubes
and incandescent lamps.

CALMS
TUNOSTIN

lar
FOR 25 YEARS PIONEERS IN TUNGSTEN METALLURGY
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HIGH VACUUM GAUGES
10
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IONIZATION GAUGE
COLD CATHODE TYPE

Measures high vacuums with galva-
nometer down to 10-4 mm. Hg. in elec-
tron microscopes and other high vacuum
apparatus. Utilizes discharge current
between electrodes in magnetic field.
Extremely sensitive and accurate.

The Universal line includes two types
of vacuum gauges of special interest to
users of electron microscopes -the
Universal highly sensitive cold cathode
ionization gauge and the rugged Univer-
sal thermocouple gauge.

Both gauges are standard equipment
on R. C. A. electron microscopes-and can
be supplied for other high vacuum work.

Universal offers a complete production
service in special glass and tube work-
including metal -to -glass seals of all types
and sizes. Your problems will receive our
immediate and courteous consideration.

THERMO-COUPLE GAUGE
Measures low pressure levels with

millivoltmeter which indicates variation
in thermocouple
voltage due to
changes in vac-
uum. Ideal for
systems requiring
rapid verification
of high vacuums.
Heater and instru-
ment terminals fit
standard 8 -prong
tube socket.

UNIVERSAL X-RAY PRODUCTS INC.
1800-K N. FRANCISCO AVENUE CHICAGO 47, ILLINOIS

I
I
I
I
I
II

I I
I 1/8 the size of a corresponding paper capacitor?

Can you use a 10,000 VOLT PLASTICON

Because of the 4400 volt
per mil breakdown voltage of

the Plasticon film dielectric,
high voltage Plasticons are

smaller, lighter and more eco-
nomical than paper capacitors.

*Plasticons-plastic film dielectric capacitors

1375 NORTH
BRANCH STREET

CHICAGO 22, ILLINOIS

With recom,
sion in full swing

You will want to use and
know more about these
new sub -miniature vac-
uum tubes

Arad Soe

-Series VW-
15 ma., 1.5 volts
Grid current less than
10-14 amperes-grid re-
sistance approximatel
1016 ohms.
Individually checked for
uniformity within the
range of the best operat-
ing characteristics-each
tube is built for exacting
circuit requirements.

Available as...
Electrometers
Pentodes
Tetrodes
Triodes
Diodes

And now in production
-new hi-meg vacuum
sealed resistors in a
range never adequately
covered before-values
from 1 megohm to
1,000,000 megohms.
Write for literature on
tubes and resistors or
consult us on your tube
problems.

1,000,000 Megohms

Actual size

THE VICTOREEN INSTRUMENT CO.
5806 HOUGH AVENUE
CLEVELAND 3, OHIO
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THIS TRADE MARK IS

YOUR GUIDE TO SUPERB

QU TY IN PER LY

sumin nason
ce.fr-zny

GLENVIEW, ILLINOIS

Proceedings of the I.R.E. November, 1945 69A



The many specialized Permoflux designs and engineer-
ing developments that have so notably demonstrated
their superiority in wartime applications are avail-
able to improve the performance of your peacetime
products. Why not consult specifically with our
representative on your own problem?

PERMOFLUX CORPORATION
4900 WEST GRAND AVE., CHICAGO 39, ILL.

PIONEER MANUFACTURERS OF PERMANENT MAGNET DYNAMIC TRANSDUCERS

ighifilif!
C)

000
00
020 c

-

ENGINEERED
WITH

COMPONENTScorootos

Made right ... to work right ... and stay
right. Whether in stock ratings or to your
own specifications you will find Hi -Q com-
ponents precise, dependable and long lived.
Send for samples and complete information.

Hi -Q Ceramic Capacitors are of titanium
dioxide (for temperature compensating
types) and are tested for physical dimen-
sions, temperature co -efficient, power factor
and dielectric strength. CI type with axial
leads; CN type with parallel leads.

Hi -Q Wire Wound Resistors can be pro-
duced promptly and in quantity - with
quality physical specifications and high
performance electric specifications.

11!!!!'.".!!'"!11!!!!!.',.n.

Hi -Q Choke Coils are uniform in their
high quality performance. Ruggedly con-
structed for long service.

ELECTRICAL REACTANCE
CORPORATION

FRANKLINVILLE, N.Y.
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JI
THE HAVMARLUND MFG. CO., INC., 460 W. 34TH ST., NEW YORK 1, N.

MAMMA -CT F PRECISION COMMUNICATIONS. E-QULF
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Industrial Condenser
Corporation's

NEW HOME

THE WORLD'S MOST
MODERN CONDENSER PLANT
with these outstanding features

* 1,000,000 VOLT RESEARCH LABORATORY
* VERY LATEST PRODUCTION EQUIPMENT
* SPECIALIZED WAR -LEARNED TECHNIQUES

From this NEW ultra -modern factory come capacitors

carefully engineered and accurately produced. Staffed

by skilled engineers and backed by 16 years of
technical progress, Industrial Condenser Corp. is sup-

plying capacitors for every application. If your speci-

fications call for Electrolytic, Paper, Oil, or Motor

capacitors, look to Industrial Condenser Corporation.

/
/

//////////
/

INDUSTRIAL CONDENSER
CORPORATION

3243-65 NORTH CALIFORNIA AVENUE, CHICAGO 18, U. S. A.
District Offices in Principal Cities

PAPER, OIL AND ELECTROLYTIC MOTOR CAPACITORS

Remler Appointed
as Agent for

R. F. C.

... to handle and sell gov-
ernment owned electronic
equipment released for
civilian use.

Write for Bulletin 21 list-
ing a wide variety of equip-
ment covering entire elec-
tronic field.

Remler Co., Ltd.  2101 Bryant St.
San Francisco 11, Calif.

REMLER
SINCE 1918

Communications Electronics

MASTS
AND

TOWERS

Catalog will be sent
to engineers and
executives writing on
their business letter-
head.

Address Dept. AG

HARCO
TOWER

INC.
Elizabeth 4, N. 1.
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Vat/

FOR

TELEVISION
RADAR AND
FAC-SIMILE

20ede Eafid
VIDEO AMPLIFIER

Designed primarily for use in amplifying complex waves to be viewed on an
oscilloscope, this instrument is also extremely useful in laboratory work as an
audio amplifier for tracing and measuring small R. F. Voltages, (as in the
early stages of radio receivers,) and many similar applications.

Sftee*Cetreostd
BAND WIDTH: Frequency response is flat within. 1.5 DB

of the 10 KC response from 15 cycles, to 4 megacycles and
3 DB from 10 cycles to 4.5 megacycles. Phase shift is
controlled to provide satisfactory reproduction of pulses
on the order of one micro -second, and square waves at
repetition rates as low as 100 per second.

GAIN: The gain is approximately 1000 when direct input
is used. Use of probe input introduces an attenuation of
approximately 10:1.

INPUT is normally through a probe (furnished with the
equipment), which has an input circuit consisting of a
1.1 megohm resistance in parallel with approximately 18
mmfd. The amplifier direct input (without probe) is ap-
proximately 2.2. megohms of resistance in parallel with
40 mmfd.

OUTPUT voltage can be adjusted from zer6 to 50 volts
R.M.S. with a sine wave signal.

LOAD IMPEDANCE: Designed to work into a load of not
more than 22 mmfd.

INQUIRE EARLY

RIPPLE OUTPUT is less than 0.5 volt for all operating con-
ditions and all positions of gain control.

CIRCUIT FEATURES: A cathode follower input stage pro-
vides circuit isolation and is equipped with a 3 -position
attenuator.

Attenuator ratios are 1:1, 10:1 and 100:1 (This is in
addition to probe attenuation). A gain control conveniently
varies the video output. A "Signal Polari7y" switch is
provided which carries the cathode bias on the output
stage in such a manner that the amplifier may be adjusted
for optimum performance, regardless of the polarity of
the input signal.

OPERATING VOLTAGE: 110 to 120 volts, 60 cycles.

POWER CONSUMPTION: 100 watts.

WEIGHT: 35 pounds (Complete with tubes and probe).
WIDTH: 73/4" HEIGHT: 9" LENGTH: 203/4"

TO INSURE PROMPT DELIVERY

UNITED CINEPHONE CORPORATION
Designers, Engineers and Manufacturers of Electronic Products

36 NEW LITCHFIELD STREET TORRINGTON, CONNECTICUT
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4427 North Clark St.
TELEPHONE

Long Beach 6 31 1 CHICAGO 40, ILL.

Periza egarateog
MON ARCH

MEASURING TESTING CALIBRATING

EQUIPMENT
For better war production For finer civilian production

Throughout the war period, Monarch
instruments have facilitated produc-
tion of better equipment, giving more
accurate results. As soon as condi-
tions permit, these same dependable
instruments will be used to insure
finer results in products designed for
civilian use.

MONARCH
MFG. CO.

2014 N. MAJOR AVE.  CHICAGO 39, ILL.

EASTERN HEAT
DISSIPATING UNIT
The Eastern Heat Dissipating Unit is
used in connection with television,
radar, short wave radio communica-
tions, high pressure mercury lamps,
X -Ray tubes, induction heating units,
and many other applications. It was
developed for military requirements in
conjunction with radar and electronic
tube cooling problems. Units were de-
signed in various sizes and capacities,
some with the close heat control range
of 2 degrees C. Used successfully for
ground, water and airborne service,
they combine rugged construction, com-
pactness and light weight.

The model illustrated will dissipate up
to 1200 watts with a constant controlled
temperature, irrespective of surrounding
temperatures, within 2 degrees C. It is
complete with Thermostat control,
Thermostatic valves and flow switch.
Eastern has built airborne units of
much smaller sizes and industrial units
of much larger sizes and capacities.
The specifications for the unit shown
are: SIZE: 16" x 71/z" x71/2"; METALS:
Steel, Bronze, or Aluminum. Other
models can be designed to dissipate up
to 5000 watts.

Closed
View

A. Thermo flow -regulator F. Motor
B. Reservoir G. Fan
C. Flow Switch H. Radiator
D. Thermostat I. Filter
E. Auxiliary Heater J. Pump

Eastern's experience in solving heat con-
trol problems, especially where com-
pactness and light weight are neces-
sary, makes them the logical people
with whom to discuss heat control ap-
plications. If you are designing or plan-
ning to build equipment that calls for
heat dissipation or the close control of
operating temperatures, Eastern will de-
sign and build the entire unit for you
to meet your specific requirements.

An inquiry about your heat dissipating
needs will not obligate you in the
slightest.

A large part of Eastern's business is the
designing and building of special
pumps, in quantities ranging from 25
to several thousand for the aviation,
electronic, chemical, machine and other
special fields. Eastern builds over 600
models, both centrifugal and positive
pressure, ranging in size from 1/100
H.P. to 3/4 H.P. as standard units.

Ecuteue Efeeil4t:eeitea9 ea.
86 FOX STREET, NEW HAVEN 6, CONN.
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A great new engineering achievement by

At last...a
Variable Vacuum

CAPACITOR
Now ... the very first of its kind...this pre-
cision -engineered I. C. E. Variable Vacuum
Capacitor will take the place of the non -
vacuum variable capacitors you now use.

WRITE TODAY!
Write today for detailed information on this new
capacitor as well as the complete line of I. C. E.
precision -engineered electronic equipment.

11 EC
ELECTRONIC TUBES

RESEARCH  DESIGN  PRODUCTION

INDUSTRIAL AND COMMERCIAL ELECTRONICS
3ELMONT, CALIFORNIA 17 E. 42nd STREET, NEW YORK 17, N Y

0
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100 KC FREQUENCY

STANDARD CRYSTAL
... Designed to withstand severe
shock and vibration. A crystal
so precisely finished that it has
less than 15 cycles (kit from
-50C to +85C*. (If oscillator or
circuit is furnished, an accuracy
of 3-5 cycles can be obtai led)

A special solder bead sup-
ports a tensile load of 9,000
lbs. per square inch. C'ystalalp
engineered to meet the most rig-
id operating requirements.
*Also available in frequencies from
80.86 to 200 KC.

Write Dept. I. R. for comprehensive
catalogue "Selecironic Crystals.' and
facilities booklet "Crystalab Solves
a Problem"

oteiglee;fr"14_MEI=
No/N4 CRYSTAL RESEARCH LABORATORIES

I N C 0 n P 0 RA T E 0
LABORATORIES AND MAIN OFFICE: 20 ALLYN STREET, HARTFORD 3, CO NN
New York Office. 15 E. 2111 Slreel, New York 10, N I Phone M U 5 2957

STANDARD SIGNAL GENERATOR Model 80
SPECIFICATIONS:

CARRIER FREQUENCY RANGE: 2 to 400 megacycles.
OUTPUT: 0.1 to 100,000 microvolts. 50 ohms output impedance.
MODULATION: A M 0 to 30% at 400 or 1000 cycles internal.
Jack for external audio modulation.
Video modulation jack for connection of external pulse generator.
POWER SUPPLY: 117 volts, 50-60 cycles.
DIMENSIONS: Width 19", Height 103/4", Depth 9Y2".
WEIGHT: Approximately 35 lbs. PRICE-$465.00 f.o.b. Boonton.
Suitable connection cables and matching pads can be supplied on order.

MEASUREMENTS CORPORATION
BOONTON V NEW JERSEY

4REmA)

Collapsible Tubular

ANTENNAS
Steel
Monel
Aluminum

Now Available
After an absence of nearly four years, Pre-

max Tubular Metal Antennas are again avail-
able for commercial and amateur uses. Tested
under the most grueling wartime conditions,
Premax Antennas have performed their tasks
well - . and now are ready to take on peace-
time jobs.

For Mobile or
Permanent

Installations

Premax Antennas are
available in various stand-
ard and special types . . .

in many sizes and lengths
. . engineered in steel,

aluminum, monel and stain-
less steel.

Used in conjunction with
Premax Antenna Mount-
ings, they are giving out-
standing satisfaction in po-
lice, fire, forestry, public
utility and other services.

Available in tubular
styles or the lighter "Po-
lice Type" for automobile
installations.

Write for details. There's
a Premax Antenna that will
solve your problems.

Tested in War-
Ready for Piece

Division Chisholm -Ryder Co., Inc.
4613 Highland Ave. Niagara Falls, N.Y.
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"IT GOT HERE
PERFECTLY DRY"

SILICA GEL
PROTECTS TELETYPE* EQUIPMENT
FROM MOISTURE DAMAGE   

Yes . . . this Teletype printer arrived "per-
fectly dry" . . . thanks to Jay Cee Silica Gel
-which is protecting innumerable over -seas
shipments of delicate machines, instruments
and weapons from moisture damage.

A few small cotton bags containing this
ideal drying agent are enclosed in the box or
carton with the equipment. The phenomenal
power of Jay Cee Silica Gel to absorb the
atmospheric moisture within the container
prevents rust cr corrosion in transit. Jay Cee
Silica Gel is also used in packages of foods,
fabrics, chemicals, and other products. More-
over, it has wide application in the air con-
ditioning, refrigeration, and chemical indus-
tries. Jay Cee Silica Gel is clear white;

Proceedings of :h, I.R.E. November, 1945

passes a rigid section test, meets exacting
Government specifications; is strictly a
quality product.

JOBBERS WANTED -A few excellent Jay
Cee Silica Gel sales territories are still open
to jobbers. Write for det3ils.
*Registered trade -mark

I N DUSTRY AVENUE
JOLIET, ILLINOIS



MAKE 11

///

Thousands of little motors leave the high speed production lines
of Alliance . . . every day. Where will they go? Wherever you
need compact, condensed power sources . . . power controlled
from a central point.

It will pay you to investigate Alliance motors ... they will make
your product MOVE . bring it to life.

Long experience in the advanced design and manufacture of minia-
ture electric motors makes for high quantity, low cost production!

ALLIANCE MANUFACTURING CO. ALLIANCE, OHIO

HIGH GRADE Patterson phosphors
such as those required in the manufacture
of cathode ray tubes and for scientific re
search, are new available in quantity.

For more than thirty years, the Patter-
son Screen Division of the Du Pont Com-
pany has produced luminescent chemicals
for fabrication into x-ray screens. These
screens have long been recognized through-
out the world as the standard of screen
quality. Pattersonphosphors are known
for their uniformity of emission, color and
grain size. They meet exacting needs of a
wide variety of specific requirements.

A BOOKLET-"Patt,,rson Lu-minescent Chemicals de-
scribes the general character-
istics of various high grade
phosphorsandoutlines their
production. It will be
mailed upon request. Pat- '

terson Screen Division of
E. I. du Pont de Nemours

Co. (Inc.), Towanda,
Pennsylvania.

Patterson
Luminescent
Chemicals

BETTER THINGS FOR BETTER LIVING
... THROUGH CHEMISTRY
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A NEW SOCKET
for very high
frequencies

Born of war -time necessity, this new socket, Type XLA, for the 6F4 and

the 950 series acorn tubes, has been designed for working frequencies

as high as 600 MC. The acorn tube is inserted in position, and rotated

to engage the contacts. The tube terminals are held in a vise -like grip

which insures permanently low contact resistance. Inductance is low and

constant, and leads are short and direct. An internal shield, Type XLA-S,

is available for tubes such as the 956. By-pass condensers may be con-

veniently mounted between the contact terminals and the chassis, but

for minimum radiation a special ceramic condenser, Type XLA-C, may

be mounted inside the socket in place of the contact screw. The socket

is 1 17/32" diameter. Insulation is low loss R-39. Prompt delivery can

be made without priority.

AI*

OPTIONAL
BY-PASS

CONDENSER

NATIONAL COMPANY, INC.
MALDEN, MASS.

BAYONET

CONTACTS

Proceedings of the I.R.E. November, 1945 /9A



METAL ASSEMBLIES AND COMPONENTS
FOR

ELECTRONIC AND MECHANICAL DEVICES

ENGINEERING

DEVELOPING

FABRICATING

ELECTRO-FORMING

PLATING

FINISHING

B ERNARD R ICE'S ONS
I N C O R P OR A TED

MANUFACTURERS OF QUALITY METAL PRODUCTS SINCE 1867

OFFICE: 325 FIFTH AVENUE, NEW YORK 16, N. Y.
WORKS: 139-145 NORTH TENTH STREET, BROOKLYN 11, N. Y.



Little Giant MINIATURE TUBES

j

, )

 Power -packed Ken-Rac Miniature lubes have contrib-
uted mann to the success of portables and other compact

radio units .. . Now important added facilities assure
still finer tube performance ...Through Ken-Rad's effort

top-qualit7 tubes, built steadily better_ will continue to
meet the highest requirements of designers and manu-

facturers of electronic equipment.

Write for your coin of
"Essential Characteristbcs"

the most complete digs of
txbe information availaste.

173-010-88,0

RE NRAD
DIVISION CI' GENERAL ELECTRIC COMPANY

OWEHS3ORO, KENTUCKY
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ELECTRONIC AC VOLTMETER

with Logarithmic Scale

MODEL 300
ELECTRONIC

VOLTMETER

ACCESSORIES
MODEL 220 DECADE AMPLIFIER

MODEL 402 MULTIPLIER

Since its development in 1935 the Ballantine
Electronic AC Voltmeter is the only inst-ument of
its kind with a Simplfied Logarithmic Scale.

The important feature of logarithmic scale in-
dication in the Ballantine Voltmeter provides
the same degree of accuracy at 1 as at 10. Also
the simplicity of this sole reduces errors in
visual observation, common with most multi -
range instruments. Finally, tLe can-, taken in
overall calibration combined wIth the inherent
stability of the circuits used permits reliable
readings within the 2% specified tolerance over
the complete range of operation.

Write for descriptive

11.

technical Dia;etin 8

BALLINTINE LABORATORIES, INC.

BOONTON, NEW JERSEY, U. S. A.

Attention
Associate

Members!

Many Associate Members can

qualify for higher membership

grades and should certainly do

so. Members are urged to keep

membership grade up in pace
with their present development.

An Associate over 24 years of

age who is occupied as a radio

engineer or scientist, and is in
this active practice three years

may qualify for Member Grade.

An Associate who has taught

college radio or allied subjects

for three years may qualify.

Some may possibly qualify for

Senior Grade. But transfers can

be made only upon your appli-

cation. For fuller details request

transfer application -form in

writing or by using the coupon

below.

Coupon

Institute of Radio Engineers
33o W. 42nd St.
New York 18, N.Y. 11-45

Please send me the Transfer
Application Membership -Form.

Name

Address

Place

State

Present Grade

82A
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LEWIS ELECTRONICS
TYPE- 3D23

3023 ... A NEW TETRODE FOR

FIXED OR MOBILE OPERATION

Filament Voltage . . . 6.3 AC or DC Volts

Filament Current ..... Amperes

Amplification Factor . . . 605

Mutual Conductance 35 Watts
75atts

Plate Dissipation
. .

Medium 4 Pin Ceramic Base
130 Watts

Maximum Power Outtpu . .

4.5 Watts
Approximate Driving

Power.

Inter-Electrode Capacities:
. .2 MMFD

Input to Plate . . . . .

Input, 6.5 MMFD- Output, 1.8 MMFD

Frequency Limits as Power Amplifier:

Full Power Input . . . . 25
00 MCS
0 MCS

Half Power Input . . . . 4

LICENSED
UNDER R. C. A. PATENTS

List Price $10.

Catalog sheets and tubes ready for distribution!

INN= 1111111111111111111.1111

Zated at 40d 94(.44
A manufactJring organizatiol ... the
pride of an entire community ... with an
electronic elg neering background of 20
years experience! P'us a war -born per-
formance record of meeting huge produc-
tion demancs and exacting t ?chnical re-
quirements-on time and economically!

EQUIPPED Ind READY
to produce YOUR TUBES
under YOUR BRAND name!

EL ECTR DICS
LOS GATOS - CALIFORNIA
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I. R. E. YEARBOOK PRODUCT LISTINGS
Your firm will receive a free listing in an alphabetical Directory of Manufacturers

serving the Radio and Electronic Industry in the 1946 I.R.E. Yearbook if you will make
sure that we have the company name and address, name of your chief engineer, and data
on your products. A questionnaire similar to these pages has been mailed to 3000 firms
we have on record, hut many firms have not yet answered. This listing will be a service
to I.R.E. members and may bring business to your company, so will you help by checking
off the information on the columns below and sending us the coupon with the proper
product numbers at once? In that way you may be sure your firm is listed and correct data
is shown. Thank you.

Check Your Product
Here

1. Aircraft Radio Equipment.
2. Airport Radio Equipment.
3. Amplifiers, Audio Fre-

quency.
4. Antenna Phasing Equip-

ment & Accessories.
5. Antennas:

( ) A. Broadcast
( ) B. Directional
( ) C. Dummy
( ) D. Police
( ) E. Ultra High Fre-

quency
( ) F. Veriical

( ) 6. Antenna Accessories.
( ) 7.

( )

( )

Attenuators.
Bakelite: see Moulded

Products.
Binding Posts: see Hard-

ware.
Blowers & Cooling Fans.
Books & Book Publishers.
Bridges: see Test Equip-

ment.
Broadcasting Stations.
Bushings: see Hardware.

( ) 11. Cabinets.
( ) 12. Cables:

( ) A. Co -axial
( ) B. Microphone
( ) C. Preformed Har-

nesses
( ) D. Shielded
( ) E. Ultra High Fre-

quency
) 13. Capacitors:

( ) A. Ceramic
( ) B. Electrolytic
( ) C. Fixed
( ) D. Frequency Stabi-

lizing; (variable
temp. co -effici-
ent)

( ) E. Hermetically
Sealed

( ) F. Mica
( ) G. Oil Filled
( ) H. Paper
( ) I. Vacuum
( ) J. Variable Tuning

) 14. Ceramics:
( ) A. Coil Forms
( ) B. Mycalex
( ) C. Rods
( ) D. Sheets

( ) 15. Chassis.
( ) 16. Choke Coils:

( ) A. Audio Frequency
( ) B. Power
( ) C. Radio Frequency

( ) Coil Forms: see Ceramics.
( ) 17. Coils.
( ) Condensers: see Capaci-

tors.
( ) 18. Connectors.
( ) Consoles: see Amplifiers.

( )

( )

( )

( )

(
(
( )

( )

19. Consulting Engineers:
( ) A. Acoustic
( ) B. Electrical
( ) C. Mechanical
( ) D. Radio

20. Converters:
( ) A. Frequency
( ) B. Rotary: see Mo-

tor Generators
21. Core Materials:

( ) A. Hipersil
( ) B. Laminations
( ) C. Powdered Iron

22. Crystals:
( ) A. Oscillating Quartz
( ) B. Piezo-electric

23. Custom Builders of Equip-
ment.

Dials & Tuning Controls:
see Hardware.

Discs, Recording: see Re-
cording Equipment.

24. Distributors & Jobbers of
Radio Equipment &
Parts.

25. Drafting Equipment &
Supplies.

Dynamotors:
Generators.

26. Electronic Control Equip-
ment.

( ) A. Air Conditioning
Controls

B. Burglar Alan/its &
Protection De-
vices

( ) C. Combustion &
Smoke Control
Equipment

D. Fire Prevention
Equipment

E. Photo -electric
Control Devices

F. Variable Speed
Motor Control-
ling' Equipment

27. Equalizers.
28. Facsimile Equipment.
29. Filters:

( ) A. Band Pass
( ) B. Noise Elimination
( ) C. Rejection

30. Frequency Measuring
Equipment:

( ) A. Audio Frequency
( ) B. Primary Stand-

ards
( ) C. Radio Frequency
( ) D. Secondary Stand-

ards
31. Frequency Measuring Serv-

ices.
32. Fuses & Fuse Holders.

Generators:
( ) A. Power: see Motor

Generators
( ) B. Signal: see Fre-

quency Measur-
ing Equipment,
also Test
Equipment

( )

( )

( )

( )

33. Graphic Recorders.
34. Hardware:

( ) A. Binding Posts
( ) B. Bushings
( ) C. Dials & Tuning

Controls
( ) D. Flexible Shafts
( ) E. Lugs
( ) F. Screws
( ) G. Springs

35. Induction Heating Equip-
ment.

36. Inductors.
37. Insulation:

( ) A. Cloth
( ) B. Glass Seals
( ) C. Mica
( ) D. Varnished Cam.:

brie: see also
Ceramics

38. Jacks, Telephone.
39. Keys:

( ) A. Switching
( ) B. Telegraph
Knobs: see Moulded

Products.
40. Lacquers:

( ) A. Finishing
( ) B. Fungus Proofing
( ) C. Protecting
( ) D. Waterproofing

41. Loudspeakers.
Lugs: see Hardware.

42. Magnets:
( ) A. Electro
( ) B. Permanent
Measuring Equipment: see

Test Equipment.
43. Metals:

( ) A. Copper
( ) B. Ferrous
( ) C. Non-ferrous
( ) D. Precious & Rare

44. Meters:
( ) A. Ammeters
( ) B. Frequency Indicat-

ing
( ) C. Power Level
( ) D. Vacuum Tube

Voltmeters
( ) E. Voltmeters
( ) F. Wattmeters
Mica: see Insulations.

45. Microphones.
46. Monitoring Equipment:

( ) A. Frequency
( ) B. Modulation

47. Motor -Generators:
( ) A. Dynamotors
( ) B. Motor -Generators
( ) C. Rotary Converters

48. Motors, very small.
49. Moulded Products:

( ) A. Bakelite
( ) B. Cabinets
( ) C. Knobs, etc.
( ) D. Plastics

( ) Mycalex: see Ceramics.
Proceedings of the I.R.E. November, 1945
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I. R. E. YEARBOOK PRODUCT LISTINGS
Your firm will receive a free listing in an alphabetical Directory of Manufacturers

serving the Radio and Electronic Industry in the 1946 I.R.E. Yearbook if you will make
sure that we have the company name and address, name of your cltief engineer, and data
on your products. A questionnaire similar to these pages has been mailed to 3000 firms
we have on record, but many firms have not yet answered. This listing will be a service
to I.R.E. members and may bring business to your company, so will you help by checking
off the information on the columns below and sending us the coupon with the proper
product numbers at once? In that way you may be sure your firm is listed and correct data
is shown. Thank you.

( )

( )

( )

50. Oscillators:
( ) A. Audio Frequency

) B. Radio Frequency
( ) C. Square Wave

Generators
51. Oscillographs & Accesso-

ries.
52. Panels.
53. Phonograph Pick-ups.
54. Pilot Lights.
55. Plastics:

( ) A. Raw Materials for
moulding

( ) B. Rods
( ) C. Sheets

56. Plugs -Telephone.
57. Power Supplies.
58. Pumps, Vacuum.
59. Racks.
60. Radar: also see Aircraft &

Airport Equipment.
61. Radio Receivers:

( ) A. Broadcast
( ) B. Communications
( ) C. Fixed Frequency 
( ) D. Frequency Modu-

lation
( ) E. Special Purpose
( ) F. Television

62. Record Changing Mecha-
nisms.

63. Recording Equipment:
( ) A. Blanks
( ) B. Cutting Heads
( ) C. Magnetic Wire

Recorders
( ) D. Needles
( ) E. Turntables & Ma-

chines
64. Recording Services.
65. Rectifiers:

' ( ) A. Metallic
( ) B. Meter Rectifiers
( ) C. Vacuum Tube, see

Power Supplies
Regulators, Voltage,

see Voltage Regulators.
66. Relays:

( ) A. Keying
( ) B. Power
( ) C. Stepping
( ) D. Telephone Types
( ) E. Time Delay
( ) F. Vacuum Enclosed

67. Remote Controlling Equip-
ment.

68. Resistors:
( ) A. Fixed
( ) B. Precision
( ) C. Vacuum Sealed
( ) D. Wire Wound
Screws: see Hardware.
Shafts: see Hardware.

69. Sockets:
( ) A. Receiving Types
( ) B. Transmitting

Types
Proceedings of the I.R.E. November, 1945
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( )

70. Solder:
( ) A. Cored
( ) B. Plain

71. Soundproofing Contractors
and Equipment

Speakers: see Loudspeak-
ers.

Springs: see Hardware.
72. Switches:

( ) A. Circuit Breaking
( ) B. Key
( ) C. Power
( ) D. Receiver Wave

Band Changing
( ) E. Rotary
( ) F. Time Delay
( ) G. Transmitter Wave

Band Changing
73. Test Equipment.

( ) A. Bridges
( ) B. Capacitor Testers
( ) C. Inductance Test-

ers
( ) D. "Q" Testers
( ) E. Resistance Testers
( ) F. Vacuum Tube

Testing Equip-
ment

G. Wave Form Ana-
lyzers & Distor-
tion Testers

74. Transcription Libraries.
75. Transformers:

( ) A. Audio Frequency
( ) B. Hermetic Sealed

Types
( ) C. High Fidelity Au-

dio Types
( ) D. Power Compon-

ents
( ) E. Pulse Generating

Types
( ) F. Radio Frequency

76. Transmitters:
( ) A. Amplitude Modu-

lation
( ) B. Communications
( ) C. Frequency Modu-

lation

( )

( )

)
) 78.
) 79.

( ) 80:

( ) 81.

D. Police & Emer-
gency Equip-
ment

E. Television
F. Ultra High Fre-

quency
77. Vacuum Tubes:

A. Cathode Ray
B. Geiger -Mueller
C. Industrial Types
D. Klystrons & Mag-

netrons
E. Receiving Types
F. Rectifying
G. Special Purpose &

Phototubes
H. Television Types
I. Transmitting

Types
J. Voltage Regulat-

ing
Varnishes: see Lacquers.
Vibrators, Power Supply.
Voltage Regulators:
( ) A. Automatic
( ) B. Manually Con-

trolled
Waxes & Sealing Com-

pounds.
Wire:
( ) A. Copper
( ) B. Precious Metal

( )

( )
( )

( )
( )
( )

Product Classification If Not
Included In List

PLEASE BE SURE TO SIGN QUESTIONNAIRE HERE

Firm Name
Chief Engineer

Address

Place Zone State

Product Classification Numbers and sub -letters:

Mail today to: Industrial Research Division, Proceedings of the I.R.E., Room 707
303 West 42nd St., New York 18, N.Y.



ADVERTISERS' INDEX
Section Meetings

Membership

Positions Open

34A

36A

52A

Aerovox Corp. 7A
Aireon Mfg. Corp. 9A
Alliance Mfg. Co. 78A
Allied Radio Corp. 58A
Altec Lansing Corporation 34A
American Lava Corp. 32A
American Tel. & Tel. Co. 8A
American Transformer Co. I3A
Amperex Electronic Corp. Cover II
Andrew Company 66A
Arnold Engineering Co. 60A
Astatic Corporation 44A

Ballantine Laboratories, Inc. 82A
Bendix Aviation Corp. (Radio Div.) 55A, 56A
Blaw-Knox Co. 46A
Boonton Radio Corp. 50A
Brown Engineering Company 60A
W. J. Brown 54A

Callite Tungsten Corporation
Cambridge Thermionic Corporation
Centralab

Chicago Tel. Supply Co.
Chicago Transformer Corp.
Clarostat Mfg. Co., Inc.

86A

67A
33A
I4A
I5A
42A
34A

Transforrner
Engineers
Devoted to

Sigmund Cohn & Co. .. 62A
Collins Radio Co. 59A
Communication Parts ..... 36A
Condenser Products Co. 68A
Continental -Diamond Fibre Co. . 53A
Cornell-Dubilier Electric Corp. ....Cover Ill
Corning Glass Works 23A
Coto -Coil Co., Inc. 38A
Crystal Research Laboratories, Inc. 76A

Daven Company 25A
Tobe Deutschmann Corporation 87A
Allen B. DuMont Labs., Inc. 10A
E. I. duPont de Nemours & Co. (Inc.) 78A

Eastern Engineering Co. 74A
Hugh H. Eby, Inc. 66A
Eicor, Inc. 62A
Stanley D. Eilenberger 54A
Eitel-McCullough, Inc. 88A
Electrical Reactance Corporation 70A
Electronic Engineering Co. 86A
Electronic Mechanics Inc. 29A

Federal Telephone & Radio Corp.
21A, 35A, 54A

Freed Radio Corporation 52A

General Aniline & Film Corp. 2A, 3A
General Electric Co. 6A
General Radio Company Cover IV
G. M. Giannini & Co., Inc. 56A

RESEARGIDEVELOPMENT
 As leaders in the field of design and development of specialized
transformers, Electronic Engineering Co. has established an envi-
able reputation for solving the most difficult transformer applications.
With complete electronic laboratories and the finest engineering
talent available, Electronic Engineering Co..is devoted exclusively
to the production of specialized transformers

ELECTRONIC ENGINEERING CO.
3223-9 WEST ARMITAGE AVE., CHICAGO 47, ILLINOIS

' "SPECIALIZED TRANSFORMER ENGINEERS"

Guardian Electric Co. I9A

Hallicrafters Co. 41A, 65A
Hammerlund Mfg. Co., Inc. 7IA
Harco Tower Inc. 72A
Heintz & Kaufman, Ltd. 20A
Hewlett-Packard Co. 24A
Hytron Radio & Electronic Corp. 3IA

Industrial & Commercial Electronics
Industrial Condenser Corporation

.

International Products Corporation
International Resistance Company

75A

72A
43A
37A

International Tel. & Tel. Corp. 21A, 35A, 54A

Jennings Radio Mfg. Co. 57A
Joliet Chemicals, Ltd. 77A
E. F. Johnson Co. 27A

Ken-Rad 8IA

Lewis Electronics 83A
Litton Engineering Labs 49A

Frank Massa 54A
Measurements Corporation 76A
Merit Coil & Transformer Corp. 74A
Monarch Manufacturing Co. 74A

National Co., Inc. 79A

M. F. M. Osborne Associates 54A

Permoflux Corporation 70A
Pilot Radio Corporation 54A
Premax Products 76A

Radio Corp. of America 32B, 32C
Rauland Corp. 18A
Raytheon Mfg. Co. 48A
Bernard Rice's Sons Incorporated 80A
Remler Company, Ltd. 72A

Santay Corp. 26A
Scovill Manufacturing Company 39A
Shallcross Mfg. Co.. 40A
Sherron Electronics Co. 63A
Sperti Inc. 28A
Sperry Gyroscope Co., Inc. 4A, 5A
Sprague Electric Co. 12A
Sola Electric Company 6IA
Stackpole Carbon Co. IIA
Standard Transformer Corp. 64A
Stromberg-Carlson Co. 52A
Stupakoff Ceramic & Mfg. Co. I6A
Sun Radio & Electronics Co., Inc. 64A
Superior Electric Company 22A
Swain Nelson Company 69A

Triplett Electrical Instrument Co. 30A
Tung -Sol Lamp Works, Inc. 52A

United Cinephone Corp 73A
United Transformer Corp. 5IA
Universal X -Ray Products Inc. 68A

Utah Radio Products Company 47A

Victoreen Instrument 68A

Westinghouse Electric Corp. I7A
Wilcox Electric Company, Inc. 45A
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BELONGS IN YOUR FIRST LINE PRODUCTS

Where failur._,s bypass and coupling
circuits Cannot be tolerateA specify and
use Tobe Afolaed Oil -paper Capacitors
- Types AFC and UPC,

LONG LIFE
The superior moisture seal afforded by the molded
phenolic case guarantees that these oil -impregnated
capacitors will withstand the rigors of sea shipment
and tropical service.

SMALL SIZE

Conforming to AWS dimension standards, the
cases are 13/16" x 13/16" x 19/64" (CN35) and
11/16" x 29/64" x 7/32" (C.N20).

CLOSE STACKING

The flat, rectangular form permits side -by -side
mounting in minimum sub -chassis space.

SELF SUPPORTING

Light in weight - and with solid, #18 wire leads
- these capacitors are satisfactorily mounted by
their connecting leads only.

ALL POPULAR RATINGS
Capacitances from 100 to 50,000 mmfd.; Working
voltages from 200 to 1600 V.D.C.

IMMEDIATE AVAILABILITY
Large-scale production facilities - for winding,
oil -impregnating, assembling, molding and testing
- assure continuous delivery of these dependable
capacitors.

LOW COST
Comparing favorably in cost with the paper tubu-
lars they supersede, these non -inductive capacitors
offer more service per penny.

otVTSCHMA

MASSAC
FIELD OFFICES IN NEW YORK CITY  CHICAGO DETROIT GLENDALE, CALIFORNIA
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forigrio.,....... THE COUNTERSIGN OF DEPENDABILITY IN

sollOgS

Front view al the 25C-
wai1,118 mc. Motored

tranfmitter, now tie-
ing Miami 1/21ive the
clearnt of co veragc for

a radius of 30 miles.

IN FM POLICE SYSTEMS
EIMAC TETRODE 4-125A

Top honors to Galvin Manufacturing Corporation for
building it, and a salute to the police and fire departments
of Miami, Florida, for putting it to work in spite of the
skeptics! It's the first two-way police radiotelephone
system in the United States on frequencies above Ioo mc.
Twenty-four hours a day, 12 patrol cars in Miami's busy
area tune in on signals as solid as a dinner -table conversa-
tion from this Motorola 250 watt, 118 mc. FM transmitter.

From the earliest experimental stages of FM broadcast-
ing, Eimac tubes have been lending a hand. Naturally,
there are Eimac 4-125A tetrodes (pictured above) in the
vital power output stage of Galvin's new Motorola success.
Eimac 4-125A's were a logical choice for this transmitter
because of their superlative high frequency performance
capabilities and their low driving power requirements.

FOLLOW THE LEADERS TO Ask for your copy of Electronic
Telesis, the 64 - page booklet
giving the fundamentals of
electronics. It will help elec-
tronic engineers explain the

V
&s, - subject to laymen. Available

in English and Spanish. No
obl4gation, of course.

EITEL-McCULIOUCH, Inc., 1074 San Mateo Avenue, San Bruno, Calif.
Plants located at: San Bruno, California and Salt Lake City, Utah

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco 11, Calif., U. S. A.

1074

ELECTRICAL CHARACTERISTICS -4-125A TETRODE

Filament: Thoriated Tungsten

Voltage . . . . 5.0 volts
Current . . 6.2 amperes

Plate Dissipation
(Maximum) 125 watts

Direct I nterelectrode Capacitances (Average)

Grid -Plate (Without shielding,
base grounded) . . . . 0.03 44fd.

Input 10 3 44fd.
Output 3 0 igifd.

Transconductonce (is = 50 ma., Es = 2500 v., Ec 2 = 400 v.) . 2450 umhos



ONEPURPOSE the improvement of capacitors

C -D never relaxes in its determination to improve
capacitor design and to develop new and better
materials and processes of manufacture. The C -D
Type Ti series is typical of improved capacitor
engineering.

Where a lot of capacitance must be packed into
little space, there is no better capacitor for high
voltage filt.n. applications than the C -D Type T1 ,
containing the Dykanol impregnant.

Dykanol "G", due to its chemical stability, allows
operation at higher temperatures. It also permils
the use of maximum paper thickness for a give
size container, with a high factor of safety due
low ioltage stress. Insulation resistance is five or
more times as high as in capacitors using organic
oil _mpregnants. On the larger sizes of the Type TI
series, the sturdy porcelain terminals with
stand extremes of heat and cold and are practi-
cally unbreakable.

Look to Cornell-Dubilier for the extra qtality an
dependability that is engineered into every capa
tor - the result of C -D's 35 years o capacit
specialization. Cornell-Dubilier Electric Cprpora-
tion, South Plainfield. N. J. Other plants at Ne
Bedford, Brookline, Worcester, Mass. and Provi-
dence, R. I.

Testing paper for number of conducting particles. Other
tests determine 11-ickness, porosity, voltage breakdown.

Comparative size of capacitors
for same voltage stress using

two types of imp-egnants.

CORNELL- DUBILIER

CAPACITORS 191°
194S

DYKANO1 PAPER ELECTROLYT1CS
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NEW Tuning Fork
Accurate to 0.001 Per Cent

This new vacuum -tube -driven precision fork, now available for non-military use, was developed as
an improvement to our Type 815-A Precision Fork with microphone drive. One of the limitations to the
stability of the microphone -driven fork was the random variations in the granular carbon in the
microphone buttons. The fork itself, with a value of Q of about 19,000, was capable of considerably
greater precision than the microphone drive would allow.

In the new fork, which is temperature -controlled, the microphone buttons have been replaced by a
system which generates from the tine motion a small emf in the polarized electromagnet, L-1,
amplifies this voltage and drives the fork by the second. magnet, L-2. This arrangement permits a
small tine motion and practically eliminates variation in output which formerly was present due to
the erratic behavior of the microphone buttons.

Several new features have been added to the amplifier to contribute to the ultimate stability of the
fork. The input tube, V-1, is heavily biased by an a -v -c tube, V-3, whose control potential is regulated
in turn by a gaseous discharge tube, V-5. This system provides rigid control of the tine amplitude,
independent of supply line fluctuations. Phase shifts in the output of the driving tube, V-2, are
reduced to a very low minimum. With the high Q and low temperature coefficient of the fork itself,
the result is a tuning fork standard whose residual variations, when temperature control is used,
aggregate less than 0.001% (within 1 part in 100,000).

The fork amplitude is adjustable by the potentiometer, P, permitting an electrical control of fre-
quency over a range of about 0.001%. The instrument panel contains a synchronous clock, C, which
can be driven from the fork output and can be used for calibrating the fork in terms of time -signal
observations.

Terminals are provided for operating the fork, the temperature -control heater circuits and the
amplifier from either a 100-130 volt 50-60 cycle line or from a d -c line of 100 to 130 volts.

This fork is available in two models: Type 816-A for 50 -cycle output and Type 816-B for 60 -cycle
output. Price: $385.00.

Write for the September, 1945 G -R EXPERIMENTER for complete Data and Specifications.

GENERAL RADIO COMPANY Cambridge 39,
Massachusetts

90 West St., New York 6 920 S. Michigan Ave.. Chicago 5 1000 N. Seward St., Los Angeles 38


