
Proceedings 
of '17:9t3he I ' R# E 

A Journal of Communications and Electronic Engineering 

June, 1952 
Volume 40 Number 6 

1 hurt. llt,thcr 10, 

MICROPHONE CALIBRATION 

Basic to all technological advance is the ability to perform primary measure-
ments. Pictured above is the newest integrated setup for reciprocity calibration 
of laboratory standard microphones in a hydrogen-filled coupler. 
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Humidity ... temperature... 
altitude testing 

Filter development 

Testing modulation transformer under 
operating conditions 

Tracing filter curves electronically 

Engineering 
Leadership 

UTC has the reputation for 
exceptional quality and the 
abilityro produce units 
previously considered impos-
sible. This position of engi-
neering leadership has been 
effected through a continu-
ous program of research and 
development at the UTC 
laboratories. A few views of 
these laboratories are shown 
on this page. 

CA meter measurements on 
low frequency coils 
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Development tests ... 1/2 cycle filter 

Audio development 

Pulse transformer development 
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SPRAGUE •ELECTRIC  CO MPANY  • North  Ada ms,  Massachusetts 

This complete guide to Sprague dry electrolytic capacitors designed to 
meet military requirements will gladly be sent to electronic engineers and 
purchasing agents on letterhead request. Sprague's new Catalog 11 is 
printed in large, clear type to facilitate ready reference to its 24 pages of 
military capacitor information. Write for your copy today to the Appli-
cation Engineering Dept., Sprague Electric Company, 235 Marshall 

Street, North Adams, Massachusetts. 

World's Largest 

Capacitor Manufacturer 
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FLUOROFLEr-T 
for 

TEFLON* 
with the 

optimum performance 
you're looking for 

"Teflon" powder is converted into 
Fluoroflex-T rod, sheet and tube under 
rigid control, on specially designed 
equipment, to develop optimum inert-
ness and stability in this material. You 
can be sure of ideal, low loss insulation 
for uhf and microwave applications... 
components which are impervious to 
virtually every known chemical... and 
serviceability through temperatures 
from — 90°F to +500°F. 

Produced in uniform diameters, 
Fluoroflex-T rods feed properly in 
automatic screw machines without the 
costly time and material waste of cen-
terless grinding. Tubes are concentric 
— permitting easier boring and ream-
ing. Parts are free from internal strain, 
cracks, or porosity. This means fewer 
rejects, longer service life. 

Mail in the coupon for more data. 

'Du Pont trade mark for its tetrafluoro-
ethylene resin.i*Fluorofiex is a Resistoflex 
registered trade mark for products made 
from fluorocarbon resins. 

RESISTOFLEX 
RESISTOFLEX CORPORATION, Belleville 9, N. J.  I 6 

SEND NE W BULLETIN containing technical data and information on 

Fluoroflex-T 

NAME 

COMPANY   

ADDRESS   

  TITLE   

Meetings 
with 

Exhibits 
• As a service both to Mem-
bers and the industry, we will 
endeavor to record in this col-
umn each month those meetings 
of IRE, its sections and profes-
sional groups which include 
exhibits. 

A 

Western Electronic Show and 
IRE Regional Convention 
August 27, 28 & 29, 1952 
Municipal Auditorium 
Exhibits: Heckert Parker 
215 American Avenue 
Long Beach, Calif. 

• 

I.S.A. 
Seventh National Instrument 

Exhibit and 
Instrument Society of America 

Conference 
September 8-12, 1952 

Cleveland Municipal Auditorium 
Exhibits: Mr. Richard Rimback, Mgr. 

921 Ridge Avenue 
Pittsburgh 12, Pa. 

A 

National Electronic Conference 
Sept. 29, 30, Oct. 1, 1952 

Hotel Sherman, Chicago, Ill. 
Exhibits Manager: Mr. R. M. Krueger. 
do Amphenol, 1830 South 54th Ave., 

Chicago 50, ill. 

A 

Joint IRE-AIEE Computers Conference 
December 10, 11, & 12, 1952 
Park Sheraton Hotel 

Exhibits: Perry Crawford 
373 Fourth Avenue 
New York City 

A 

Southwestern IRE Conference 
February 5, 6, & 7, 1953 

Plaza Hotel, San Antonio, Tex. 
Accept Exhibits 

A 

Radio Engineering Show 
March 23, 24, 25, 26, 1953 
Grand Central Palace 
New York City 

Exhibits Manager: Wm. C. Copp 
303 W. 42nd St., New York 36, N.Y. 

A 

NEREM—New England Radio 
Engineering Meeting 

Announced for April 25, 1953 
University of Connecticut 

Storrs, Conn. 

A 

National Conference on 
Airborne Electronics 
Mav 11, 12 & 13, 1953 

Hotel Biltmore. Dayton, Ohio 
Exhibits: Paul D. Hauser 
1430 Gascho Drive, Dayton 3 

1. 

2A 

J 

PROCEEDINGS OF TIIE I.R.E.  June, 1952 



A l i 
m i l  A  

PI M MIMI 

Mi . 1111i 
111111111111111111111  
111111111171111111111 
IM  
Ne. 

Several Things Less, to Worry About... 
I When You Specify Synkote Coax Cable 

Attenuation, impedance, shielding, insu-  will be glad to work with you. Write 
lation, velocity of propagation, all the  today — your inquiry will be given 
worrisome wire factors affecting your  prompt attention. 

final signal are dependably constant in 
SYNKOTE Coaxial Cables. 

Manufactured to 10 standard specifica-
tions, SYNKOTE Coax Cables are avail-
able in impedances from 50 to 300 ohms 
. . . insure minimum attenuation and 
maximum dependability at all frequen-

cies and under most conditions. 

For specifications other than standard, 
our engineering service department 

DEPE N D ABLE 
Coaxial  Cable 

"Made by the mile — tested by the inch" 

P L  A S T  O I D  C O R P O R A T I O N 
42-61 24th STREET, LONG ISLAND CITY 1, NEW YORK 

HOOK-UP WIRE  • AIRCRAFT CABLE  • TV WIRE • COAXIAL CABLE • 

NYLON JACKETING • HIGH TEMPERATURE WIRE • MULTI-CONDUCTOR CABLES 

PROCEEDINGS OF THE I.R.E. 
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THE TRANSISTOR 

A picture report of progress 

Al 
FIRST TRANSISTORS were of this point con-
tact type (picture three times life size). 
Current is amplified as it flows between 
wires through a wafer of germanium 
metal. These transistors are now being 
made at the Allentown plant of Western 
Electric, manufacturing unit of the Bell 
System. They will be used in a new selec-
tor which finds the best routes for calls in 
Long Distance dialing. 

ASSEMBLY PROBLEMS, such as fixing hair. 
thin wires to barely visible germanium 
wafers, have been solved through new 
tools and mechanized techniques. Fin-
ished transistors withstand great vibra-
tion and shock. Engineers see many 
opportunities for these rugged devices in 

national defense. 

NEW JUNCTION TRANSISTORS, still experi-
mental, also use germanium but have no 
point contacts. Current is amplified as 
it flows through germanium "sandwich" 
—an electron-poor layer of the metal be-
tween two electron-rich ends. This new 
transistor runs on as little as one-millionth 
of the power of small vacuum tubes. 

MOIST PAPER AND COIN generate enough 
current to drive audio oscillator using 
junction transistors. Half as big as a 
penny matchbox, an experimental two. 
stage transistor amplifier does the work 
of miniature-tube amplifiers ten times 
larger. 

MUCH HAD TO BE LEARNED, especially 
about the surface of germanium and the 
effect of one part in a million of alloy-
ing materials. Transistors promise many 
uses—as amplifiers, oscillators, modulo'. 
tors ...for Local and Long Distance 
switching ... to count electrical pulses. 

Atiny amplifying device 
first announced by Bell Telephone 
Laboratories in 1948 is 
about to appear as a versatile 
element in telephony. 

Each step in the Work on 
the transistor .. . from original 
theory to initial production 
technique . .. has been carried 
on within the Laboratories. 
Thus, Bell scientists 
demonstrate again how their 
skills in many fields, from 
theoretical physics to production 
engineering, help improve 
telephone service. 

BELL  TELEPH ONE  LAB ORATORIES 
Improving telephone service for America provides 

careers for creative men in scientific and technical fields. 



FERROX 1113E-3C 1 
cores are  kel-free 

APPLIC ATI O NS: 

• TRANSF OR MERS 

ER MEABILITY TUNING DEVIC 

LO W-LOSS INDUCTORS 

SATURABLE CORE REACT ORS 

HORIZONTAL OUTPUT 

TRANSFORMERS 

ERECTION YOKES 

TELEPHONE LOADING COILS 

T H E  M O D 

When your drawings call for Ferroxcube 3C cores for your 

TV deflection yokes and horizontal output transformers, 

you can forget about procurement problems. These fer-

rite cores are nickel-free  and delivery will be made 

exactly as scheduled by you! 

Improved temperature stability, high saturation flux 

density, and high permeability are among the other 

advantages of Ferroxcube 3C. 

Complete 

Engineering 

requests. 

technical data is yours for the asking in 

Bulletin FC-5101A, available on letterhead 

*  *  *  *  *  *  *  *  * 

OXCUBE 
N  C 0 A T E R I A L 

FERROXCUBE CORPORATION OF AMERICA 
A Joint Affiliate of Philips Industries and Sprague Electric Co., Managed by Sprague 

SAUGERTIES, NE W YORK 



BUSINESS IN MOTION 

4'72 

For several years this space has been used to tell 
how Revere has collaborated with its customers, to 
mutual benefit. Now We want to talk about the way 
our customers can help us, again to mutual benefit. 
The subject is scrap. This is so important that a 
goodly number of Revere men, salesmen and others, 
have been assigned to urge customers to ship back 
to our mills the scrap generated from our mill prod-
ucts, such as sheet and strip, rod and bar, tube, 
plate, and so on. Probably few people realize it, 
but the copper and brass industry obtains about 
30% of its metal requirements 
from scrap. In these days when 
copper is in such short supply, 
the importance of adequate sup-
plies of scrap is greater than 
ever. We need scrap, our indus-
try needs scrap, our country 
needs it promptly. 
Scrap comes from many dif-

ferent sources, and in varying 
amounts. A company making 
screw-machine products may 
find that the finished parts 
weigh only about 50% as much 
as the original bar or rod. The turnings are valu-
able, and should be sold back to the mill. Firms 
who stamp parts out of strip have been mate-
rially helped in many cases by the Revere Tech-
nical Advisory Service, which delights in working 
out specifications as to dimensions in order to 
minimize the weight of trimmings; nevertheless, 
such manufacturing operations inevitably produce 
scrap. Revere needs it. Only by obtaining scrap 
can Revere, along with the other companies in the 
copper and brass business, do the utmost possible 

in filling orders. You see, scrap helps us help you. 
In seeking copper and brass scrap we cannot ap-

peal to the general public, nor, for that matter, to 
the small businesses, important though they are, 
which have only a few hundred pounds or so to dis-
pose of at a time. Scrap in small amounts is taken 
by dealers, who perform a valuable service in col-
lecting and sorting it, and making it available in 
large quantities to the mills. Revere, which ships 
large tonnages of mill products to important manu-
facturers, seeks from them in return the scrap that 

is generated, which runs into 
big figures of segregated or 
classified scrap, ready to be 
melted down and processed so 
that more tons of finished mill 
products can be provided. 
So Revere, in your own inter-

est, urges you to give some ex-
tra thought to the matter of 
scrap. The more you can help 
us in this respect, the more we 
can help you. When a Revere 
salesman calls and inquires 
about scrap, may we ask you to 

give him your cooperation? In fact, we would like 
to say that it would be in your own interest to 
give special thought at this time to all kinds of 
scrap. No matter what materials you buy, the 
chances are that some portions  them, whether 
trimmings or rejects, do not find their way into 
your finished products. Let's all see that every-
thing that can be re-used or re-processed is turned 
back quickly into the appropriate channels and 
thus returned to our national sources of supply, 
for the protection of us all. 

REVERE COPPER AND BRASS INCORPORATED 
Founded by Pout Revere in 1801 

Executive Offices: 

230 Park Avenue, New York 17, N.Y. 

SEE  "MEET  THE  PRESS"  ON  NBC  TELEVISION  EVERY  SUNDAY 

6A PROCEEDINGS OF THE I R 



031A) 
oc tioo 

slat rporo 

for 

prompt deliveries 

"The House 

of Resistors" 

°ffers the„ 
exclusive 

MINIATURE CONTROLS FOR 

itillieriataSSAVIOS 

No larger than a 
"Life Saver!" Yet 
these thoroughly 
dependable Claro-

stat miniature controls are avail-
able in single, dual and triple 
units. Composition-element and 
wire-wound types. 

Definitely, these remarkably 
compact controls are the answer 
to your miniaturization control 
problems. 

CLAROSTAT SERIES 48 

COMPOSITION-ELEMENT POTENTIOMETERS 

Only 1/4 " diameter. 'Is" diameter shaft. 1/4 " a 32 
threaded bushing for mounting. 
Up to 5 megohms, linear. 2.5 megohms, tapered. 
0.2 watt rating. 
Housed in low-loss phenolic. Convenient termi• 
nal lugs. 
Single and multiple units, including combination 
of wire-wound and composition-element sections 

CLAROSTAT SERIES 49 

WIRE-WOUND POTENTIOMETERS 

Only 3/4 " diameter. 1/4 " diameter shaft. 1/4 " x 32 
threaded bushing for mounting. 
Up to 10,000 ohms. Linear only. 1 watt rating. 
Housed in low-loss phenolic. Convenient termi-
nal lugs. 
Single and multiple sections, including combina-
tion of composition-element and wire-wound 
sections. 

on your miniaturization Again, you can stand pat with CLAROSTAT... Let us collaborate 
or any other problems involving resistors, controls or 

resistance devices. Engineering data on request. 

Get our quotations! 

/O M 

• 
Controls and Resistors 

DOV ahrtos1  MfG. CO., IOC,  ER, PIEN1 HAMPSHIRE 

In  Canada.. Canadian Marconi Co. Ltd., 'Toronto, Ont. Co 

Export, 75 VY 0ff•II Sif•St. 14.1•vi Icolt 7, 1,1 "f • 
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In maintaining greatest possible ae, mac 
in electron optical experiments, it is 
imperative that the beam be perfectly 
aligned axially. 

To assure this result it is necessary to 
eliminate the effects of all stray fields . 
including the earth's magnetic field. 
This is now accomplished at Sylvania 

Research Laboratories by a specially de-
signed modified Helmholtz type coil 
which produces a uniform magnetic field 
which compensates for the effects 
produced by the earth's field and local 
fields. The coil frame is made 
entirely of wood and is oriented 
exactly along the earth's field. 
It is uniform to 1 part in 500 over 
a volume enclosed by a cylinder 20 
inches in diameter and 30 
inches long. The axis of this 
cylinder is the axis of the coil. 
This field is then explored by a 

special Cathode Ray Tube to make 
sure the net field registers 
zero over the entire working 
region within the coil. 
Such strict attention to fund-

amental research in every pha, 
of electronics and radio devel-
opment pays off in the out-
standing performance of all 
Sylvania Tubes. 

Special coil eliminates 

effects of magnetic fields 
in Electron Optical Studies 

: M O N 

wr 

Sylvania eer measuring spherical aberration of 
Note, all controls  are outside the coil.  

an electrostati engin 

c lens inside special Sylvania-built coil. 

SUVA\ R 
Sylvania Electric Products Inc., 1740 Broadway, New York 19, N. Y 

RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS, ELECTRONIC TEST EQUIPMENT, FLuDREssENT Ems FIXTURES so m g WIRING DEVICES LIGHT BULBS. PHOTOLAMPS TELEVISION SETS 
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When it comes to 
making a Rea/45:1/4;T 
in space... 

Stackpole cup cores with their self-shielding 
characteristic can be mounted close to the chassis 
or any other metal part for maximum results in 
extremely close quarters. In some instances, the 
high Q circuits made possible through their use 
permit reduction in the number of tubes needed. 

Standard types include numerous shapes and 
sizes, each available in a wide range of per-
meability possibilities. Highly specialized types 
to meet the most critical specifications can be 
engineered and produced from a broad back-
ground of experience in this exacting field. 

Electronic Components Division 

STACKP OLE  CARB ON CO MPANY 
St. Marys, Pa. 

Other Stackpole core types include: 
ALL STANDARD MOLDED IRON CORE TYPES, SIDE-MOLDED, 

CHOKE COIL CORES, SLEEVE TYPES, THREADED TYPES and 

COIL FORMS . . . also Stackpole CERAMAG" CORES (FERRITES). 

Write for Electronic Components Catalog RC-8 

9A 
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ASSOCIATE D 

ILIFFE 
PUBLICATIONS 

Up-to-date news of every British development 
WIRELESS WORLD. Britain's chief technical magazine m 

the general field of radio, television and electronics. Founded 

over 40 years ago, it provides a complete and accurate 

survey of the newest British techniques in design and 

manufacture. Articles of a high standard cover every phase 

of radio and allied technical practice, with news items on 

the wider aspects of international radio. Theoretical articles 

by recognised experts deal with new developments, while 

design data and circuits for every application are published. 

WIRELESS WORLD is indispensable to technicians of all grades 

and is read in all parts of the world. 

Published monthly, $4.50 a year. 

WIRELESS ENGINEER—the magazine of radio research and 

progress —is produced for research engineers, designers and 

students in the fields of radio, television and electronics. Its 

editorial policy is to publish only original work, and its highly 

specialized content is accepted as the authoritative source of 

information for advanced workers everywhere. The magazine's 

Editorial Advisory Board contains representatives of the 

National Physical Laboratory, the British Broadcasting Cor-

poration, and the British Post Office. Regular features include 

an Abstracts and References Section compiled by the Radio 

Research Organization of the Department of Scientific and 

Industrial Research.  Published monthly, $7.00 a year. 

RECE NT  EDIT ORI AL  C O N TE N TS 

Speech Reinforcement in Reverberant Auditoria: Use of Time 

Delays and Line-source Loudspeakers. Magnetic Recording: 

Mechanism of Asymmetrical Hysteresis.  Valve Voltmeter 

withcut Calibration Drift:  " Infinite-input, Zero-output-

resistance" Adaptor for D.C. Voltmeters. 

Visibility of Radar Echoes.  Shunt-Regulated Amplifiers. 

Dielectric Lens Aerial.  Directional-Coupler Errors. 

Impedance Changes in Image  Iconoscopes.  Precision 

Calibrator for Low Frequency Phase-Meters.  Television 
Camera Tubes. 

M AIL  THIS  O R DE R  TO D A Y 

To ILIFFE & SONS LIMITED, DORSET HOUSE, STAMFORD STREET, LONDON, S.E.1, ENGLAND 

Please forward 

NAME 

ADDRESS 

CITY 

for 12 months.  Payment is beirg made* 

ZONE  STATE 

'Payment can be made by Banker's Draft or International Money Order. 
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Any resistance-rota -

tion curve up to 5 

megohms.Higher val-
ues on special order 

$ . 0 0 

Bradleyometer resistor has termi-
nals, faceplate, and bushing 

molded in the plastic body. 

ADJUSTABLE RESISTORS 
Unaffected by Heat, Cold, Moisture, or Long Use 

For circuits requiring a top quality adjustable 
resistor not affected by moisture, heat, cold, or 
age . . . the Allen - Bradley Type J Bradleyometer 

is the ideal unit. 
The resistor element is molded as a single piece. 

It is not a film or paint type of resistor. Because of 
its nature, the resistor can be built up to satisfy 
any resistance - rotation curve. After molding, the 
resistor is no longer affected by heat, cold, mois-
ture, or age. There are no rivets . . . no welded 
or soldered connections . . . and the shaft, cover, 
faceplate, and other ferrous parts are made of 
corrosion - resistant metal. Let us send you the lat-
est Bradleyometer data. 

Allen-Bradley Co., 1 14 \X/. Greenfield Ave. 
Milwaukee 4, Wus. 

ALLEr-B 4DLEY 
FIXED & ADJUSTABLE RADItl RESISTORS 
Sold  to ,eanytoctor.r.  ulltilliv of "“"   rolectron“ e 
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BALLANTINE 
Sensitive Wide Band Electronic Voltmeter 

15 cycles to 6 megacycles 

with accuracy of... 

3% to 3 mc; 5% above 

with input impedance... 

6 mmfds shunted by 11 megs 

When used without probe, sensitivity 

is increased to 100 MICROVOLTS but 

impedance is reduced to 25 m mfds 

and 1 megoh m 

Featuring customary Ballantine 

SENSITIVITY — ACCURACY — STABILITY 

• Same accuracy at ALL points on 
a logarithmic voltage scale and 
a uniform DB scale. 

• Only ONE voltage scale to read 
with decade range switching. 

• No -turnover- discrepancy on un-
symmetrical waves. 

• Easy-to-use probe with self-
holding connector tip and unique 
supporting clamp. 

• Low impedance ground return pro-
vided by supporting clamp. 

• Stabilized by generous use of 
negative feedback. 

• Provides a 60 DB amplifier flat 
within 1 DB from 50 cycles to 6 MC 

MODEL 314 
Price $265 

Specifications on other Ballantine Electronic Voltmeters 

MODEL FREQUENCY RANGE VOLTAGE RANGE INPUT IMPEDANCE ACCURACY PRICE 

$210. 
300 10 toI50,000 cycles I millivolt to 

100 volts 
1/2 meg. shunted 
by 30 minfds 

2% up to 100 KC 
3% above 100 KC 

302B 
Battery 
Operated 

2 to 150,000 cycles 100 microvolts to 
100 volts 

2 megs. shunted by 
8 rnmfds. on hi gh 
rongesand15 mrnfds. 
on low ranges 

3% iron , 

5 to 100,000 cycles; 
5% elsewhere 

$225. 

305 

Measures peak val-
ues of pulses as 
short as 3 micro-
seconds with a repe-
tition rote as low as 
20 per sec. Also 
measures peak val-
ues for sine waves 
from 10 to 150,000 
cps. 

1 millivolt to 1000 
volts Peak to Peak 

Some as 
Model 302B 

3% on sine waves 
5% on pulses $280. 

310A 10 cycles to 
2 megacycles 

100 microvo lts to 
100 volts 

Same  as  

Model 3028 
3% below 1 MC 
5% above  1 MC :235. 

BALLANTINE LABORATORIES, INC. dp, 
O . Fall/lN Road, B  ton, N.J. 

Write for catalog for more information 
about this and other BALLANTINE 

voltmeters, amplifiers, and accessories. 
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AMERICAN LAVA CORP 

Spot hg 

METAL-CERAMIC COMBINATIONS 

Our broad experience in metal-ceramic combinations is available to you on request. 

Ceramic shafts for tuning condensers are chosen 
because they are strong and rigidly maintain the 

initial alignment between rotor and stator blades. 

Bearing races and metal collars are press fitted 
to the ceramic shaft, precision ground to tolerance 

of .0001". Other designs use ceramic shafts, fire 
metallized for direct soldering of rotor blades. 

Miniature ceramic transformer terminal housings 
take advantage of ceramic stability and are metal 
coated for shielding. Metallic connectors are 

permanently bonded to the ceramic by either glaze 

or by soldering to metallized surface. 
Ceramic coil forms have metallized mounting 

supports for soldering to prevent noise due to 
corona between insulator and mounting plate. 

5 OT H  YE A R  OF  CER A MI C  LE A DERS HIP 

AMERICAN LAVA CORPORATION 
CH ATT A N O O G A  5,  TE N NESSEE 

OFFICES  METROPOLITAN  AREA.  671  Broad St.,  Newark,  N.  .1.,  Mitchell  2-8159  •  PHILADELPHIA,  1649 North Broad  St•, St eeeee on 4• 2823 

SOUTH WEST, John A. Green Co., 6815  Oriole Drive. Dallas 9, Dixon 9918  •  NE W ENGLAND,  1374 Mostochusetts Ant., Cambridge,  Man., Kirkland 7-4498 

LOS ANGELES, 5603 North Huntington Dri e, Capitol 0901  •  CHICAGO, 228  North LaSalle St., Control 6- 1771  • ST. LOUIS, 1123 WoLhington Aye., Garfi•ld 4959 



Ever try to price-tag precision?. 
Absolute precision in a vital instrument—what's 
it worth? 

. . . to the bomber pilot trusting to Kolls-
man, instruments checked to one-ten-thou-
sandth of an inch for accuracy. 

. . . to the ship's captain, banking all on the 
precision of his Kollsman sextant. 

At times such as these, can precision ever be price 
tagged? Yet its vital presence, or absence, is oft-
times the margin between victory or chaos. 

Today—to maintain a free, strong America— 

Kollsman is devising, developing and manufac-
turing instruments of utmost precision; depend-
ability and quality in the fields of: 
Aircraft Instruments and Controls • Min-
iature AC Motors for Indicating and 
Remote Control Applications • Optical 
Parts and Optical Devices • Radio Com-
munications and Navigation Equipment 

And to America's research scientists, seeking the 
answer to problems of instrumentation and con-
trol—the facilities of Kollsman Research Labora-
tories are immediately available. 

KOLLSMAN INSTRUMENT CORPORATION 
ELMHURST, NE W YORK 

S U B S. OI A R V O F 

S te: M a/ a COIL PRODUCTS CO INC 

GLE N DALE.  CALIF OR NI A 
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THE TUBULAR TRIMMER STYLE 535... 

TiE ERIE Style 535 Tubular 
Trimmer combines economical price, 
compact size, and easy mounting, 
with features for UHF operation. Ca-
pacitance range is 0.7 to 3.0 MMF. 
When mounted it extends only 
17/32" from the underside of the 
chassis. It is 7/32" in diameter, and 
high terminal is conveniently avail-
able to tube socket terminals at a 
level 1/4" from the underside of the 
chassis. 
Design simplicity results in very 

low inductance, and uniform, straight-
line, and noiseless adjustment. It can 
be mounted close to associated cir-
cuit elements, and the ribbon type 
leads help to minimize inductance in 
UHF circuits. 
The Style 535 Trimmer as shown 

at the right, is unique in requiring 
work from only one side of the chassis 
when mounting. Ground terminal is 
provided for soldering to chassis 
when desired. 

Write for descriptive literature 
and samples. 

LONDON, ENGLAND  • • • • TORONTO, CANADA 

ACTUAL SIZE 

STYLE 535 

1. Push in hole. 

2. Lock in hole by 
turning adjusting 
screw through 
top terminal. 

3. Adjust topjust a tCapacitafinncael from l 

test station 

E1e 4 Difieacoe 
ERIE RESISTOR CORP., ERIE, PA. 

Cliffside, N. J. • Philadelphia, Pa. • Buffalo, N. Y. • Chicago, Ill. 
Detroit, Mich.  • Cincinnati, Ohio  • Lou Angeles, Calif. 
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. provide DEPENDABLE ELECTRICAL CONTROL 

Ohmite wire-wound resistors ha% e earned a Ns or I d - i d e reputation 
for dependability . . . the ability to give unfailing performance under 

adverse operating conditions. 

These fine units are available in the most complete line of types 
and sizes on the market. Included are fixed, tapped, adjustable, non-
inductive, and precision units—in more than 60 wattage sizes and 
18 types of terminals, and in a wide range of resistance values. 

For extra dependability, specify Ohmite resistors, overwhelmingh 
the first choice of industry, today. 

Write on company letterhead for catalog and engineering manual No. 40 

Ohntite Manufacturing Co.,  4862 Flournoy St., Chicago 44, Illinois 

Hmon 
IN WIRE— WOUND RHEOSTATS AND RESISTORS 
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TUBES ARE 

PICTURED 

ACTUAL SIZE 

C10037  

C/(7039  

RAYTHEON 
for  for 
ALI°  ALL 

These 1/Pes  These Sizes 

/i  

CK1022 

VOLTAGE REGULATOR AND REFERENCE TUBES 

TYPE 

0A2 

OB2 

CK1017 

CK1022 

CK1037 

CK1038 

CK1039 

CK5651* 

CK5783* 

CK5787 

CK5962 

CK6213 

MAX DIMENSIONS 
INCHES 

HEIGHT  DIAM. 

2.63  .75 

2.63  .75 

2.69  .75 

2.69  .75 

1.75  .40 

1.75  .40 

1.75  .40 

2.13  .75 

1.63 

2.06 

2.69 

1.38 

*Voltage Reference Tube 

.40 

.40 

.75 

.40 

MIN. 
STARTING 
VOLTAGE 
SUPPLY 

185 

133 

750 

1100 

720 

925 

1230 

115 

115 
141 

730 

200 

OPERATING 
VOLTAGE 
(Approx) 

150 

108 

700 

1000 

700 

900 

1200 

87 

87 

100 

700 

130 

MIN. 
OPERATING 
CURRENT 
MA. 

5 

5 

.005 

.005 

.005 

.005 

.005 

1.5 

1.5 

5 

.005 

1.0 

RAYTHEON MAN UFACTU RI N G CO MPANY 
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MAX.  MAX. 
OPERATING  REGULA_ 
CURRENT  TION 
MA.  VOLTS 

30  6 

30  4 

.055  15 

.055  20 

.100  15 

.055  15 

.100  25 

3.5  3 

3.5  3 

30  6 

.055  15 

2.5  2 
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communlications I ke) )• 1 

THE BEAM" 

JAMES KNIGHTS 

FREQUENCY 

& MODULATION 

MONITOR 

QUARTZ 

CRYSTALS 

Formerly Manufactured by DOOLITTLE RADIO, INC. 

The JK FD-12 monitors any four frequencies any-
where between 25 mc and 175 mc, checking both 
frequency deviation and amount of modulation. A 
truly precise instrument for communication systems! 

When used for different 
bands, plug-in type an-
tenna coils provided. 
Crystal accuracy guaran-
teed to be + .0015% 
over range of 15 to 50 
C. Meets or exceeds FCC 
requirements. 

COMMUNICATION CRYSTALS for the CRITICAL! 

Regardless of model, type, or design, James Knights 
can provide you with the very finest in stabilized 
crystals. Today JK crystals are used everywhere com-
munications require the VERY BEST. 

Well known to every communications man 
is the famous JK Stabilized H-17, with a 
frequency range of 200 kc to 100 mc. 
But this is just one crystal in the JK line. 
Write for complete crystal catalogl 

ALSO  manufacturer  of the James Knights Frequency Standard. 

THE JAMES KNIGHTS COMPANY 
SAND WICH  1, ILLINOIS PRODUCTS 

PROCEEDINGS OF THE I.R.E. 



WHEN YOU NEED A FUSE 
THINK OF BUSS • • • 

Fuse Headquarters for 
the Electronic Industries 

TELEVISION • RADIO • COMMUNICATIONS 

CONTROLS • AVIONICS • INSTRUMENTS 

A complete line of fuses is available. Made in 

Dual-Element (Slow blowing), Renewable and One-

Time types. Sizes from '/soc) ampere up. 

And a companion line of BUSS Fuse Clips, Fuse 

Blocks and Fuse Holders. 

Behind each fuse or fuse mounting are 37 years 

of know-how in building products of unquestioned 

high quality, the world's largest fuse research 

laboratory and the world's largest fuse pro-

duction capacity. 

Each BUSS Fuse Electronically Tested. 

To assure proper operation in the field, each 

and every BUSS fuse is tested in a highly 

sensitive electronic device that rejects any 

fuse that is not correctly calibrated — 

properly constructed and right in physical 

dimensions. 

BUSS Fuses are made to Protect — 
not to Blow. 

IF . . . YOU HAVE A 

SPECIAL PROBLEM 

TURN TO BUSS 

DUAL-ELEMENT (SLOW BLOWING) FUSES 
RENEWABLE FUSES, ONE TIME FUSES, SPECIAL FUSES 

FUSE CLIPS, FUSE BLOCKS, 
FUSE HOLDERS, SPECIAL FUSE MOUNTINGS 

We welcome requests to help you in selecting the proper fuse or in 

designing a special fuse or fuse mounting best suited to your conditions. 
Submit sketch or description showing type of fuse contemplated, 

number of circuits, type of terminals and the like. 

Our staff of fuse engineers is at your service. 

USE THIS COUPON — Get All the Facts 

BUSSMANN MFG. CO., St. Louis, Mo. 
Division of McGraw Electric Company 

M ANUFACTURERS OF A CO MPLETE LINE OF FUSES 

FOR HOME, FAR M, CO M MERCIAL AND INDUSTRIAL USE. 

r , RE-652 
BUSSMANN MFG. CO., University at Jefferson 

St. Louis 7, Mo. (Division McGraw Electric Co.) 

Please send toe Bulletin SEB containing complete facts on BUSS 

Small Dimension Fuses and Fuse Holders. 

Nome 

Title 

Company 

Address 

City  State 
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(Nevi technical data  a vaila 

no w 

COMPLETE LINE OF CORES 

TO MEET YOUR NEEDS 

* Furnished in four standard 
permeabilities --125, 60, 26 
and 14. 

* Available in a wide range of 
sizes to obtain nominal in-
ductances as high as 281 
mh 1000 turns. 

* These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu-
lation over the core. 

HIGH Q TOROIDS for use in 

Loading Coils, Filters, Broadband 

Carrier Systems and Networks — 

for frequencies up to 200 K C 

For high Q in a small volume, characterized by low eddy current 
and hysteresis losses, ARNOLD Moly Pennalloy Powder Toroidal 
Cores are commercially available to meet high standards of physical 
and electrical requirements. They provide constant permeability 
over a wide range of flux density. The 125 Mu cores are recom-

mended for use up to 15 kc, 60 Mu at 10 to 50 kc, 26 Mu at 30 to 75 kc, 
and 14 Mu at 50 to 200 kc. Many of these cores may be furnished 
stabilized to provide constant permeability (±0.1%) over a specific 
temperature range. 

'Manufactured under license arrangements with Western Electric Company 
r-

TILE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF AILEGHENY LUDLUM STEEL CORPORATION 

Gene,al Office 8. Plant: Marengo, Illinois 



As Shown  'these 
Recent Notable 

Titsts 

of herm The design and pro duction  etic seals is a lob for ex-
perts, steeped in this highly specialize d activity. Hermet ic Seal 

Products Co. has consistently pioneered an d developed the 

ou tstand-

ing fasts in ceramic-metal headers. Their experience, know-how and 
engineering talent are unrivaled in this field. Such  specialization 

assure s you o  s0t,r0a0in0  

f qual ity hermetic headers  salt 
in un limite  ditions 

d shapes that 

will withstand mass  spectrometer leak tes ts, — 55 F. con , 
swamp  test, temperature cycling, high vacuum, high pressure, 
water immersion an d spray, etc. They are  the only headers you 

ca n hot tin dip at 525 F. for easy  assembly soldering for a 
and fissure-tree sealed part  with resistance  of over 1   

megohms. 

Submit your own problems in th is highly exact-

ing field to our specialist-engineers. They  are 
eage r to baeg eo f help. \\Trite for your copy of our 
new  32-p  brochure, the most complete and 
informative presentation ever made on hermetic 

seals. 
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totti acs minialure TUBE SOCKETS _ 

\411f 

\' 

49N 44:N, 

—available in two grades: 
MYCALEX 410 priced comparable to mica-filled 
phenolics. Loss factor is only .015 at 1 mc., insulation 

resistance 10,000 megohms. Approved fully as Grade 

L-4B under N.M.E.S. JAN-I-10 "Insulating Materials 
Ceramic, Radio, Class L". 

MYCALEX 410X — low in cost but insulating 
properties greatly exceed those of general purpose 

phenolics. Loss factor is only one-fourth that of 

phenolics (.083 at 1 mc.) but cost is comparable. 

Insulation resistance 10,000 megohms. 

PREMIUM INSULATION — Bodies are MYCALEX 
glass-bonded mica, the dielectric that combines every char-
acteristic required in a modern insulation including low 
dielectric loss, high dielectric strength, high arc resistance, 
non-hygroscopic and great dimensional stability. 

COMPETITIVELY PRICED — Although manufacture is 
to the most exacting quality standards and fully meets 
RT MA recommendations, an exclusive MYCALEX manu-
facturing process permits pricing at a level competitive 
with low cost phenolic types. 

PRECISION MOLDED — An exclusive MYCALEX injec-
tion molding technique affords great dimensional accuracy, 
exact uniformity, superior low loss characteristics and 
perfect homogeneity. 

MYCALEX TUBE SOCKET CORPORATION 
Under Exclusive License of Mycalex Corporation of America 

30 ROCKEFELLER PLAZA  •  NE W YORK 20, N. Y. 

INF OR M ATI VE  DATA  SHEETS 
Include them in your files — Complete information including 
dimensional  data, specifications and other pertinent facts on 
M YCALEX low-loss, low-cost, tube sockets. Write for your set 

complete with loose-leaf binder that permits the inclusion of sub-

sequent releases and data sheets. 

TP6DF MASK W U US PAT Off 

MYCALEX CORPORATION OF AMERICA 
Owners of 'MYCALEX' Patents and Trade-Marks 

EitcutrtoOtficss: 30 ROCKEFELLER PLAZA, NEW YORK 20 — Plant & General Mtn: CLIFTON, NJ. 

22A 
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A change to Plaskon Alkyd for its specially 
designed TV brackets helped Emerson Radio and 
Phonograph Corp. cut bracket costs 50 %, and 
assured that there would be "no arc over or elec-
trical leakage from the high potential picture 
tube to the grounded chassis." 

TUNERS 

/parts that resist high heat and arcing... hold precise dimensions! 

When your TV parts are molded 
of Plaskon Alkyd, you can meet 
the extremely close tolerances de-
manded in television assemblies. 
That's because Plaskon Alkyd has 
exceptional dimensional stability 
with no after-shrinkage. 

And the high heat resistance 
prevents parts molded of Plaskon 
Alkyd from breaking down, even 
under  short-time  contact with 
molten solder when connections 
are made. 
What's more, Plaskon Alkyd 

PLASKON DIVISION 
Libbey •Owens • Ford 
Glass Company 

Toledo 6, Ohio 

Branch Offices: 

Boston • Chicago • Los Angeles • New York 

Manufacturers of Molding Compounds. 

Reain Claes, Coating Resins 

In Canada: 

Cansdiati Industries, Ltd. . Montreal, P.Q. 

JNSIST ON 

411 

combines a number of outstanding 
properties so essential for superior 
electrical insulating parts: high di-
electric strength, superior arc re-
sistance, excellent resistivity. In 
addition, it can be molded faster 
and at lower temperatures, giving 
increased production and greater 
savings. 

Before you redesign, look into• 
the advantages Plaskon Alkyd can 
offer. Write today for full informa-
tion on television and electronic 
uses. 

MASK() N. 
ALKYD 

FOR SUPERIOR ELECTRICAL PARTS 
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S P E CI A L! 

Rush Service On Sm all Lots 

No w!  you/  orders for smell lots of cools 

needed for prototvbe work or for your  ernergeneY 
produchon needs wolf be handied on d rush basis 

by c.r.c... new SPECIAL SERVICE DEPARTMENT. 

We win furnosh single layer or pi  coils 

e wound . • • tuned or untuned . c.r.c. engineers will isiso work with  you to design  

o civilian. coils to fit your specified-
tions, military y   

Plan now to put  .C.'s SPECIAL SERVICE 

ou Send 

DEPARTME NT to  C.T 

work for  y.  print s and specifications  for quotation. 

Here are the coils you want 
...the way you want them! 

Take advantage of one of C.T.C.'s 
most popular and useful services . . . 
the winding of slug tuned coils to exact 
specifications. Single layer or pie types 
furnished. You can be sure your specs— 
military or personal—will be faithfully 
followed to the last detail of materials 
and methods, and with expert workman-
ship 
. C.T.C. coil forms are made of quality 
paper base phenolic or grade L-5 silicone 
impregnated ceramic. Mounting bush-
ings are cadmium plated brass and ring 
type terminals are silver plated brass. 
Terminal retaining collars of nylon-
phenolic also available in types LST, 
LS5, LS6. 
Wound units can be coated with dur-

able resin varnish, wax or lacquer. Both 

coils and coil forms are furnished with 
slugs  and  mounting  hardware — and 
are obtainable in large or small produc-
tion quantities. Be sure to send com-
plete specifications for specially wound 
coils. 
All C.T.C. materials, methods, and 

processes meet applicable government 
specifications. For further information 
on coils, coil forms or C.T.C.'s special 
consulting service, write us direct. This 
service is available to you without extra 
cost. Cambridge Thermionic Corpora-
tion, 456 Concord Avenue, Cambridge 
38, Mass. West Coast manufacturers, 
contact: E. V. Roberts. 5068 W. Wash-
ington Blvd., Los Angeles 16, Calif., and 
988 Market Street, San  , 
Francisco, California. 

CA M B RI D GE  THE R MI O NI C 
CO R P O R ATI O N 

custom or standard . . . the guaranteed components 

New catalog! Send for your copy now. 

NE W CERAMIC COIL FORM KIT. 
Helps you spark ideas in designing elec-
tronic equipment or developing proto-
types and pilot models. Contains 3 each 
of the following 5  ceramic coil 
form types: 1ST, LS5, LS6, I.57, 1.58. 
Color-coded chart simplifies slug-identi-
fication and gives approximate fre-
quency ranges and specifications. Nylon. 
phenolic 611ars to replace nttallic rings 
available With kit for all  eramic coil 
forms except LS7 and LS8. 

NE W NYLON-PHENOLIC COLLARS. 
Terminals held securely; soldering spaces 
doubled; excellent for both bifilar and 
single pie windings. Show an increase in 
0 and many new benefits over metallic 
rings — without impairing in any way the 

moisture- and fungus-resistant qualities of 
coil form assemblies. 

2-I \ 
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0 
OESN'T COUNT 

Istruments of %sr must be unerringls 

dependable, and vsery part used in their 

onstruction must contribute to this standard. 

hat is schs II Menu Capacitors base ssott 

such %side recognition in their particular field 

. Because of their margin of C%(1%!  '.s id  safets 

factor the  are absolutels reliable 

For higher capacity values, which require extreme tempera-

ture and time stabilization, there are no substitutes for El-

Menco Silvered Mica Capacitors. El-Menco Capacitors are 

made in all capacities and voltages in accordance with 

military specifications. 

From the smallest to the 

largest each is paramount 

in the performance field. 

Write on your business letterhead 
for catalog and samples. 

M OLDED MICA 

Jobbers and distributors are requested to write for 
information to Arco Electronics, Inc., 103 Lafayette 
St., New York, N. Y. —  Sole Agent for Jobbers 
Ind Distributors in U. S. and Canada. 

CAPACIT ORS 
Radio and Television Manufacturers, Domestic and Foreign, Communicate Direct With Factory — 

TRI M MER 

1 
THE ELECTRO MOTIVE MFG. CO., INC.  WILLIMANTIC, CONNECTICUT 
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Advancement in 
Emergency Communication 
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REL type 757C transmitter 

Eimac tubes fill key sockets 

In continuous service transmitters 

'111 

New and unique in civil emergency communication systems is 

the New York City Fire Department's five borough radio network 

planned to meet the threat of any emergency, includ-

ing atomic attack. Transmitters designed by Radio 
Engineering Laboratories to give continuous operation 

are significant contributions to this electronic accom-
plishment. 

Eimac's 2C39A triode is utilized in REL's type 757C point-to-

Point radio relay transmitter operating in continuous around 
the clock service at 900 mc. The 2C39A is used in two stages 

—as a tripler from 150 mc. to 450 mc. and as a doubler from 

450 mc. to 900 mc. The 2C39A is a natural to serve in REL's 
757C where it can perform as a frequency multiplier at ultra 

high frequencies with excellent operating efficiency. This 

compact, rugged, h;gh-mu tube is designed for a variety of 
uses as a power amplifier, oscillator or frequency multiplier 

wherever dependability and durability are demanded. 

Two Eimac 4X500A's give dependable performance 

in +he REL type 715 emergency service transmitter. 
These external-anode tetrodes are in the power out-

put stage of the final amplifier in each of the New 

York City Fire Department's eight main station 350 

watt transmitters. Operating in the 150 mc. region 

the 4X500A's meet the challenge of 24-hour perform-

ance. Designed for application the 500 watt 4X500A 

has small size and low inductance leads which permit 

efficient operation at relatively large outputs well 
into VHF. 

• 
Write our application engineering de-
partment for the latest information and 
technical data about these and other 
Eimac tubes. 

Power amplifier of REL's type 715 

EITEL- Mc C ULL O U G H,  IN C. 
S A N  B R U N O,  C A L I F O R N I A 

Export Agents: Fraxor & Hansen, 301 Clay Street • San Francisco, California 
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wilcox 
ELECTRIC  COMPANY, INC. 

Fourteenth & Chestnut 

Kansas City 1, Missouri 

wilcox 

440A VHF AIRBORNE 

C O M M U N I C A T I O N S 

S Y S T E M 

Most dependable 

communications used 

by Scheduled, Non-scheduled, 

Corporate Aircraft Operators 

Advanced techniques and design 

are used to insure a maximum 
of performance and reliability with 

minimum maintenance time 

and expense. 

Covers all 180 channels (118-
136 sac/a) assigned to world-wide 

Civil Aviation—your protection 

against obsolescence. 

The most powerful transmitter 

available, plus a highly sensitive 

and selective receiver, provides 

dependable communications for low 

altitude operations and under 

adverse conditions. 

Write for specifications today 

r s . 



NE WS and NE W PRODUCTS 
JUNE 1952 

Junction Transistors 
Germanium Products Corp., 28 Cor-

nelison Ave., Jersey City, N. J., (a sub-
sidiary of Radio Development & Research 
Corp.) licensed by Western Elec. Corp., 
and S. I. Weiss, has announced the avail-
ability of a junction type n-p-n germanium 
crystal amplifier, Type RD 2517. 

'0 — 

The space saving possibilities,of this 
new transistor are expected to be utilized 
to such an extent that the chassis of a TV 
receiver will be reduced to the size of a 
cigar box. 
Power requirements are said to be 1 

millionth of a watt (0.000001). 
The specifications for the Type RD 

2517 are: 
Ec —45 v supply voltage-collector circuit; 
ic 400 pa collector current; 
ie —175 pa emitter current; 
Ee 1 to 3 v may be operated as self-biasing 
device by placing suitable resistor be-
tween emitter and base; 

A 20 db minimum gain at 1,000 cps; 
Zin 500 ohms input impedance; 
R1 60 k load resistance; 
frequency response: 4 db from 30 cps to 
20 kc.  . 

ambient temperature: 50°C. 
The transistors are being merchan-

dized through Federated Semi-Conductor 
Co., 66 Dey St., New York, N. Y. 

Toroids 
The Raytheon Manufacturing Co., 

Waltham, Mass, announce that they have 
complete facilities for large-volume pro-
duction,*as well as for engineering design 
and production of models, of custom-made 
transformers. 
More than 10 years' experience in de-

signing and building toroid-L units en-
ables Raytheon to design toroid-L-coils 
from the problem stage up, or to wind to 
specified C, L, and Q. values, precision 

ell lea 
#j fie 

44':‘'•„.1 
wound on temperature stabilized, pow-
dered permalloy cores, high-permeability 
solid materials, or stamped "0" cores. 
They are able to wind No. 20 to No. 42 

These manufacturers have  invited  PRO. 
CEEDINGS readers to write for literature 
and further technical information. Please 
mention your I.R.E. affiliation. 

wires on "wedding-ring" cores to small ul-
timate ID. 
Raytheon is equipped for litzendraht 

coil windings. Facilities for all types of 
winding are available, including square 
coils from strip materials for improved 
geometry. 

Miniature Connectors 
.1 he Elco Corp., 190 W. Glenwood Ave., 

Philadelphia 40, Pa. is introducing Van-
cons, miniature connectors that have 
various production and application fea-
tures. 
The connectors are rated at 30 amperes, 

and at 110 volts, withstanding voltage be-
tween closest terminals of 4,000 volts. 
Voltage is rated at 1,330 volts. Using four 
basic components, it is possible to assemble 
male and female connectors with any re-
quired number of contacts. The connectors 
can be furnished assembled, or can be put 
together by the user to suit his own re-
quirements. Stocking only the four com-
ponents, the user can produce finished 
connectors on a mass-production basis and 
yet make changes in the number of con-
tacts or polarity of any connector as 
needed. 

Capacitance is negligible. Contact re-
sistance is 0.0001 ohm and contact spacing 
is suitable for 300 ohm lines. Contacts are 
made of brass and phosphor bronze on 
beryllium copper, and are silver-plated; 
the body sections are of molded phenolic 
in general purpose or mica filled and alkyd 
resins. 
Specific information regarding the ap-

plication of the new Varicons in product 
design may be obtained from the Elco 
Corporation. 

Resistance Limit Bridge 

The General Radio Co., 275 Massa-
chusetts Ave., Cambridge 39, Mass., has a 
new Type 1652-A resistance limit bridge, 
which indicates on a panel meter the per-
centage deviation of unknown resistors. 
Deviation can be measured from an ex-
ternal standard or from an internal stand-
ard adjustable from 1 to 1,111,111 ohms 

in steps of 0.1 ohm. Maximum deviation is 
± 20 per cent and accuracy is between 0.2 
and 0.5 per cent, depending on application. 
The limit bridge can also be used to 

match one resistor to another, or as a con-
ventional decade Wheatstone bridge for 
resistance measurements by  the  null 
method. 

---
1' -1 .,,  •  • ••  •  • 

/. 

Production applications were of pri-
mary importance in the design of this 
bridge, although it is as useful in the 
laboratory and model shop as in manufac-
turing departments. To facilitate the speed 
and convenience of production measure-
ments, test jigs can be connected directly 
to panel terminals. 

Oscillator 
The Type 907, a fundamental oscillator 

continuously tunable over the frequency 
range of 35 to 900 mc has been developed 
by the Polytechnic Research and Develop-
ment Co., 55 Johnson St., Brooklyn, N. Y. 
The unit features a tank circuit design that 
permits a 30-to-1 tuning range with an 
output voltage of not less than 1 volt 
across 75 ohms at all frequencies. Other 
features include a video-type blanking 
circuit which yields a true horizontal zero 
base line and provisions for the introduc-
tion of an external frequency marker. 

1 lie 0(Allator may be swept in fre-
quency by means of a sinusoidally vibrat-
ing "tank" capacity which provides a 
sweep width of not less than 10 mc for a 
center frequency of 35 mc. The frequency 
deviation is greater than 20 mc for carrier 
frequencies above 60 mc. 
The rf output power is coupled from 

the sweep generator by means of a wave-
guide beyond the cutoff-type attenuator. 
The attenuator, which is terminated on the 
output end with a BNC connector, per-
mits continuous adjustment of the output 
voltage from 10 pv to 1 volt at all fre-
quencies. A resistance pickup loop provides 
a low vswr source impedance for the sweep 
generator over the operating frequency 
range. 

(Continued on page 394) 
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Are all branch of Resistors similar in Quality, 

• Specifications  nd Performance? 

• Naturally, no 

• L tne right to c 

• Brands of Resistors vary as widely in 

the completeness of a line and in per-

formance, as do brands of any other 

product. 

DAVEN originated the first pie-type, 

wire wound Resistor more than a gen-

eration ago.  Since that time, DAVEN 

has designed and manufactured Pre-

cision Wire Wound Resistors of every 

conceivable type to meet the increasing 

demands of the electronics industry. 

SUPER DAVOHM RESISTORS are noted 

for their high stability and accuracy un-

der extreme temperature and humidity 

conditions. DAVEN Resistors are made 

in accordance with JAN-R-93 specifica-

tions and are in use in all types of 

Army, Navy and Air Force electronic 

equipment. 

DAVEN has developed special small 

precision Resistors for use in minia-

turized assemblies. All types of mount-

ings, sizes, tolerances and temperature 

coefficients are available from a large 

variety of standard types. That's why 

DAVEN can fill your precision Resistor 

needs. 

Take advantage of DAVEN's ad-

vanced engineering and manufac-

turing techniques to help with any 

Resistor problem confronting you. 

THE DAvENCO. 
CENTRAL AVENUE 

NE WARK 4, NE W JERSEY 

That's why DAVEN has earned 

d a superlative in naming its lin 

<I; 

JUST OFF THE PRESS IS DAVEN''S 

IMPORTANT NE W BULLETIN ON RESISTORS. 

Write for your copy today and prove to yourself, from the 

information supplied, that when you order Resistors you should specify only . . . 

SUPER DAVOHNI Precision Wire Wound RESISTORS 



Measure Differential 

In Designing Tuned Circuits the effect on Q of,adding capacitors, 
iron cores, or resistors must frequently be determined. The Q 
of the separatecomponents is also often needed. These measure-
ments made on Q Meters formerly available required the use of 
a small difference between two large Q values in various formula.. 
This led to large errors. The Q Meter Type 190-A reads the 
difference between the Q of a reference circuit and the Q of this 
circuit when new components are added. The scale that indicates 
this Differential Q has a sensitivity 4 times as great as the scale 
which reads Q. The accuracy and ease with which Differential Q 
can be read is greatly improved by use of the 190-A Q Meter. 
The Q Meter Type 190-A has a "Lo Q" scale which reads Q 

down to a value of 5. The internal resonating capacitor is directly 
read and has a vernier arrangement for accurate reading of 
capacitance. The dial rotates approximately 10 times in covering 
the capacitance range. All readings are made on a single meter 
corrected for parallax. 

SPECIFI C ATI O NS 

FREQUENCY COVERAGE: 20 mc to 260 Inc. Continuously Varice3le in Four Ranges. 

FREQUENCY ACCURACY: Calibrated to  • 1%. 

RANGE OF 0 MEASUREMENTS: 5 to 1200. 

RANGE OF DIFFERENTIAL 0 MEASUREMENTS: 0 to 100. 

ACCURACY OF 0 MEASUREMENTS: Circuit 0 of 400 read directly on meter can 

be determined to accuracy of  • 5% to 100 mc and to  • 12 % to 260 mc 

INTERNAL RESONATING CAPACITANCE RANGE: 7.5 mmf to 100 mmf (direct 

reading) calibrated in 0.1 mmf increments. 

ACCURACY OF RESONATING CAPACITOR: • 0.2 mmf to 20 mml 

• 0.3 mmf to 50 mmf 
0.5 mmf to 100 mmf 

90-130 volts-60 cps (internally regulated). Power Consumption— POWER SUPPLY 

55 watts. 
(Specificotions subject to change without notice) 

PRICE: $625.00 F.O.B. Factory 

with 

The 0 METER 
Type 190-A 

SINGLE, EASY-TO-READ METER 

WITH PARALLAX CORRECTION 

FOR ALL FUNCTIONS 

• 0 indicating voltmeter: 50 to 400. 

• Multiply 0 scale: 0.5 to 3.0. 

• A differential Q scale for accurately in-
dicating the difference in 0 between two 
test circuits. 

• Additional accurate expanded scale for 
measuring low values of O. 

• A counter type resonating capacitor dial 
for improved setting and reading 
accuracy. 

• Regulated power supply for increased 
stability and accuracy. 

• Careful design to minimize instrument 
loading of circuit under test. 

BOONTO1  RADIO 
BOONTON • N J• U.S A 0-ta/L-t 

PROCEEDINGS OF THE I.R.E.  June, 1032 



A Molehill of Difference Can Make a Mountain 
of Trouble 
in Waveguides 

. . . A little difference in waveguides— 

imperceptible to the eye—can jeopardize 

a costly investment. 

If you want to be sure of your electronic 

equipment, if you want to reduce operational failures, 
insist upon Titeflex microwave components. 

Send for free catalog of uses, properties, 

and specifications. 

Rem•rnber this traffic-stopper at the 1952 IRE Show in Grand 
Central Palace a Its a torture test. Flexed well over 1,000,000 
times, Waveflex flexible Woveguides gave no evidence of failure 

or loss of physical or electrical properties. 

Fobriccrted to precision  methods, Titeflex  flexible  and  rigid 

Waveguides ore produced to the closest tolerances and to exacting 
specifications. Tileflex maintains strict quality control and inspection 

from raw materials to finished products. 

No Wovoguido pots by this department without a thorough elec-
trical check-up. Every single Titeflex Wavegvide is togged 

before shipment with its test score on JAN- W•287 specifications 
for flexible Woveguides or JAN- W-85A for rigid Waveguides. 

Let Our Family of Products Help Yours 
se Chock products you or* intisrostod in. 

itc to 
r SEAMED AND 
L- SEAMLESS METAL NOSE 

PRECISION BILLOWS 

—3 / 

IGNITI N HARNESS 

ELECTRICAL 
CONNECTORS 

'41) 
El RIGID AND ILEXIBLE 

WAVE GUIDES 
ri FILTERS 

rtur....,u. 
Lj IGNITION SHIELDING 

, 
.? 0 2  

LI FUSES 

Titeflex. 
TITEFLEX, INC. 

It Frelinghuysen Ave 
Newark 5, NJ 

Please send me without cost 

information about the products 
checked at the left 

NAME 

TITLE 

FIRM 

ADDRESS 

CITY 

MAIL 
COUPON 
TODAY 

ZONE  STATE 
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Don't be 

THE COURSE OF YOUR CAREER 
may depend upon what you do about 
your future—now. A sure way to 
miss success is to miss opportunity. 

Now is the time for qualified 
ELECTRONIC, ELECTRICAL and MECHANICAL 
ENGINEERS .  PHYSICISTS ... METALLUR-

GISTS .. . PHYSICAL CHEMISTS and GLASS 
TECHNOLOGISTS . . . as well as TECH-
NICAL SALES ENGINEERS to decide to 
take full advantage of the opportu-
nities now open at RCA to achieve 
professional success. 

LIFEL ONG CAREER OPPORTUNITIES 

These are not temporary positions. 
They are independent of national 
defense requirements. The openings 
represent a wide choice of long-term 

government projects as well as chal-
lenging work in the permanent ex-
pansion of a diversified line of com-
mercial products. 

YOU ENJ OY THESE BENEFITS 

At RCA, you enjoy professional 
status, recognition for accomplish-
ments . . . unexcelled research facili-
ties for creative work ... opportuni-
ties for advancement in position and 
income ... pleasant surroundings in 
which to work. You and your families 
participate in Company-paid hospi-
tal, surgical, accident, sicknessand life 
insurance. Modern retirement pro-
gram. Good suburban or country resi-
dential and recreational conditions. 
Opportunities for graduate study. 
Investigate opportunities today. 

Whatever your plans for the future —you 
will find the booklet "The Role of the 
Engineer in RCA" interesting reading. 
Write for your free copy. 

o your future% 

POSITIONS OPEN 
IN THE FOLLO WING FIELDS: 

TELEVISION DEVELOPMENT— 
Receivers,Transmitters and Studio 
Equipment 

ELECTRON TUBE DEVELOPMENT— 
Receiving, Transmitting, Cathode-Ray, 
Phototubes and Magnetrons 

TRANSFORMER and COIL DESIGN 

COMMUNICATIONS..... 
Microwave, Mobile, Aviation, Special-
ized Military Systems 

RADAR — 
Circuitry, Antenna Design, Computer. 

,  Servo - Systems, Information  Display 
Systems 

CO MPUTER DEVELOPMENT AND 
DESIGN 
Digital and Analog Computers, Mag-
netic Recording, Pulse Circuitry, 
Storage Components, Systems Design 

NAVIGATIONAL AIDS 

TECHNICAL SALES 

ELECTRONIC EQUIPMENT FIELD 
SERVICE 

MAIL RESUME 
If you qualify for any of the positions listed a6ove, send us a 
complete resume of your education and experience, also state 

your specialized field preference. Send resume to: 

11R. ROBERT E. McQUISTON, 
Specialized Employment Division, Dept. 9-IF 

Radio Corporat•   of America. 
30 Rockefeller Plaza, 
New York 20. N.Y. 

RADIO CORPORATION of A MERICA 
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Int9rnatimal 
RECTI4FIER 

C O R P O R A TI O N 

ehsoo Ra 
D-1224 
1/8" diameter 
1/4" length 
Potted in thermo-
setting compound. 

D-1224 

2 Times 
actual Size 

RMS applied voltage, ma, .  26 volts per cell 

Peak inverse voltage   60 volts per cell 

RMS input current, max.   500 microamperes 
DC output voltage   20 volts per cell 

Voltage drop at full load   1 volt per cell 

DC output current, avg. . ...  200 microamperes 
DC output current, peak   2.6 milliamperes 

Max. surge current ....   10 milliamperes 

Reverse leakage at by RMS   0.6 microampere 

Reverse Leakage at 26V RMS .... 3 microamperes 

Frequency max. CPS   200 KC 

Also available in 2-cell Diodes 

EL SEGUNDO 
CALIFORNIA 

e'N 

Li 

D-1290 
RMS applied voltage, max.   26 volts per cell 

Peak inverse voltage   60 volts per cell 

RMS input current, max.   3.75 milliamperes 

DC output voltage   20 volts per cell 
Voltage drop at full load   1 volt per cell 

DC output current, avg.   1.5 milliamperes 
DC output current, peak   20 milliamperes 

Max. surge current   80 milliamperes 

Reverse leakage at 10V RMS .  2.4 microamperes 
Reverse leakage at 26V RMS   12 microamperes 

Frequency max. CPS   100 KC 

Also available in 2, 3 and 4-cell Diodes. 

r 

2 Times 
actual Size 

International 
RECTIFIER  CORPORATION 

D-1290 
5/32" diameter 
9/32" length 

Potted in thermo-
setting compound. 

GENERAL OFFICES: 

1521 E. Grand Ave. 
El Segundo, Calif. 
Phone El Segundo 1890 

CHICAGO BRANCH OFFICE: 

205 W. Wacker Dr. 
Franklin 2-3889 
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Adventurers 
in Research.. 

Dr. Joseph Slepian 

INVENTOR-SCIENTIST 

One of the world's foremost authorities on the 
behavior and control of the electric arc. Ile 
left his job as mathematics instructor at 
Cornell University in 1916 to uork as a coil 
winder in the Westinghouse East Pittsburgh, 
Pa., plant. But his brilliant handling of engi-
neering problems won immediate attention. In 
1922 he was named head of the general research 
section, four years later Research Consulting 
Engineer, and in 1938 was appointed Associate 
Director of the Research Laboratories. 

His colleagues at the Westinghouse Research Laboratories say 

of Dr. Joseph Slepian that "he can look at an electric arc and 

see not fire and heat, but all of the atoms, ions, and molecules 
arranged in a neat mathematical formula". They also say that 

if you want to know anything about arcs, Slepian is your man. 
Dr. Slepian's work with the electric arc hasn't remained in 

the realm of pure mathematics, however, for he combines with 

it a practical knack for invention that has produced some 225 

patentable ideas thus far in his career. This prolific record has 

prompted one of his associates to remark that "if Dr. Slepian 

takes a pencil out during lunch, it's almost a sure bet another 
patent is in the making". 

He developed the "De-ione"circuit breaker and the "De-ion" 

protector tube, which have helped pave the way for trans-

mission of power at higher voltages and for the greatly im-
proved defense of power lines against lightning. To cite just 
one instance, before"De-ion"flashover protectors were installed 

on a 47-mile stretch of line in a western state, there were 46 

interruptions a year because of lightning. Afterwards, inter-

ruptions averaged less than two a year. 
Similarly, Dr. Slepian's study of arc behavior led to the devel-

opment of the Ignitron mercury-arc rectifier. Perfected in 

the 1930's, the Ignitron came into its own in 1940 when the 
requirements of aluminum production reached an all-time 

high. Now Ignitron installations provide the direct-current 

power for magnesium and aluminum plants the nation over. 

The Ignitron has also been adapted as the control element in 

electrical circuits that generate power for two of the nation's 

largest cyclotrons. And its most recent application is in the 
field of electrified locomotives, where it promises greater 
simplicity and economy of operation. 

A keen and agile thinker, Dr. Slepian likes nothing better 

than to joust with younger researehers.on scientific topics. One 

of his favorite bobbies is to devise plausible but impossible 

inventions and then challenge his colleagues to find the flaw. 

Of the many honors bestowed on Dr. Slepian, nearly all 

have stressed the happy combination of pure science and 
practical inventiveness. It is the kind of combination that at 

Westinghouse has made for the continuous flow of new and 

improved equipment, while providing a fruitful source for • 
the products of tomorrow. Westinghouse Electric Corporation, 
Pittsburgh, Pennsylvania. 

G-10226 

YOU CAN BE SURE...IF 17..ce. W esti nghouse 
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WP.111-FM•TV Broadcasting Station, Prorodence, R.I., using a Truscon Sell-Supporting Roth." 
Tower 431 foot high, to support an RCA-TV Double Antorina 2-Soction Pylon 14.7 Not high. 

Years of research and development are represented in this Truscon Self-Supporting Radio 
Tower, designed and erected by Truscon for WPJB-FM-TV Broadcasting Station, Provi-
dence, Rhode Island. 
In every corner of America, and in many foreign countries, there are out-
standing examples of Truscon Tower design for AM, FM, TV and Micro-
wave broadcasting. Truscon has designers, engineers, and fabricators with 
an unexcelled fund of practical knowledge to meet every tower requirement. 
Your phone call or letter to any convenient Truscon district office, or to 
our home office in Youngstown, will bring prompt, capable engineering 
assistance on your tower problems. Call or write today. 

TRUSCONO STEEL COMPANY 
Subsidiary of Republic Steel Corporation 

1074 Albert Street, YOUNGSTOWN 1, OHIO 

TRUSCON ... a name you can build on 

35A 
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MOISTURE 

FUNGUS 

VIBRATION 

SALT SPRAY 

ROTATIONAL WEAR 

MALLORY 
SERIES Q CARBON CONTROLS 

withstand them all! 

Now .... from Mallory ... you can get a carbon 
control that takes the toughest service conditions 
in stride. It's the Q series Midgetrol® ... a new 
version of this outstanding control, with added 
features that make it applicable to the most 
severe requirements: 

NEGLIGIBLE HUMIDITY DRIFT: carbon is deposited 
under precise control on a base material which 
affords greatly improved stability under 
humid conditions. 

IMPROVED INSULATION: selected for unusually 
high insulation resi-lance and extremely low mois-
ture absorption ...I huroughly fungus-proofed. 

SALT SPRAY RESISTANCE: all metal parts pass 100. 
hour salt spray test. 

LONGER ROTATIONAL LIFE: hard nickel silver con-
tacts limit wear, assure long service. 

For special service, these additional features can 
be supplied: 

WATERPROOFING: gasket-sealed shaft bushing 
packed with silicone grease, and gasket-sealed panel 
mounting. 

VIBRATION-PROOFING: luck-type split bushing pre-
\ cut. slial-t rotation c‘en under heavy vibration. 

cl series Nlidgetrols are supplied in values from 
5000 ohms to 10 megohms in all standard JAN 
tapers. Single or dual units are available, with or 
without attached sAvitch, 

I. 

Wire Wound Controls 

for Military applications 

Look to Mallory for Q series wire wound 4:pn-

trols made especially for Military service 
. . .  • available with all the construction 
features listed for Q series Midgetrol car-
bon controls. 

Be ready for those tough application,: find out about Mallon 
Q series Midgetrols now. Call or %%rite Mallory today. 

Television Tuners, Special Switches, Controls and Resistors 

MALLORY 
P. R. MALLORY & co.. Inc. SERVING INDUSTRY WITH THESE PRODUCTS: 

Electromechanical—Resistors • Switches • Television Tuners • Vibrators 

Electrochemical—Capacitors • Rectifiers • Mercury Dry Batteries 

Metallurgical—Contacts•Speciai Metals and Ceramics 'Welding Materials 
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Connector frobig? 
.We'll take it from HERE 
Good ideas for electronic circuitry sometimes run afoul 
of connector problems. Maybe existing connector units 
won't hold air pressure gradients, won't stand the heat, 
aren't rugged enough for the job. Or maybe it's a ques-
tion of altitude, or under-water application. But if you 
can sketch the circuit, we'll take it from there. We've 
engineered so many special connectors, solved so many 
"impossible" problems, that whatever the requirements 
are, we can usually provide the answer. 

H W RITE T O D AY 'orfor  specific information, or send us your 

sketches. Well forward recommendations promptly. 

BREEZE 
Special CONNECTORS 

BREEZE CORPORATIONS, INC. 

Lightweight actuators for 

any requirement. 

Flexible conduit and ig-
nition assemblies. 

ti 
Job engineered, welded-
diaphragm bellows. 

Aero-Seal vibration-
proof hose clamps. 

Removable pies in Breeze connectors speed solder-

ing, save time, trouble. Pins snap back into block. 
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For Applications 

Triplett 630A Has No C ,ounterpart 

with a Mirror-Scale 

%%MI Y2% resistors 

Try it at your distributor's 

TRIPLETT ELECTRICAL INSTRUMENT CO., BLUFFTON-
OHIO 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 28A) 

Clipper Diode 
Designed for high-voltage pulse ap-

plications, a new clipper diode, of the Los 
Gatos Type 719A, has been developed by 
Lewis and Kaufman, Inc., Los Gatos, 
Calif. It is recommended for use in pulse 
generators where the pulse-repetition rate 
is 2,000 pps or less and the peak forward 
current is 10 amperes. Peak inverse rating 
is 25,000 volts. 

Conservatively rated at 75 watts, the 
tube incorporates a new black-body heat-
dissipating anode surface, termed Sinter-
cote. 
Of large size and designed for extreme 

sturdiness, the cathode is entirely sup-
ported from the base of the tube. The 
heater draws 7 amperes at 7 volts. The 
tube has a maximum height of 51 inches 
and a maximum diameter of 219-6 inches. 
It fits a standard No. 234 socket. 

FM Signal Generator 
The New London Instrument Co., 

P.O. Box 189, New London, Conn. an-
nounces the Type 100B FM signal genera-
tor, covering a 20-to-110-mc frequency 
range. 

eatures of tius generator include: (1) 
Low distoition. At 150-kc deviation, typi-
cal distortion is 2 per cent at 1,000-cps 
modulation to a maximum of 4.5 per cent 

(Continued on page 40A) 

WFF 

I  I I for maximum 
radio interferepce 

suppressio' 
44+4- H-t-i-14Tr 

Fully approved for RF measurements, standard Ace screen 

rooms provide 100 db attenuation from 0.15 to 10,000 

megacycles. Special rooms are available for higher atten-

uation. Used for radio interference evaluation and suscep-

tibility tests; spurious radiation tests; radio inspection and 

quality control; area background interference elimination; 

type testing of electrical and electronic equipment; and 

others. Widely used in government laboratories and leading 

industrial plants. Ideal for meeting JAN-I-225,  16E4, 

MIL-I-6181 and other exacting specifications. 

Writ*, wino or 'phone for details 

ACE  and MACHINE CO., Inc. ENGINEERING 
3644 N. Lawrence St., Philadelphia 40, Penna.  • Telephon•: REg•nl 9-1019 

i_L  LL LE LL  LL L_  L— 
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News—New Prod u cts 

" " ew _ ANTENNA* 

for VHF and UHF 

400/111111111111111111 

television 
The ANDRE W "Skew" Antenna 

is the only antenna which provides 

a circular radiation pattern from 

antenna elements placed around a 

supporting structure which is 

larger than a half wave-length 

on a side! With the "Skew" 

Antenna, it is possible to mount 

a multiplicity of TV antennas 

on the sides of tall buildings, on 

the sides of existing towers — 

even towers which also support a 

standard antenna on top. The 

economy offered by a joint 

operation of this type is obvious. 

At present, the "Skew" 

Antenna is custom built for 

each installation and con-

sequently general performance 

specifications cannot be de-

lineated. However, ANDRE W 

engineers will be glad to 

discuss its application to 

specific situations. 

ANDRE W four element "Skew" 

Antenna on the conical end of the 

mooring mast of the Empire State 

building, used as auxiliary by 

WJZ-TV. Lower on the mooring 

mast, artist's sketch shows the 48 

element ANDRE W "Skew" 

Antenna to be installed for WA TV. 

'Patents applied for 

A NTE N N A  SPECI ALISTS 

C O R  P O R A TI  O N  •  363 EAST 75TH STREET, CHICAG O  19 

LINLS iCf2  MT • A.:I E:•:4AS • DIFECTRDNAL 
ANTENNA EQUIPMENT • ANTENNA TUNING UNITS • TOWER LIGHTING EQUIPMENT - 

40, \ 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued front page 39A) 

at 15,000-cps modulation. Distortions are 
proportionately lower for deviations smal-
ler than 150 kc. (2) Precise Tuning. In 
addition to a fine tuning knob, the single-
band frequency range can be more pre-
cisely adjusted with an incremental fre-
quency dial which changes the carrier up 
to ± 100 kc. (3) Precision piston attenua-
tor, with a 100,000-to-0.02-µv output. (4) 
Low drift. No reactance tube is used. It 
includes a single-tube rf circuit and a 
temperature compensated oscillator. Low 
leakage. The rf compartment is enclosed in 
a silver-plated, cast-bronze cavity. There 
are minimal spurious outputs. No hetero-
dyning, mixing, or multiplying is used. (5) 
External and internal (100- to 15,000-cps) 
modulation. The price is $950. F. 0. B., 
New London, Conn. 

Simplified Frequency 
Standard 

Standard frequency harmonics of 1 mc, 
100 kc, and 10 kc, with output frequencies 
as high as 1,000 mc, are available from the 
new GR Type 1213-A unit crystal oscilla-
tor, a product of the General Radio Co., 
275 Massachusetts Ave., Cambridge 39, 
Mass. Short-period stability (several hours) 
is about one part per million (0.0001 per 
cent). 

Usable 1-mc harmonics extend to 1,000 
mc and the 100- and 40-kc harmonics to 
at least 250 and 25 mc, respectively. With 
good receiving equipment the 10-kc har-
monics can be used to 30 mc and higher. 
The 1-mc crystal is a plated, wire-

mounted, hermetically sealed unit with a 
low temperature coefficient of frequency. 
The crystal and its series capacitor form a 
series-resonant circuit connected between 
two low-impedance cathode circuits. This 
circuit gives a very stable crystal oscillator 
with a minimum number of components' 
Following the oscillator are two  10:1 
multivibrators which provide the 100-and 
10-kc output frequencies. 
The unit crystal oscillator is designed 

to be operated from a Type I203-A unit 
power supply, which plugs onto the side of 
the case. However, any power supply 
capable of furnishing the proper voltages 
and currents can be used. The Type 1213-
A unit crystal oscillator is priced at 
$130.00 and the Type 1203-A unit power 
supply at $47.50. 

(Continued on page .54A) 
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for 
MARINE 

COMMUNICATIONS 

Or 
TANK 

GAUGING 

BY GUARDIAN 

Leading manufacturers of marine radio equipment specify Guardian 
Controls for high efficiency handling of military ship to ship and ship to 
shore communications. Perfected through twenty years of development 
and use in commercial travel ships and warcraft, Guardian controls 
have served so faithfully in marine radios that they've justified their 
selection for a wide variety of intricate applications. For example, 
Guardian Controls have been used exclusively over more than fourteen 
years to transmit and receive remote readings on Telematic Liquid 
Level gauge systems. At the touch of a button, instantaneous readings of 
remote storage tank levels appear on the indicator panel in the control 
room. Leading pipeline companies and oil refineries report not a single 
service call since original installations made more than fourteen years 
ago. Let Guardian Controls serve you ... just as well! 

AN-3370-1 D C AN-3324-1 D.C. 

Get Guardian's New HERMETICALLY SEALED RELAY CATALOG Now! 

141111.1 ft,,,, 

Telematic Indicator Panel 
Telematic Corporation —Chicago 13, III. 

Series 610 A.C.-615 D.C. Series 695 D.C. 

•44 0  

Series 595 D.C. 

GUARDIAN çG ELECTRIC 
CHICAGO  12, ILLINOIS 1628-G W. WALNUT STREET 

A COMPLETE  LINE  Of  NCLAYS  RVING AMERICAN 
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"Boy! What a 
signal we have!" 
That's how George D. Robinson, Man-
ager of WSUN, St. Petersburg, Florida, 
expressed his satisfaction with the per-
formance of two new Blaw-Knox Antenna 
Towers that help extend the coverage of 
WSUN's transmitting facilities. These 

AM and FM* towers, grounded in salt 
water are subject to high winds and un-
usually corrosive atmospheric conditions. 
Consequently the extra sturdy construc-
tion of Blaw-Knox Types H40 and CH, 

plus the protection of hot dip galvanizing 
were prime factors in determining their 
selection for this site . . . If you are plan-
ning telecasting facilities we would be 
pleased to discuss your tower require-

ments at an early date. 

BLA W-KNOX DIVISION 
OF BLA W-KNOX COMPANY 

7037 Farmers Bank Builchng 

Pittsburgh 22, Pa. 

*Tower at left is designed to accommodate TV antenna 
when authorized. 

itialcrasmialo*Pd" ' 

BILAW-KNOX4NrEmTOWERS 
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Cutaway view of Clare Type 

"K" hermetically sealed relay. 
Clare Type "1" twin contact re-

lay before sealing in enclosure. 

Another type of enclosure lcut 

away) shows compactness of GS 

sembly. 

USAF 49136902  

IP  00 

SEALEDA's  I  DP uviirii 

1.!,0 5- , 
VOLT  24•2 ,1r 

"AN" approved Clare hermeti-

cally sealed relay with "AN" 

plug connector. 

Connection diagrams are clearly 

and permanently imprinted on 

enclosures by silk screen process. 

offer designers 

wide range of relays 

and enclosures 

Long established as leaders  the design 
and manufacture of superior relays for 
all types of industrial use, C. P. Clare & 
Co. are pioneers in the development of a 
method of hermetic sealing which insures 
their long-life protection against unfavor-
able atmospheric and environmental con-
ditions. 

Hermetic sealing, as practiced by Clare, 
injects an ideal atmosphere of dry inert 
gas and seals it in to provide permanent 
immunity from the natural enemies of 
relays—moisture, pressure and density 
changes, salt, corrosive fumes, dust and 
fungi. 

Fifty and more different series of Clare 
hermetically sealed relays are now avail-
able to relay users. Within each series 
innumerable variations of coil and con-
tact specifications are possible. 

For a full treatment of the subject of 
hermetic sealing—the Clare way—as well 
as a description of many types of Clare 
hermetically sealed relays, write for Clare 
Sales Engineering Bulletin No. 114. 

Address C. P. Clare & Co., 4719 West 
Sunnyside Avenue, Chicago 30, Illinois. 
In Canada: Canadian Line Materials Ltd., 
Toronto 13. 

First in the Industrial Field 
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PUT IT IN WRITING WITH A BRUSH RECORDING ANALYZER... 

Records Voltage and Current 
On One Chart! 

• This Brush Direct-writing Dual-channel 
Oscillograph plots starting voltage and current of 
a fluorescent lamp simultaneously . . . thus aids 
a leading manufacturer in design and test work. 

Use the Brush Magnetic Oscillograph, in 
combination with the proper Brush Amplifier, 
to make an immediately available direct chart 
recording of physical and electrical phenomena. 
Direct-inking or electric stylus models available. 
Gear shift provides chart speeds of 5, 25, and 
125 mm per second. An auxiliary chart drive 
is available for speeds of 50, 250, and 1250 mm 
per hour. Accessory equipment provides event 
markers where an accurate time base is required, 
or where it is desirable to correlate events. 

RECORDS SIX VARIABLES SIMULTANEOUSLY. The Brush six-channel 
Magnetic Oscillograph is designed for simultaneous recording 
of six electrical phenomena, with a chart record immediately 
available. In this application the results of six different computa-
tions of an electronic differential analyzer are recorded. Instru-
ment facilitates multiple strain measurement, vibration analysis, 
wind tunnel work, circuit analysis, etc. Either d-c or a-c 
phenomena up to 100 cycles can be recorded. 

For Bulletin 618 giving details on these in-
struments, write The Brush Development Co., 
Dept. F-31, 3405 Perkins Ave., Cleveland 14, 
Ohio. Representatives located throughout the 
U. S. In Canada: A. C. Wickman Ltd., Toronto. 

THE 

"PLAYS BACK" TRANSIENTS. The Brush Transient Recorder is 
designed to record and reproduce transient phenomena of 
IA second or less. This instrument records transients on tape, 
then reproduces them for visual analysis on an oscilloscope. 
Signals can be shown complete, or expanded on the screen 
to show detail. Electrical transients or other transients which 
can be converted into electrical impulses can be studied. 

tad 
Piezoelectric Crystals and Ceramics 

Magnetic Recording 

Acoustic Devices 

Ultrasonics 

DEVELOPMENT COMPANY  Industrial & Research Instruments 
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.27 You can dye it 

and call it MINK 

but it  .V01' 
/4 

You can tighten it up 

and call it "HERMETIC" 

but it  NOT 

TERMINALS 
rn  PROTECT PRODUCT 

is  PERFORMANCE 

\t, 4, 
•eR M EA 

The dictionary says "hermetic" 

means made airtight by 

fusion or soldering. 

FUSITE GLASS-TO-METAL 

TERMINALS PERMIT A 

TRUE HERMETIC SEAL, 

QUICKLY, EASILY AND 

INEXPENSIVELY. 

THE MITE CORPORATION 
6028 FERNVIE W AVENUE  CINCINNATI 13, OHIO 

Df•pt A 
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MILITARY 

e 
TYPICAL APPLICATIONS IN WHICH CP DEHYDRATORS PROVIDE 
YEAR 'ROUND TROUBLE-FREE AUTOMATIC SERVICE: 

Purging and pressurizing transmission lines, waveguides and associated 
apparatus. 

Pressurizing large cavities and other radio and radar equipment 
enclosures. 

4IFog prevention in precision optical systems. 

Corrosion prevention in precise servo amplifier assemblies. 

For raising and maintaining the power handling capacity of high volt-

age systems and apparatus and innumerable other similar applications. 

CP DEHYDRATORS OFFER THE FOLLOWING UNIQUE FEATURES: 
Low dewpoint • operating pressure up to 100 lbs. per square inch 

fully automatic operation • continuous duty performance • low noise 

level • minimum vibration • long service life with minimum maintenance 

1 .)  

MANUFACTURERS OF COAXIAL TRANSMISSION LINE, TO WER HARD WARE, 0 
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••• Custom 
Designed 
for every 
Government 
and Military 
Application 

CP dehydrators are readily adaptable to the critical requirements 
of the Armed Forces. Standardized parts permit rapid assembly 
of equipments suitable for practically any specialized need 
at minimum cost and without prolonged delay. Over a decade of CP 
experience in dehydrator design and manufacture insures 
products of long life and dependable service with an absolute 
minimum of maintenance. Inquiries are invited. 

COMMUNICATION PRODUCTS 

COMPANY • Inc 

DIPOLE ANTENNAS, SWITCHES, 0-MAX LACQUER AND CEMENT 

MARLBORO,  NE W  JERSEY 

Telephone: FReehold 8-1880 
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Oscillograms tell the story 
of the NEW DUMONT Type 303-A 

EXCELLENT FREQUENCY RESPONSE... Figure 1 
shows faithful reproduction, lack of overshoot 
of 0.8 psec, 7 volt peak pulse through attenu-

ator and amplifier (middle waveform) com-

pared with same pulse directly to deflection 
plates (upper) ... internally generated 1 MC 

timing signal is imposed below. .. note that 
high sensitivity of Type 5YP- Cathode-Ray 

Tube is responsible for large deflection of 
directly connected pulse ... gradual drop-off 

of frequency response permits viewing of sine-
wave signals greater than 20 MC. 

PULSE RISE TIME MEASUREMENTS ... Rise time 
of the 0.8 psec pulse seen in Figure 1 is easily 
measured . .. Figure 2 shows the rise time at 
a sweep speed of 10"/psec (25.4 em/psec) 
determined by the 10 MC internally generated 

timing signal... Between 10% and 90% ampli-

tude points, pulse rise time measures 0.4" or 
0.04 psec . Y-amplifier rise time of the new 

Type 303-A is 0.033 psec ... pulse is found to 
be of 0.02 psec rise time from the relation: 

-2 
ulse = N T2  r Tp measured —  amplifier 

WIDE-RANGE POSITIONING CONTROL...Fall 
time of the 0.8 psec pulse seen in Figure 3 is 
easily positioned on screen . . . writing rate 

remains at 10"/psec, fall time occurring 8" 

after rise time on this time base ... sweep is 
expanded to 6 times full screen diameter with-
out appreciable distortion and any portion of 
sweep may be positioned on screen. 

DUMONT 
Allen 

48A 

B.  DuMont 

HIGH SWEEP SPEEDS . . . Sweep speeds consi• 
(lera lily in excess of the rated 10"/psec arc 

available as shown by Figure 4 where a single 

cycle of 10 MC timing signal covers 2" on 
screen . . . above 10"/psec, some sacrifice in 

positioning range and sweep linearity is expe-
rienced but measurements are still made accu-

rately by time-calibration substitution. 

ACCURATE TIME AND AMPLITUDE MEASURE-
MENTS ... In Figure 5 sweep speed is 2"/psec 

(5.08 cm/psec) as shown by the 10 MC timing 
signal . .. vertical sensitivity is set at 5 volts/ 

inch (2 volts/cm) by the 10 volt internally-

generated amplitude marker .. . The pulse is 
seen to be 0.8 psec duration measured between 
50% amplitude points and 7.2 %colts peak 
amplitude . . . note the 1.5" of undistorted 

deflection from the unidirectional signal. 

The illuminated calibrated scale seen in all the 
oscillograms is supplied with the instrument 
as well as suitable filter for visual contrast. A 
new Du Mont Type 2592-52 Shielded Coaxial 

Adapter with 52 ohm termination is also sup-
plied for use in connecting to the Type 
303-A signals that are carried on coaxial lines. 

Let us make this demonstration for you... 

Write to 

Instrument Division 

Allen B. Du Mont Laboratories, Inc. 
1500 Main Avenue, Clifton, New Jersey 

SPECIFICATIONS 

• Y-Sensitivity: 0.1 p-p v/in (0.04 p-p 
v/cm.) 

• Y-Frequency Response: Down less than 
30% at 10 cps and 10 MC. 

• Pulse Response: 0.033 psec. 

• X-Frequency Response: d-c to 700 KC 
(30% down.) 

• Sweep Speeds: 0.1 sec to 2 psec; expansion 
on all ranges to 6 times full screen; max. 
linear sweep speed better than 10"/psec 
(25.4 cm/psec.) 

• Amplitude Calibration: 0.1, 1.0, 10, 100 
volts, better than ± 5% accuracy. 

• Time Calibration: 0.1. 1.0, 10, 100 psec, 
better than ± 3% accuracy. 

• Illuminated scale with dimmer control. 

• Du Mont Type 2592-52 shielded coaxial 
adapter with 52 ohm termination 
included. 

01 4 PRICE $825 

1 

2 

3 

4 

5 

Laboratories, Inc. Instrument Division,  1500 Main Ave.,  Clifton,  N. J. 
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YOU'RE GETTING 

SMALLER... 
SMALLER... 
AND SMALLER 

"Eveready" No. 9 W "A" batteries 

and the No. 467 "B" battery make 
an ideal combination for 

portable receivers. 

EVEREADY 

iNEcivEs'T_ 
EVEREADY 

TRADE-MARK 

'ow 

AN . ,  U MW" 

You Ca/7 use yoga 
to make #794.. 

BUT it's simpler to design the 
radio around the battery! 

"EVEREADY" "Nine-Lives" radio batteries offer you a complete 
range of standard types and sizes. You can start with the batteries and 
design around them... regardless of the type or size of new-model 

receiver. 
Compact and long-lasting, "EVEREADY" radio batteries give 

better radio performance with fewer replacements. And, when replace-
ments are necessary, they're a cinch for the user to obtain because 
"EVEREADY" brand batteries are available everywhere. 
Write to our Battery Engineering Department for full details and 

specifications of "EVEREADY" radio batteries. 

RADIO  BATTERIES 

The terms "Eyeready", "Nine Lives" and Hie Cot Symbol 
ors trade-marks of Union Carbide and Carbon Corporation 

NATI ONAL CARB ON CO MPANY 

A Division of Union Carbide and Carbon Corporation 

30 EJI•1 42nd Slr....11, N.V/ York 17, N. Y. 

District Salt, Offices: A 1.1 min. ( hicago. 1),111,0, htIllkilM City. 
New York, l'ittiihorith, San Francisco 

In Canada: National Cerbosi I.  • d. Montreal, Toronto, Winnipeg! 
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D.C. MICROAMMETER 

Battery-operated... 
completely portable 

FEATURES: 

• Reads from 0.0002 microampere to 1000 micro-
amperes in six ranges. Will indicate current flow 
below one-billionth ampere. 

• Can be used with external battery to measure 
extremely high resistance values in the order of 
billions of ohms. 

• Meter movement electronically protected against 
burnout. 

• Can be used as a voltmeter (external multipliers in-
cluded) to measure voltages from 0.1 volt to 10 volts 
at input resistances from 100 to 1000 megohms. 

• Voltage drop for full-scale deflection on all ranges 
is only 0.5 volt. Has 50-megohm input resistance 
on lowest range. 

• Battery-operated for excellent stability and com-
plete freedom from effects of power-line voltage 
fluctuations. Readily portable. 

$100.00,  Suggested  User Price (Batteries  not 
included). 

SPECIFICATIONS: 
SIX DC CURRENT RANGES: 

0 to 0.01, 0.1, and I microampere: 0 to 10, 100, 
and 1000 microamperes. 

ACCURACY: 

On 0.01-Microampere Range., 5% of full scale 
On All Other Ranges .   4% of full scale 
Voltage Drop for Full-Scale Deflection 

0   5 colt on all ranges 

INTERNAL SHUNT RESISTANCE: 

0.01- Lamp Range. 
0.1- Lamp Range 
I- Lamp Range 
I 0- Lamp Range   
100- Lamp Range. 
1000-.amp Range 

POWER SUPPLY: 

"A" Batteries . 

50 mogohms 
 5 megohms 

 0.5 megohms 
50,000 ohms 
5  000 ohms 

 500 ohms 

"B" Batteries   
2 11/2  volts (R CA -VS106) 
2, 22 1/2  volts (RCA-VS102) 

DIMENSIONS: 

91/2  High, 61/4  Wide. 5' .1  Deep 

WEIGHT: 

91/2  lbs. (incl. batteries). 

0 
LOVF 

Useful in laboratories, 
industrial plants, broadcast stations . . . for the measure-
ments of minute currents, critical voltages, high resistance 

The RCA-84A Ultra-Sensitive DC 
Microammeter is a battery-operated 
vacuum-tube microammeter designed 
for the measurement of minute direct 
currents. The instrument has six scales 
for reading currents from 0.0002 micro-
ampere to 1000 microamperes; a ratio 
of 5,000,000 to 1. 
The amplifier circuit is designed so 

that the maximum meter current is lim-
ited to a safe value. This feature protects 
the instrument against meter burnout. 
The meter has a large face with wide 
scale divisions that are easy to read 
accurately. The meter movement is suit-
ably damped to bring the pointer quickly 
to its reading position with negligible 

overswing and without oscillation. The 
selector switch opens the battery cir-
cuits when in the "off" position, and, 
in addition, functions as a polarity-
reversing switch to eliminate the need 
for reversing leads when the current 
polarity changes. 

The vacuum tubes employed have 
low-drain filaments. In addition, the 
circuit has been designed to keep the 
plate current low. Consequently, bat-
teries have an exceptionally long life. 

• 
Ask your RCA Test Equipment Dis-
tributor for descriptive bulletin, or write 
RCA, Commercial Engineering, Sec-
tion FX 47, Harrison, N. J. 

TMKS. 

RA DIO CORPORATIO N of A MERICA 
TEST EQUIP MENT 

H A R RIS O N, N. J. 

50A 
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Shielded Laboratory for R.F. 
Interference Measurements 
from 14 kc. to 1000 am. 

Production Testing 
and Inspection 

• 

Capacitor Winding .• 

Vacuum Impregnation 

in 

• QUALITY 
• PRODUCTION 

• ENGINEERING 
FILTROWS COMPLETE FACILITIES: capacitor manu-
facturing, coil winding, stamping department, 
tool and die shop, and assembly department, 
together with its Engineering and Research 
laboratories insures quality production and ON 
SCHEDULE DELIVERY. 

FILTROWS advanced engineering, due to 
constant research and development by engi-
neers with years of R.F. INTERFERENCE ex-
perience has resulted in smaller, lighter, 
and more efficient R.F. Interference Filters. 

FILTROWS completely equipped shielded lab-
oratory is available for the R.F. Interference 
testing and filter design for yocr equipment 
...to specification requirements. 

With over 400 standard filters to choose. 
from, and the engineering know-how to cus-
tom design filters to meet specific size and 
mounting requirements, Filtron's engineers will 
specify the right filter for your application. 

FILTRONS are suppressing R.F. Interference in 
modern Military Aircraft, Naval Equipment and 
Ground Signal Installations. 

FILTERED BY FILTRON means ... 
RADIO INTERFERENCE FREE PERFORMANCE. 

RF INTERFERENCE FILTERS FOR: 

Electronic Controls 
Electric Motors 
Electric Generators 
Electronic Equipment 
Fluorescent Lights 
Oil Burners 

Send for your copy of our NEW CATALOG 
on your company letterhead. 

Signal Systems 
Business Machines 
Electric Appliances 
Electronic Signs 
Electronic Heating 

Equipment 

THE -F T M O N-CO. ,INC. 

131-05 FO WLER AVE., FLUSHING, NE W YORK 

LARGEST EXCLUSIVE MANUFACTURERS OF RF INTERFERE NCE  FILTERS 

LOCKHEED XF•90 

PRO(  r,. oh I Ilk JR /  /um, 
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GUIDED MISSILES have become 

one of the major military 

elements in the over-all 

tactical defense picture. 

Troops of the U. S. Army are 

being trained in the handling 

and application of these ground-

to-air missiles, designed and 

produced specifically for tactical 

training purposes by Fairchild. 

This program, forming the 

basis for future use of missiles 

requires specialized training 

on theEe specialized weapons. 

Fairchild experts and equipment 

are playing their part in this 

basic tactical missile training 

program for the use of this 

effective defense weapon of 

the future. 

_ F. ENGINE AND AIRPLANE CORPORATION 
AIRCHILD 
z'edM d  

WYANDANCH, L.I , N 

Fairchild Aircraft D sion, Hagerstown, Md. 

Fairchild  Engine,  Farmingdale, N.Y. 

Stratos Division, Bay Shore  .I I., N.Y. 
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On March 3, Rauland unveiled the 
first "giant-screen" tube that makes 
attractive cabinetry possible. 
This new 27" tube, with 390 square 

inch picture area, minimizes cabinet 
problems in two ways. First, it has 
the compactness of rectangular rather 
than round cone and face. Second, by 
means of 90° deflection, depth has actu-
ally been held slightly shorter than pres-

ent 20" tubes! 
The tube employs Rauland's usual 

"reflection-proof" filter glass face plate 
with maximum reflection of only 234% 
of incident light. It uses the Rauland 

tilted offset gun with indicator ion trap. 
It is offered with either magnetic or 

low-focus-voltage electrostatic focus. 
Weight is held at minimum by use of 

a metal cone. 
If you want a picture of really spec-

tacular size that can be housed in ac-
ceptable furniture, here is your answer. 

A picture actually more than 70 sq. 

in. larger than the center spread of a 
tabloid newspaper.  Rectangular for 
minimum cabinet height and width. 

And actually permitting a small reduc-
tion in depth from today's 20" cabinets! 

THE RAULAND CORPORATION 

Perc ie.cti-crn- rA hcruy  Re cut_c k 

4245 N. Knox Avenue, Chicago 41, Illinois 
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New Materials —New Techniques New Advantages 
Features in 4 New IR( Resistors 

IRC Type BO( Boron-Carbon 1/2 -Watt PRECISTOR Meets 

All Requirements of MIL-R-10509 Specification 

No other non-wire-wound resistor combines the advantages 
of this all-new Boron-Carbon unit. Type BOC reduces the 
temperature coefficient of conventional deposited carbon 
resistors--provides high accuracy and twig-time stability— 
replaces high value wire wound precisions at savings in 
space and cost. You'll find it adaptable to a host of critical 
circuitry needs—in electronics and avionics, communica-
tions, telemetering, computing and service instruments. 
Send for full details in Catalog Data Bulletin B-6. 

I 7   

APPROXIMATE TEMPERATURE COEFFICIENT 

Measured Al 0 C in 100 C 

Wall Boron Carbon Resistor Type BOC 

E M S 

1111111  1111111  111   
M A E ‘ il e 

M ii gI E R A • 

Type BOC conforms to all requirements of 
MIL-R-10509. Exposed to o temperature of 
65°C. for one hour, the new BOC shows a re-
sistance change of less than .2 % High tem-
perature operation with reliability is now 
possible. Voltage coefficient is less than 20 
parts per million per volt. Load life is out-
standing ; on a 500-hour test at ambient tem-
perature of 40°C., resistance change will not 
exceed 2%. 



essential 

New IRC Type DCC (Deposited Carbon) 
Small-Size, High-Stability Resistors 

This is the latest small-size addition to IRC's famous line of 

deposited carbon PRECISTORS. Conservatively rated at 
1/2 watt, it combines accuracy and economy —assures high 
stability, low voltage coefficient, and low capacitive and 
inductive reactance in high frequency applications. Recom-
mended for: —Metering and voltage divider circuits requiring 

high stability and close tolerance —High frequency circuits 
demanding accuracy and stability —Other critical circuits 
in which characteristics of carbon compositions are unsuit-
able and wire-wound precisions are too large or expensive. 
Type DCC meets Signal Corps Specification MIL-R-10509. 
Complete technical data in Catalog Bulletin B-7. 

boron 

NPW IRC Type FS Fuse Resistor 

This completely insulated unit functions as a resistor under 
normal conditions and as a fuse under abnormal conditions. 
Small, compact, stable, it can be wired into a circuit as 
easily as a molded wire-wound  resistor.  Bulletin 8-3. 

CarbonPRECISTORS • 

 dr-

INTERNATIONAL RES  NU COMPANY 
401 N. Broad Street, Philadelphia 8, Pa. 

In (ono &  Inimnoi,onol II•eisiontir Co  Lid  T•ronto. Li 

4 • ••••, • o • ow maltose 

4 New IRC Type WW Precision Wire 
Wounds Surpass 

JAN-R-93 Characteristic 

B Specifications 

re is the most reliable a 
ble of all wire-wound pr 
ions ... by unbiased testi 
ctually, new Type W W's for 
surpass JAN-R-93 Char.:Kt 
istic  B Specifications.  N. 
winding forms hold more wi 
for higher resistance values. 
ew winding technique and 
• id insulation tests eliminate 
• ssibility of shorted turns or 
inding  strains.  New  type 
sulation withstands humidity, 
ures long  life,  provides 
ability and freedom from 
se. New terminations (*-

dept in small size W W-101 
e rugged lug terminals for 
• Icier connection. Full data in 
‘otalog Bulletin D-3. 

1st  2nd  3od  4th  Resist  Total 
Ongonal Cycle Cycle Cycle Cycle at End  % 
Resist  %  %  %  %  of 100  Clop 

Clip thee thee thee his load 

% Clip  Resistance CRe 
loom last  at End 01 100 
Temp Cycie  his load onli 
to End of 
100 lots load  no cycling , 

100.010 + 04 + 04 + 05 + 05 100.050 + 04  — 01 

100 000 + 03 4- 04 + 03 + OS 100.060 + 06  + 01 
100 000 + 01 + 02 + 02 + 05 100.000  0  + OS 
100 000 + 02  0 + 02 * 02 100.000  0  — 02 
100 010 + 03 + 04 + 04  05 100.000  0  — OS 
100 000  0 + 03 + 04 + 04 100.100 + 1  + 06 

100 000 t 04 4- 05 + 04 + 04 100.070  07  + 03 
100 000 + 03 + 05 + 05 + OS 100.050 + 05 
100 000 + 04 + 03 + OS + 04 100.010 + 01  — 03 
100 000 + 02 + 02 4- 02  04 100.010 • 01  — 03 
inn nnn  n  ni  Al  Al  Inn non  0  — 03 

100 040  —.02 

100 050  — 02 
100 040  —.01 
100 030  —.03 

0 99 980 

Tested side-by-side with competing resistors, new IRC 

Type W W's proved superior to all. S ycling and 
100-hour load tests resulted in virtually zero changes in 
resistance. Other stringent tests proved Typo W W's 
high mechanical strength, freedom from shorting, resist-

ance to high humidity. 

A mik   

For full information on these products, or as-
sistance in adapting them to any specific appli-
cation, write IRC. Types BOC and DCC are 
currently available on short delivery cycles to 
manufacturers of military equipment only. 

Moil Coupon Today for Full Details of Thes• New IRC Resistors 

INTERNATIONAL RESISTANCE CO., 
405 N. BROAD ST., PHILADELPHIA 8, PA. 

Please send me full data on the following checked items — 
CI Type BOC Boron-Carbon PRECISTORS 
Type W W Precision Wire Wounds 

ED Type DCC Deposited Carbon PRECISTORS 
0 Type FS Fuse Resistors 

LI Nome and Address of Nearest IRC Distributor 
NAME   

TITLE 
COMPANY   
ADDRESS  CITY  ZONE  . STATE 



1/4  watt,  Si " diameter vat-

table composition resistor. 
Also available with other spe ,,a1 military features not 

covered by JAN-R-94. Attached Switch can be supplied. 

N AIR: V3) 

Vs wait, 11/4 " diameter vari-
able composition resistor. 

Also available with other special military features not 
covered by JAN-R-94. Attached Switch can be supplied. 

1,11111 (JA14-11-19, Type RA20) 

2 watt, 1 "Au" diameter 
variable wIrewound re-  Nirs m.u .„ 

sister. Also available with other special military features 
not covered by JAN-R-19. Attached Switch can be supplied. 

M ar 
(JAN-11-19, Type RA30) 

4 wan. 1'Vas" diameter 
variable wirewound re-
sistor. Also available with other special military foot 
not covered by JAN-R-19. Attached Switch can be supplied. 

- N EP  TN& 

rrsa 

2 SO cs. 
OW . 

_ 

For additional information on these 7 controls, writ, for Data Shoot No. 160 

EXCEPTI ONALLY GOOD DELIVERY CYCLE on military orders due to 

enormous mass production facilities . • • immediate cittlivory from 
stock on more than 170 different types and resistance values . 
Please give complete details on your requirements when writing or 
phoning for further information. 

..- - - -  NEW COMPLETE CTS CATALOG. Writ* for your copy today. 
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EETS MILITARY SPECIFICATIONS 

-AMP 
—55 °C to ± 150°C ... complete aridity to saturation... 

are the unprecedented temperature and humidity range of 

Types 65, 90 and 95. These controls are used in military 

equipment subjected to extreme temperature and humidity. 

TYPE 65 

14 watt 70°C, '14," diameter miniaturized variable 
composition resistor. 

TYPE 90 

1 watt 70°C, IMs" diameter variable compo-
siNon resistor. Attached Switch can be supplied. 

2 watt 70°C. VA" 
diameter variable 
composition re-

sister. Also available with other special military 
features not covered by JAM-R-94. Attached 

Switch can be supplied. 
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CHICAGO TELEPHONE SUPPLY 
re.) ?Pi 

ELKHART • INDIANA 

REPRESENTATIVES 

Henry E. Sanders 
401 North Broad Street 
Philadelphia 8, Pennsylvania 
Phone: Walnut 2-5369 
W. S. Harmon Company 
1638 So. La Cienega Blvd. 
Los Angeles 35, California 
Phone: Bradshaw 2-3321 

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

SOUTH AMERICA 

Jose Luis Pontet 
Buenos Aires, Argentina 
Montevideo, Uruguay 
Rio de Janeiro, Brazil 
Soo Paulo, Brazil 

OTHER EXPORT 
Sylvan Ginsbury 
8 West 40th Street 
New York 18, N. 



TUNG-SOL 

PROVIDES 

NE W FLEXIBILITY 

IN T rRECEIVER 

IRCUIT 

DESIGN 

*/ Completely independent 
sections 

il Versatility in circuit application 

Improved circuit performance 

This tube has two electrically independent sections—a 

triode and a pentode and is intended as a local oscillator 

mixer for FM and TV receivers. Each section is adequately 

shielded, and both ore capable of exceptionally good 

performance at the higher frequencies. 

Because the two sections are completely independent, a 

high degree of flexibility of circuit design is available— 

especially valuable in TV tuner oscillator use. Perform-

ance of the 6U8 triode at low voltages is superior to that 
of many types previously used for this service. It has 

sufficient reserve emission to operate efficiently under 
widely varying supply voltage conditions. 

The pentode provides excellent gain with low local 

oscillator voltage injection resulting in low oscillator 
radiation from TV receivers. Use of the pentode section 

as the mixer permits the high (40 m. c.) I. F. so desirable 
to reduce interference and increase stability. 

The construction and characteristics of the 6U8 provide 

designers with extremely desirable flexibility in com-

bining circuit functiors. The pentode section of the tube 

may be used as an I. F. amplifier, video amplifier, sound 

limiter or synchronizing separator. The triode performs 

satisfactorily as a horizontal or vertical oscillator, or sync 
clipper. 

Wherever there is need for a triode and a pentode in a 
receiver, they can be combined in the 6U8. 

The TUNG-SOL engineering which has produced the 6U8 is con-

stantly at work on a multitude of special electron tube developments 

for industry  Many exceptionally efficient general and special 

purpose tubes hove resulted Information about these and other 

types is available on request to TUNG-SOL Commercial Engineering 

Department 

TUNG-SOL 
ELECTRON TUBES 

TUNG-SOL ELECTRIC INC., NE WARK 4, NE W JERSEY 
SALES OFFICES: ATLANTA  •  CHICAGO  •  CULVER CITY  •  DALLAS  •  DE NVER  •  DETR OIT  •  NE WARK 
Tung-Sol makes MI-Glass Sealed Beam Lampsi Miniature Lamps, Signal Flashers, Picture Tubes, Radio, TV and Special Purpose Electron Tubes 
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THE SIMPSON 

MODEL 260 

VOLT-OHM-MILLIAMMETER 

OUTSELLS ALL OTHERS 

COMBINED BECAUSE 

A covers all ranges necessary for Radio and TV set testing 
B includes the Simpson 50 Microampere Meter Movement 
known the world over for its ruggedness 

c no bulky harness wiring, thus eliminating all intercircuit leak-

age at this high sensitivity 
• molded recesses for resistors, batterie-s, etc. 
E easy battery replacement 
F covered resistors to prevent shorts and protect against dust 
and moisture 

• all components—including case and panels—are specially de-
signed and completely tooled for maximum utility...not 
merely assembled from stock parts 

ranges 

20,000 Ohms per Volt DC, 
1,000 Ohms per Volt AC 
Volts, AC and DC: 2.5, 10, 50, 
250, 1000, 5000 
Output: 2.5, 10, 50, 250, 1000 
Milliamperes, DC: 10, 100, 500 
Microamperes, DC: 100 
Amperes, DC 10 
Decibels (5 ranges): 
—12 to +55 DB 
Ohms: 0-2000 (12 ohms 
center), 0-200,000 (1200 ohms 
center), 0-20 megohms 
(120,000 ohms center) 

prices 

Model 260 $38.95; With Roll 
Top $46.90. Complete with 
test leads and operator's 
manual. 25,000 volt DC Probe 
for use with Model 260, $9.95. 

Sitnpson Instruments That Stay Accurate Are Aladable Front Al! Leading Electronic Distributors, 

SIMPSON ELECTRIC COMPANY 

5200 W. Kinzie St., Chicago 44, Illinois • Phone: COlumbus 1-12M 

In Canada: Bach-Simpson, Ltd., London, Ont. 

BURTON OROWNIC ADVINTISINO 



WIRES and CABLES 

When you list the qualities most desirable in a sup-

plier of wires and cables for your electronic equip-

ment, you will find that Lenz most nearly answers your 

description of a dependable source. 

First, this company has the engineering background 

and experience, the knowledge of your requirements 

in wires and cables that are needed to help draft your 

specifications. 

Second, it has the facilities to produce these wires 

LENZ ELECTRIC MANUFACTURING CO.  • 

OF ELECTRONIC EQUIPMENT 

and cables in volume exactly to specifications, eco-
nomically and promptly. 

Third, it is a reliable organization with over 40 years 
background of dependable service to the communi-
cations industry. 

Make Lenz your principal source for wires and cables. 
A Lenz wire engineer will gladly consult with you re-
garding your special requirements. Correspondence is 
invited. 

"I N  BUSI NESS  SI N CE  1904 " 

1751 No. Western Avenue, Chicago 47, Illinois 

1 
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RESEARCH  DEVELOPMENT  PRODUCTION 
OF 

CENTIMETER AND MILLIMETER WAVE 
MAGNETRONS —GAS DISCHARGE TUBES— WAVEGUIDE CO MPONENTS 
TEST EQUIPMENT —  SILICON DIODES — THE NE W TRANSISTOR 

MICRO WAVE ASSOCIATES, Inc. combines specialized production techniques with 
the latest research in vacuum tubes, microwave gas discharge phenomena and solid 
state physics. Our excellently equipped and capably staffed Boston plant can fill many 
of your microwave component needs. All of our production is to exacting military and 
commercial specifications. 

SEMICONDUCTORS 
MICRO WAVE is establishing new production fa-
cilities to supply a complete semiconductor line in-
cluding 1N21B, 1N21C, 1N23B, 1N25, 1N26, and 
special millimeter wave silicon diodes. Production 
will commence shortly on — n-p-n TRANSI STORS 
under license to The Western Electric Company. 

MAGNETRONS AND 

GAS DISCHARGE TUBES 

The seasoned MICRO-
WAVE tube engineering 
and production teams are 
now producing several 
magnetron types including 
the popular 2J42 and 2J42A. 
High level TR microwave 
gas discharge switching 
tubes are available for sev-
eral bands. Our research 
personnel in this field are 
always ready to assist in 
special microwave tube de-
sign problems. 

• 

LOOK FOR THE TRADEMARK 

WAVEGUIDE COMPONENTS 
AND TEST EQUIPMENT 

Our competent MICRO WAVE component 
group specializes in the 3 cm and millimeter 
region producing duplexers,mixers, attenua-
tors, roving stub tuners, frequency meters, 
standing wave detectors, dry and water 
loads and other excellent components. 

WRITE  FOR  THE  LATEST  CATALOG  INFOR MATI ON A-I 
ON  THIS  RAPIDLY  EXPANDIN G  LINE 

22  C U M MI N G T O N  ST R E E T  B O S T O N  1 >,  M A S S A C H U S ET T S 

Microwave Associates, Inc. 

22 Cummingron Street 
Roston 15, Massachusetts 

Name   

Dept    

Company   

Street 

City  Zone  State   
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ND 

ACTUAL 
SIZE 

USTRIAL CONTROL 
MAXIMUM RATINGS = 

Relay and Grid-Controlled Rectifier Service 
(for anode supply frequency of 60 cps) 

PEAK ANODE VOLTAGE: 
Forward   
Inverse   

GRID-NO. 2 (SHIELD-GRID) VOLTAGE: 
Peak, before anode conduction... . —100 max volts 
Average, during anode conduction..  —10 max volts 

GRID-NO. 1 (CONTROL-GRID) VOLTAGE: 
Peak, before anode conduction  .... —200 max volts 
Average', during anode conduction..  —10 max volts 

CATHODE CURRENT: 
Peak 
Average•    
Fault for duration of 0.1 sec. max... 

GRID-NO. 2 CURRENT: 
Average'   

GRID-NO. i CURRENT:. 
Average'   

PEAK HEATER-CATHODE VOLTAGE: 
Heater negative with 
respect to cathode.    100 max. volts 

Heater positive with 
respect to cathode . ....  25 max. volts 

AMBIENT TEMPERATURE RANGE .   —75 to +90' C 
Maximum Circuit Values: 

Grid-No. 1—Circuit Resistance . .2 max. megohms 

*Averaged over any interval of 30 seconds maximum. 

47:Absolute values 

650 max volts 
1300 max volts 

5 max. amp 
0.5 max. amp 
20 max amp 

005 max. amp 

0.05 max. amp 

NOW precise electronic control at lower cost 

with the new RCA-60I2 gas thyrutron 
Expressly designed for industrial control 
applications, the new RCA-6012 gas tetrode 
features the ruggedness necessary to with-
stand rough industrial usage. It has the addi-
tional advantages of low cost and nation-
wide renewal distribution...both of impor-
tance to the end user. 
For motor-control, electronic-inverter, and 

general relay service at power supply fre-
quencies, the RCA-6012 is rated to withstand 
a maximum peak inverse anode voltage of 
1300 volts, a maximum peak cathode current 
of 5 amperes, and a maximum average 
cathode current of 0.5 ampere. 
Operating features of the RCA-6012 in-

clude a negative-control characteristic which 
is essentially independent of the ambient 
temperature over the range from —75° to 

n-TA 

+90° C, low preconduction currents, low 
control-grid-to-anode capacitance, and low 
control-grid current. 
The RCA-6012 is compactly designed, and 

employs a structure that increases its resist-
ance to both shock and vibration. A button 
stem is used to strengthen the mount struc-
ture and to provide wide inter-lead spacing 
as a means of reducing susceptibility to elec-
trolysis and leakage. 
For complete technical data on the 

RCA-6012, write RCA, Commercial Engi-
neering, Section FR47, Harrison, N. J.... or 
contact your nearest RCA field office. 

• 4:4. 
FIELD OFFICES: (Eait) Humboldt 5-3900, 415 
S. 5th St., Harrison. N. J. (Midwest) W hite-
hall 1-2900, 589 E. Illinois St., Chicago. Il 
( West, Madison 9-A.671, 420 S. San Pedro St.. 
Los Angeles, Calif.  Trnks 

new RCA tube. 

RCA-6080 is a current-regulator 
tube for use in regulated dc 
power supplies. Similar to the 
6A57-G, it features a button-
stem construction for improved 
resistance to shock and vibra-
tion The 6082 is a similar tube 
for aircraft power supplies 

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 

RA DIO CORPORATIO N of A MERICA 
ELECTR O N TUBES HA RRISO N N. J. 
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Chairmen of New IRE Professional Groups 

MORTON M. ASTRAHAN 

ELECTRONIC COMPUTERS GROUP 

Morton M. Astrahan, Chairman of the IRE Professional 
Group on Electronic Computers, was born on December 5, 
1924, in Chicago, Ill. 
After attending Purdue University for a year and serving 

in the United States Army during World War II, Dr. Astrahan 
attended Northwestern University. He received the B.S.E.E. 
degree in 1945, and was awarded a Fortesque Fellowship. He 
attended the California Institute of Technology, receiving the 
M.S.E.E. degree in 1946. He received the Ph.D. degree in 
electrical engineering in 1949, at Northwestern University, the 
subject for his thesis being Hollow Tube Dielectric Wave-
guides. 
Dr. Astrahan joined the International Business Machines 

Corporation in 1949, at the Endicott Laboratory. At present, 
he is working on engineering planning of digital computers for 
IBM, in Poughkeepsie, N. Y. 
Dr. Astrahan joined the Institute as a Student in 1945, 

transferred to Associate Member in 1950, and became a 
Member in 1951. 
He is a member of the American Institute of Electrical En-

gineers, Tau Beta Pi, Sigma Xi, and Eta Kappa Nu. 

GEORGE D. O'NEILL 

ELECTRON DEVICES GROUP 

George D. O'Neill, Chairman of the IRE Professional 
Group on Electron Devices, was born in Montclair, N. J., 
and received the B.S. degree from the University of Michigan. 
Mr. O'Neill began his professional career with the West-

inghouse Lamp Company, and in 1928, he joined the Hygrade 
Lamp Company, in Salem, Alass., the predecessor of Sylvania 
Electric Products Incorporated. Early in World War II, he 
worked on special tubes for radar and the proximity fuse for 
Sylvania, in Emporium, Pa., and in 1943, he was transferred 
to their Central Engineering Laboratories at Long Island. He 
organized the solid-state section of the physics laboratories at 
Sylvania Center, Bayside, N. Y., and was recently made man-
ager of the Company's engineering personnel development and 
education program. 

Mr. O'Neill is Vice Chairman of the IRE Technical Com-
mittee on Electron Devices and a member of various other 
committees. He became an Associate Member of the Institute 
in 1928, a Senior Member in 1946, and received the IRE 
Fellow Award in 1949. 

He is a member of the American Physical Society and the 
American Society for Engineering Education. 
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Intercommunication Among Engineers 
DONALD B. SINCLAIR 

'The value of the mathematical treatment of physical phenomena is obvious. Mathematical deductions and inductions are indeed powerful 
instruments of analysis, and are sometimes astonishingly clear and general expressions descriptive of part of the physical universe. 
'Their compressed 'shorthand' character, and the occasional difficulty of their comprehension or physical interpretation by well-qualified 

engineers must, however. be acknowledged. In the following address. the President of the Institute significantly emphasizes that there are 
various modes of communicating engineering facts, and that none of them should be neglected nor over-emphasized to the point of exclusivity. 
Only thus can communications engineers communicate most clearly among themselves —The Editor." 

The argument is often heard that engineers cannot commu-
nicate successfully in any language but mathematics, and un-
fortunately, there is a good deal of truth in this popular belief. 
Scientists and engineers have found mathematics a universal 
tongue. It is concise, unambiguous, and accurate. A single 
equation, e = me, has changed the course of history. But 
mathematics is a shorthand. Although it compresses and makes 
quantitative the ideas that form the stream of expanding hu-
man knowledge, the essence of these ideas can often best be 
presented in nonmathematical terms. 
In particular, when a problem or concept is put into words, 

the mind can grapple with its general meaning, undeflected by 
preoccupation with the mechanics of detailed analysis. Equa-
tions, properly used, can facilitate communication between 
specialists in the same field, but they can often inhibit pro-
found thinking, and they can certainly prevent communication 
with those not versed in the art. 
This point seems to me most important. Not only are fields 

of specialization becoming more numerous, but they are be-
coming more refined and more difficult to understand by those 
who are not in direct contact with them. There is, therefore, a 
growing problem of intercommunication within the engineer-
ing fraternity itself. And there is a still greater one in com-
munication with nontechnical people. 
This latter problem is probably not much worse than it has 

always been, since professional men have been consistently ac-
cused of employing an esoteric jargon for the express purpose 
of shutting the general public out of their discussions. It is be-
coming a more serious one, however, as the engineer becomes 
more of a factor in society. And, make no mistake, he is indeed 
becoming more of a factor. The new weapons of World War II, 
and the developments of materials and gadgets since, have 
made a profound impression upon the public mind. People are 
interested in what we are doing, and are convinced that we can 
accomplish anything. The engineer's status has never been so 
high. The word "research" has taken on connotations of infal-
libility that must be dispelled lest failure to produce the ex-
pected miracles causes a revulsion that carries opinion to the 
other extreme. 
It is vital that the limitations of research and the so-called 

scientific method be generally understood, and engineers 
should be able to do much to bring this about. To do so re-
quires, first, that we achieve an understanding of them our-
selves and, second, that we be able to communicate this under-
standing to others. 
So far as our own understanding is concerned it is impor-

tant that our thinking not be confined to special fields. Like 
other specialists, engineers tend to congregate in like-minded 
groups where common problems and ideas can be readily 
• Based on an address presented at the President's Luncheon. 1952 IRE National Convention, New York. N. V.. March 4. 1952. 

grasped and discussed. In familiar territory the engineer is 
judicial and scientific. He analyzes problems, collects and 
evaluates pertinent data, and decides objectively upon the 
proper course of action. Outside this territory, unfortunately, 
he all too often forgets his scientific training entirely and at-
tempts to solve problems as intuitively as if he had never 
heard of the scientific method. An important underlying cause 
is doubtless unfamiliarity with the field in which the problem 
arises. To understand the other fellow's field, it is frequently 
essential to know the other fellow. Specialization to the extent 
of shutting off contact with people in other fields narrows the 
individual's horizons and may even inhibit his appreciation 
and understanding of his own specialty. 
The problem of communicating with others should be our 

meat. We are communications people, and we should know all 
about it. But do we? So far as electrical devices are concerned 
we certainly do. We know all about telegraphs, telephones, ra-
dios, and television. We know all about antennas, vacuum 
tubes, and microphones. And we can analyze them in mathe-
matics of the utmost refinement and complexity. But some-
times we have a little trouble with language. 
That this is lamentable we all agree. Engineering schools 

worry about this problem. Professional societies are concerned 
about it. The Institute has established the Editor's Award 
specifically to encourage lucidity and the use of correct English 
in engineering writing. Employers are constantly alert for the 
engineer who expresses himself easily and well. 
It is interesting to speculate as to why this problem should 

be so well recognized and yet remain basically unsolved. It may 
be that a new educational approach specifically aimed at the 
engineer is needed, and much thought has been and is being 
given to it in educational circles. Engineers, as a whole, are 
doers. Their job is to make useful things embodying scientific 
principles and discoveries. Their lives and thoughts are de-
voted to phenomena. English, as a means of conveying mood, 
emotion, impressions, and abstract matters, does not satisfy 
their requirements. They must set down exact descriptions of 
things and laws. They are in need, not so much of the color and 
warmth and shading of English, as of its precision and concise-
ness and clarity. They respect good tools and their workman-
like use. In the intellectual sphere, mathematics is recognized 
as sucii a tool. Language should be considered in the same 
light. 
Lucid exposition is not beyond the reach of the engineer. 

Proper choice of words and grammatical exactness can make 
exposition a delight to speaker and audience alike. To speak 
clearly and easily to audiences of all kinds, and to be literate 
and understandable, challenges us all to show that communi-
cations is indeed our business. 
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On the Dissemination of Research Information* 

Sur:ear:nary —This raper deals with the importance 
of obtaining and disseminating the maximum amount 
of technical information. The usefulness of technical 

briefs and periodicals is questioned and the interrela-
tion of all fields of science is stressed. It is advocated 

that the inclination of selected key scientists to spe-
cialize be kept at a minimum and that their training, 

educationally and practically, cut across all fields of 

science. These scientists are then utilized to extract 
from a wide variety of reports and publications the 
maximum amount of technical data, which is then 
passed on to the working scientist. 

RESEARCH INFORMATION as a tool 
for military use or application during 
a preparedness period, or for a general 

cultural scientificadvance in peaceful periods, 
must be widely and thoroughly disseminated 
to be most advantageously utilized. 
It has been postulated that at least part 

of man's superior mental ability stems from 
his being able to carry on intelligible com-
munication with his fellow beings. Whether 
or not this is fully true might be questioned; 
however, the fact that man has been able to 
communicate with man is of such signifi-
cance it is difficult to grasp a civilization of 
any sort without means of communication. 
Since ancient times, man's curiosity, 

which is the forerunner of a research investi-
gation, has compelled him to seek answers to 
problems posed by himself and others. If this 
information obtained by him is not passed 
on so that others may become acquainted 
with and curious about the problems and 
possible solutions, then research and its re-
sults slowly stagnates and dies out. 
It is well recognized that science and re-

search received a great impetus with the ad-
vent of the printing press and its conse-
quent effect on people, i.e., creating a desire 
to be able to read, thus stimulating the 
thinking mechanism (sometimes, in what 
might be considered a wrong direction). 
However, it was several generations be-

fore the manifestations of printing were felt 
in science. This is understandable as people 
did not all begin to read and write at the 
same time. While there is no question of the 
effect that printing has had on the advance-
ment of knowledge in all fields, particularly 
in the sciences, it must be recognized that 
printing per se did not initiate this awaken-
ing in science; the wide dissemination of 
printed material was equally responsible. 
Thus as the population grew, transportation 
became less hazardous and communication 
relatively more rapid and widespread. These 
two occurrences then are the primary causes 
for the rapid advances in science within the 
last three centuries. At the same time thirst 
for knowledge rapidly encroached on all 
strata of society so peasant as well as prince 
craved knou ledge; schools and universities 
came into being all over the world. 
It was not until the nineteenth century 

however that the practical applications of 

* Decimal classification: R010. Original manu-
script received by the Institute. January 4. 1952. 

t Signal Corps Engineering Laboratories, Fort 
Monmouth. N. j 

J. B. McCANDLESSt, MEMBER, IRE 

this revolution in society became apparent. 
Then the manufacturing industries arose 
and completely altered society and its peo-
ples. As these industries grew within a spe-
cialized field, it is not too surprising that 
their research and development investiga-
tions should be limited to this field. As a con-
sequence the employee within a given or-
ganization has become a complete specialist 
in his field, and his contact with other fields 
is only through the technical publications he 
is sufficiently interested in to read; and 
these, generally speaking, also embrace his 
own field. Thus we have a picture of a vast 
amount of technical literature being turned 
out, the maximum utilization of which is cer-
tainly open to question. This is not entirely 
the fault of the specialist. It is also due to the 
unalterable fact that too many periodicals 
are either too specialized, in their attempt to 
satisfy a small professional group, or cover 
too broad a field. Many are so cluttered up 
with eye-catching advertisements that one 
must diligently search, as it were, between 
the "ads" for useful information. Technical 
briefs and such have served an admirable 
purpose in alleviating this condition some-
what and bringing to the attention of the 
scientist information that he would not have 
otherwise had. Unfortunately, however, 
some of these reviews are often so brief and 
lack such basic technical information that 
there is more distraction than useful infor-
mation contained in them. 
While the application of certain physical 

phenomena might appear at the time to be 
strictly applicable to one field or a group of 
allied fields, it does not follow a priori that 
this limitation is completely restricted to 
this field. 
A pertinent point in this respect is 

brought out by Slater in an M.I.T. Progress 
Report:' "The study of X-ray crystal struc-
ture of alloys on the one hand, of the elec-
trical conductivity of semiconductors on the 
other, may seem to the experimenters carry-
ing them out as entirely unrelated activities. 
And yet the theorist, who understands that 
the one depends on the diffraction of X-rays 
by the periodicities or lack of periodicities in 
a crystal lattice, and that the other depends 
on the similar diffraction or scattering of 
electrons by these same lattice features, un-
derstands their essential interrelations." 
This interrelation between apparent diverse 
fields is one which has existed since the in-
ception of motlern-day physics, and men of 
great intellectual ability and stamina who 
can grasp the gist of each of several or all 
fields independently have indicated that the 
division is one of intellectual limitation and 
does not exist. It must also be recognized 
that channeling of information into a partic-
ular field is to some extent due to immediate 
necessity of utilization and application of 
this information militarily or commercially. 
In a government laboratory, where a 

great deal of the work performed is by con-

1,1. C. Slater. M.I.T. Quarterly Progress Report, 
No. 1, Project NSori-07856; July 15. 1951. 

tractors whose results are in the form of re-
ports which must be analyzed, one can read-
ily perceive that dissemination of this material 
along with information from current tech-
nical books and periodicals becomes a prob-
lem of increasing importance and dimension. 
The problem then is that of obtaining the 

maximum pertinent information available 
not only within a certain field but in all other 
fields, some of which may not seem to have 
any interrelation at all. 
The solution is not simple; it calls for the 

education and training of a different type of 
research scientist. The scope of duties of 
such an individual may at first glance appear 
insurmountable. For fundamentally, what is 
required is an all-embracing mind—one who 
knows everything about everything. This of 
course cannot currently (and can probably 
never) be achieved. Still a great step can be 
made by keeping to a minimum the inclina-
tion of an individual to specialize. Some of 
the larger manufacturers and government 
laboratories do put their young scientists 
through a period of training where they 
spend several months within one department 
and then pass on to another. In some in-
stances, however, the time spent within any 
one department is relatively short and all the 
departments are still usually within the 
over-all field of endeavor. Moreover, at the 
end of this short training period, the indi-
vidual is often placed more or less perma-
nently in one or another department, and 
then proceeds to forget all but the most al-
lied fields, thus becoming a specialist. Psy-
chologically speaking, the conjecture might 
be made that the specialist remains a special-
ist and tends to greater specialization be-
cause a new and strange field might well 
bring up doubts of his ability to cope com-
pletely with new problems; and having 
achieved some success and/or respect within 
his field, he hesitates to expose himself as 
being inexperienced in another field for fear 
of subjecting himself to unjust ridicule. Such 
actions may be interpreted as lack of inter-
est in and general disdain for any field other 
than his own. 
A much more positive approach is to 

have the individual whose basic education 
has not been influenced by specialization 
spend several years in intensive training and 
research investigations in possibly three or 
four basic fields of endeavor, preferably non-
allied. This individual is particularly ear-
marked for a combination scientific-admin-
istrative position, which immediately estab-
lishes him as an exceptional person in an era 
of specialization. 
His general knowledge must embrace 

several basic fields of endeavor so that he 
may recognize and analyze fundamental and 
important information from a variety of 
sources. He must be able to present this in-
formation to the working scientist and dis-
cuss its possible utilization. Furthermore, he 
must determine whether or not the incorpo-
ration of such information would be advan-
tageous from the over-all management view-
point. He should, therefore, have full 
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knowledge of managements' plans and 
formulations. His position in the organiza-
tion is as distinct and individual as the sci-
entific worker himself, and like this worker, 
his usefulness is decreased if he is burdened 
with administrative details or used as a 
crutch to assist in general office procedure. 
He becomes the funnel through which 

pours the vast amount of printed technical 

material to be analyzed and disseminated, 
thus leaving the scientific worker free and 
content in the knowledge that if there is any-
thing new or useful in his field or another 
field the information will come to him 
promptly and concisely. 
The principal advantages in utilizing 

such an individual may be broadly summed 
up as follows: First, management is assured 

that the most recent and novel knowledge 
and techniques throughout the country are 
not only available to them but, more impor-
tant, are also being used by them; and sec-
ondly, that a minimum amount of clnplica-
don of effort exists both within their own 
organization and throughout the country as 
a whole, thus incidentally alleviating the 
current shortage of technical personnel. 

The Plasmatron, A Continuously Controllable 
Gas-Discharge Developmental T ube* 

E. 0. JOHNSONt, ASSOCIATE, IRE AND W. M. WEBSTERt, ASSOCIATE, IRE 

Summary—The "plasmatron," a new type of continuously con-
trollable gas tube, is described and its operation analyzed. This tube 
utilizes an independently generated gas-discharge plasma as a 
conductor between a hot cathode and an anode. Continuous modula-
tion of the anode current can be effected either by variation of the 
conductivity or the effective cross section of the plasma. The first 
of these is accomplished by the modulation of the electron ionizing 
beam which controls the plasma density and hence its conductivity. 
The second method makes use of the gating action of positive-ion 
sheaths which surround the wires of a grid located between the 
anode and cathode. The plasmatron appears to have considerable 
promise for such applications as motor drive, direct loudspeaker 
drive, high-efficiency rectification and inversion, and the many other 
uses which require the high-current and low-voltage operation that 

the high-impedance vacuum tube cannot supply. 

I. I NTRODUCTION 

A
SA  CONSEQUENCE of its space-charge-limited 
current the vacuum tube is a relatively high-
impedance device. It is a most useful device 

because the current through it can be continuously con-
trolled. On the other hand, a gas tube such as the thyra-
tron, which normally operates with a neutralized space 
charge, is a low-impedance device. Unfortunately, it 
seems that it has been necessary to pay a large price for 
this low-impedance operation. The enormous advantage 
of continuous current control has been lost. 
However, the situation is far from hopeless. In fact, 

if one approaches the operation of hot-cathode gas tubes 
in terms of the fundamental processes, it is entirely 
possible and practicable to have both low-impedance 
operation and continuous control in one tube. The plas-
matron is such a tube. It can deliver, and continuously 
control, large currents at anode potentials of a few 
volts. This tube, now in the developmental stage, shows 
excellent promise of fulfilling the long-standing need for 
a tube that will continuously control large currents at 
low voltages. In this category are found such applica-
tions as motor control, direct loudspeaker drive, inver-
ters, and the like. 

• Decimal classification: R337.I. Original manuscript received by 
the Institute, November 13, 1952. 
f RCA Laboratories Division, Princeton, N. J. 

The name "plasmatron" stems from the word plasma' 
which denotes an important part of a gas discharge. The 
plasma is a region of very high, but essentially equal, 
concentrations of free electrons and ions. Due to the 
high mobility of the plasma electrons and the absence 
of net space charge, the plasma is a rather good electrical 
conductor. It has a resistivity of the order of one ohm 
centimeter which places it in a class with 'semiconductors 
such as germanium. As a consequence of this high con-
ductivity, electric fields within the plasma are small. 
The principle of operation of the plasmatron lies in 

the use of a plasma as a conductor between a hot cathode 
and an anode. This plasma, however, is generated by an 
auxiliary discharge (which operates independently of 
the work circuit) and not by the anode current as is the 
case with a thyratron. It will be seen that this seemingly 
small difference is of fundamental importance. 
There are two broadly different methods of effecting 

continuous control over the anode current. The first makes 
use of the fact that the conductivity of the plasma, 
and hence the anode current, depends upon the plasma 
density and this, in turn, upon the intensity of the 
auxiliary discharge which generates the plasma. The 
second method involves the use of a grid structure that 
is interposed between the cathode and the anode. This 
grid, by virtue of the positive-ion sheaths that surround 
it, gives a gating action that acts to control the effective 
cross-section area of the plasma conductor and hence 
the current-carrying capacity of the tube. 
Briefly, the reason that the plasmatron grid can effect 

continuous control over the anode current, whereas the 
thyratron grid commonly cannot, lies in the fact that 
the ion generation in the plasmatron is achieved by an 
independent discharge and not by the anode current 
itself. It is also pertinent to point out that in a thyratron 

L. B. Loeb, "Fundamental Processes of Electrical Discharges in 
Gases," John Wiley and Sons, New York, N. Y.; 1939. 
J. D. Cobine, "Gaseous Conductors," McGraw-Hill Book Co., 

Inc., New York, N. Y.; 1941. 
Rompe and Steenbeck, "The plasma state of gases," Ergeb. exakt. 

Naturtv, vol. 18, pp. 257-376; 1939. Translated from the German by 
G. C. Akerlof, Mellen Inst. of Industrial Research. 
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the applied anode potential really serves a double func-
tion: (1) to provide electrons with enough energy to 
generate ions, and (2) to provide the electric field 
needed for pulling the required anode current through 
the tube. When these functions are separated, as they 
are in the plasmatron, it is found that the potential 
needed for drawing a given anode current is greatly 
reduced and, in addition, continuous grid control be-
comes possible, provided that the anode potential is in-
sufficient to cause ionization. 
It seems expedient that the first part of the paper be 

concerned with the building-up of a general picture of 
the over-all operation and characteristics of the tube. 
This picture will provide a convenient point of depar-
ture for treating the operation in more detail. With this 
approach in mind, the first mode of modulation or con-
trol will now be considered. 

II. DIODE OPERATION2 

Fig. 1 shows a diagram of an experimental form of 
plasmatron and accompanying circuit operating in the 
diode mode. The plasmatron is seen to consist of a main 
anode in the shape of an inverted U; two cathodes, one 
referred to as the main and the other the auxiliary cath-
ode; and a cylinder with a narrow aperture, this cylinder 
being designated as the garrote. Fig. 2 is a photograph 
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Fig. 1—Circuit arrangement for diode operation. 

of a tube of the form sketched in Fig. 1. While it has 
been found convenient to work with experimental tubes 
of the form shown in Fig. 2, the principle of operation 
puts no definite restrictions upon the size or geometry 
of a tube provided the basic features are retained. The 
circuit is seen to consist of two loops referred to as the 
main loop and auxiliary loop, respectively. Most experi-
mental tubes were filled with helium to a pressure of one 
millimeter of mercury. 

2 E. 0. Johnson, "Controllable gas diode," Electronics, vol. 24, 
pp. 107-109; May, 1951. 

In operation V1 is made sufficiently large so that a 
discharge occurs in the auxiliary loop, current flowing 
between the auxiliary cathode and the upper portion of 
the structure. This discharge generates a plasma be-. 
tween the main cathode and anode, enabling large cur-
rents to flow between them for small values of V2. In 
fact, as will be seen, in order to insure plasmatron opera-
tion 12 m ust be held below a value which would initiate 
a discharge in the main loop. The garrote (generally tied 
to the auxiliary cathode) serves to achieve the genera-
tion of a dense plasma for small discharge currents. It 
increases the ionization efficiency to such an extent that 
several ma in the auxiliary circuit enables hundreds of 
ma to flow in the main or work circuit. 

Tr 

Fig. 2— Photograph of typical plasmatron diode. 

In the circuit, as shown, the auxiliary discharge cur-
rent can be varied by means of changes in the grid po-
tential of the modulator tube, which in this case is a 
small vacuum tube such as the 6J5. 
A typical volt-ampere characteristic, with  the 

auxiliary discharge current as parameter, is shown in 
Fig. 3. It is seen that the anode current starts to flow 
when the anode is about minus one v, rises rapidly, and 
finally saturates at a current of over half an ampere 
(for /1=8 ma) when the anode potential is only about 
3 v. The current remains saturated along this curve 
until the anode potential exceeds about 25 v, the ioniza-
tion potential of helium, and then rises steeply without 
regard to the value of the auxiliary current. In practice, 
the tube is always operated below this breaking point. 
In fact, for normal operation a load line should be fitted 
in between the saturation voltage and the ionization volt-
age. The back current for negative anode potentials is of 
the order of a few ma and consists of positive ion current 
from the plasma. For negative anode potentials greater 
than about 200 v, in the tube shown, a cold discharge 
will take place between the anode surface and cathode. 
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Fig. 4 shows the relationship between the auxiliary 
current and the saturated main current. The relation is 
seen to be a linear one until the main current exceeds 
about one ampere. The departure from linearity beyond 
here arises from the onset of emission saturation of the 
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Fig. 4—Diode control characteristic. 

cathode emission. Whereas the current gain is only 
about 100:1, as exemplified by the slope at..low currents, 
improved tubes give gains of 300 or better. The power 
gain for this tube is about 17 db. 

main cathode. When the cathode is completely satu-
rated, the anode current becomes equal to the value of 
this current since the plasmatron, like any other electron 
tube, is limited in peak anode current to the saturated 
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Fig. 5— Diode frequency characteristic. 

The frequency response is shown in Fig. 5. The cur-
rent gain is seen to be flat from dc out to about 10 kc 
and then fall off. This falling off with frequency arises 
from the length of time required for surplus ionization 
to diffuse away to the end micas where surface recom-
bination of the. free electrons and positive ions takes 
place. For helium at these gas pressures and for these 
tube sizes the volume recombination of the particles in 
the plasma is relatively small. As shown later, the 
unique potential distribution between cathode and anode 
discourages positive ions from reaching these surfaces. 
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Fig. 6—Circuit arrangement for triode operation. 

I II. TRIODE OPERATION 

The arrangement for the second mode of control 
employing a grid located between the cathode and anode 
is shown in Fig. 6. The circuit is seen to be almost identi-
cal with the diode circuit except that the modulator 
tube has been replaced with a limiting resistor and, in 
addition, a grid circuit has been added. A photograph of 
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Fig. 7—Photograph of typical plasmatron triode. 

a typical experimental triode plasmatron, with its anode 
folded back to allow a view of the grid structure, is 
shown in Fig. 7. 
The mechanism of grid control is depicted in Fig. 8 

where a section of the anode and two of the grid wires 
are shown. The cathode is out in the plasma towards the 
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Fig. 8—Diagram illustrating grid action. 

bottom of the figure and need not concern us. As was 
pointed out previously, the plasma has a high con-
ductivity so that the electric fields within it are always 
small. External fields are absorbed at the plasma 
boundaries in a thin layer called a sheath.' This is il-
lustrated in the potential diagram which is a projection 
of the cross section above. The sheath, which is the 
transition between the plasma and the grid wire, is 
nothing more than a region containing positive ions 
en route to the grid wire. It is the plasma's way of meet-
ing its boundary conditions. One can picture the edge 
of the plasma as being a positive-ion emitter and the 
grid wire as being the collector. The thickness of the 
sheath is determined by the positive-ion current and the 
grid voltage according to the familiar 3/2 power law.' 
Since the ion current is a constant, being set by the rate 
at which ions diffuse out of the plasma, the sheath thick-
ness will increase with the negative grid voltage until 
adjacent sheaths overlap. The negative field in the 
sheaths will repel the electrons which would otherwise 
go to the anode, and the anode current is then cut off. 
Intermediate anode currents result from sheaths of in-
termediate radii. 
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The volt-ampere characteristic with the grid bias as 
parameter is shown in Fig. 9. The auxiliary current is 
held constant. It is seen that this family of curves is 
similar to those in Fig. 3. As in the diode the load line 
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should be placed between the saturation and the ioniza-
tion voltages. However, if the grid cuts off the anode 
current before the anode potential exceeds the ioniza-
tion potential, then the anode potential can be permitted 
to exceed the ionization potential without re-establishing 
the flow of anode current. But, just as with a thyratron, 
if anode current flow starts at elevated anode potentials, 
the grid loses control. 
Fig. 10, which is a replot of the data shown in Fig. 9 

for a constant anode voltage, shows that the grid 
characteristic is a nonlinear one. Whereas the trans-
conductance exceeds 100,000 micromhos at low grid 
voltages, it drops below 10,000 for biases greater than 

about 6 v. 
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Fig. 10— Triode control characteristic. 

300 E 

cr 

200 0 

111 

100 

The current-voltage characteristic of the grid is shown 
in Fig. 11. For negative grid potentials greater than 
about 1.5 v the grid current is predominately ionic, 
while for more positive potentials the electrons pre-
dominate. The very rapid rise in the electron current 
which occurs at low grid voltages is a consequence of the 
grid's beginning to act like an anode. In fact, if the 
curves were carried further, a characteristic like that 
of the anode would be obtained. The slope of the charac-
teristic is seen to vary between about 300 ohms at 1-v 
bias to about 10,000 ohms at 10-v bias. The power gain 
that can be obtained with triode operation is about the 
same as that with diode operation. 

AU
X
 
CU
R
R
E
N
T
 
CITI
O) 

1 
GRID CURRENT- VOLTAGE 

CHARACTERISTIC 

10 

ANODE POTENTIAL +6volts 

(V3) GRID VOLTAGE (volts) 

-12  -10 -8  -6  -4 

5 

2 

ELECTRONS 

POSITIVE 

I IONS 

2 

3 

Fig. 1I—Grid volt-ampere characteristic. 

A typical frequency response of a grid-controlled tube 
is displayed in Fig. 12. Since grid modulation affects the 
plasma only in a small region adjacent to the grid, 
whereas the diode modulation requires bulk changes in 
the plasma, it is not surprising that the triode frequency 
response is a markedly better one. The wiggles in the 
triode response result from a complex combination of 
ion and electron movements which accompany the 
propagation and retraction of the grid sheath. The re-
sponse was not studied beyond 10 mc other than ob-
serving that a tube could operate as a class C oscillator 
at frequencies as high as 17 mc. 
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Fig. I2—Triode frequency characteristic. 

IV. PLASMA CHARACTERISTICS' 

The plasma in a gas discharge can often be identified 
with the region that shows a visible glow. Whereas the 
glow itself arises from excitation of the gas atoms, the 
excitation in many gas-discharge devices is accompanied 
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by the dense ionization that characterizes a plasma. 
This is the case in the main section of the plasmatron. 
The density of the free electrons and positive ions which 
constitute the plasma in experimental or commercial 
gas-discharge tubes ranges from 109 to about 10" par-
ticles per cm.' Since there are essentially equal densities 
of the oppositely charged particles, the plasma is elec-
trically neutral. In a typical plasma the charged par-
ticles usually execute random motions conforming to a 
Maxwellian distribution of velocities. It is convenient 
to describe these motions in terms of a temperature. In 
the cases to be described it will be assumed that the 
positive-ion temperatures are about the same as the 
ambient-gas temperature. This seems reasonable be-
cause of the high collision frequency between the ions 
and neutral atoms at the pressures in the tubes to be 
described. The electrons, in most cases, have a much 
higher temperature. 
The high density of the electrons along with their high 

mobility in a region largely devoid of space charge 
makes possible the conduction of large electron currents 
for very low applied potentials. The conductivity of a 
uniformly dense plasma which is electrically neutral is 
given by 

= Neu mhos per centimeter, (1) 

where N is the electron density per cubic centimeter, e 
is the electron charge in coulombs, and µ is the electron 
mobility in centimeters per second per volt per centi-
meter. For a typical plasma N=5 X10" and 

cm / volt 
= 5 X 10° 

sec/ cm 

Thus a is 4.0 X10-2 mhos per cm which is comparable 
with the conductivity of a semiconductor like ger-
manium. 
From kinetic theory, it is found that the electron 

space-current density is given by 

i. = iNet,  (2) 

where e, which is the average thermal velocity of the 
electrons, is given by 

e = 1.87 X 10-8 • (2')  

Te is the electron temperature and m the electron mass. 
Choosing as typical values N = 5 X 10'°/cma, e= 2 X107 
cm/sec, and Te =1,000° k., it turns out that j.=40 
ma/cm2. A similar computation for the positive-ion 
space-current density yields (for helium) jp = 0.27 
ma/cm2. 
The transition between a plasma and a bounding 

electrode or wall occurs in a thin region of space charge 
which is termed a sheath. It is in the sheath that the 
fields from electrodes are dissipated, leaving the plasma 
essentially unaffected by electrode or wall potentials. If 
the electrode is negative with respect to the plasma, 
electrons are repelled from the sheath leaving only a 

current of positive ions flowing to the electrode. The 
thickness of this layer of moving positive ions adjusts 
itself so that the electric flux from the electrode ends 
on the moving charges. Accordingly, the sheath thick-
ness d in centimeters can be related to the potential V in 
volts, and to the positive-ion current density jp in am-
peres per square centimeter by the familiar Child-
Langmuir space-charge law (for plane structures): 

2.33 X 10-° V"' 
i p =  v  d2 (3) ri   

?it 

where M is the ion mass and m the electron mass. If the 
electrode is positive with respect to the plasma, the 
sheath will contain a space charge of electrons. The cur-
rent density j is fixed by conditions within the plasma, 
and is given by (2) written for the appropriate particle. 
The density value used in this expression must apply 
close to the edge of the plasma. The current value ob-
tained by (2) is only approximately correct since no 
account is taken of the drift due to the weak electric 
fields within the plasma and at its edge. However, for 
purposes of simplicity this expression will be assumed 
to be correct. 
It is now possible to consider that the behavior of a 

cold electrode immersed in a plasma as its potential 
with respect to the plasma is varied. A typical current-
voltage characteristic is shown in Fig. 13. Along portion 

0. 

Fig. 13--Plasinit cold-electrode characteristic. 
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ab of the characteristic all the electrons are repelled and 
only positive ions flow from the plasma to the electrode. 
The sheath thickness is given by (3) in which jp is 
derived from (2). As the potential of the electrode be-
comes increasingly negative, the current increases 
slightly due to sheath expansion. Beyond point b on the 
way to d the electron current to the electrode increases 
rapidly according to the Boltzmann relation 

1. = A pj,essv 

(1) = 
kT 

(4) 
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where j.=Neel4 is the random electron space current 
near the edge of the plasma, A, is the probe area, and k 
is the Boltzmann constant. The electron temperature 
T. can be determined from the semilog plot of i„ against 
V for the region bd. When point d is reached, the voltage 
V is zero and the electrode is at plasma potential where 
it collects the full electron space current. For conven-
ience the magnitude of the positive-ion current with 
respect to the electron current has been greatly exag-
gerated. Actually, the saturated ion current, as pointed 
out in conjunction with (2), is smaller than the electron 
space current by a factor of more than a hundred. Be-
yond point d, as we proceed to point e, the electron cur-
rent increases slowly as the electron sheath builds up, 
according to (3). 
At point c the electron and ion currents to the elec-

trode are equal and, since this is the point at which the 
electrode would "float," the corresponding plasma to 
electrode potential V , is called the floating potential. 

V. CATHODE-PLASMA ANODE SYSTEM 

In the preceding discussion the complete circuit was 
neglected for purposes of simplicity. It is apparent that 
in a practical system a return circuit must be provided. 
The simplest possible system with two cold electrodes 
and an independently produced plasma has been treated 
elsewhere.' Let us now suppose that one of the electrodes 
is a hot cathode with a total emission density jk; the 
other electrode is the anode. As will be seen there are 
two cases to consider: (1) The cathode is a relatively 
weak emitter such that jk<<jok, and (2) the cathode is 
a strong emitter such that jk>> jot. Here, Jot  is the ran-
dom electron current density in the vicinity of the 
cathode; jo„ is the random current density in the vicinity 
of the anode; Vk is the plasma-cathode potential differ-
ence; V. is the plasma-anode potential difference; V. 
accounts for the potential drop through the plasma and 
for the contact potential difference between the cathode 
and anode; V2 is the cathode-anode potential difference. 
These quantities are indicated in the circuit diagram of 
Fig. 14 and in the potential diagrams of Fig. 15. 

Fig. 14—Cathode-plasma-anode system. 

3 E. O. Johnson and L. Malter, "A floating double probe method 
for measurements in gas discharges," Phys. Rev., vol. 80, pp. 58-68; 
October, 1950. 

In the first case the potential diagram is as shown in 
Fig. 15(a). Neglecting the relatively small ion currents, 
there will be an electron current jkAk leaving the 
cathode, a current jokAk exp (-014) entering the 
cathode from the plasma, and a current joaAa exp ( —4) Va), 

SHEATH  SHEATH 

PLASMA 

(a) 
Fig. 15—Potential diagram. (a) Weak emitter case. 

(b) Strong emitter case. 

which is equal to the electron current /2 in the circuit, 
entering the anode from the plasma. ck is defined in (4). 

For equilibrium 

= jOkA ke-4 'irk  

From the potential diagram we see 

Vh + Vs = Va + V2 

Manipulation of the preceding equations yields 

12 = 
E.V ] e-4.172 

[A4 ki +  0k 

ai(la 

A ki 
(5) 

While experimental studies show the essential cor-

rectness of (5), the fact that it represents a mode of 
operation that is not used in the plasmatron impels us 
to proceed at once to the second case. 
With the cathode acting as a very strong emitter, a 

retarding field must be present at its surface to limit 
the net current leaving. In this case the potential dis-
tribution is as shown in Fig. 15(b). One can, as before, 
equate the electron current leaving the electrodes to 
that arriving. Thus, 

A kjkcovh = A kjok + A ajoae-0 ., 

12 = A ajoac•va, and Vk + V2 +  V. = V.. 
The solution of these equations is 

A kjok  [ /  a  it  a OV2 —  1]. (6) 
1 4_ 4 (A h  

- - - e  e 
1.2  2 A k iOt i" = 4 

The electron sheath at the cathode is so thin compared 
to the usual cathode radius that the area of this sheath 
has been replaced with that of the cathode. Also, in this 
simple derivation, we have neglected any changes in the 
potential across the plasma as well as changes in the 

plasma density.' 

4 See Appendix. 
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In Fig. 16 the anode current as determined by (6) is 
compared with experiment. The plasmatrons used in 
these experiments were of about the same over-all di-
mensions and geometry as in Figs. 1 and 2, except that 
a more symmetrical (cylinder of 2-cm diameter) anode 
structure was employed. In addition, two 10-mil wire 
probes were mounted parallel with the cathode, one 
close to the anode and the other close to the cathode. 
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Fig. 16—Comparison of computed anode current with experiment. 

The values of the space-current densities used in (6) 
were determined by conventional probe techniques. The 
electron temperature was measured by the double-
probe method,' and was found to be close to the thermal 
temperature of the cathode. The potential drops across 
the plasma were measured by noting the change in 
floating potential between the two probes. This poten-
tial difference was found to be about 0.04 v, indicating 
a plasma resistance of about 2-ohm centimeters. This is 
lower than the value predicted by (1), probably because 
of the density gradients in the plasma. 
The emission density of the 50-mil diameter oxide-

coated cathode was determined by running this cathode, 
in conjunction with its anode, as a"conventional gas 
diode and noting the value of anode current at which 
the discharge broke out of the "ball-of-fire" mode.' This 
value of anode current is approximately one-half the 
total field-free emission of the cathode. 
If the potential V. is given a value of 0.95 v, (6) in-

cludes the point 0.0 v, 10 ma. This value of potential 
seems reasonable and about what might be expected 
from contact potentials and a small drop in the plasma. 
The curve representing (6) was terminated by the 

horizontal portion at the point where 

r2 = Aajo. (7) 

L. Malter, E. 0. Johnson, and W. M. Webster, "Studies of ex-
ternally heated hot cathode arcs, part l—modes of the discharge," 
RCA Rev., vol. XII, pp. 415-435; September, 1951. The "ball-of-
fire" form of discharge is also described by M. J. Druyvesteyn and 
F. M. Penning, "Electrical discharges in gases," Rev. Mod. Phys., 
vol. 12, p. 148; April, 1940. 

since (6) does not hold be) ond here. The agreement be-
tween the two curves is fair and about as good as one 
might expect from this simple analysis. At least part of 
the deviation between the curves stems from a small 
cathode-coating resistance. 
Whereas the positive-ion current has been neglected, 

it will actually amount to several ma when the anode is 
negative. This back current must be considered in cer-
tain applications such as in rectification where this cur-
rent could result in accelerated gas clean-up as well as 
in premature inverse breakdown. 
A comparison between the actual saturated anode 

current and that computed from (7), by probe measure-
ments of plasma density, is displayed in Fig. 17. The 
deviation at low currents probably arises from the 
tendency of the positive-ion sheath surrounding the 
probe to overlap the electron sheath adjacent to the 
anode for low plasma densities. The deviation at high 
currents stems from the fact that the measuring probe 
was about 2 millimeters from the anode surface, and 
consequently measured a somewhat higher plasma 
density than that actually adjacent to the anode.' 
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Fig. 17— Comparison of saturated anode current 
with its computed value. 

The relation between the saturated anode current 
and the auxiliary current, with the cathode emission 
as parameter, is shown in Fig. 18. This family of curves 
shows how the saturated anode current is first limited 
at the anode, as exemplified by the linear dependence of 
this current on the auxiliary current and hence on the 
plasma density, and then saturates at a value corre-
sponding to the emission capability of the cathode. The 
values of cathode emission were measured in the same 
manner as before. The agreement between these values 

The increase in plasma density with decreasing radial distance 
from the cathode is discussed in the Appendix. 
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and the anode current along the horizontal portion of   TABLE I 
the curves is surprisingly good considering the usual 
vagaries of the emission from oxide-coated cathodes. 
Measurements were made rapidly as possible to prevent 
changes in cathode surface due to ion bombardment. 
Theoretically, the departure from linearity should 

occur when the cathode-to-plasma potential Vk  be-
comes zero. We can then write from (6) 

A4jic =  A kjOk  A ajOa) 

whence 
A kjk =  A kjOk 4. 1  

* 

12 A aiOn  

(7a) 

Since saturation occurs at the anode (along the linearly 
dependent portion of Fig. 18), it follows that the total 
random current flow through a cylindrical shell coaxial 
with the cathode must be greater than through the an-
ode sheath.4 Then A kjOk > A ajOa. Substitution of this in-
equality into (7a) yields A kjk> 2 12. That is, for normal 
plasmatron operation cathode emission should be at least 
twice maximum saturated anode current demanded. 
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Fig. 18—Relation between anode and auxiliary discharge currents 
with cathode emission as parameter. 

Equation (7) also indicates that the anode current 
should be independent of cathode area when the tube 
is operating with anode saturation. This was tested by 
employing a tube with three separate main cathodes of 
equal area as shown in Fig. 19. This arrangement al-
lowed the cathodes to be used separately or in various 
parallel combinations. The results are tabulated in 
Table I (a). It is seen that the anode current is essenti-
ally unaffected by cathode area. Part (b) of the same 
table shows the effects which occur when the heater 
power is reduced to make the cathode-emission tempera-
ture limited. Here, as was expected, the anode current 
is seen to be equal to the sum of the cathode emissions. 

(a) Anode Saturation 

Cathode No.  Anode Current (ma) 
1 300 
2  240 
3  200 
1 and 2  280 
1 and 3  260 
2 and 3  240 

I and 2 and 3  260 

(b) Cathode Saturation 

Cathode No. 
1 
2 
3 
2 and 3 

Anode Current (ma) 
Negligible 

14 
56 
68 

To verify qualitatively the reality of the behavior of 
the plasma potential (as it has been portrayed) the 
arrangement of Fig. 19 was employed. This arrangement 
enabled the floating potential VI of cathode No. 3, act-
ing as a probe, to be observed as the volt-ampere charac-
teristic of the main cathode-anode circuit was swept at a 
60-cycle rate. For these tests cathode No. 3 was made a 
strong emitter "so that its floating potential was very 

ANODE 

CATHODE 'II 

*03 

AUXILIARY 
CATHODE  10 K 

DC 
OSCILLOSCOPE 

— AUXILIARY 
SUPPLY 

Fig. 19—Circuit for investigating the behavior of plasma potential. 

close to the plasma potential. The curves in Fig. 20 (a) 
and (b) show the correspondence between the volt-
ampere characteristics and the potential 17, which is 
essentially plasma potential. In the first case, where the 
cathode is a strong emitter, the plasma potential starts 
to rise with the anode current and stops rising when the 
anode current saturates. This behavior is in accord with 
that predicted by the analysis. Furthermore, the mag-
nitude of the change in plasma potential is such as to 
account for the change in the current leaving the 
cathode. Little can be said with respect to the absolute 
value of the plasma potential since the contact poten-
tials are not known. However, in other experiments 
made under more ideal conditions where the contact 
differences of potential could be measured, it was found 
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that the plasma potential was actually about 0.5 v be-
low that of the cathode surface. Also, the fact that the 
plasma electron temperature, measured in plasmas 
which are closely associated with copiously emitting 
cathodes, is generally very close to the temperature of 
the cathode is in itself a strong indication that such 
plasmas are below cathode potential. This temperature 
correspondence holds for oxide as well as pure metal 
cathodes. 
In Fig. 20(b), where the cathode is a weak emitter, 

we see that the plasma potential moves up linearly with 
the anode potential once the anode current has sat-
urated. This is in accord with the analysis which pre-
dicts that most of the tube drop occurs near the cathode 
when the cathode is a poor emitter. 
There are conditions under which the cathode-

plasma-anode system becomes unstable. Usually the 
only tendency towards instability that shows up in a 
helium-filled tube seems to occur when the system is 
operated with the cathode as an emitter of intermediate 
capabilities. Under these conditions probe measure-
ments show that the plasma potential alternates be-
tween the distributions of Fig. 15 (a) and (b). When the 
instabilities give coherent oscillations, these have a 
period corresponding roughly to that of the Tonks-
Langmuir ion oscillations:7 
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Fig. 20—Relation between plasma potential and anode current. 
(a) Cathode a strong emitter. (b) Cathode a weak emitter. 

When the gas filling is one of the heavier gases, such 
as xenon, then the tube is quite likely to become un-
stable. The reason for this is not yet clearly understood. 
There are indications, however, that this difficulty arises 
from nonsymmetrical plasma density distributions that 
are not appropriate to the current densities that have 
to be carried at the various cross sections in a cylindri-
cal-type geometry.' Nonsymmetries in the plasma 
density are fostered by the fact that the ion generation 

7 L. Tonks and I. Langmuir, "Oscillations in ionized gases," Pity:. 
Rey., vol. 33, pp. 195-210; February, 1929. 

is usually most intense in the region between the garrote 
and the main cathode in a tube type such as those al-
ready illustrated. 
In summary it can be said that our simple picture at' 

plasmatron behavior is in good agreement with a diver-
sity of experimental results. 

VI. PLASMA GENERATION AND Loss° 

The auxiliary discharge is the sole agent for generat-
ing the necessary plasma since the main anode current 
is not allowed to ionize in normal operation. In plas-
matrons of the types already described the major part 
of the ionization can be ascribed to the ionizing collisions 
that the stream of electrons emerging from the aperture 
in the garrote makes upon neutral atoms. 
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Fig. 21—Relation between ion generation and electron energy. 

The dependence of this type of ionization in helium 
upon electron energy is shown in Fig. 21. 9 The dashed 
curve refers to the efficiency of ion generation as defined 
by the ion pairs generated per volt energy of the im-
pinging electrons. The most copious generation occurs 
at 17=100 v and the most efficient at V=55 v. At a 
gas pressure of p millimeters of mercury the differential 
ion current dip, arising from the ion generation, in a 
distance dx, by an electron current ie is given approxi-
mately by 

di,  

Here the ionization function f(V), is to a first approxi-
mation, as displayed in Fig. 21, the factor e—x7w is the 

s The plasma density is largely determined by the ion supply 
since the copious thermionic supply and high mobility of the elec-
trons allows them to accommodate readily to the density conditions 
imposed by the ions. Thus the term "ion" will often be used in place 
of the term "plasma" in this section. 

9  1935. M. Knoll, "Gasentladungsta bellen, " J. Springer,  Berlin,  p. 66; 
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fraction of the original electron current  still able to 
ionize after traveling the distance x, and X.' is a distance 
comparable to the mean free path of the electrons at the 
pressure p with regard to inelastic collisions. 
Integration of the above equation over a distance d, 

large in comparison to X.', yields 

= f(V) 0t.'.  (8) 

Since the ionization function varies directly, and X.' in-
versely with pressure, (8) is independent of pressure. 
This equation represents the total ion current i„ gen-
erated in the region that the ionizing current i1 acts 
upon. The process by which the current ip is lost from 
this region will now be investigated. 
The volume recombination that takes place in the 

plasma is relatively negligible in the plasmatron so that 
the loss occurs principally by wall recombination. That 
is, the free electrons and ions in the plasma diffuse to 
the available bounding surfaces where they recombine. 
The travel of the free electrons and positive ions to the 
available surfaces occurs by an ambipolar diffusion 
process wherein ions and electrons leave the plasma at 
equal rates. This process will result in a total rate of 
loss of ions from the plasma as accounted for by 

dN  N 
=  (9) 

di  r 

where N is the total number of ions in the plasma and 
7 is the plasma decay constant, in seconds, and is de-
scribed by" 

A l 

= -  • 

Da 

(10) 

Here A is the characteristic diffusion path in centimeters 
and D„ is the ambipolar diffusion coefficient in square 
centimeters per second. The quantities N, r, and A all 
refer to the lowest density mode of the plasma. The 

higher density modes have been neglected for the sake 
of simplicity since such an omission will not have any 
serious effect upon the approximate results desired in 
this investigation. 
The application of these quantities to the plasmatron 

requires comment. In the direction parallel to the main 
cathode the usual ambipolar diffusion coefficient can be 
used because the total ion and electron currents arriving 
to the end micas are equal. However, in the cathode-
anode direction the usual value of the ambipolar co-
efficient is no longer valid.4 When the anode current is 
saturated, the electron sheath at the anode prevents 
any ions from leaving at this boundary. Also, the po-
tential barrier at the cathode discourages ion loss at 
this point. Actually, there is some ion loss to most 
cathodes arising from variations of potential over the 
emitting surface. Except for this, loss to the end micas, 
the garrote and a very small amount of volume recom-
bination, the positive ions are effectively trapped. Con-
sequently, the values of A and J) to be used in describing 
the plasmatron losses are generally not related to the 

vessel geometry or the mobility and diffusion coefficients 
in the manner described by Biondi and Brown.'° This 
added complication presents no special problem since 
the effective value of 7 can easily be evaluated by puls-
ing the auxiliary discharge and noting the rate at which 
the saturated main anode current decays. It is felt that 
the value of 7 so obtained is not materially different 
from that which holds sway in the tube during normal 
operating conditions. 
By introducing the electron charge e into (9), the ion 

current i,, lost from plasma region is found to be 

Ne 

7' 

When (8) is introduced into this, there results 

f(V)X.ii.= —Ne  • (11) 

Probe studies of plasma density and the requirements 
upon the plasma density4 indicate that N can be ex-
pressed in terms of the average plasma density no. ad-
jacent to the anode, and the active tube volume v, by 

N = ‘Pno.v. 

The factor  which has a value of about 2.0, is in-
dependent of the anode current and arises from the 
greater plasma density in the cathode region. Combined 
with (2), (2'), and (7), (11) becomes 

foul' 
= 0.4 X 10-6 —  • (12) 

Here jo4 is expressed in ma per square centimeter, v in 
cubic centimeters, the electron temperature is taken as 
1,000°K, and the ionizing current i1 has been replaced 
by its equivalent /1, the auxiliary discharge current ex-

pressed in ma. 
This equation, first of all, predicts that the anode 

current should be proportional to the ionization func-
tion f( I'). This prediction is borne out by the results 
shown in Fig. 22, where the crosses represent normalized 
values taken from Fig. 21 (as shown on page 654). The 
auxilian, voltage was controlled by varying the garrote 
bias. The larger the bias, the greater the constricting 
effect at the aperture," and hence the larger the auxili-
ary discharge arc drop." 
Secondly, (12) indicates that the anode current should 

be proportional to the auxiliary current I. The results 
in Figs. 4 and 17 bear adequate testimony to the validity 
of this conclusion. 
Thirdly, (12) suggests that the current gain, as de-

fined by the ratio of the saturated anode current to the 
auxiliary current, should be directly proportional to the 
decay constant r. Both the qualitative and quantitative 
behavior shown in Fig. 23 confirm this very nicely. 

le  M. A. Biondi and S. C. Brown, "Measurements of ambipolar 
diffusion in helium," Phys. Rev., vol. 75, pp. 1700-1705; June, 1949. 
u H. Fetz, "On the control of a mercury arc by means of a grid 

in the plasma," Ann. der Phys., vol. 37, pp. 1-40; January, 1940.. 
" Probe studies show that virtually all of the arc drop appears in 

the aperture. 
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However, the unusually good quantitative results prob-
ably contain an element of fortuity which derives from 
the approximations introduced into the derivation of 
(12). 
In evaluating (12) the following values were used: 

A0=8.5 cm2, v =3.25 cm', V=60 volts, and X.' = 0.235" 
centimeters at p=1 millimeter pressure. The tubes 
represented in Fig. 23 were identical with the one shown 
in Fig. 2, except for small geometrical differences in the 
main cathode-anode region which altered r. For ex-
ample, tube No. 3 had positive baffles over the end 
micas; these prevented ion losses to the micas, and so 
altered r. 
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Fig. 22—Relation between saturated anode current and 
auxiliary discharge potential. 

It is instructive to consider the effective ionization 
efficiency curve shown in Fig. 22. Here the peak effi-
ciency corresponds to 1.5 amperes of anode current for 
each watt in the auxiliary discharge. Operation under 
these conditions is several times as efficient as the opera-
tion of an ordinary hot cathode diode. To illustrate this 
point compare the total energy consumed in tube drops 
for a given anode current (1) using plasmatron operation 
and (2) using the same tube without the auxiliary dis-
charge. Now if the necessary auxiliary heater power of 

Anode current 
Anode voltage 
Auxiliary voltage 
Auxiliary current 
Total power in tube drops 

(I) Plasmatron  (2) Diode 
0.26 a  0.26 a 
2.0 v  27.0 v 
55.0 v 
0.003a 
0.69 w  7.0 w 

1.0 watt (at the conservative rate of 20-ma emission per 
watt heating power) is added, the plasmatron shows a 
power loss which is only one quarter that of the diode. 
Had the gas been xenon, which has an ionizing potential 
of about 11 v, the saving would still be 50 per cent or 
more. Thus, the use of the plasmatron principle in rec-

18  Landolt-Bornstein, uZahlenwerte und Funktionen aus Physik 
und Chemie," J. Springer, Berlin; 1950. 
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Fig. 23—Relation between current gain and plasma decay constant. 

tifier circuits, where efficiency is a consideration, ap-
pears attractive. 
These results emphasize that the ordinary hot cathode 

gas diode operates at a disadvantage in that its anode 
potential is beset with the dual problem of pulling elec-
trons through the tube as well as having to take care of 
the ionization requirements. 
Any particular ion density can be put to the best use 

by taking advantage of the fact that for a given ion 
density the anode current is proportional to the anode 
area as shown in (7). By using various stratagems, such 
as finned anodes, the anode area can be increased sev-
eral-fold without increasing the outside dimensions of 
the tube. When. this is done, current gains of 300:1 are 
easily achieved in tubes such as those illustrated. If the 
previously mentioned trapping action is pushed to ex-
tremes, by extending the anode over the end micas and 
garrote, even greater current gain can be obtained.'4 
In dealing with the frequency response of the device 

in the first or diode method of operation one is concerned 
with the time constants of plasma build-up and decay. 
The plasma build-up time is a function of how fast ions 
can be generated by the auxiliary discharge. This 
process occurs so much faster than the decay time that 
it can be ignored. The decay of the plasma density will 
proceed largely by ambipolar diffusion according to the 
relation'° 

ti = noe-4 /*  (13) 

from which (9) was derived. Here n is the ion density at 
a particular point in the tube at a time 1, no is the initial 

18 The volume recombination loss should become important when 
the plasma density no,, at the anode has a value given approximately 
by no.= 1/2ar which is derived by equating the diffusion to the 
recombination loss. Using the value 1.7 X10-8 , given by Biondi and 
Brown" for the volume recombination coefficient a of helium, and 
100 microseconds for r the value of no turns out to be 3X10". This 
corresponds to an anode current of about an ampere in these tubes, 
which is approximately the current at which indications of volume 
recombination become evident. 
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ion density at this point, and r is the decay constant 
previously described. As might be expected the sine-
wave frequency response is inversely related to the de-
cay constant and drops off at the expected frequency. 

VII. GRID ACTION 

In the second mode of operation the saturated anode 
current is controlled by varying the cross-section of the 
plasma in the vicinity of the anode. This is accomplished 
by interposing a grid between the main cathode and 
anode (see Fig. 7). The anode characteristic with grid 
bias as a parameter is plotted in Fig. 9. When the grid 
is at a negative potential with respect to the plasma, its 
wires are surrounded by positive-ion sheaths which 
serve as barriers through which electrons cannot flow. 
Thus, the anode current is made to depend upon the 
thickness of the grid sheaths. This control of the anode 
current appears as a variation of the effective anode 
area A. in (7). Actually, an increasingly negative grid 
bias is effective in reducing the anode current in still 
another fashion. The sheaths act as ion sinks whose 
effect is to reduce the plasma density in their neighbor-
hood. As the sheaths expand, the plasma density de-
creases correspondingly, resulting in a further decrease 
of the saturated anode current. This second control 
mechanism may be considered analytically as a varia-
tion of the effective random current density jo. in (7). 
Thus, the grid exerts control over the anode current 
through two co-operating mechanisms: (1) the variation 
of the effective collection area of the anode, and (2) the 
variation of the current density able to flow through 

this area. 
The relative contributions of the A. and j„„ varia-

tions have been estimated in the following fashion. 
From a measurement of the positive-ion current to the 
grid when it was highly negative, a value for plasma 
density was obtained. Assuming that the plasma density 
is the same for all other values of grid bias, the sheath 
thickness as a function of grid bias was computed by 
the methods described by Malter and Webster.l6 It was 
further assumed that A., and consequently the anode 
current, was proportional to the region between the 
grid wires not closed off by adjacent sheaths. The re-
sultant anode-current grid-voltage characteristic is 
plotted in Fig. 24. Here the ordinate is plotted in terms 
of the current at zero bias. For comparison the experi-
mental results are plotted on the same figure. The 
anode current was always maintained in a saturated 
condition. It is seen that the experimental character-
istic is very nearly the square of the theoretical charac-
teristic (indicated by crosses). This suggests that the 
variation in anode current is controlled about equally 
by the two mechanisms, at least for tubes of the struc-
ture shown in Fig. 7, and that the effective anode area 
and the random electron current density are nearly 
linear functions of the grid-sheath radius. 

The similarity between the va output character-
istics of the diode and triode operation stems from the 
fact that the grid action affects the total quantity 
Aajo. of (7) just as the auxiliary discharge does. Com-
parison of Fig. 3 with Fig. 9 shows that a higher value 
of auxiliary current is required to give the same anode 
current in the triode as in the diode. This comes about 
because even at zero bias the grid wires act as ion sinks 
which reduce the plasma density adjacent to the anode. 

" L. Maker and W. M. Webster, "Rapid determination of gas 
discharge constants from probe data," RCA Rev., vol. 12, p. 191; 
June, 1951. 
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control characteristic. 

The tiiode frequency response, plotted in Fig. 10, is 
compounded of a complex combination of ion and elec-
tron movements in the grid-anode region. The falling 
off of response is a result of the finite time required to 
alter the plasma density in the grid-anode region. For 
example, if the region is closed off from the main body 
of the plasma, the residual plasma therein soon disap-
pears by diffusing to the grid wires. When the sheaths 
are then retracted, a definite length of time, primarily 
determined by the slow-moving ions, is required for the 
plasma to be restored in the grid-anode region. This 
build-up time requires about 5 microseconds in these 
tubes, whereas the cut-off of the anode current by the 
grid sheaths occurs in a fraction of a microsecond. 
It is interesting in the light of the above to point out 

why the thyratron grid, in contradistinction to the 
plasmatron grid, loses control after the onset of a dis-
charge with its concomitant plasma formation. The loss 
of grid control, in the case of the thyratron, stems from 
the increase in ionization that necessarily accompanies 
the increase in the thickness of the grid sheath." As the 
grid sheaths reduce the span of the grid openings the 
anode current at first tends to decrease. This decrease, 
in the usual resistance-limited circuit, raises the anode 
potential, making possible a higher rate of ion generation 
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and hence a more dense grid-anode plasma. As a result 
of this greater plasma density the effect of the original 
grid sheath expansion is virtually cancelled and little 
net effect upon the anode current ensues. At very low 
gas pressures the rate of ion generation is less able to 
keep pace with the grid-sheath expansion so that a cer-
tain amount of grid control can be achieved with grids 
that have small openings. At higher gas pressures, such 
as are normally used in commercial thyratrons, this is 
not usually the case. This entire matter has been studied 
very thoroughly by Fetz" and need not be elaborated 
upon at this point.. The plasmatron escapes the diffi-
culties of the thyratron by utilizing a plasma that is 
produced independently of the anode current. 

VIII. GENERAL BEHAVIOR AND APPLICATIONS 

While exhaustive life studies have not been carried 
out, it would seem that the plasmatron would be at 
least as good in this respect as a comparable gas tube 
such as a thyratron. The presence of the retarding field, 
for positive ions, at the cathode precludes the possibility 
of trouble from disintegration of the cathode due to ion 
bombardment. This should also apply to the auxiliary 
cathode since the arc drop of the auxiliary discharge oc-
curs across the aperture in the garrote and, in addition, 
there is also a small retarding field at the auxiliary 
cathode. It would seem that the low operating poten-
tials normally required would not cause prohibitive gas 
clean-up. 

There is no reason to believe that the tube should 
behave any differently with respect to ambient tem-
peratures than a thyratron filled with the same type of 
gas. Thus, a tube filled with a noble gas should be rela-
tively temperature insensitive. 
Since the tube is a low-voltage, high-current device, 

special attention must be given to the cathode. As re-
gards over-all efficiency, the cathode-emission efficiency 
must be kept as high as possible and voltage drops in 
the cathode coating and interface must be kept to a 
minimum. It has been observed that such drops can add 
several volts to the potential at which anode current 
saturation occurs. 
Contact differences of potential between the cathode 

and anode are often noticable in the plasmatron. Dur-
ing cathode activation the entire va characteristic can 
be seen to drift toward lower anode potentials. This 
shift of the characteristic is presumed to be due to the 
decrease in the anode work function which follows from 
the deposit of evaporated cathode material. 
In its present developmental stage the tube has been 

used in the laboratory for direct loudspeaker drive, 
motor control, switching, regulation, inversion, and low 
drop rectification. 

CONCLUSION 

This new electronic device, a continuously control-
lable hot cathode gas tube, shows excellent promise for 
fulfilling the long-standing need for a device that will 
continuously control large currents at low voltages. 

APPENDIX 

It is instructive to make a simplified analysis of plasma 
conditions in a cylindrical geometry such as in Fig. 25. 
It is assumed that the charged particle densities are 
equal so that n+ = n- = n. This assumption seems justi-
fied on the basis of an analysis made on plane parallel 
structures where n+ and n- were not assumed equal. It 
cannot be expected to hold near plasma boundaries. 

PLASMA 

HOT  ANODE 
CATHODE 

UNIT 
LENGTH 

Fig. 25--Section of plasinatron diode. 

The electrons enter the plasma at the cathode with a 
density q and leave at the anode with a flow density 
aq.-/b. Positive ions are allowed to enter either at anode 
or cathode with a flow density go+, or to be present and 
have no net drift velocity in a radial direction. 
In addition to the current continuity relations and 

the above boundary conditions, the flow equations 

an 
q-f = ngu+ — D+ — (1) 

or 
and 

On 
q- = — nEp- — D- — 

- Or 
(2) 

must be satisfied; q+ and q- are the respective positive 
ion and electron particle flows, respectively, u+ and u-
are mobilities, D+ and D- the diffusion coefficients, n is 
the particle (plasma) density at the radius r, and E is 
the field. 

From (1) and (2) we get 

F EH-A- Thal On  an 
e =   - - D.' — ,  (3) L + PAi+ j Or  Or 

where D.' is the modified ambipolar diffusion coefficient 
and P=+q-/q+. The positive sign refers to the case 
where the particle flows are in the same direction and 
the negative sign where the flow directions are opposed. 
By definition Da' is the ambipolar diffusion coefficient 
D. when P=1. Since ,u->>u+, D.' will not start to differ 
appreciably from Da until the absolute value of P be-
comes greater than 20 or so. This is an interesting re-
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suit since it indicates that diffusion conditions are still 
"ambipolar" even when there is a relatively large dis-
parity between the electron and positive-ion flows to 
boundaries. But, when the flows differ by a factor of 100 
or more, as in the radial direction in the plasmatron, 
then conditions are far removed from ambipolar. 
From (1) and (2), the continuity relations, and the 

boundary conditions one obtains: 

dn =  aqa-r+ roqo]dr ± —  — • 
D.  r 

The positive sign refers to the case where the positive 
ions enter at the cathode and the negative sign to the 
case where they enter at the anode. In the first case 
ro =a, and in the second ro=b. 
If nb is the positive-ion density adjacent to the anode, 

(4) becomes 

. n = na + aq.-[µ4- 7.401 b   + —  In — • 
D. AL- aq.- r 

This shows that if the positive ions enter at the cathode, 
remain essentially stationary (as they would for low 
rates of generation and loss), move in an axial direction, 
or enter at the anode at such a rate that the quantity in 
the bracket does not become negative, the plasma den-
sity will be greatest close to the cathode. If in (5), q.- is 

(4) 

GOO  300 

g 500 
0 
cc 

0 2 
P" 400  200 

z  Id 
ta 
CC  a cc 
300 

v 

0  8  

ta 200 < 100 

8 100 r 

•-• 

x 

2 

(V2) ANODE 

IA,(A NODE 
\ U RR E NT/ 

pK(PROSE IN  
CATHODE REGION) 

(5) 

W po<PROBE IN  
ANODE REGION) 

3  4  5 

POTENTIAL (VOLT S) 

Fig. 26—Effect of anode current and potential on plasma density. 

proportional to nb and q01-/g - remains approximately 
constant, then the density distribution function will be 
essentially independent of the anode current. Experi-
ment indicates that such is the case. If q, is not pro-
portional to nb, as would be the case if the anode cur-
rent is not saturated, then (5) shows that the plasma 
density in the cathode region should increase with T.-. 
Also because fewer ions can run out at the anode the 
density in this region might be expected to increase 
somewhat. These conclusions are well borne out by the 
results of probe measurements in the anode and cathode 
regions of a plasmatron. Typical behavior (shown in 

Fig. 26), where the probe current was measured as the 
anode current was changed. Plasma decay studies also 
show that the disappearance of positive ions is markedly 
lessened as the anode current approaches its saturation 

value. 
In developing the expressions to describe the plasma-

tron operation, it has been assumed that the current 
carrying capacity of the plasma is a minimum at the 
anode, that is, that Abib <A ,j, <A.j.. Here the A's refer 
to the plasma cross-section area normal to a radius and 
the j's to the electron space current densities at these 
cross sections. The conditions necessary for this situa-
tion to exist can be found from (5). Thus all will be well 

if 

or 

nbb < nr 

aq.- rogo+ , 
nbb < nbr  —  — + — Hr in 

D.  u-

r aqa 1.1+  

1 <   Fr ln — 
b  bneD. 

- 
F=  

(6) 

It is convenient to introduce the dimensionless factor 
F to account for the effect of the current ratio. The 
equation can be simplified further by the introduction 

of the relations 

a 
--q,.- = qb-, 

qb- c--
-  = — 
nb 4 

7'- 
= — • 
T+ 

Here c- is the average electron thermal velocity and the 
T's refer to the particle temperature. If the classical 
expressions for the average thermal velocities, the elec-
tron mean free path L-, and mobilities are used, one 

obtains 

r  4 0 r 
1 < —  —  F In — 

b  r 1+ 0 L-

or, approximately 

f  r 
1 < —  — F In — • 

b  L-
(7) 

From (7) it is seen that the necessary conditions for nor-
mal plasmatron operation, wherein plasma saturation 
occurs at the anode and not elsewhere, can be met 
when (1) the ratio a/b is not too small, (2) the pressure 
is such that L- is not too large, and (3) the ions are in-
jected close to the cathode so that F tends to be large. 
Qualitative observations bear out these conclusions. In 
fact, when instabilities in operation do occur, the be-
havior of the plasma potential strongly suggests that 
the point of plasma saturation alternates between the 
cathode and anode regions, indicating that (7) is not 
being continuously satisfied. 
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On the Possibility of Obtaining Radar Echoes from 
the Sun and Planets* 
F. J. KERRt, SENIOR MEMBER, IRE 

Summary—The sun is, after the moon, the simplest major as-
tronomical body to reach by radar, and it is a more interesting 
object for study than the moon or the planets. In this paper, the 
process of reflection from the sun is investigated theoretically, to-
gether with the manner in which the echo intensity would be ex-
pected to depend on the various parameters of a radar system. It is 
shown that the detection of sun echoes appears technically possible, 
but a radio-engineering project of considerable magnitude is in-
volved. Orders of magnitude of planetary echoes are also briefly 
discussed, and a reference is made to several astronomical studies 
which could be carried out with a very high-power radar. 

I. INTRODUCTION IIIOLLOWING the successful reception of radar 
echoes from the moon,'-5 speculations have ap-
peared in various places regarding the possibility 

of obtaining echoes from more distant objects. These 
speculations do not yet appear to have been put on a 
quantitative basis. Although Mercury, Venus, and 
Mars approach more closely to the earth, the sun pre-
sents the best possibility (after the moon) of returning 
detectable echoes because of its much greater size. Fur-
thermore, the sun is the most interesting astronomical 
object for a radar investigation. Reflection would take 
place high in the solar atmosphere in the fully ionized 
gases of the corona. This region is very difficult to in-
vestigate optically. The corona is known to exhibit large 
spatial and temporal variations which could be studied 
by radar. It is also believed that streams of ionized parti-
cles of the type which cause terrestrial auroras are some-
times emitted from the sun, and these might be detected 
while in its vicinity. 
An order of magnitude for the power required for a 

detectable echo from the sun can be obtained by the 
following simplified argument: 
The angular diameter subtended by the sun at the 

earth is nearly the same as that of the moon (r), so 
that both will receive about the same power flux from 
a terrestrial transmitting antenna. Neglecting for the 
moment the differing reflection coefficients of the two 
bodies, the decrease in the sun's echo relative to that 
from the moon will be due solely to the greater distance 

* Decimal classification: R115.23 X R116. Original manuscript re-
ceived by the Institute, October I, 1951. 
t Division of Radiophysics, CSIRO, Sydney, Australia. 
1 J. Mofensen, "Radar echoes from the moon," Electronics, vol. 

19, pp. 92-98; April, 1946. 
1 Z. Bay, "Reflection of microwaves from the moon," Hungarica 

Acta Physica, vol. 1, pp. 1-22; 1946. 
1 J. H. De Witt, Jr., and E. K. Stodola, 'Detection of radio 

signals reflected from the moon," PROC. I.R.E., vol. 37, pp. 229-242; 
March, 1949. 
4 F. J. Kerr, C. A. Shain, and C. S. Higgins, "Moon echoes and 

penetration of the ionosphere," Nature (London), vol. 163, pp. 310-
313; February 26, 1949. 

6 F. J. Kerr and C. A. Shain, "Moon echoes and transmission 
through the ionosphere," PROC. I.R.E., vol. 39, pp. 230-242; March 
1951. 

traveled by the diverging reflected radiation. Since the 
sun is about 400 times as distant as the moon, the sun's 
echo will be smaller by a factor of (400)2, or 52 db. The 
more detailed discussion, presented below, must take 
several additional factors into account, such as, the par-
tial absorption of the incident energy in the solar atmos-
phere, the greater size of the sun's radio disk, the neces-
sity of overriding the sun's own radiation ("solar 
noise"), and the variation of these and other factors 
with frequency. 
The evaluation of these factors is based on current 

knowledge of the nature of the solar atmosphere, but it 
should be noted that the relevant quantities are not 
known exactly. Because great difficulties exist in obtain-
ing information concerning the outer corona and sur-
rounding clouds or streams of charged particles by opti-
cal means, interest centers on the possibility of obtain-
ing echoes from these regions. Hence, the use of a low 
frequency is indicated. For this reason a frequency of 
30 mc will be used to illustrate points in the discussion, 
the behavior at other frequencies being later expressed 
in terms of that at 30 mc. 

Following a derivation of the power requirements for 
echoes from the sun and those for the nearer planets, 
some comments are made on the practicability of build-
ing equipment of the necessary magnitude, and on uses 
to which a suitably powered astronomical radar system 
might be put. 

II. REFLECTION FROM THE SUN 

A. The Solar Corona 

The solar corona is a mass of ionized gas at high 
temperature, extending from the sun out to a distance 
of several solar radii. In the genera/1y accepted model, 
the electron density decreases outwards according to 
the formula derived by Baumbach,6 and later modified 
by Allen' and van de Hulst.s The existence of a high-
electron temperature (about 10° °K) has been inferred 
from the width of the coronal emission lines, the high 
state of ionization required to produce these lines, and 
the intensity levels of the "quiet" solar noise. Spherical 
symmetry is often assumed for simplicity, but eclipse 
observations of the corona indicate that this is far from 
correct, the typical pattern showing a number of radial 
streamers. There is some evidence that these streamers 
are associated with prominences in the chromosphere, 

01 S. Baumbach, "Strahlung Ergiebigkeit und Electronendichte 
der Sonnenkorona," Astron. Nach., vol. 263, pp. 121-134; July 2, 1937. 

7 C. W. Allen, "Interpretation of electron densities from corona 
brightness," Mon. Not. R. Asir. Soc., vol. 107, pp. 426-432; 1947. 
$ H. C. van de Hulst, "Zodiacal light in the solar corona," 

Astrophys Jour., vol. 105, pp. 471-488; May, 1947. 
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so that the pattern presumably changes in periods of the 
order of days or less, while the occurrence of variations 
of some kind of the order of seconds and minutes is indi-
cated by the intensity variations of solar noise from the 

corona. 
Some, at least, of the variations are doubtless due to 

the ejection of prominence material from the chromo-
sphere into or through the corona. The visible portion 
of a large prominence extends typically to 100,000 km 
from the photospheric surface. The current interpreta-
tion of several terrestrial phenomena, for example, 
auroras and magnetic storms, involves the interception 
by the earth of streams of particles (most probably neu-
tral streams, with equal numbers of positively and 
negatively charged particles). It is inferred that these 
streams are ejected from active regions on the sun, but 
no direct evidence is yet available. 
The coronal filaments, and, thus, presumably the 

main body of the corona, are known to have the same 
angular velocity of rotation as the photosphere, with 
an approximate period of rotation of 27 days.' This cor-
responds to a linear velocity of [1.9 Xa/Ro] km per 
second for a region at a distance of a/R0 solar radii from 
the axis of the sun. Any internal mass motions existing 
in the corona must also be taken into account in the 
radar considerations, as they would involve a Doppler 
dispersion of the reflected energy. The high thermal 
velocities of the electrons (order of 25 km per second) 
will have a negligible effect in this connection, as they 
average to zero on a macroscopic scale. Of great impor-
tance is the possibility of high turbulent velocities in the 
rest of the coronal material, though current optical 
evidence suggests that this motion is small. 

which makes the refractive index (µ) zero for the fre-
quency concerned; for an oblique ray, a smaller electron 

density will suffice. 
The relevant properties of 30-mc rays are shown in 

Fig. 1, for the case of a spherically symmetrical (smooth) 
corona. On this idealized model, the mean level of the 
= 0 surface for the 30-mc ordinary ray is at 1.56 solar 
radii. All rays except the central one are reflected away 
from the sun at levels outside this. 

B. The Reflection Process 

For simplicity, we will neglect the large irregularities 
known to be present in the corona. These will modify the 
spatial distribution of the reflected energy, but should 
not greatly affect the mean echo strength received at the 
earth. 
We will, however, take into account the smaller irreg-

ularities, small compared with solar dimensions, but large 
compared with the wavelength of the incident radiation. 
In other words, the contours of equal density in the cor-
ona will be "rough" surfaces. The parameters derived 
by Smerd'° for the Baumbach-Allen spherically sym-
metrical model will be used for the mean characteristics 
at any level. 
Each ray entering the corona from outside will, in gen-

eral, suffer deviation from its original direction, together 
with a certain amount of absorption attenuation. After 
a time, the ray will encounter an electron density suffi-
cient to turn it away from the sun. For a ray normal 
to the ionization gradient, this critical density is that 

9 NI.  Waldmeier, "Polarkarten der Sonnenkorona," Zeit. far 
Astrophysik, vol. 27, pp. 24-41; April, 1950. 

20 S. F. ‘5merd, "A radio-frequency representation of the solar 
atmosphere," Proc. IEE (London), part III, vol. 97, pp. 447-452; 
November, 1950. 
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Fig. 1—Reflection from spherically symmetrical corona, 30 mc. 
(d=distance, measured in terms of the sun's optical radius RI), 
between a ray and the ray towards the center of the sun, before 
they enter the sun's atmosphere). 

If the reflecting surface were smooth, only the first 
Fresnel zone would contribute effectively; but when the 
reflecting surface is rough, each region will contribute 
something to the echo received at the earth since in 
each region there will be rays which will meet some 
II= 0 surface normally. (We are neglecting the possibil-
ity of reflection from a sharp discontinuity in electron 
density, about which little can be said from present 
knowledge.) The energy scattered back in the echoing 
direction is greater for a rough sphere than for a smooth 
sphere of the same size, which scatters uniformly in all 
directions, because (1) the fraction of the "illuminated" 
area seen from any direction decreases on going away 
from the incident direction, and (2), in regions towards 
the limb, each irregularity shadows an area behind it, 
reducing the effective illuminated area capable of re-
flection to directions away from the incident direction. 
To form an estimate of the directivity of the radia-

tion reflected from the corona, we can use figures for 
the optical directivity of the planets derived from the 
variation of their brightness with astronomical phase. 
The result obtained for Venus, a planet with an opaque 
atmosphere, is 3.3. Corresponding figures for radio re-
flection would be less if the irregularities were small, ow-
ing to the smaller apparent roughness of a surface for 
the longer wavelength. In the case of the sun (also a 
gaseous type of reflector) the irregularities are presum-
ably larger than those of Venus. Furthermore, the cen-
tral strip of the sun is rendered more important in the 
reflection process by the Doppler spread because of rota-



662 PROCEEDINGS OF THE I.R.E. June 

tional velocities. Thus, a not unreasonable estimate o 
radio-frequency directivity for the sun is 4. 
We must now consider the effects of the sun's refract 

ing and absorbing atmosphere. Refraction would reduce 
the effective reflecting area, by deviating rays away 
from the reflecting surface, while absorption would lower 
the echo intensity by reducing the total amount of 
energy scattered. For the accuracy required, we can sepa-
rate the effects of refraction, absorption, and directivity, 
and consider each singularly for the whole sun. 
In addition to the decrease of curvature of the actual 

reflecting surface (by a factor of 1.56, see Fig. 1), there 
is a further effect associated with the gradual bending of 
the rays. A ray which enters the solar atmosphere at a 
distance of, for example, 0.5 solar radii from the central 
ray, has its turning point at about 0.65 solar radii dis-
tant. This is equivalent to a decrease of effective radius 
by a factor of about 1.3. The net effect is an increase of 
the sun's effective radius over that of the photosphere 
by 1.56/1.3 to the value 1.2 Ro. 
The absorption loss for central and oblique rays can 

be obtained from Smerd's results for the optical depth 
to the reflecting region," giving a loss for the double 
passage varying from 4.3 db, for d = 0 to 1.5 db, for 
d = 1.5. Making rough allowance for the directional 
characteristics of the reflected energy, we will adopt 3.5 
db the mean loss of all rays contributing to the echo. 
After deducing the fraction of the incident energy 

which is reflected back to the earth, we must consider 
how the echo energy is dispersed in frequency by the 
Doppler effect. The solar rotation will produce a shift 
of [37.5Xa/Rol cps at 30 mc for a point on the sun's 
disk at a projected distance of a/Ro solar radii from 
the axis of rotation. The energy spectrum arising from 
this effect will be symmetrical about a frequency cor-
responding to the central strip of the sun's disk, this 
frequency being displaced from the transmitted fre-
quency by a slowly varying shift which depends on the 
earth's orbital and diurnal motions. The spectrum can 
be computed approximately, by using the ray trajec-
tories of Fig. 1 to deduce the levels at which various 
portions of the incident beam will be reflected, and, 
hence the corresponding frequency shift. Making allow-
ance for the variation of directivity over the various 
portions of the disk, it appears that at 30 mc about 55 
per cent of the echo energy will be contained in a band 
of 500 cps, and 90 per cent in 1,000 cps. 
Optical evidence suggests that the turbulent veloci-

ties within the corona are smaller than the rotational 
velocity, so that they should not produce appreciable 
additional dispersion of energy. Some of the energy 
will be reflected from material traveling with promi-
nence velocities, and consequently will suffer quite large 
frequency shifts (for example, nearly 200 kc for a veloc-
ity of 1,000 km per second), but it is to be expected 

11 S. F. Smerd, "Radio-frequency radiation from the quiet sun," 
Aust. Jour. Sci. Res., Sc,. A, vol. 3, pp. 34-59; March, 1950. 

that only a negligible fraction will be dispersed in this 
way. 

C. Echo Cross Section of Sun 

We have seen that the incident energy contributing 
to the echo is that which would pass normally through 
an area of 7(1.2 XR0)2 at the sun's distance. To a first 
approximation, and making the additional assumption 
that the pulse length exceeds the spread in delay time 
of the sun echo (7 seconds), the echo cross section, cr, 
will be the product of 
A, the equivalent area, 7(1.2 XRo)2, 
13( 5 1), the receiver acceptance factor, the proportion 

of the dispersed reflected energy which is contained 
within the receiver bandwidth, 
D, the directivity in the back-scattering direction of 

that portion of the scattered radiation which is ac-
cepted by the receiver, 
a, the mean ratio of emergent to incident power over 

all rays, considering only the effect of absorption, 

0- = AftDa. 

Thus for a 500 cps bandwidth, for which /3=0.55, 

cr = 7(1.2 X R0) 2 X 0.55 X 4 X 0.45 

= I. 57R02. 

III. NOISE BACKGROUND 

Sun echoes will be received against a background of 
solar and galactic noise, which will be so large at the 
frequencies considered that receiver noise will be of 
little importance provided the noise factor is reasonably 
good. Solar noise can be expected to rise at some times 
during disturbed periods to values of many times the 
sun-echo level. With the indicating and integrating sys-
tem discussed later, it may be possible to see small 
changes in even a highly variable noise level, but no 
quantitative data are available about this. We will 
consider in detail the case of the "quiet" sun. 
Smerd's results" for the 30-mc optical depth, which 

were used above to obtain a figure for the absorption, 
led to an apparent temperature, T., for the quiet sun 
of 900,000°K.12 The noise power available from a 30-mc 
plane-polarized antenna of gain 3,000 directed towards 
the sun would then be 

kr.  GX2 
P.=  1.— watt (cps)--', 

X2 4r 

where 

k= Boltzmann's constant (joule/deg.) 

solid angle subtended by Sun's optical disk 
(steradian); 

therefore, 

= 2.0 X 10-'9 watt (cps)-'. 

12 Temperature referred to sun's optical disk. 
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The antenna temperatures to be expected from galac-
tic noise have been inferred from published results of 
observations made in and near the frequency range 
concerned." The estimated variation throughout the 
year of 30-mc galactic noise in the direction of the sun 
is shown in Fig. 2 for an antenna of gain 3,000. The 
range of temperatures is about 12,000 to 100,000°K., 
the highest value occurring in December. The median 

190 

Jon Jun  Dec. 

Fig. 2—Estimated 30-mc antenna temperatures due to galactic noise 
for an antenna directed towards the sun on the days shown. 

there. Similarly absorption in the terrestrial ionosphere 
at high angles and at the high frequencies considered 

should be negligible. 

B. Echo-to-Noise Ratio 

In more definite terms, let us consider the following 
system characteristics, taking up later the effects of 

varying some of the parameters. 

Wavelength 
Radiated power 
Pulse length 
Antenna power gain (isotropic) 
Receiver bandwidth 
Post-detector integration time 
Echo cross section of sun 
Solar radius (optical) 
Solar distance (mean) 

value, which will be little affected by change of antenna 
gain, is 17,500°K., equivalent to an available power at 

the receiver of 

Fa = kr = 2.4 X 10-19  watt (cps)-1 . 

The total power from the quiet sun and galactic noise 
(median value) will then be 

PN = 4.4 X 10-'9 watt (cps)-1 . 

The constancy of this level at 30 mc is not known, 
but some special observations have been made by 
Bolton" at 100 mc, under conditions in which about 
one-tenth of the antenna noise power was galactic, and 
the rest solar. He finds that on the average day, de-
scribed as "quiet," the noise level shows variations of up 
to 5 to 10 per cent with significant times of the order of 
2 to 5 seconds. On exceptional days, the variations are 
less than 1 to 2 per cent for considerable periods. 
In addition to solar and cosmic noise, trouble is likely 

to be experienced under some conditions from atmos-
pherics and station interference, although use of a fre-
quency above 25 mc would minimize these effects. 

IV. DETECTION OF SUN ECHOES 

A. Propagation between Sun and Earth's Surface 

Electron densities in interplanetary space are normally 
so small that negligible absorption should take place 

C. A. Shain, "Galactic radiation at 18.3 mc,“ Aust. Jour. Sci. 
Res., Ser. A., vol. 4, pp. 258-267; September, 1951. 

14 J. G. Bolton, Division of Radiophysics, CSI RO (private com-
munication). 

X = 10 meters 
P = 250 kw 
r > 7 seconds 
G=3,000 
B=500 cps 
t= 10 seconds 
Cr =1.52-R02 

Ro = 6.95 X108 meters 
S= 1.49 X10" meters. 

Then the echo power intercepted by the receiving 
antenna (available power) would be 

P7 GT  1  GRX2 

PR —  a 
4rS2 4rS2 4. 

= 5.2 X 10-'9 w. 

Therefore, the echo-to-noise ratio before the detector 

becomes 

PR 
—  = 2.4 
PN 

= + 3.7 db. 

The possibility of observing echoes whose strength is 
near the noise level is limited by the statistical fluctua-
tions of the noise. These fluctuations can be reduced by 
integrating after the detector over a period of time con-
taining many noise impulses. By integration over n noise 
pulses, the minimum detectable signal Prnin can be re-
duced by a factor Vn. Thus for an IF bandwidth of 
500 cps and an integration time of 10 seconds, half of 
which is used to receive echo energy, the detectability 
of weak echoes will be increased by a factor 

m  = ( Din 

= 50 

= 17 db. 

Thus under the conditions considered, the echo power 
would exceed minimum detectable echo by about 21 db. 

C. Choice of Optimum Frequency 

A large number of factors enter into the choice of the 
optimum frequency, but some of these can be combined 
into a single curve of sensitivity against frequency. 
As the frequency increases, the echo cross section of 

the sun decreases, for two reasons. The radius of the 
coronal level from which µ = 0 reflection can be expected, 
decreases; also, the absorption of energy in traveling 
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to the reflecting level and out again increases rapidly. 
Both these effects can be calculated from Smerd's data." 
The two components of the noise background, solar 

and galactic, vary with frequency. The apparent tem-
perature of the quiet sun is found to increase slowly 
over the frequency range concerned, and, in addition, 
for an antenna of constant area the radiation flux for a 
given apparent temperature increases with the square 
of the frequency. The galactic noise level varies in the 
opposite direction, the power accepted by the antenna 
being approximately proportional to f-2 •B in the "cold" 
parts of the sky. For an antenna of the size which has 
a gain of 3,000 at 30 mc, which was considered above, 
solar noise would be predominant above 30 mc, and gal-
actic noise below 30 mc. 
Again, as the frequency increases, the Doppler spread 

due to solar rotation increases, though this is partially 
compensated by the decrease in apparent size of the 
sun. An increased Doppler spread requires a greater 
bandwidth in order to accept the same proportion of 
the echoed energy. This leads to a reduction in sensi-
tivity by increasing the noise. 
Coming to equipment factors, it is reasonable to con-

sider the effect of frequency variation in terms of an 
antenna of constant area. The power sensitivity of a 
radar system in such a case is proportiona; to p. The 
difficulty and cost of producing a given transmitter 
power varies little up to 30 mc, but then increases 
steeply with frequency. A rough estimate can be made 
of the relative amounts of power that can be produced 
at various frequencies for a given cost. 

TABLE I 

EFFECT OF FREQUENCY ON VARIOUS FACTORS WHICH INFLUENCE THE 

SYSTEM SENSITIVITY ON SUN ECHOES, RELATIVE TO 
THE SENSITIVITY AT 30 Mc 

Fre-
quency 

(mc) 

Trans-
mitter 
antenna 
gain 

(db) 

Trans-
mitter 
power 
for given 
cost 
(db) 

10 
20 
30 
ao 
60 
80 

—9.5 
—3.5 
0 

+2.5 
+6.0 
+8.5 

0 
0 
0 

— 5 
— 8 
—12 

Sun, 
effective 
area 

(db) 

+3.4 
+1.2 
0 

—0.8 
—1.7 
—2.3 

Sun. 
absorp-
tion 

(db) 

Noise 

(db) 

Doppler 
spread 

(db) 

+3.6 
+2.1 
0 

—2.6 
—9.0 
—11.5 

—9.3 
—2.2 
0 

—0.6 
—4.0 
—6.7 

+1.5 
+0.6 
0 

—0.4 
—1.1 
—1.5 

Relative 
system 
sensi-
tivity 

(db) 

—10 
— 2 
0 

— 7 
—18 
—26 

The effect of frequency variation on all the above 
factors is given in Table I. The figures in some of the 
columns can be accepted as reliable, but others are 
somewhat speculative. The over-all effect is plotted in 
Fig. 3, in terms of the performance at 30 mc., which has 
been considered in detail. Two curves are given, the 
dotted line for constant transmitter power and the 
full line a rough estimate for a transmitter of constant 
cost. The curves indicate that, under the assumed 
conditions, there is an optimum sensitivity for sun 
echoes at 25 to 30 mc. 
Three additional factors must be considered, namely, 

ionospheric transmission, atmospherics, and station 
interference. The frequency used must be sufficiently 
high to penetrate the ionosphere without difficulty. 

These factors set a minimum frequency of about 25 mc. 
At the same time, the interest in searching for echoes 
from clouds or streams of electrons near the sun and in 
interplanetary space suggests the use of the lowest 
suitable frequency. The over-all conclusion then is that 
25 to 30 mc appears to be the optimum frequency range 
for sun echo work. 

CONSTANT  TRANSMITTER COST 

_ _ CONSTANT TRANSMITTER POWER 

o:;)  40  'SO 60  0  130 
FREQUENCY (Mc) 

Fig. 3—Variation with frequency of sensitivity for sun echoes, 
relative to 30 mc, for constant antenna gain. 

D. Effect of Changing Other System Constants 

The increase of echo-to-noise ratio corresponding to 
an increase of antenna gain G will be less than the 
normal G2 because the noise from the sun will rise at 
the same time. Since the solar noise comprises only a 
portion of the antenna noise, while the increase of trans-
mitting gain will be fully effective, the curve of system 
sensitivity against gain will be between the G and G2 
curves, as shown in Fig. 4. 

G 2 

/ 

30  40 

AERIAL GAIN (db) 

Fig. 4—Variation with antenna gain of 30-mc sensitivity with 
sun echoes, relative to gain =3,000. 

Variation of bandwidth (B) affects the proportion of 
the reflected energy which is accepted by the receiver 
(#), the noise background, and the integration gain. The 
number of noise pulses contained in the integration 
period varies as B"2 for a given integration time, so 
that the sensitivity is proportional to 131.8112. This 
quantity is found to increase with B up to about 400 
cps as the effective area of the sun increases. It is 

50 
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then approximately constant up to 1,000 cps, even-
tually decreasing when the bandwidth exceeds the 
Doppler spread of the reflected energy. , 
The sensitivity increases as the square root of the 

integration time, t, provided the pulse length exceeds 
(t+7) seconds. (7 seconds is the echo delay time cor-
responding to the sun's 30-mc radius.) 

V. ECHOES FROM PLANETS 

Echo intensities to be expected from planets can be 
alculated quite simply from the standard radar equa-
tion if it is assumed that absorption does not take place 
in possible planetary ionospheres. Although Venus, 
Mars, and Mercury come closer to the earth than the 
sun at times, they are much smaller, and, therefore, 
should produce weaker echoes. To give an idea of the 
order of magnitudes, a number of figures are given in 
Table II for the estimated echo strength relative to the 
minimum detectable echo, under various conditions. 

TABLE II 

EXAMPLES OF 30-MC ECHO INTENSITIES FROM PLANETS, 
USING THE EQUIPMENT CHARACTERISTICS 

OF SUBSECTION IV B 

Planet 

Venus 

- 

Mercury 

Mars 

Jupiter 

Distance 
at 

closest 
approach 

(meters) 

4 .1 X 10" 

9 .2 X 10" 

7.&X 10" 

63 X10" 

30-mc 
echo 

strength 
IF I nte- relative 

Diameter band- gration to mini-
width time mum 

detectable 
echo 

(meters) (cps) (seconds) (db) 

12.2X106 500 10 + 2 
50 100 +12 
6 270 +18 

4.9X104 50 615 — 6 
1 615 + 2 

6.8X106 96 520 — 3 

143X106 4,800 4,200 —16 

These are for a 30-mc radar system with the same char-
acteristics as were used in the sun-echo discussion. The 
reflection coefficient of the surface has been taken as 
0.15 in each case, and the directivity as 5. These values 
were used in considering reflection from the moon,* and 
can be used as a first approximation for the planets. 
Post-detector integration for the times noted is as-
sumed. The last figure quoted for each planet gives the 
greatest possible sensitivity for that particular planet, 
using the minimum bandwidth (as limited by the 
planet's velocity of rotation) and assuming the energy 
can be integrated over the whole travel time cor-
responding to the planet's distance. 
The variation with frequency is quite different for 

planets than that derived for the sun, chiefly because 
the reflection coefficient is not expected to vanish as 
the frequency goes up, and also it would not now be 
necessary to override solar noise. The use of a much 
higher frequency is favored in this case, the choice de-
pending largely on equipment. 

VI. PRACTICABILITY 

A. Transmitter and Antenna 

We will now consider the practicability of realizing 
the equipment parameters which have been found to be 
necessary for the detection of sun echoes. The critical 
items are of course the transmitter and the antenna. A 
power of 250 kw has been introduced above as a reason-
able maximum on present techniques, leading to a re-
quirement for antenna gain of 3,000. At 30 mc, this 
corresponds to an aperture of 200 to 250 meters square 
and a beamwidth of 3°. Such an antenna could be built 
in the form of an array of dipoles or as an array of unit 
antennas of intermediate size. It would require facilities 
for directing the beam towards the sun for some frac-
tion, at least, of the day and of the year. 
A system of this kind is within the range of present 

techniques, but it is obvious that a project of consider-
able magnitude is involved. 

B. Receiving and Integrating Equipment 

On the receiving side, the sensitivity requirement is 
approximately that of the best receiver practice today. 
In achieving high sensitivity, use would have to be 
made of integrating techniques, together with the 
Dicke comparison system, to reduce the effect of varia-
tions in the solar noise background and in receiver gain. 
The most sensitive arrangement would be to switch 
rapidly between two slightly displaced frequencies, one 
containing the sun echo together with solar and galactic 
noise, the other solar and galactic noise only. A dis-
placement of a few kc from the echo frequency would 
get outside the sun-echo Doppler spectrum, and pro-
duce a negligible change in the noise and in antenna 
characteristics. By this method it should be possible to 
observe sun echoes in the presence of relatively large 

solar noise variations. 

VII. SOME POSSIBLE ASTRONOMICAL INVESTIGATIONS 

By far, the most interesting object for study with a 
high-power astronomical radar would be the sun. The 
mere obtaining of echoes on the threshold of visibility 
would not have much scientific value, as little could be 
learned from such echoes. It would be essential to build 
equipment capable of giving echoes with about 20 db in 
hand so that the fine structure of the echo could be 
studied. Since antenna resolution would be poor, this 
study would be limited to the fine structure in depth, 
unless one could detect coronal streamers or outgoing 
corpuscular streams subtending a large angle. The 
chances of detecting such objects would be greatest 
when near the sun's limb, for then they would present 
the greatest projected area. 
In addition to obtaining some information on the 

shape of the corona and its time variations, data on 
rotational velocities and internal motions in the corona 
could be derived from the Doppler spectrum of the 
reflected energy. Also, the uistance to the reflecting 
region of the corona might be measured, with about the 
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accuracy obtained in the best optical determinations 
of the distance of the sun from the earth. 
Planetary echoes would have less interest. The rota-

tion period of Venus, which is not at present known, 
might be determined, and approximate reflection coeffi-
dents of the various planets obtained. Accurate distance 
measurements could, however, only be made with a 
further large increase in equipment capabilities beyond 

those considered in this paper. The moon's distance, 
incidentally, could be determined more precisely than 
it is yet known from astronomical measurements, with 
such a powerful equipment. This would be a measure-
ment to the nearest point of the moon, and its main 
interest would be as a determination of the tidal bulge 
which very probably exists in the region permanently 
turned towards the earth. 

A Novel Type of Monoscope* 
S. T. SMITHt, ASSOCIATE MEMBER, IRE 

Summary—A cathode-ray monoscope tube has been developed to 
provide output closely resembling the directivity pattern of a radar 

antenna. The variation of secondary electron emission from alumi-
num with angle of incidence is used as the basis for design of the 
monoscope target. The conical aluminum target is so shaped that 
variation of the target current with beam deflection corresponds to 
the variation of received radar signal with angular displacement of 
the radar antenna. 

INTRODUCTION 

IN A radar application at the Naval Research Labo-ratory an electronic function generator was required 
that would provide electrical output signals propor-

tional to an over-all radar antenna directivity function 
in both the horizontal and vertical planes. Input volt-
ages to the device were to be proportional to the angular 
displacement of the antenna in azimuth and elevation. 
An accuracy of +8 per cent was required as well as re-
liability of operation and no critical adjustments. 
A cathode-ray tube with an electron gun is well suited 

for this application. The electron beam deflected hori-
zontally or vertically resembles a radar antenna beam 
deflected in azimuth or elevation, and the electron tar-
get thus corresponds to the radar target. The problem, 
therefore, is one of designing the target for the electron 
beam so that the current to the target will vary with the 
position of the beam on the target in the same manner as 
the amplitude of received radar echoes varies when the 
antenna is directed towards a radar target. 

DESIGN OF THE MONOSCOPE 

Shown in Fig. 1 is the desired output characteristic of 
the monoscope. It is the antenna response curve of com-
bined radar transmitter and receiver and represents the 
relative voltage amplitude of return echoes as measured 
in the receiver output when the antenna is directed to 
either side of a small radar target. 
The net current to any electrode bombarded by an 

electron beam is the difference between the secondary 
escape current and the beam current. The electrode cur-

* Decimal classification: R138.1. Original manuscript received by 
the Institute, March 20, 1951; revised manuscript received, January 
2, 1952. 
t Naval Research Laboratory, Washington, D. C. 

rent, or in this case, the target current to the mono-
scope, can be caused to vary with position of the beam 
by controlling the effective secondary escape current at 
each point on the target surface. After several prelimi-
nary experiments it was concluded that the most prac-
tical way of controlling the secondary escape current 
at each point on the target surface was to shape the 
target in such a way as to control the angle of incidence 
of the electron beam and thus vary the secondary emis-
sion ratio. 
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Fig. 1—Antenna response curve. 

Muller' and others2 have shown that the secondary 
electron emission of metals increases as the angle of in-
cidence of the primary beam approaches grazing inci-
dence. Miiller's measurements indicate that the rela-
tive change in secondary emission with angle of inci-

1 H. 0. Muller, "Die Abhangigkeit der Sekun threlektronenemis-
sion einiger Metalle von Einfallswinkel des Primaxen Kathoden-
strahls," Zeit. fur Phys. vol. 104, pp. 475-486 ; Marc h, 1937.  

2 R. Kollath,  "Sekundarelektronenemission  fester  Korper," 
Phys. Zeit., vol. 38, pp. 202-224; April, 1937. 



1dence is greatest for metals of least density and that  the relative change is approximately constant for all bom-
barding energies to 4,000 volts. The relative change in 
secondary emission for metals is little affected by tem-
perature. Of the metals that were studied by Muller 
aluminum produces the greatest relative change in sec-
ondary emission. The curve of Fig. 2 is based on meas-
1 urements made by Muller using an aluminum target at 
! 
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a bombarding energy of 2,500 volts. 
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1 lg. 2 Variation of secondary-emission ratio with angle of incidence. 
for aluminum (from Muller). 

Explanations of the increase in secondary emission 
with angle of incidence are based on the assumption that 
at larger angles of incidence the path of the primary 
electrons through the metal is nearer the surface than at 
normal incidence. Therefore, since the mean distance to 
the surface is shorter, more of the secondaries liberated 
within the metal are able to escape. The process is made 
more complicated by surface contamination and by dis-
persion of the primary electron beam as it proceeds 
through the metal. Assuming an exponential absorption 
with distance to the surface, Bruininga has shown that 
the variation of secondary-emission ratio is given quite 
closely by 

Ro = Roer(l-cA's 4), 

where Ro is the secondary-emission ratio at angle of in-
cidence 41, Ro is the secondary-emission ratio at normal 
incidence, and p is a coefficient proportional to the ab-
sorption of the material and the mean depth of penetra-
tion of the primaries. 
Once the variation of secondary emission with angle 

of incidence is known (Fig. 2), it is a straightfcirward 
procedure to design the shape of the target so as to cause 

' H. Bruining, "Secondary electron emission, part II, absorption 
of secondary electrons," Physica, vol. V, pp. 901-912; December, 
1938. 
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the target current to vary with position on the target 
surface according to the antenna directivity function 
shown in Fig. 1. The diagram of Fig. 3 illustrates the ar-
rangement of electron gun and target assembly to ac-
complish the desired results. The target is pointed in the 
center to make the angle of incidence, the secondary-
emission ratio, and the target current a maximum value. 

ELECTRON GUN 

DEFLECTION PLATES 

COLLECTOR 

ELECTRON BEAM ALUMINUM TARGET 
OUTPUT ELECTRODE 

Fig. 3—Diagram of the angle of incidence monoscope. 

At progressively larger distances from the center the tar-
get is shaped to cause the target current to decrease 
according to the function shown in Fig. 1. 
Near the edges of the target it was required that the 

target current be zero. This was accomplished by shap-
ing the target for normal incidence of the beam and by 
lowering the voltage on the collector electrode so that 
the secondary current was just equal to the beam cur-
rent. In determining the shape of the rest of the target 
it was assumed that the same fraction of secondaries 
was collected at all points on the target surface. 

Fig. 4—The angle of incidence target. 

After the curve of target shape was obtained by using 
point-by-point calculations, a template was made and 
the targets were formed on a lathe from commercial 
aluminum. The active surface of the aluminum was 
polished and cleaned by standard cleaning processes. 
Fig. 4 is a photograph of a completed target. 

illr4r7"10"'" 

Fig. 5 —The angle of incidence monoscope. 

- 

A completed tube is illustrated in Fig. 5. It is 18 
inches long and employs a type 5CP electron gun. It is 
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believed that by proper design the over-all size of the 
tube could be reduced considerably. Surrounding the 
target is a glass shoulder on which phosphor has been 
deposited for observation and focusing of the electron 
beam. 

The monoscope characteristic was indicated on an os-
cilloscope by connecting the output of a sweep generator 
to the horizontal deflection plates of both the mono-
scope and the oscilloscope, while the amplified output of 
the monoscope target electrode was applied to the ver-
tical deflection plates of the oscilloscope. The beam cur-
rent of the monoscope was pulsed at a high rate so that 
the output could be amplified without the use of a dc 
amplifier. The output characteristic of the monoscope 
(Fig. 6) was taken in this manner and represents the en-
velope of the target current pulses as the electron beam 
is deflected diametrically across the target surface. Fig. 
7 represents the output envelope with a high collecting 
field. In this case all secondary electrons from the tar-
get are collected. 

Fig. 6—Output characteristic with low collecting field. 

A comparison of the output characteristics shown in 
Fig. 6 with the desired antenna characteristic shown in 
Fig. 1 indicates that the agreement is within +5 per 
cent. 
Since the target is made from commercial aluminum 

stock with possible impurities, and since a surface layer 
of aluminum oxide is present, it might be suspected that 
the secondary-emission characteristics of the surface 
would change from tube to tube and with age, but such 
does not appear to be the case. Six targets have been 
made from stock selected at random, and each exhibited 
secondary-emission characteristics with angle of inci-
dence similar to those obtained by MjiIler. One tube has 
been operated intermittently for three years with no 
noticeable adverse effects. There has been no evidence 

of contamination of the target surface by evaporation 
of barium from the cathode. However, no quantitative 
measurements of tube life have been taken, and no con-
clusive statements can be made. 

Fig. 7- Output characteristic with high collecting field. 

It is interesting to compare the magnitude of output 
current with that of the conventional television mono-
scope. In the telex ision monoscope the secondary emis-
sion ratio is controlled by varying the amount of carbon 
deposited on aluminum foil by a half-tone printing proc-
ess. Thus at one-kv energy the secondary-emission ratio 
can be varied between the limits of approximately 0.5 
for carbon areas to approximately 2 for aluminum areas, 
or a difference of 1.5. In the case of the angle of inci-

dence target, when all secondaries are collected, the 
secondary-emission ratio can be controlled between the 
limits of 3.8 and 1.2, a difference of 2.6. Therefore, for 
the same beam current the angle of incidence target pro-
vides more output than the carbon-on-aluminum target. 

CONCLUSIONS 

The variation of secondary-emission ratio with angle 
of incidence for aluminum at 2,590-volts energy is a 
characteristic sufficiently reliable to be used as the basis 
for the design of a monoscope. The stability of operation 
of experimental monoscopes favors the use of the angle 
of incidence effect for special monoscopes and similar 
applications. 
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RF Phase Control in Pulsed Magnetrons* 
E. E. DAVID, jR.t, ASSOCIATE, I.R.E. 

Summary—This paper describes the behavior of a magnetron os-
cillator started in the presence of an externally applied rf exciting sig-
nal whose frequency is not greatly different from the unperturbed 

steady-state frequency of the magnetron. 
Two points of view are presented: First, quasi-steady-state start-

ing is assumed, and a differential equation representing the system 
within this limitation is derived. Solutions obtained specify the phase 
of the oscillator as a function of time subsequent to starting. Second, 
the inhomogeneous Van der Pol equation is used to describe the sys-
tem. The oscillator is represented as a parallel RLC circuit shunted 
by a negative, nonlinear conductance. Approximate analytical and 
differential analyzer solutions of this equation are used to investigate 
the frequency and phase transients during starting and distortion of 
the build-up envelope by the exciting signal. The initial conditions for 
both equations are established in terms of the exciting signal-to-

preoscillation noise ratio. 
Results of the two analyses are essentially in agreement; details 

of the solutions are different since reactive beam loading has been 
neglected in the latter case. The phase transient initiated during 
starting may have a duration which is long compared to the build-up 
time of the rf voltage on the magnetron anode. Preoscillation condi-
tions which fix the initial phase play an important part in determining 
the phase for a considerable time subsequent to starting. Other in-
fluencing factors include the oscillator tuning relative to the injected 
frequency; the value of a coefficient directly related to the injected 
power and the natural frequency of the oscillator cavity, and inversely 
to the power output and coupling Q; and design parameters deter-

mining the rf rise time. 

INTRODUCTION 

I
\ SO ME APPLICATIONS of electronic oscillators 
it is desirable to establish coherence between the 

generated oscillations and another signal whose, 

frequency is not greatly different. It is often proposed 

to achieve coherence by injecting energy from this 
source directly into the oscillator circuit. lf the injected 

signal satisfies certain amplitude and frequency condi-

tions, nonlinear characteristics of the oscillator cause it 

to synchronize and, therefore, become coherent with the 

injected signal. 

Several investigators have examined this phenomenon 

both experimentally and theoretically. 1-7  Their results 

• Decimal classification: R355.912.1. Original manuscript re-
ceived by the Institute, June 4, 1951; revised manuscript received, 
January 14, 1952. This work was supported, in part, by the Signal 
Corps, the Air Materiel Command, and ON R. 
f Bell Telephone Laboratories, Murray Hill, N. J. 
' E. E. David, Jr., "Locking Phenomena in Microwave Oscilla-

tors," Tezhnical Report No. o3, Research Laboratory of Electronics, 
N1.1.T., Cambridge, Mass.; 1948. 

2 B. Van der Pol, "Forced oscillations in a circuit with non-linear 
resistance," Phil. Meg., vol. 7-3. p. 65; 1927. 

R. Adler, 'A study of locking phenomena in oscillators," PROC. 
. IRE., vol. 34, pp. 351-357; 1946. 
4 R. D. Huntoon and A. Weiss, 'Synchronization of oscillations,' 

PRoc. 1.R.E., vol. 35, pp. 1415-1423; 1947. 
E. V. Appleton, 'The automatic synchronization of triode os-

cillators," Proc. Comb. Phil. Soc., vol. 21, pp. 231-242; 1922-23. 
• E. E. David, Jr., "RF Phase Control in Microwave Oscillators," 

Technical Report No. 100, Research Laboratory of Electronics, 
M.1.T., Cambridge, Mass.; 1949. 

J. C. Slater, 'Microwave Electronics," McGraw-Hill Book Co., 
Inc., New York, N. Y.; 1950. 

have shown that the power output, frequency, and 
phase of an oscillator may be uniquely determined if 
a locking signal of known power, frequency, and phase 
is injected, and if the oscillator's operation is known 
uniquely as a function of its load impedance when its dc 
conditions are specified. 
This important conclusion may be deduced immedi-

ately from the approximate differential equation of the 
system, 

— S sin 46 = — w'), 
di 

(1) 

where Sisa parameter direc tly related to the locking power 
and inversely related to the oscillator output power and 
Q, co' is the unperturbed oscillator frequency, (Ali is the 
perturbing frequency, and it, is the phase difference be-
tween the injected signal and the generated oscillation. 
If a stable lock-in occurs, d40:di will be zero and the 
steady-state solution to the equation is merely 

— 41 . 

= Sin I k 2 ) 

Thus the locking phase, 0, is determined by locking 
signal power, frequency, and the steady-state proper-
ties of the oscillator itself. The complete solution to (1) 
also shows that the transient "pull-in" of the phase to 
its steady-state value (2)s when the locking signal is 
suddenly applied to the steady-state oscillator is not 
instantaneous, but occurs approximately exponentially 
with a time constant of 1/S. 
When (col — 4)1/S) >1, the solution to (I) shows an en-

tirely different character. Specifically, synchronization 
is not accomplished and dit,idl varies periodically with 
time instead of settling monotonically to zero. This pe-
riodic variation of ib corresponds to a frequency modu-
lation of the oscillator which may be calculated in detail 
from (1). 
Thus the effects of an injected rf signal on a steady-

state oscillator are well known. Many applications, how-
ever, require that the oscillator operate intermittently 
with a very short duty cycle. The most important ex-
ample of this kind is the microwave magnetron. It is 
particularly adaptable to applications where rf pulses 
of very short duration are needed. In such cases coher-
ence from pulse to pulse may be a desirable condition. 
This can be achieved if a cw signal of similar frequency 
is used to phase or synchronize the oscillator during 
its operation. Hence, we would like to know the dy-
namics of the synchronization during and subsequent 
to rf build-up of the oscillator, when a phasing signal 

See Appendix II for derivation. 
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has been previously applied for an arbitrarily long time. 
Eventually, the oscillator will assume the steady-state 
indicated by (2). The steady-state theory, however,is not 
adequate to describe the pulsed case. In particular, the 
effects of the starting transient must be accounted for. 
Our objective shall be to find a differential equation 

which describes the system. The solution to such an 
equation will specify the locking phase as a function of 
time over the interval of interest. This solution for large 
values of time should reduce to the one previously dis-
cussed. A second but equally important objective will 
be to set up the initial conditions for the equation in 
terms of the oscillator's preoscillation noise. Finally, we 
shall endeavor to establish the most important factors 
determining pulse-to-pulse coherence. 
Two different but complementary approaches to the 

problem have been made: (1) The starting of the mag-
netron is considered a quasi-steady-state process. In 
this case, the electronic conditions during starting are 
given by relations determined empirically from meas-
urements on the steady-state magnetron. (2) The mag-
netron is approximated by a parallel LRC circuit 
shunted by a negative, nonlinear conductance. The 
voltage across such an arrangement may be described 
by a differential equation, one form of which is known 
as Van der Pol's equation. When such an equation is 
set equal to a sinusoidal driving term, it specifies the 
perturbed operation of the oscillator. The electronic 
conditions are determined by observations of magnetron 
rf envelopes during starting. Before presenting these 
analyses, let us consider the preoscillation state of the 
magnetron and derive the initial condition which is ap-
plicable to either equation to be discussed. 

I. PREOSCILLATION CONDITIONS IN THE 
MAGNETRON 

The initial conditions on the starting equation may 
be established if we examine the state of the oscillator 
at the first instant of starting. Upon application of a 
step-function voltage to the plate of a magnetron, an 
electronic charge immediately begins to fill the intercep-
tion space. Initially, the coupling between the incoher-
ent space charge and the resonant structure is small. 
The increase of this coupling, with time, is accompanied 
by build-up of noise voltage on the anode. When the 
necessary conditions are established, the rf voltage be-
gins to build up. These oscillations spring from the volt-
age already present on the plate, in this case, the pre-
oscillation noise. If there is an external sinusoidal signal 
impressed upon the magnetron, the initial oscillations 
start from the vector sum of this and the noise voltage. 
If the character of the preoscillation noise can be de-
duced, this sum may be used to establish the required 
initial conditions. 
During the preoscillation time of the magnetron, the 

incoherent space charge is inducing noise voltage on the 
anode. The spectrum of this voltage has an amplitude 
distribution that is determined by the sinusoidal cavity 

response. The situation is analogous to the case of a 
tuned circuit being driven by a current whose frequency 
spectrum is much wider than the bandwidth of the tank. 
The voltage-response waveform to such a disturbance 
is practically independent of the exciting waveform, and 
is almost completely defined by the tuned-circuit selec-
tivity and sensitivity. In our case, a wide-band noise 
current is driving a high-Q resonant structure. Certain 
conclusions, therefore, may be drawn as to the character 
of the resulting voltage on the magnetron vanes. 
First, the noise-voltage bandwidth is that deter-

mined by the cavity Q. Approximately, therefore, the 
voltage is sinusoidal over any few rf cycles. The average 
frequency of these sinusoids over a large number of rf 
cycles is the cavity resonant frequency; however, this 
signal is frequency-modulated in a random manner as 
indicated by the noise sidebands. Over a large number 
of cycles, then, its phase is likewise random in the inter-
val 0 to 2r. Similarly, the noise envelope varies slowly 
in a random manner. It can be shown that the probabil-
ity distribution of this envelope is approximately' 

2e.  -2- 2 
P(e.)de. =   (3) 

e 2n 

where e„ is the noise-envelope amplitude and en is the 
mean-squared noise-envelope amplitude. The discussion 
above is equivalent to the statement that the fine-
grained noise structure is sinusoidal while the coarse-
grained structure is random. 
It is seen, therefore, that when no external voltage is 

impressed, the starting phase is completely random. In 
the presence of an external signal, the starting phase 
may be determined statistically from the relative signal 
and noise powers. 

II. STATISTICAL PROPERTIES OF THE PHASE 
OF A SINE WAVE PLUS RANDOM NOISE 

It has been postulated that the magnetron preoscilla-
tion noise approximates a sine wave of random phase 
and statistical amplitude over a small number of rf cy-
cles. We are interested in the phase of the resultant 
magnetron voltage during a very short interval at the 
beginning of the starting period. This voltage, there-
fore, may be found by considering the sum of two vec-
tors: one of constant phase and fixed amplitude, the 
other of random phase and statistical amplitude. The 
statistical phase of the resultant may be deduced there-
from. 

Now in an actual case of starting, the "mean-noise 
frequency" may differ appreciably from the synchroniz-
ing frequency. Fortunately, this difference is small in 
percentage and, since the noise phase is random, does 
not affect the validity of our representation. The ran-
domness fixes the phase during any short period, and 

• S. Goldman, "Frequency Analysis, Modulation and Noise," 
McGraw-Hill Book Co., Inc., New York, N. Y., p. 336; 1948. 

.11 ̂



11952 David: RF Phase Control in Pulsed Magnetrons  671 

the phase shift due to the frequency difference is neg-
ligible during this interval. 
Consider, then, the vector relationship shown in Fig. 

1, where N is the noise-voltage amplitude of phase E, C 
is the locking signal amplitude, and A is the resultant 
of phase 4). Now A may be expressed as 

Aelo = C + N cos t + jN sin t,  (4) 

whose phase is 

N sin t  R sin 
= tan-1    - tan-1   , (5) 

C N cos E 1 + R cos t 

where R= N/C. Let us first find the statistical proper-
ties of 4) from those of E, considering R merely as a pa-
rameter. The probability of R may be superimposed on 
this solution to obtain the desired result. Equation (5) 
shows that the initial part of our solution falls into two 
cases: Case I, 0:5/?..C._1; and Case II, 1 <R< co . 

Fig. 1—Vector relationship of  to the noise angle f. 

Case I 

If R<1, 4) always lies in either the first or fourth 
quadrant for any value of E. More specifically, 4) is a 
double-valued function of E, as seen from (5). For any 
finite sector, d4., there are two corresponding sectors 
dEi and dE2. This is shown in Fig. 2. The probability of 4) 

Fig. 2—Finite sector do with its corresponding sectors 
dE and E2. 

lying in the interval d4) is the sum of the probabilities of 
E lying in the intervals dE1 and 42. That is, 

P(4), R)(14) = P(O[Idtil + I dE21], (6) 

where P(t)= 1/27. Differentiating (5) with respect to E, 
we obtain 

P(4), R)d.4) - 
ni+ R2+ 2R cos Ei 

27 L I R cos ti + R2 

1 + R2 + 2R cos 61 (7) 
R cos E2 + R2 I dith  

In order to have P(4,, R) as a function of 4, and R only, 
it is necessary to find an expression for R cos E. By em-
ploying a little trigonometric manipulation, (5) will 

yield 

R cos t = - sin2 4> + cos 4,,VR2 - (8) 

Combining (7) and (8), there results, after simplifica-

tion, 

1 cos4)   
P(4), R)d4) = — [11 +    

27  VR2 - sin' 4) 

cos 4, 
H 1 -    

VR2 - sin2 

This is the required expression. 
Equation (5) yields another useful result. If d4)/dE is 

equated to zero, one obtains 

cos E = - R,  (10) 

which, when substituted into (5), yields 

tan (c!,,„„„) - 

or 

- R2 

sin (4)„,..) = R. 

That is, for any ratio of signal-to-noise greater than 1, 4, 
has a maximum value given by (11). Conversely, for 
any 4,, the minimum allowable R is given by (11). There-
fore, the validity conditions on (9) may be stated in two 
ways, both of which must be satisfied simultaneously: 

sin 4)  R 1 

0 4> sin-1 R. 
(12) 

Case II 

When R> 1, 4, becomes a single-valued function of E. 
Therefore, the probability of 4, lying in the interval d4, 
is the same as the probability of E being in dE. 

P(0, R)dib = P(E)dt•  (13) 

This expression may be evaluated in a manner exactly 
analogous to that used in Case I. There results 

ir cos 4)   
P(4,, R)d4) =- — 11+   d4).  (14) 

27 L  N/R2 - sin2 

The validity conditions on this expression are simply 

1 < R < co 

0 5 4) 5 27. 
(15) 

The probability densities, P(4), R), for Cases I and II 
are shown in Fig. 3. These curves are plotted for posi-
tive values of 4) only since they are even functions of 
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that variable. Note that the probability of 0 falling in 
the interval A0 is 

feo-i-ae P(4), R)d0, 

an interval which proves to be finite regardless of the in-
finite portions of the densities for RS1. In fact, it is 
easily shown that 

and 

1. 
sin -1  R 

P(4), R)(10 = 1/2 

1. 

for R  1 

P(¢), R)d(l) = 1/2 for R > 1, 

a result which merely states that for any value R, 4) will 
certainly lie in the range given by (12) or (15). 
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It is now necessary to superimpose the noise-envelope 
distribution on our present solution. More specifically, 
this distribution may be written as a function of the 
variable R by consulting (3). 

P(R)dR = 2R/ R2e-R2IRtdR, (16) 

where R2 - is the noise-to-signal power ratio. Now it may 
be seen that the probability of 0 is the sum of all the 
P(4), R) for all admissible R, multiplied by the weight-
ing factor P(R). Therefore, in general, 

00 

P(41) = f P(4), R)P(R)dR. 

This integral may be evaluated by substituting (9), ) 
(14), and (16), letting y = R2 -sin 20, and noting that 

Y e  y = 24 / - erf 
0  

Y R2 

(17 ) I 

where erf (y/N/R2) is the well-known error function. The 
expression for the probability density is then 

P(4:0) = IhrR21 I R2/2(e-.i.2 oft' _ e-1/7) 
,--= 

▪ V7R2/2 cos Oe 3in2  4'1 T1I  erf (cos 0/VR2- )1 

+ ITV/ 2(e--".2 - 

-  cos Eite-3 412 4.1 i2  erf (cos  

• Te2/2e-irit V-7--rR2/2 cos 0-'11'2 5ril 

• 11 — erf (1/ Vie) (18) 

for 05.0  7r/2, where the limitation on 0 may be de-
duced from (12). For ir/2 :50:5r, we have 

P(4)) = 1/rR2{R2/2e--"R2 V7 /2 c os 0 1( -3 M2  C!' /RI  

• [1 - erf 1/VR-2}}. (19) 

Fig. 4 shows these probability densities plotted from 
(18) and (19) for various values of noise-to-signal ratio. 
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Fig. 5 shows 

• 
(k) = f P(0)(10, 

• 
the probability of the initial phase falling in interval 
—ck. These curves were obtained from those of Fig. 4 
by graphical integration and are, of course, also even 
functions of 0. We have established, therefore, the prob-
ability of initial phase as a function of noise-to-signal 
ratio. With this information available, we will now pro-
ceed to set up and solve the differential equations for 
magnetron starting in the presence of an externally ap-

plied sinusoidal signal. 

Fig. 5—The probability P(0, 01  P(o)do with noise-to-
signal ratio as a parameter. 

Ill. UNPERTURBED STARTING AND THE ACCOM-
PANYING VARIATIONS IN INSTANTANEOUS 

FREQUENCY 

It has been found experimentally° that the electronic 
behavior of the steady-state magnetron may be de-
scribed approximately by the two relations 

E/R  1 
g=  R 

(20) 

b = # — g tan a,  (21) 

where E, R, 0, and a are constants which change with 
dc conditions, and Vrf is the amplitude of the rf volt-
age. If the starting of a magnetron is considered as a 
quasi-steady-state process, that is, a succession of 
steady-states, then (20) and (21), together with the 
oscillator operating equations, may be used to write a 
differential equation of starting. Such an analysis is re-
produced in Appendix I. The result indicates that the rf 

envelope during starting may be represented as 

= VRF .(1 —  (22) 

where 17Rpo, the steady-state value of vrf, and k, the re-
ciprocal of the build-up time constant, are evaluated as 
functions of the design and steady-state properties of 

9 j. C. Slater. 'Microwave electronics," Rev. Mod. Phys., vol. 18, 
pp. 4119-495; 1946. 
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the magnetron. It has been found experimentally that 
at small rf voltage (22) is not a good approximation of 
true conditions. During the beginning of the build-up, 
the rf voltage increases exponentially, a condition im-
possible unless g is constant. Equation (20), therefore, is 
valid only after the initial instant of starting. If a lock-
ing signal is present, however, quite a large rf voltage 
may already exist at this first instant. Under these con-
ditions, it is probable that the build-up follows (22) 
closely, even at the beginning. Of course, if the locking 
signal is quite small, the exponential behavior will 
doubtless be present. In either case, it is desirable to 

rewrite (22) as 
=  V RIP.(1 (23) 

where 17 is a constant whose value lies between 0.7 and 
1. Equation (23) states that at t = 0, the time at which the 
build-up has progressed far enough for (20) to be valid, 
the rf voltage is finite and has the value 

tirfi = (I — n WRIP/p. (24) 

Subsequent to this time, the build-up continues exactly 
as expressed by (22). Actual observations on magnetron 
rf build-up show_ /I to be 0.8 or greater in most cases. 
The experimental evidences show the above theory to 
be a good approximation so long as the rf load is not 
badly mismatched." 
Equation (23) expresses the form of the rf build-up en-

velope; however, nothing has been said about the fre-
quency and phase during the transient period. This in-
formation is readily obtained by use of (20) and (21); 

E/R  1  E/R  1 
g=   

Vrf  R — ne-41 ) R 

or 
Es e-kt 

g = go ±   (25) 
RV,, 1 — tick' 

where go is the steady-state electronic conductance. Then 
from (21), 

b = bo  tan a   
e, (  —kt En 

1 —  
(26) 

where bo is the steady-state electronic susceptance. Us-
ing the magnetron operating equation, as derived in Ap-
pendix I, we have 

( co — co'wo  ) En ( 6,-41 
2    tan a   , (27) 

woCR 17R Fo 1 — ne-ke) 

where co' = 2b0/C—co0B/2Q:xt-t-coo = steady-state operat-
ing frequency with zero-locking signal. 
Further simplification yields 

= ( En  tan a)(  ). (28) 
2CRVup, 1 — ne-bs 

11W . Rotman, "A Study of Transient Phenomena in Magne-
trons," unpublished notes, Research Laboratory of Electronics, 
M.1.T., Cambridge, Mass.: March 18, 1948. 
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This result shows that the frequency of the magnetron 
during the initial part of the build-up may be remote 
from the steady-state value co'. Rotman's measurements 
on steady-state and transient g- Vrf relations, when 
used to evaluate (28) for 1=0, indicate that the fre-
quency difference may be as much as 20 mc. Further 
experimental evidence is necessary, however, before an 
absolute evaluation is made. 

IV. THE QUASI-STEADY-STATE STARTING EQUATION 

With this understanding of magnetron starting, we 
may now derive an equation expressing the phase of the 
magnetron during build-up when an external, sinusoidal 
signal is impressed. The synchronizing signal is con-
sidered small enough so that the fundamental nature 
of the build-up is not disturbed. It is shown in Appendix 
II that the load susceptance of a synchronized oscillator 
is approximately 

B'= 

where B is the passive susceptance, 0 is the locking 
phase, and 

Ipl= vLrp.I = YLp I 0, 

where YLp is the passive load admittance and V1/17; 
is the ratio of locking voltage to magnetron voltage at 
the magnetron reference plane. Durinestarting, then, 
the reflection factor becomes 

V1  

= YLPII Vitp.(1 -  

= V LPI 
V RF0 (1 - lne-kg) . 

(29) 

This expression is a good approximation so long as 
171/17EFo is considerably less than the quantity (1 - 
Now VI is the total voltage at the reference plane be-
cause of the locking signal. This voltage includes that 
caused by the wave incident on the magnetron cavity 
and that reflected from it. During the build-up, there-
fore, V1 may be also a function of time. The nature of 
the variation depends on the locking frequency, the 
steady-state oscillator load, and the variation of elec-
tronic admittance with time. An exact evaluation of 
this effect is difficult and, for our purposes, unnecessary, 
since we are interested in qualitative rather than quan-
titative results at the moment. It is easy to see, how-
ever, how changes in V1 will affect Ipi as a function of 
time. If V1 is considered constant, (29) shows that I pl 
is large at t= 0 and decreases exponentially to its 
steady-state value as t increases. Actually, V1 may start 
at some small value and increase with time, so that the 
variation shown by (29) is exaggerated in magnitude. 
That is, the initial value of !pi is not as large as indi-
cated, but it may, nevertheless, exceed the steady-state 
I PI considerably. An assumption of constant Ili, there-

fore, will not change the fundamental nature of the 
solution although it will exaggerate the effect of the 
locking signal. In our solution, (29) will be used to repre-
sent the reflection factor as a function of time. We 
should expect, then, that synchronization will be indi-
cated earlier in time than is actually the case. In this 
respect, the solution will be an optimistic one. 
With this approximation in mind, we may write down 

the differential equation of starting. Again using (27) 
and substituting the expression for B', we have 

2
 C  o.) - ') e-kg 

wocRvnpo( 1 — ne—kti 
PO I  

2   - 0,  (30) 
_ ne — k t 

I sin 0 

where I poi is the steady-statereflection factor. Now if 

( 1 

oh is the frequency of the synchronizing signal, 

45 
— "= cal — (A)•  (31) 
di 

If this is substituted into (30), there results 

— +   
do S 

sin 0 = M + 
- ne-" 1 - ne-ks 

Ne --kt 
(32) 

where S= wolpol ,ext, M  = COI (4% and N=En/2CRViuto 
tan a. This is the differential equation of starting which 
was desired. We need only solve the equation in order 
to find the phase 0 as a function of time with the 
steady-state properties of the system as parameters. 
The steady-state portion of the solution is the same as 

that discussed in the Introduction, for if t is allowed to 
approach infinity, (32) becomes identical with (1). 
Unfortunately, (32) is nonlinear in the dependent 

variable 0, so that an explicit analytical solution is not 
to be expected. The nature of the solution may be de-
duced by considering the equation for small values of 
0 only, so that sin 0 may be replaced by 0. Such a 
study is made in the following section. If more informa-
tion is desired, machine methods are available which 
give a complete solution for particular values of the 
coefficients. Results of this type are discussed in sec-
tion VI. 

V. AN APPROXIMATE SOLUTION FOR SMALL 
LOCKING ANGLES 

An analytical expression for the phase as a function 
of time may be obtained from (32), provided we are 
interested in the solution for small 0 only. If this is the 
case, sin 0 may be replaced by 0, and (32) becomes an 
ordinary linear differential equation. It may be solved 
by use of an integrating factor efi'dt, where P is the 
coefficient of the term in 0. In this case 

fPdt = esql - 
If the linear equation is multiplied by this factor and 



1952  David: RF Phase Control in Pulsed Magnetrons 675 

integrated, there results 

esto _ ne-kosikci, = f w est(' _ ne -kt)sik 

-I-Ne(s-k)t(1 - ne-")(s/k)--, 1 dl. (33) 

The indicated integrations are not difficult to carry out 
if the factors (1 - 11e-kt )31k and (1 -ne-6 9(8110- ' are ex-
panded in series by the binomial expansion and inte-
' grated term by term. Then 4, may be written 

1 
_ ne_ktr,k[s I 0— + m E 

square-root of power output. We may say, therefore, 
that its value indicates in a quantitative manner the 

effect of the locking signal. 
The time-constant of the rf voltage build-up is 1/k. 

Direct observations by means of high-speed oscillo-
graphs indicate that a value of about 10-8  sec is typical. 
This constant is a function of the oscillator resonant fre-
quency, loaded Q, and electronic characteristics." Now 

k k - 1) • • • (— + 1 - 

km!(_k - 

eS_k 1X —Sk -2 )  (_S_k - 

km! (—k - m - 1) 

+ N E (-1)m 

where  is a constant of integration. If the factor 

is expanded in a series and divided 
00(0 =4,0 when t= 0), there results 

1  N - nM 
=  
(1 - Tie-kt )Sik  I S 

(1  17) Sik ( N  nM ) 

k - 1) rl 

— nm  E (-1)-
m!nm-"e-0 "-")" 

  e -kt (1 _ n) s/kfk., 

- 1) S 

?fry- mk 

in) 

e—kg  

1 nme--kt + cve-st , (34) 

(1 _ ne-ki)sik 

into the bracketed series, and  evaluated in terms of the initial angle 

nt.Inm+1 

Is 
- 1) 

k (—S - 1) k - 2) 

Interpretation of this result is facilitated if the con-
stants involved are evaluated within an order of mag-
nitude. Although sparse experimental evidence is 
available for this purpose, some information may be 
obtained from data published by the M.I.T. Radiation 
Laboratory." The majority of these data describe the 
operation of a 3,000-mc magnetron. Therefore, the num-
bers deduced from them are believed representative of 

such oscillators. 
The constant S is defined as S= cool Po I /Q.t. Its value 

ranges approximately from 106 to 5 X107 for typical 
S-band magnetrons. Note that it is directly propor-
tional to the square-root of the synchronizing power 
and inversely related to the product of external Q and 

12  G. B. Collins, "Microwave Magnetrons," Radiation Laboratory 
Series No. 6, McGraw-Hill Book Co., Inc., New York, N. Y.; 1948. 

(35) 

n and N may be related by means of the expressions 
derived in Appendix I. There it is shown that 

N = kn tan a = n X 10-8 tan a.  (36) 

The value of tan a ranges approximately between the 
limits 0.1 and 1, and, as previously stated, ?I lies be-
tween 0.7 and 1. 
Thus it is seen that the constants k, N, and n are 

intimately related to the electronics of the oscillator, 
while S and M reflect the character of the locking sig-
nal. The latter, therefore, are the primary operating 
parameters of the system, while the former are related 
to the design. Of course, this separation is not absolute 
since all are functions of design and operating condi-
tions, but it does indicate in a qualitative manner the 
most important factors determining the constants. With 

13 See Appendix I. 
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these concepts in mind, we may now examine our ap-
proximate solution. 

In almost all practical cases of synchronization, the 
frequencies col and co' are made as nearly equal as pos-
sible, and the phenomenon is used merely as a "phasing" 
device. Let us first consider M=  —ce= 0 and also 
assume that the preoscillation noise is small, so that 
the initial angle, 00, is zero. The final phase, of course, 
will also be zero, since ct•,. = MIS = O. Fig. 6 shows the 
form of the phase transient under these conditions 
for various values of S. Note that the phase is dis-
turbed violently during the magnetron voltage build-up. 

a 
• 2 

2 0 4  5 

51.6E6S ,ONLESS I' oaf - 

30 40  50 60  20 ..0 
0,62EwSiONLESS TIME -41 

Fig. 6—Phase transient accompanying the starting of a synchronized 
magnetron with locking power as a parameter for M=0, N 
=2X107, k =108, 420=-0, and n=0.8. 

This effect results from frequency modulation of the 
tube during the starting period as described earlier for 
the unsynchronized case. It is interesting to note that 

Fig. 7— Frequency transient accompanying the starting of a syn-
chronized magnetron for M=0, N=2 X10, k =10', 00=0, and 

this electronic frequency pushing is present regardless 
of the locking signal. After this initial perturbation, the 
phase approaches its steady-state value exponentially 

with a time constant 1/S. The values of n and N" do 
not greatly affect the form of the transient; however, the 
magnitude of the disturbance increases with both, as 
can be seen by noting that the initial frequency differ-
ence is dtk/dtit-o and 

di 
=  — 

14-0 

(37) 

The instantaneous frequency difference, dck/dt, is 
shown in Fig. 7 for the same values of S as in Fig. 6. 
Here the frequency-modulation effect is quite apparent. 
Preoscillation noise present in the magnetron will 

cause the initial angle, <Po, to be different from zero. 
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Fig. 8—Effect of initial conditions on phase transient for M=0, 
N=2 X107, k =10', ly=0.8, and S=.5X106. 

How this condition affects the phase transient is shown 
in Fig. 8. Note that since the duration of the transient 
is much greater than that of the magnetron voltage 
build-up, the consequences of the preoscillation noise 
are evident for a comparatively long period. Hence, the 
state of the oscillator at the first instant of starting is of 
paramount importance if a high degree of phase coher-
ence from pulse to pulse is desired. Another considera-
tion of equal importance is, of course, that of variations 
in the dc pulse voltage. The effect of such variations 
is to make co' and M, and therefore the steady-state 
phase, MIS, different from zero. Figs. 9 and 10 show 
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Fig. 9—Phase transient accompanying the starting of a synchronized 
magnetron with locking power as a parameter for M/S=0.348, 
N=2 X107, k.10, 420=0, and 27=0.8. 

14  The values N=2 X10 and ii =0.8 were computed from data on 
a Raytheon QK-61 magnetron. The corresponding value for S is 
5X106 if jp1=0.1. 
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the phase transient .for M/S.•0.348 and —0.348, re-

spectively. The actual magnitude of the steady-state 

incoherence (31/5) resulting from a particular voltage 

change may he computed exactly from (1). 

S.  0' 

5 • 01 

50  4)  10  50 

• 

0.41011.04a I SS ,,01  6. 
00 

Fie. 10 - Phase transient acommanying the starting of  synchro-
nised magnetron with locking power as a parameter for 31 S 
- 2 X10', k 10', 4•6 0, and 

It may be seen quite clearly from Figs. 9 and 10 that 
the operation of a pulsed synchronized magnetron is 

different for positive and negative values of the fre-

quency difference, tot—co'. This characteristic has been 

noted very distinctly in experimental circuits. 

We have now examined the solution of (32) for small 

to. A more general solution, obtained by machine meth-

ods, will be presented in the following section. 

VI. DIFFERENTIAL ANALYZER SOLUTIONS FOR 
LARGE LOCKING ANGLES 

The use of analogue computers is one of the most 

powerful methods presently available for obtaining the 

solution to nonlinear differential equations. An elec-

tronic differential analyzer has been designed and con-

structed by Macnee of the Research Laboratory of 

Electronics at M.I.T." It is through the use of this 

machine, and with Macnee's assistance, that the solu-

tions presented in this section were obtained. 

Sources of error in these solutions are twofold. First, 

calibration errors may be as much as 10 per cent. Sec-
ond, an important part of the transient occurs within a 

time comparable with the time constant of the analyzer 

Ss Es510* 
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(a)  (b) 

Fig. 11—Phase and frequency for Af•=5 megaradians, showing the 
effect of changes in synchronizing power. 

A. B. Macnee, 'An Electronic Differential Analyzer," Technical 
Report No. 90, Research Laboratory of Electronics, M.I.T., Cam-
bridge, Mass.: 1949. 

50   

itself. The initial portion of these solutions, therefore, 
is considerably in error. 

Fig. 11(a) shows the phase tt) as a function of time for 
values of S when the frequency difference, M = col —co', 

is 5 megaradians per second. Note that when the quan-

tity MIS becomes greater than one, there is no longer 
sufficient synchronizing power to maintain locking and 
the phase becomes a continuously increasing function. 
The frequency for this condition, along with that for the 
locked case, is shown in Fig. 11(b). The periodic varia-
tions of frequency are typical of the unsynchronized 
oscillator when perturbed by an external signal. Figs. 
12(a) and 12(b) show phase and frequency for the 
same conditions, except that M =col — co' is negative. 

zs• 
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SEC ONDS X 10-4 
(•) 

s•Clise 

Si 

2 
I. 
4 I 

O  5 
SECONDS X 10-4 

(b) 

Fig. 12  and frequency for .V •• —5 megaradians, shun - 
ing the effect of changes in synchronizing power. 

How variations in I w,—w' affect the phase and fre-
quency with S constant is shown in Figs. 13(a) and 
13(b). The similarity to Figs. 11 and 12 should be noted. 

i 
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0 3 0  -5  • 
SECONDS X 10 •  SECONDS X 10-4 

(a)  (b) 

Fig. 13—Phase and frequency for S=5 X10., showing effect 
of changes in frequency difference •••1--(4. 
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The effect of initial angles —60°, 0°, and 60° when 
M/S is 0.95 is depicted in Figs. 14(a) and 14(b). It is 
seen that a large positive or negative initial angle con-
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(a)  (b) 

Fig. 14—Phase and frequency for MIS 0.95, showing the 
effect of changes in the initial condition. 
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siderably increases the magnitude and duration of the 
transient. This effect is shown more graphically in Figs. 
15 and 16, where 4,0=-- ±180°. Under such conditions, 
the transient becomes quite intense and synchroniza-
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Fig. 15—Phase and frequency for M/S=0.4, showing the 
effect of large positive initial angle. 

0  .5 

5 2 

SECONDS X 104 

Fig. 16—Phase and frequency for M/S=0.4, showing the 
effect of large negative initial angle. 

tion does not occur until almost a microsecond has 
elapsed. Since in some applications the pulse length is 
considerably shorter than the duration of the transient, 
it is again seen that preoscillation noise can give rise to 
large incoherencies. Of course, the probability of such 
conditions may be reduced to insignificance by the use 
of large synchronizing power. 
Thus the exact solution to the starting equation 

shows the same general character as does the approx-
imate solution introduced in Section V. Both solutions 
emphasize the importance of the preoscillation state 
when pulse-to-pulse coherence is desired. Furthermore, 
the preoscillation noise-to-locking signal ratio is the im-
portant parameter determining this condition. Finally, 
the other important factors are oscillator tuning rela-

tive to the injected frequency, value of the coefficient 
S, and the values of the design paramenters Nand 77. 

VII. PHASE CONTROL AS DESCRIBED BY THE 
VAN DER POL EQUATION 

A single-mode oscillator may be properly represented 
by a parallel RI X combination shunted by a negative 
conductance and susceptance, which are functions of 
the terminal voltage. The differential equation describ-
ing such a circuit is known as Van der Pol's equation, 
and its solution shows a transient build-up, followed by 
steady-state sinusoidal oscillations. If the circuit is 
acted upon by a sinusoidal current source, a driving 
term is added to the equation. Its solution will now 
show the same steady-state s) nchronization behavior 
that has been discussed previously. The conditions for 
synchronization can be found as a function of the ratio 
of the injected current to the oscillation amplitude, and 
the frequency difference between the oscillator and in-
jected signal. This calculation has been made by Van 
der Po1,2 and is in agreement with other literature in 
the field. The transient conditions existing during the 
oscillator build-up, however, have never been studied 
exhaustively. While the general form of the build-up 
envelope is well known, such things as the instantaneous 
phase and frequency and the distortion of the envelope 
by the injected signal have not been examined. The 
latter two aspects, moreover, are of fundamental inter-
est in our discussion of transient behavior. 
In the previous treatment, a shape for the build-up 

envelope was assumed and the instantaneous phase cal-
culated on a quasi-steady-state basis. The validity of 
this'analysis may be more firmly established if the solu-
tion to the Van der Pol equation leads to similar results. 

VIII. THE VAN DER POL EQUATION WITH 
• A DRIVING CURRENT 

The form of Van der Pol equation with which this 
section concerns itself is easily derived from the equiva-
lent circuit shown in Fig. 17. It is to be noted that re-
active loading effects of the electronic space charge have 
been neglected for the sake of simplicity. The presence 
of this loading serves only to exaggerate the frequency 
pushing exhibited during the transient build-up. ‘Ve are 
justified, therefore, in ignoring this factor so long as we 
are concerned only with the nature of the solution and 
not its quantitative details. 

i cos tat 

4) 0  • Ir re-

gv • gv (x) 

Fig. 17—The single-mode equivalent circuit of an oscillator, neglect-
ing reactive loading by the electronic space charge. 

Returning to Fig. 17, if we write the nodal equation 
for the voltage x and differentiate with respect to time, 
we find 
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d'x  dgv)dx 
x — coo2x 

dt2 dx  dt 

= — Ex42 sin cot, (38) 

where µ =1/C, 6)02= 1 N/LC, and E=i/wC. The function 
relationship, gv =gv(x), must be evaluated so that the 
equation may be reduced to one in x and t only. 

IX. RELATION OF VAN DER POL'S EQUATION TO 
ACTUAL CONDITIONS IN THE MAGNETRON 

From experimental observations, the form of the 
magnetron rf voltage build-up is well known. The volt-
age initially shows an exponential growth, a behavior 
which reveals that the electronic conductance is con-
stant during this period. That such is the case may be 
seen by considering (1) of Appendix I. This equation 
may be written asi6 

= f 
dA / A 

wo(g  1 \ 

2 kwoC  QL 

If g is constant, the equation integrates directly, giving 

A = eioncowoc-21(201.  (39) 

Hence, if glwoC>1/QL, the voltage increases expo-

nentially. 
Near the end of the build-up, the voltage "saturates" 

and approaches its final value asymptotically. It is 
shown in Appendix I that such behavior is character-
istic when the electronic conductance is an inverse 
function of the voltage. 
The region intermediate between these two extremes 

is one of transition in which the voltage is described 
equally well by either boundary equation. Hence, we 
would like to find an expression for gv which closely 
approximates a constant at small voltage, decreases at 
larger amplitudes, and has a smooth transition in be-
tween. Fig. 18 shows a possible form of this function as 

Fig. 18—Dotted curve shows a possible form of g(A) as 
interpolated from the limiting loci. 

interpolated from the limiting conditions. One recog-
nizes that this curve may be closely represented by the 

" Note that A is the envelope function of x. In other words, we 
have assumed xf•-,A cos W -44, where A =A() and 0= 0(1). 

square-law function as shown in Fig. 19. There it has 

been assumed that 

A2 
g = Gv -I- 1 — — • 

4 

Fig. 19—Square-law approximation to the locus shown 
in Fig. 18. 

(40) 

As a function of the voltage x, (40) may be written as 

x2 
gv = Gv + 1 — — • 

3 
(41) 

The details of this transformation will be derived in 
Section X. Now, substituting (41) into (38), we arrive at 

d2x  dx gx2 _ 1)  + 0,02x = _ Eo sin wt.  
dt2 dt 

This is the form of Van der Pol's equation with which we 
shall be concerned. Its form shows clearly that it repre-
sents a second-order system with nonlinear damping, 
driven by a sinusoidal forcing function. 

(42) 

X. AN APPROXIMATE ANALYTICAL SOLUTION TO 
THE HOMOGENEOUS EQUATION 

If the driving current is reduced to zero, (42) be-

comes 

crx  dx 
dt2 + A(x2 — 1)—dt + coo2x = 0.  (43) 

One may obtain an approximate solution to this homo-
geneous equation by assuming x= A cos (coot 
where A and 4, are both functions of time. 
Van der Pol's original solutions were made under a 

similar assumption. His results, however, are not in the 
form most useful for this analysis. Hence, the purpose 
of this redundant presentation will be to formulate A(t) 
and OM in convenient terms. 
When one substitutes the assumed solution into (43), 

he obtains 

id2A A wo _d(k) 

ldt2  di 

/3A 2 -  4\ dA 
+  ) di  Acoo2} cos (wot — 4)) 

4   
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{2( 0., _ d_ qh\dA  d24) 

_  ) dt — A dt2 

i A3 —  4A\ to) _ dz_k\ 
+   sin (cool — 0) A k 4 ) k di if 

A 2 dA 
+ A —4 —di cos 3(wot — 0) 

— µ 41 -3 (0) —  di)) sin 3(coot — 0.) = 0. 
4  dt (44) 

Now if the coefficients in this equation are slowly vary-
ing compared to the sines and cosines, each coefficient 
must be identically zero for the equation to be true at 
all instants of time. This condition implies that during 
the transient build-up, the amplitude and phase do not 
change appreciably during one rf cycle. For instance, in 
S-band magnetrons, which have typical starting times 
of about 10-7 seconds, containing 300 rf cycles, the 
assumption is quite well satisfied. 
Let us, then, set the coefficient of sin (coot —0) equal 

to zero and neglect the second derivative, d70/dt7, by 
the previous assumption 

dA  A' — 4A = 1.4   
dt  8 

Equation (44) may be integrated directly al ter solving 
for di. The solution is 

(45) 

2 
A =   (46) 

4/  14  +  — A02 

e-ta 
A02 

[ {2 — (4 — '1°- )e-m€} 

., 
1/2 

WO 2 W = /12 (4 —  A02) 
2  A02  A 

+  02 

The triple-frequency term may be neglected since the 
circuit is sharply tuned to the frequency coo. Under this 
assumption gv reverts to our former g and 

A2 
g = ± 1 — — • (49) 

4 

2  3  4 4 4 4 4 4  10  I.  It  13 1,6  15 II  17 

tun - 

Fig. 20—Approxim ate envelopes of starting transient. 

Equation (46) shows that the steady-state amplitude, A, 
is equal to 2. Then the steady-state g is just Gv and the 
total conductance shunting the circuit is (Gv — g) or 
zero. This result gives a quantitative check on our 
solution for A and shows the process by which (41) 
was arrived at from (40). 
Returning to (44) and putting the coefficient of the 

cosine equal to zero while neglecting the factor d'A/d12, 
we find 

where A0 is the initial amplitude. This result is shown 
in Fig. 20 for various values of A0, plotted against the 
dimensionless time pa. It is to be noted that the initial 
amplitude, A0, is the critical factor fixing the time of 
starting, while pi enters only as a scale factor. Also, so 
long as the assumption fo>>µ is valid, the value of wo 
does not enter. 

Consider (41) which expresses gv as a function of x. 
Rewriting this equation, we have 

x 
gvX = Gvx  x — — • 

3 
(47) 

If the assumed solution for x be substituted, there re-
sults 

gvA cos (coot —  G vA cos (coot —) + A cos 

A 
— cos (cool —  — cos 3(woi — on. 

(coot — 

(48) 

± (4 — e_ml 2 

k A02 ) 

(50) 

where co = —4/dt and (46) has been substituted. The 
instantaneous frequency is shown iii Fig. 21 for various 
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Fig. 21— Instantaneous frequency during starting. 
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values of Ao, where the approximation (1 +x)"2= 1+x/2 
when x<<I has been made in (50). Like the build-up loci 
of Fig. 20, a change of Ao merely shifts the time scale 
and does not alter the form of the curves. Hence, the 

; frequency and build-up for any A0 may be found from 
I those shown by an appropriate shift on the time axis. 
I It is of interest to note that the quantity co-coo changes 
F sign during the transient and that this change is coin-
cident with the inflection point of amplitude build-up. 

XI. AN APPROXIMATE ANALYTICAL SOLUTION TO 
THE INHONIOGENEOUS EQUATION 

If one attempts to obtain an analytic solution to (42), 
he is eventually confronted with insoluble nonlinear 
differential equations in A and 4). Some information 
may be obtained, however, by making the assumption 
that the driving current is small enough so that our 
former expression for A(I), with a suitable value of 
A0 inserted, is still representative of the build-up en-
velope. Let us, then, make a solution for the inhomo-
geneous equation under this assumption. 
Now (42) may be written as 

d'x  dx 
—  - 1) — co02x 

di 

- &02[sin 4) cos (wi - (k) + cos 4) sin (cot - )J.  (51) 

If we assume the solution x = A cos (cot -4)) and sub-
stitute in (51), we find it may be written in a form 
analogous to (44) in which the coefficient of cos (cot -4)) 
is 

A dor+  3As A  - 4\ d  

d 12 dii k 4 ) di 

Acoo2 FA.)2 sin ¢). 

As before, this coefficient may be set equal to zero if 
it is slowly varying. Neglecting the term 0A/di', we 
(-an obtain the following: 

do 3A' -4\ d A E,-,2 

di 
+ (0,02 - ‘02)-E   dt 4A ) A sin 4). 

From the known nature of the solution, d(j) / d I <<co ; hence 
we may expand the one-half-power term in a power se-
ries and discard all but the first two terms. Then, d4)/di 
becomes 

m (3.4 2- 4) d A too 2 —  Ca.)2 Ew 
— =  sin 4). (52) 
di  2w 4A dl  20)  2A 

We may substitute (46) for A, and thus reduce our 
equation to one in 4) and t alone. We have 

d4)  &or, ± (4 - A02\ e, 11/2 
sin yi) — 

dt 4 L \ A o2 / 

14,2 (4 - A02)  \ A02 )  
  e-P1 (53) 

4cok  4 2 [i (4 - A02\ e ;12 

4 02 ) 

where we have used the approximation (cos-642)/2w 

co - coo. 
We should note here that when e-i" becomes quite 

small, (53) reduces to 

c140  Eco 
— —4 sin = co - W. (54) 
dt   

Equation (54) is the same as (1). Hence, the solution to 
(53), after the effects of the starting transient die out, 
is exactly similar to that found previously for the 
steady state. 
Examination shows that (53) is very much like the 

equation derived for quasi-steady-state build-up (32). 
Both contain a term expressing the effect of frequency 
pushing during starting. These terms are the functions 
of time located on the right-hand side of the equalities, 
and both show time variations exactly similar to the 
frequency variations during unsynchronized starting, 
as expressed by (50) and (28). These variations are 
different in detail, for we have neglected reactive beam 
loading in the transient analysis. The important con-
clusion to be drawn is that both analyses show this fre-
quency disturbance to be present regardless of the 
locking signal. In addition, both equations show that 
the effect of the locking signal is enhanced during start-
ing by a factor which is, in magnitude, merely the 
inverse of the rf voltage envelope. 
An analytic solution for (53) may be obtained if one 

considers the special case, co - wo = 0; (53) then becomes 

d4, 

di - 
F"1-1 + (4 -   e-M'  sin (1) 
4 L  \ A02 / 

µ2 (4 - A 02\ 

4,00\  A 02 ) 

[2 4 - A 02\ e ja] 

k A 02 

[1 k 4 - A 02\ e 
A02 ) 

Values of the constants in this equation corresponding 
to those used previously are approximately as follows: 

EA.) 
S  = 5 X IGO 

4 

k = 

w' —00)0 = 2ir X 3 X 10° 

1 - --. A0/2 = 0.2. 

Now, the second term on the right in (55) has its mini-
mum value at 1=0 and increases rapidly thereafter, be-
ing nearly zero at the end of the starting transient. 
The minimum value is approximately -µ2/46.),) -1.33 
X106 [assuming that (4 -A02/A 0°)>>1 ]. Even if this term 
remained at its minimum value during the entire start-
ing period, it would correspond to a phase change of 
only -1.33 X106X 10-7 = -1°. Hence, we may safely 
rewrite (55) as 

cht, =  Ewo  ri + /4  _ A 02\ e 11 22 sin  0.  
(56) 

di  4 L k A.2 ) 

(55) 
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By separating the variables and integrating, we obtain 

In tan —42. = — E4w 0  f  [1 + (4—A 0A2  02)  e_ otTi2d1 + C. (57) 

The integral may be evaluated by making the substitu-
tion 

4 — A02 
y 2 = 1 +    

A 02 

After utilizing the initial condition, ck =irk at 1=0, the 
final result is 

cl) 
In tan —= ln tan 

2 

(t.o Eco 
2-F — (1 212 —  {+xe -"9"2— (1-1- V/2 

+  in  (1-Fx)"2 } , (58) 
2  (1-1-xe-0 )1/7+  (1-Fx)"7-1 

where x = 4 —A 02/A 02. The phase, (/), is plotted as a func-
tion of time in Fig. 22 for two values of x. It is seen 
that after the envelope build-up goes to completion, 
the phase decreases exponentially for small ck. The time-
constant of this exponential is, as before, the inverse of 
the coefficient of the sine term in the differential equa-
tion. This fact can be confirmed by considering (58) for 
e-,"<<1. 

Fig. 22—Phase transient during starting. 

For large initial angles, it is noted that the duration 
of the transient is greatly prolonged. Hence, we may 
again conclude that the conditions at the initial instant 
of starting are of prime importance in determining 
pulse-to-pulse coherence. 
Before discussing the "goodness of phasing," we must 

choose a criterion. Let us define the parameter U, where 

U = i v* [44,(1) — 4).,Pdt. (59) 
NP ri-1  0 

This definition is arbitrary, but reasonable. We have 
taken the square of the integrated phase deviation from 
the steady-state value and averaged it over a large num-
ber, Np, of pulses, each of duration r„. 

Now, U is a function of the static parameters of the 
oscillator, the ratio of the steady-state amplitude to the 
locking signal, the initial amplitude A0, and the ratio of 
preoscillation noise to synchronizing power. For a given 
oscillator, the static parameters are important only in 
relation to other oscillators. Hence, we may exclude this 
factor in the sequel. The ratio of steady-state to locking 
signal amplitude determines the time-constant of the 
phase transient resulting from the phase deviations which 
exist when the rf envelope first reaches its final value. 
This time-constant decreases with increasing locking 
power. Equation (58) and Fig. 22 show that phase devia-
tion existing when the envelope has reached its final 
value increases with A0 for a given initial phase devia-
tion. On the other hand, the initial phase deviations 
decrease with increasing locking power. Consequently, 
the behavior of Uas a function of locking power is some-
what complicated and will depend rather strongly on 
the individual case. We can, however, draw some gen-
eralized conclusions. 

For a given oscillator, the value of U will, for the 
most part, decrease with increasing locking power. This 
decrease will not be uniform, however. It will be most 
rapid for small locking signals (small A 0) and large 
locking signals (small initial phase deviations and time-
constant). More important is the possibility that U will 
increase or decrease rather slowly in the region of inter-
mediate locking power. In other words, there can exist 
a situation in which increase of locking power does not 
improve and may even impair phasing. 

Xi I. DIFFERENTIAL ANALYZER SOLUTION TO THE 
D RIVEN VAN DER POL EQUATION AND DIS-

TORTION OF BUILD- UP ENVELOPE BY 
D RIVING SIGNAL 

The driven Van der Pol equation (42) may be solved 
by the electronic differential analyzer. Solutions ob-
tained from this computer can be used to determine the 
distortion of the build-up envelope by the driving sig-
nal. We may examine the solution, for given values of 
the parameters µ, wo, w, and Ec0/2Af. It has been seen 
previously that when Ec0/2Af=0 and fo>>1.1, the form 
of the build-up envelope is independent of fo, and 
enters merely as a scale factor. When Ec0/2Af becomes 
finite, but not large, this condition will still be closely 
valid. For the solutions to be presented, the ratio 
A/Av.-4.2; hence, our conclusions as to distortion of the 
envelope will hold in general, so long as fo>>µ. For these 
solutions we have chosen the following values: 

wo -= 2 X 109 radians/sec 

= 108 sec-1 

CO 0 - 01 = 0, 

and the synchronizing parameter, Ec0/244f, is variable 
over the range 0 to 1.9 X107, which provides a maximum 
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of the envelope by the driving signal may be accounted 
for by utilizing a suitable value of Ao in (46) seems well 
justified. Thus, the material in Section XI, which was 
derived under this assumption, may be considered reli-
able. Furthermore, the results of Section XI agree well 
with those found from the quasi-steady-state analysis. 
Since the solutions are mutually compatible, we may, 
with confidence, apply the conclusions drawn from 
them to the actual situation. 

4  6 

DdlEMS ,04L COS  TINE • is, 

Fig. 23—Distortion of build-up envelope by driving current 
as a function of the locking parameter. 

locking band of 3 mc. Fig. 23 shows build-up envelopes 
for several values of the parameter. These curves were 
taken from computer solutions, such as those shown in 
Fig. 24. Comparison of Figs. 20 and 23 shows that the 
build-up curves with and without the driving signal are 
quite similar. Hence, our assumption that distortion 

CONCLUSION 

The effects of the starting transient of a magnetron 
on its synchronization by a continuous signal have been 
calculated. These computations have been carried out 
from two different points of view, and their results are 
compatible. Briefly, the phase transient initiated during 
the starting may have a duration much longer than that 
of the rf envelope transient. Preoscillation conditions, 
therefore, which fix the initial phase, play an important 
part in determining the phase for a considerable time 

a 

Fig. 24—Differential analysis solutions to the inhomogeneous Van der Pol (42) show distortion of the build-up envelope by the 
synchronizing signal: (a) Ew/2Ap.0, (b) Ew/2/1/ 1.9 X10°, (c) Ew/2/1/ =107, and (d) E0)/2/1/ =1.9 X10/. 
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subsequent to starting. Furthermore, the statistics of 
the initial phase depend upon the preoscillation noise-
to-locking signal ratio. This, then, is the important 
parameter fixing pulse-to-pulse coherence. Other fac-
tors influencing the performance are: oscillator tuning 
relative to the injected frequency, value of a coefficient 
which is directly related to the injected power and the 
natural frequency and inversely related to the power 
output and external Q, and design parameters determin-
ing the rf rise time. 

, APPENDIX I 

The equivalent circuit usually used to characterize a 
magnetron is shown in Fig. 25. Here the normalized 
load admittance, G-FjB, is coupled to the operating 
mode, represented by R, C, and L. The factor Kc ac-

g+jb 

Fig. 25—Single-mode equivalent circuit of a magnetron. 

counts for the transformer action of the coupling loop 
or iris, and g+jb is the nonlinear admittance which 
characterizes the electronic discharge. If the magnetron 
is operating in the steady state, conservation of energy 
requires that the total admittance shunting any pair of 
terminals be zero. From this condition, we find the oper-
ating equations 

g 1 G 

cooC  Qo  Q,,xt 

co  coo 

woC  coo  co  Qmcc 
—  =(  _ ) _B , (I-1) 

where coo =1/VIC= resonant  mode frequency, Qo 
=R/cooL=RwoC= quality factor of the mode, and 
Qort= cooC/Kc =1/KccooL =loading effect of matched 
load. If the magnetron is in a transient condition, 
another term which accounts for energy storage in the 
mode must be added to the equations above. Specifi-
cally, the energy stored is 

W = CV,,  2 (I-2) 

and the rate of energy storage is 

dW dVrf 
= 2CV,,— 

dt  di 

At any instant this rate may be represented as a con-
ductance shunting the circuit of Fig. 25. The magnitude 
of this shunting effect is 

GsVss2 = 2CV,f 
di 

or 

dVrf 

(I-3) 

1 
= 

QL 

Gs = 
2C  dVrf 

17,1 di 

so that (I-1) becomes 

g 1  G  2  1 
,  

woC Qo  Qext  wo '17,/  di 

wo 
co0C ( cc) Jo 41 Qazt 

Now if g is known as a function of Vrf, then (I-5a) 
may be solved to find Vrf as a function of time. As-
suming the empirical relation 

E/R  1 
g =   ( I-()) 

17,1 R 

June 

(1-4) 

we find 

1   
Vrf =   

RCwo 1  1 ) 
  — 
RC"coo  QL 

V', = V RF0(1 

where 

Rpo 

d 
(I-5a) 

(I-5b) 

I- e-wol2(unewolioL), I 

1 

RCcoo 
( 1 — RCcoo + 421) 1. ‘ 

coo(  1  1' 

k— — 2 Rah) + —Qt, ), and 

1 G 

VO  Vext 

(1-7) 

Now in the derivation of (32) we found the coefficient N 
was 

E,7 
N =  tan a.  (I-8) 

2CRVRpo 
, 

If we substitute our expression for VRpo, we find 

coo 1  1 
N = --( - - + --)n tan a =.• kn tan a.  (I-9) 

2 RCcoo  QL 

APPENDIX II 

It is possible to examine the equivalent load of a 
synchronized oscillator in an analytical manner. The 
resulting expression, together with the oscillator oper-
ating equations, allows the steady-state and transient 
behavior of the oscillator phase to be calculated. As-
sumptions involved in such a procedure make the result 
an approximation which is quite good when the synchro-
nizing signal is small. This type of analysis has been ap-
plied to both triode and microwave oscillators. Portions 
of this particular solution are adapted from the work of 
Slater. 
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Consider a microwave oscillator whose voltage and 
current at its reference plane are Vei" and ieb". Let 
there be an externally injected signal whose voltage 
and current at the oscillator reference plane are Vieme 
and ileiwo. If oh and o.) are not greatly different, the ad-
mittance presented to the oscillator at its plane of 
reference may be written 

: or 

IL = 

YL = 

iei'l 

Viel'it 

 ̂
1 — I 

V  Vi. 
1 — 

1 e)('1 

V1 
1+ 

V 

1] 
where G-FjB is the passive load admittance. If we carry 
out the indicated division and neglect all except the first 
two terms, (11-2) becomes 

G jB  2pe ,“.1-4,>t, (II-3) 

where p=112(ii/i—  V)(G-FjB) and the approxima-
tion is good only when VI/ V<<1. Now p is known as th 
reflection factor, and may be written 

or 

P =-* 

P = 

2 (ii + V) 

1T Li>  (  Ps Ps  \ 

2 \  1 — Pr. 1 + Pc/ 

ITz.pPs  2 

2 kt - 
LpPs, (II-4) 

where we have separated the oscillator current and 
voltage into their incident and reflected components: 
Ps= V1/Vi= = reflection coefficient resulting from 
the locking signal, and pi,= V,/ V,= —irlii= reflection 
coefficient resulting from the passive load. Furthermore, 

the approximation in (11-4 ) assumes that I pLI is less  
than about 0.3. Then the load admittance may be writ-
ten approximately as 

YL G jB — 21p1 0(.1-.3) t+oi 

=G jB — 21,de*, (II-5) 

where  is the phase of the reflection factor. Note that 
S.2 is the sum of the oscillator, locking signal, and load 
phases if the approximation in (II-4 ) is valid. In any 
case, the reflection factor phase is a linear function of 
the oscillator phase. Now we are particularly interested 
in the condition oh = o.), that is, when the oscillator is 
synchronized. Incorporating this condition in (II-5 ) 
and substituting the resulting expression into the oscil-

lator operating equations, we have, after separation of 
the real and imaginary parts, 

g 1 G  2 1 p1  
—  =  cos (II-6a) 
woC  Qo  Qext  Qext 

0.1-2) b Col — al  B  21p! 
  +    sin 4). (II-613) 

woC  WO  Qext  Qext 

Equation (II-6h) is concerned with the oscillator fre-

quency and phase, while (II-a) specifies its power 
output. The former may be made to read 

  I = —  sin 0, 
oh)  Qszt 

(II-7) 

where o/ = b/2C+ wo — wo/2amt, and is the frequency 
of oscillation of the absence of the locking signal. Then 
in the synchronized condition we have 

4, =  [Qszt(oh, — w')  ].  (II-8) 
P wo 

Now, (II-7) may be written as a differential equation 
by allowing co and oh to differ and noting that 

d41, 
— =  W. 
dl 

(II-9) 

This permits us to write 

d4) I p I wo sin  4) = (oh —  0/). (II-10) 
dl Qext 

This equation may be solved directly for (/) as a function 
of time. 
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A Family of Designs for Rapid Scanning Radar 
Antennas* 
R. F. RINEHARTt 

Summary—A family of parallel-plate radar lenses is derived from 
an optical result of Luneberg. These lenses theoretically produce a 
beam with a straight wave front from a point source of microwave 
energy located at any point on a certain circle. A constant refractive 
index greater than one in the planar portion of the lens permits an 

inversely proportional smaller feed-circle radius. This provides the 
possibility of reducing feed-circle size to a point where rapid rotation 
of the source is feasible, producing rapid scan by the output beam. 

INTRODUCTION 

IN AN EARLIER PAPER' a theorem of Luneberg's in lens optics was utilized to derive a theoretical 
shape for a perfectly focussing radar lens which con-

stituted a promising solution to the problem of rapid 
scanning. Tests have since been conducted on a model 
of the lens at a wavelength of 3 cm with good results. 
From a practical standpoint the lens mentioned 

above has the disadvantage of requiring that the diam-
eter of the circle on which the antenna feed must be ro-
tated to produce scanning be undesirably large. The 
present paper develops a system of lenses possessing 
theoretically perfect optics and requiring smaller feed 
circles than those in footnote reference 1. 

THE LUNEBERG LENS AND ITS CURVED 
SURFACE ANALOGUE 

Luneberg2 has shown that light from a point source 
P (Fig. 1) in a plane medium of refractive index 1 can be 
focussed into a parallel beam by a disk with a variable 

L. 

ar 

0 

Fig. 1—The Luneberg collimating lens (Plane Case). The index of 
refraction is unity outside the unit circle and is an appropriately 
chosen function A(r) inside the unit circle for a given choice of 
point source P. 

* Decimal classification: R537.11. Original manuscript received 
by the Institute, January 23, 1951; revised manuscript received, Janu-
ary 7, 1952. This paper is a result of work performed on Contract No. 
W28-099-ac-141 for the United States Air Forces under the sponsor-
ship of the Electronic Research Laboratory, Air Materiel Command. 
I. Case Institute of Technology, Cleveland, Ohio. 
R. F. Rinehart, "A solution of the rapid scanning problem for 

radar antennae," Jour. Appl. Phys., no. 19, p. 860; 1948. 
1 R. K. Luneberg, "Mathematical Theory of Optics," Brown Uni-

versity Lecture Notes, Providence, R. I., pp. 208-213; 1944. 

refractive index which is a function 
r from the center of the disk. 
Taking the radius of the disk to 
t(r) is determined by 

1.4 =  

only of the distance 

be unity, the index 

(1) 

where the function w(r, 7.0 is determined by 

w(r, ri) = lir f (arcsin  01 02  r2 di.  (2) 

When a source of electromagnetic energy moves around 
the circle r=ri, the emergent parallel beam 
through 360 degrees. 

scans 

X 
Plr„ol 

Fig. 2—The curved surface lens analogue of the Luneberg lens. ‘Vith 
a constant refractive index of one, this surface has the same op-
tical properties as the corresponding Luneberg planar lens. A 
parallel conducting plate waveguide with this surface as mean 
surface theoretically possesses the same focussing characteristics. 

In footnote reference 1 the case r1= 1 (i.e. P on the 
disk circumference) was shown to•be optically equiva-
lent to an appropriate curved surface of revolution with 
a unit index of refraction; henceforth, this surface would 
serve as mean surface for a focussing parallel-plate ra-
dar lens. In that case µ(r) turns out to be N/2 — r2 and 
the equation of the generating curve of the correspond-
ing surface, s = 1/2(r -Fsin—'r), where s is the arc length 
of the generating curve measured from the axis of revo-
lution. 

The methods employed in footnote reference 1 can 
also be applied to the more general Luneberg theorem 
where r*l. We seek a surface of revolution Z such 
that the hat-shaped surface consisting of Z and the 
annular region of the X Y plane between r =1 and r =r, 
(see Fig. 2) will duplicate, with a refractive index of 
unity, the optical properties of the planar Luneberg 
system of Fig. 1. Let s be the arc length, measured from 
the axis of revolution; then the generating curve r = r(s) 
of the desired surface Z is determined by the equations 



1952  Rinehart: Design fo 

ds/r = du/u 

T = 
(3) 

where r and µ are related by the Luneberg equations (1) 

and (2). 
For each choice of ri ...1, (1), (2), and (3) determine 

a surface which will yield a perfect lens with feed circle 
r = ri. Equations (1), (2), and (3) are not solvable in 
terms of elementary functions for the relation between 
r and s, except for the case r1= 1. For any numerical 
choice of r1, approximation methods can be employed 1 to obtain the curve r =r(s). 
. A M ODIFICATION OF THE LUNEBERG ANALOGUE 

SURFACE TO REDUCE FEED-CIRCLE SIZE 

The surface defined in the preceding section possesses 1 the disadvantage of requiring the relatively large feed 
circle r=ri. However, it is possible to construct an 
L equivalent electro-optical system consisting of the same 
curved surface 2, and an attached annular ring of outer 
radius unity and with a constant nonunit refractive in-
dex. This amounts to "turning the hat-brim in" on Fig. 
2, as in Fig. 3. 

.P=1 

r Radar Antennas  687 

The case X=1 leads to ro= ri =1, which is the case dis-
cussed in footnote reference 1. The case X =ri implies 
that ro= Wri. It is readily verified that these necessary 
conditions are also sufficient, by noting that the rela-
tions X =ri = tiro together with (4) and (6) insure the 

holding of (5). 

Fig. 3—An equivalent surface to that of Fig. 2, but with the "brim" 
turned in. The index of refraction in the planar part of the sur-
face is a constant greater than one. 

To this end we seek to determine for a given ri >1 a 
feed-circle radius ro <1 and a constant refractive index 
X, such that a ray emanating from a point S on that feed 
circle will be refracted into the curved surface 2 at Q 
in the same direction as is a ray from the corresponding 
point P on the circle r = ri to Q. Accordingly, the con-
stants ro and X must satisfy the following ielationships 
(Fig. 4): 

X sin a = sin 4, (Snell's Law),  (4) 

ro sin (0 + a) = sin a (Law of sines, triangle OQS), (5) 

r1 sin (0 + 0) = sin 4. (Law of sines, triangle OPQ). (6) 

By elimination of 4, and a from (4), (5), and (6) and 
imposing the requirement that the resulting relation in 
ro, r,X, and 0 be an identity in 0, one finds that 

X 1 or X = ri. 

Fig. 4—Partial plan view of Fig. 3. 

Thus for any choice of feed-circle radius, 
ists a corresponding focussing lens system consisting of 
the annular ring with radii ro and 1, with constant re-
fractive index 1.7ro attached to the surface 2 deter-
mined by (1), (2), and (3). The only limitation on feed-
circle size is the size of the refractive index X which may 
be practicable, taking into consideration the disconti-
nuity in refractive index at r =1. 

THE ANGLE OF BEND AT THE JUNCTION OF AN-

NULUS AND THE CURVED SURFACE 

The lens system developed here has an abrupt bend 
at r= 1, and toroidal-bend or reflector-plate methods 
would need to be employed to eliminate reflections. Par-
ticular difficulty would attend a bend in excess of 90 de-
grees. It is therefore desirable to know at what angle 2 
meets the planar section of the lens system. 
Theorem: The surface 2 has a vertical tangent plane 

at r =1. 
Proof: We wish to compute ds/dr at r =1. From (3), 

du du 
ds/du = r/u — = — = µd/dr(r/µ) = 1 — (r/,4(1p./dr 

dr  dr 

= 1 — (r/A)ew(r.ro(dw(r, r1)/dr). 

At r = 1, (r/µ)ewo.ra) = 1, and we need to compute 

dwldr. 
Now from (2) with 0 <r <1, 

w(1 — r, ?I) — w(I, ri) 

= 1/7r 
f1-4, 

since w(1, =0, because Adr_i =I —e'"' . 
Setting 1 —Ar = m, we have 

ro, there 

(arcsin I/n(10/ 02 — — AO' 

w(m, r1) = 1/7r f (arcsin t/ridtIVti — M I. 

Now since 0 <arcsin i/ri > arcsin m/ri >0, 

ex-
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w(m, ri) > [(arcsin m/ri)/71- f dt/ — m2 

> [(arcsin m/r1)/rj 

• 1/2 in [(1  •V1 — m2)/mJ, 

w(m, ri)/(1 — > [(arcsin m/ri)/271-]  (7) 

• [1/(1 — In).1 

• [In (1 + V1 — m2)/m]. 

The first factor on the right is greater than zero for 
m >O. By application of L'Hospitars rule to the prod-
uct of the last two factors, it is readily determined that 

as m-4 from below, the product  00. Hence by (7) 
Jim [w(m, ri)/(1 —m)] =  OD, and therefore ds/dr is in-
finite at r =1, and the generating curve of the surface 
has a vertical tangent at r =1. 
Since the surface has a vertical tangent plane at r =1, 

the bend needed at r = 1 in a waveguide constructed 
about this mean surface is no more severe, namely 90 
degrees, than in the previously given solutions. If the 
discontinuity in refractive index at r =1 is not a prac-
tical limitation, then this solution provides a neat way 
of achieving a small feed-circle radius in a radar lens 
with theoretically perfect optics. 

Space-Charge Waves in an Accelerated Electron 
Stream for Amplification of Microwave Signals* 
PING KING TIENt, ASSOCIATE, IRE AND LESTER M . FIELDt, FELLO W, IRE 

Summary —Space-charge waves in an accelerated or decelerated 
electron stream are studied in this paper using a one-dimensional 
small-signal approximation. Exact solutions are given for an idealized 

stream of infinite extent, accelerated or decelerated uniformly 
througn a space where dc space-charge effects are assumed to be 

neutralized by positive ions.' It is argued that the results obtained 
can be applied to streams of small diameter by use of an appropriate 

reduction factor on plasma frequency even in the absence of positive 
ions. 

The solution obtained indicates that space-charge waves on a 
decelerated stream grow in amplitude, and can thus provide a meth-

od for amplifying microwave signals. The amplifying mechanism 
which is discussed is one involving an electron stream which has a 
single value of velocity in any transverse plane, but which is deceler-

ated and accelerated alternately by a set of properly spaced parallel 
electrodes. Three amplifiers of this type have been constructed and 
tested and the theoretical gain expression has been verified. 

PART .1 

General Theory of the Space-Charge Waves in an 
Accelerated Electron Stream 

A. INTRODUCTION AND ASSUMPTIONS 

/ N A RECENT letter, a mechanism for the am pli-
fication of microwave signals by use of space-charge 
waves was announced. The principle involved came 

to the authors' attention during a study of space-charge 
waves in a single-velocity electron stream, accelerated 
or decelerated by a dc electric field. 
A theory of space-charge waves in a constant poten-

'1' Decimal classification: R138.1. Original manuscript received by 
the Institute, June 4, 1951; revised manuscript received, January 14, 
1952. 
For an extended version of this paper order Document 3562 

from American Documentation Institute, 1719 N Street, N. W., 
Washington 6, D. C., remitting $1.00 for microfilm (images one inch 
high on standard 35 mm motion-picture film) or $9.15 for photocopies 
(6x8 inches) readable without optical aid. 
I. Electronics Research Laboratory, Stanford University, Calif. 
1 W. C. Hahn, Gen. Elec. Rev., vol. 42, pp. 258-270; June, 1939. 
2 L. M. Field, P. K. Tien, and D. A. Watkins, PROC. I.R.E., vol. 

39, p. 194; February, 1951. 

tial drift space was published early in 1939 by Hahn" 
and Ramo." In their theory, space-charge waves are 
discussed in terms of a traveling wave whose amplitude 
varies periodically to form a standing wave in space. 
The propagation constant of the traveling wave is 
equal to the signal angular frequency divided by the 
stream velocity, and the periodic variation of the 
standing-wave envelope is similarly related to the 
plasma frequency, which in turn depends upon the dc 
electron-charge density of the stream. 
The general problem to be solved in this paper is 

that of space-charge waves in a long and slender stream 
of small diameter, accelerated or decelerated by elec-
trodes which produce some arbitrary dc potential dis-
tribution along the stream. The stream is enclosed in a 
space of high vacuum and is well-focused by an essen-
tially infinite axial magnetic field. 

Instead of analyzing such a problem directly, the 
problem will be simplified by treating an idealized 
stream of infinite extent with the following assumptions: 
(a) The stream is considered uniform in a plane 

transverse to the beam-flow direction. Sufficient positive 
ions are assumed to neutralize dc effects of space 
charges, or alternatively, the dc potential distribution 
along the idealized stream in the direction of beam flow 
is assumed to be exactly the same as that of an actual 
small diameter stream by imagining a set of fictitious 
permeable-membrane plane electrodes inserted across 
the stream parallel to each other whose purpose is to 
hold the potentials at the desired levels. (Both ions and 
membranes may be considered at the same time if de-
sired.) 

3 W. C. Hahn, Gen. Elec. Rey., vol. 42, pp. 497-502; November, 
1939. 

4 S. Ramo, PROC. I.R.E., vol. 27, pp. 757-763; December, 1939. 
6 S. Ramo, Phys. Rev., vol. 56, pp. 276-283; August, 1939. 
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(b) Motions of electrons are limited to the axial direc-
tion by assuming an infinite magnetic focusing field. 
(c) The stream is modulated with a signal small as 

compared with the comparable dc quantities. 
(d) The dc velocity of the stream is assumed to be 

small as compared with the velocity of light, so that the 
effect of relativity can be neglected. 
(e) Emission velocities are neglected and electrons 

are assumed to start from the cathode with zero dc 

velocity. 
The theory is thus reduced to a one-dimensional 

small-signal analysis which, it is believed, will give most 
of the important information that is needed for an actual 
stream of small diameter. Actually, the idealized stream 
of infinite transverse extent with ions or membranes has 
essentially the same dc conditions as those of an actual 
small-diameter stream without ions. The ac effect of 
space charge, however, is reduced in a stream of small 
diameter as compared with the effect in a stream of 
infinite extent. This factor will be taken into account by 
reducing the value of the plasma frequency by an ap-
propriate factor which will be described in detail in Sec-
tion F of Part I. 
In a stream of small diameter, the dc potential dis-

tribution curve along the beam-flow direction can be 
adjusted to an arbitrary form by properly shaping the 
electrodes. (Consider a Pierce gun as an example.) The 
dc effect of space charge as studied by Wiltshire6 can, in 
general, be neglected here except in the vicinity of the 
cathode. It is evident that different potential distribu-
tions produce space-charge waves of different forms. It 
would seem that in such diode-type problems the 
Llewellyn-Peterson' equations might be directly ap-
plied. Unfortunately, the Llewellyn8 equations, which 
are built on the basis that the potential distribution is 
determined from space charge in the stream for a 
stream of infinite transverse extent with no ions, do not 
give the right solutions in the case considered here where 
the dc effect of space charge is unimportant and the 
form of dc potential distribution is mainly dependent 
upon the form of accelerating electrodes. In Section D of 
Part I it will be shown that the Llewellyn-Peterson 
equations may be adapted to fit the problem here by 
subdividing the whole space into small regions. 
Two methods are given in Section D of Part I which 

solve the idealized stream described above. The first is 
particularly suitable for the case where the dc potential 
distribution curve is determined from an electrolytic 
tank and is difficult to put in analytical form. 

displacement current, is equal to zero. The Llewellyn-
Peterson' equations may then be expressed in the form 

q(z) = (Esq. + Fsv.)e-13 

v(z) = (H*q.  Pv.)e-s, 

where z is the co-ordinate in the axial direction. The 
subscript s denotes the starting plane of the region con-
sidered. q(z) and v(z) are, respectively, the ac convec-
tion current density and the ac electron velocity at the 
z-plane; q. and V. are the same quantities at the s-plane. 
With w the angular signal frequency 13= icoT, T the dc 
transit time between the s-plane and z-plane and 
i= ( — 0'12. Es, F5, II and P are the Llewellyn co-
efficients and are' functions of the dc voltages and dc 
current densities at both ends of the space. We will 
similarly express the space-charge waves on a stream in 
the form 

B. THE SPACE-CHARGE WAVE MATRIX 

In a one-dimensional analysis the total ac current of 
a stream, i.e. the sum of ac convection current and ac 

A. S. Wiltshire, Technical Note No. 71, Telecommunication Re-
search Establishment, Ministry of Supply, England. 

7 F. B. Llewellyn and L. C. Peterson, PROC. I.R.E., vol. 32, pp. 
144-166; March, 1944. 

F. B. Llewellyn, Bell Sys. Tech. Jour., vol. 14, pp. 632-655; Oc-
tober, 1935. 

q(z) = (Eq. + Fv.)e-o 

v(z) = (Hq. Iv.)e--8 ; 

except that in the case here E, F, H and I, called space-
charge wave coefficients in this paper, are functions of the 
dc potential distribution in the space as well as the dc 
end conditions.-This is because in our case the dc poten-
tial distribution in the space is not determined by the 
dc effect of the space charges of the stream, but is 
mainly dependent upon the form of the accelerating 
electrodes. To simplify mathematical manipulation, 
matrix notation will be used throughout this paper. 
Expression (2a) can be represented n the matrix form 

(1) 

:(z) (z) E F HI vq.. 

(2a) 

(2b) 

The square matrix in (2b) is called the space-charge 
wave matrix. The factor eat is omitted for convenience 
in all expressions of this paper. The factor e-P, together 
with the omitted factor ei'" in (2b), showed the traveling 
wave of the signal frequency, and the space-charge 
wave coefficients E, F, H, and I describe the amplitude 

variations of the waves. 

C. MATRIX EXPRESSION OF THE SPACE-CHARGE 
WAVES IN A CONSTANT POTENTIAL 

DRIFT SPACE 

A brief review of the space-charge waves in a con-
stant potential drift space is necessary for later explana-
tions. The space-charge wave matrix of the drift space 
of a velocity-modulated tube has the form4.6 

cos (hz) ig sin (hz) 

i (3) 
— sin (hz)  cos (hz) 

where 

h = wi/vo, 

g = wpo/wi, 

042 = Poe/emo, 

(3 = iwz/vo; 

9 L. T. Zitelli, "Space Charge Effects in Modulated Electron 
Beams," Ph.D. Dissertation, Stanford University, Calif. 
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e and mo are respectively the electron charge and elec-
tron mass, vo is the de velocity of the beam, po is the 
de charge density, z is the distance measured from the 
entering plane, coi is known as the angular plasma fre-
quency, and e is the dielectric constant of the vacuum. 
Taking —i/g as the characteristic impedance of the 

system and defining v/q as impedance, expression (3) 
has exactly the same form as the matrix of the ideal 
conventional transmission-line equations. The Smith 
chart could therefore be used in computations. 

D. GENERAL THEORY. OF THE SPACE-CHAR GE WAVES  IN  
AN ACCELERATED ELECTRON STREAM OF 

INFINITE EXTENT 

Two methods are developed here to solve for space-
charge waves in an accelerating stream, namely, the 
method of partition of space and the method of electronic 
equations. Both are perfectly general and may be ap-
plied to a space having any dc potential distribution. 

I. Method of Partition of Space 

This method consists of dividing the accelerating 
space into a large number of small cells and considering 
each cell as a separate diode. The Llewellyn equations 
can be applied to each diode. In order to fit the given dc 
potential distribution, the dc end conditions for each 
cell are evaluated from the given dc potential distribu-
tion. The problem is then reduced to that of a number 
of diodes connected in cascade. The equations for each 

v. 

I St diode 

s-iplane 

ea. 

ubm  
u oral  

Tm 

L._ I occeleratmg space 
exit plane 

Fig. 1—Method of partition of space. The actual potential distribu-
tion curve shown as a solid line is approximated by the dotted line 
in the method of analysis. 

diode can be expressed in matrix form by the Llewellyn 
equations. The product of all matrices gives the equa-
tion for the space-charge waves in the space. Referring 
to Fig. 1, the entire accelerating space is assumed to be 
divided into n diodes, and then 

q(z) 11= v(z) 
X 

En_1 

H n-1 

space-charge factor by the following equation, in which 

They are 

(n/e)qo = (u. + u)2/T2. (5) 

nT.,2q0 

2eub„, 

F. = icol'40/u b. 

e 2r.o 

1,, 

+  U 0,,,) 

brn i 

ii„„,  nT.2qo 

Ubm  2 EUbns 

qo 

4(.0 14„, 

(6) 

where, according to the Llewellyn-Peterson notation, 
uu„, and ub„, are respectively the dc electron velocity at 
the entering and the exit plane of the mth diode, 
go(= Id in reference number 7) is the dc electron current 
density, and T„„ the dc transit time for the mth diode. 
All those quantities are evaluated from the given dc 
potential distribution in the space. 

2. Method of Electronic Equations 

The following electronic quantities are assumed: 
Electron velocity  0 =vo+veiwt 
Charge density  pj =po+-Fpo+l-p+e 
. Convection current density  qi =q0-Fgel" 
Potential  V1 = Vo+Ve4", 

where all quantities except qo are functions of z, and z is 
the distance measured from some reference plane de-
noted as the 0-plane; vo, po, qo and Vo are dc quantities, 
v, q, p, and V are ac quantities, po+ is the dc charge 
density of the positive ions, and po is that of the elec-
trons. Through the use of Poisson's equation, the force 
equation, the continuity equation, and the current 
equation, after neglecting higher-order small quantities 
and by using the substitutions q=Qe-8 and /3= iwf(dz/ 
vo), the following electronic equation" may be obtained 

(PC, dQ 3dvo o nqo 

de + dz  dz  v03 = 

V = 
—ivo2 dQ 

ugo  dz 

X • • • X 

where j3 is again the total dc transit angle multiplied by 
the imaginary unit i. 
E,,,, Fm, H„„ and I„, for the mth diode can be obtained 

from the Llewellyn coefficients' after eliminating the 

E. F. 

H. I. 
X • • • X 

EI F1 

HI I1 
e-sx 

(8) 

(4) 

The signs of the quantities e and po for electrons are 
negative. When electrons move in the direction of posi-

" A similar equation derived by L. D. Smullin, M.I.T. and P. 
Parzen, Federal Telecommunication Laboratory, Inc. (unpublished). 
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tive z, qo is negative. When e is negative n = elmo is also. 
It is interesting to note from (8) that the amplitude 

of the velocity modulation goes to zero when that of the 
current modulation is a maximum, and it reaches its 
maximum when the amplitude of the current modula-
tion has its maximum rate of change. The detailed solu-
tion will be given in a particular case. 

E. SPACE-CHARGE WAVE COEFFICIENTS OF A UNI-
FORMLY ACCELERATED ELECTRON STREAM 

The solutions are given below for the special case in 
which the dc potential distribution is a straight line, 
that is, the electron stream is accelerated uniformly. 
This case is shown in Fig. 2. The potential gradient in 

V. 

Space 

• 
—plane 
y= s 

0—plane 
z = 0 

,t4c-\-• 

•1. 

exit plane 
Y= Y 

Fig. 2—The accelerating space with a linear potential 
distribution. 

the space is constant and is equal to Eo. The o-plane, 
which will be taken as the origin of the axial co-ordinate 
z, is the plane on which the dc potential versus distance 
curve of the accelerating space indicates zero potential 
when extrapolated. Define k as vo = kz1/2. 
Assume the electron stream enters the accelerating 

space at the s-plane. Define a dimensionless quantity 
which is always positive as 

x —   
q o  zl / 2 ) 2 

le e 
(9) 

The space-charge wave coefficients E, F, H and I" are 
plotted in Figs. 3, 4, 5, and 6 as a function of x over the 
range x equal to one to 5,000, with the initial plane at 
x= 1. The space-charge wave matrix with the initial 
plane at any other position, say x = a, can be computed 
from the curves by 

I 0 

10 5  0  50  100  500  1000  5000 

VALUE OF X 

Fig. 3—Space-charge wave coefficient E for a uniformly accelerated 
electron stream of infinite extent, with the initial plane at 
x=1. 

5  10  50 100 

VALUE OF X 

Fig. 4—Space-charge wave coefficient F for a uniformly accelerated 
electron stream of infinite extent, with the initial plane at 
x-=1. 

I 0 

HG 

—10 
5  10  50  100  500  1000  5000 

VALUE OF X 

Fig. 5—Space-charge wave coefficient H for a uniformly accelerated 
electron stream of infinite extent, with the initial plane at 
x=1. 

1l E10 FI 11 x EHliz Fr:: 11 . (10)  10 
i. 

Where the double subscript is used, the first letter de-
notes position of initial plane and second letter denotes 
position of interest. E1., F11, Hi:, and I . and El., F10, 
111., and /10 are space-charge wave coefficients with the 
initial plane at x=1, and can be found from the curves. 
From these curves it is noted that accelerated streams 

have space-charge waves with an amplitude which varies 
in a shrinking oscillatory form. This fact has been util-
ized to reduce the noise content in an electron beam. 

-10 
5 10  50  100  500  1000  5000 

VALUE OF x 

Fig. 6—Space-charge wave coefficient I for a uniformly accelerated 
electron stream of infinite extent, with the initial plane at 

It Appendix II. 
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5  10  50  100 

VALUE OF X 

Fig. 7— Space-charge wave coefficient E for a uniformly accelerated 
electron stream of infinite extent, with the initial planes at 
x=1„3, 10, 40, 100, and 1,000. 

1.0 

0.5 

—05 

I IT 

500  1000  5000 

....Method of Partition 
of Space 

—  Method of E ectronie 
Equations 

2  3 4 5 6 8 10  20  30 40 50  100 
value of x 

Fig. 8—The results computed by the method of partition of space 
are compared with those computed by the method of electronic 
equations. 

E' 

•• 10 

10 / DIRECTION OF BEAM FLOW 

5  10  50  100  500  1000 
VALUE OF X 

Fig. 9—Space-charge wave coefficient E' for a uniformly decelerated 
electron stream of infinite extent, with the initial plane at 
x=1,000. 

A stream which has been accelerated in a space could 
have been decelerated by simply reversing the direction 
of flow. In order to avoid confusion, the space-charge 
wave coefficients for a decelerated stream are denoted 
by E', F', H', and I', E, F, H and I being used to refer 
to an accelerated stream. It can be shown that 

E' F' 

H' I' 

E F 

H I 

E', F', H' and I'll are plotted in Figs. 9, 10, 11, and 12 
with the initial plane at x=1,000. The space-charge 
wave coefficients with the initial plane at any other po-
sition can be computed by the same expression (10). 

DIRECTION OF BEAM FLOW 

5 

1 1 I 

10  50 100 

VALUE OF X 

fill 

- 

, 

500  1000 

Fig. 10 Space-charge wave coefficient F' for a uniformly decelerated 
electron stream of infinite extent, with the initial plane at 
x =1,000. 
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VALUE OF X 

Fig. 11 --Space-charge wave coefficient H' for a uniformly deceler-
ated electron stream of infinite extent, with the initial plane 
at x=1,000. 
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Fig. 12— Space-charge wave coefficient I' fol• a uniformly decelerated 
electron stream of infinite extent, with the initial plane at 
x =1,000. 
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Fig. 13—Space-charge wave coefficient E' for a uniformly deceler-
ated electron stream of infinite extent with the initial planes 
at x =1,000, 200, 100, and 80. 
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The prediction of space-charge waves with amplitude in 
a growing oscillatory form for a continuously decelerated 
stream is an important result of this analysis. 

F. A CORRECTION FACTOR FOR A STREAM OF SMALL 
DIAMETER SURROUNDED BY A WALL 

The results derived by Ramo' for the space-charge 
wave of a stream of infinite extent and that of a stream 
of finite diameter surrounded by a metallic drift tube 
wall may be compared for the case of a constant poten-
tial drift space. One finds there that the solution for the 1 stream of finite diameter can be obtained from that of 
I the stream of infinite extent by merely multiplying the 
• value of angular plasma frequency uil by a reduction 

factor 

p. 

1  

(1 +  7”,"),01) 

(12) 

This factor neglects higher-order variations across the 
beam cross section, and in general will be true only for a 
stream of small diameter. The correction factor (12) de-
pends upon the beam and tube diameters, the dc veloc-
ity of the stream, and the applied signal frequency. 
1 t is believed that the same correction factor can be 

used for accelerated and decelerated streams, except 
that in these cases the dc velocity along the stream 
varies and the correction should be made point by point. 

V. 

D,rect,on of Beam Flow 

s-plane 

Fig. 14 —The dc potential distribution versus distance 
curve approximated by a step line. 

The possibility of applying the same correction factor 
for accelerated and decelerated streams arises from the 
fact that the space-charge waves will not be noticeably 
changed if the continuous dc potential distribution curve 
is replaced by a step function as shown in Fig. 14. 

PART II 

Amplification of Microwave Signals by Use of 
Decelerated Electron Stream 

A. AN AMPLIFYING MECHANISM FOR MICRO-
WAVE SIGNALS 

Space-charge waves of increasing amplitude in a de-
celerated stream can provide a method of amplifying 

microwave signals. It is observed from Fig. 9 that when 
an electron stream, excited with pure current modula-
tion at the position of x=100, is decelerated through a 
space of linear potential distribution to the position of 
x =3, the amplitude of current modulation is increased 

by a factor of about three. 

I  1 I  1- 7 
- -CURRENT MODULATION 1(' CURVE) 

• — • • • • 
VELOCITY MODULATION (N. CURVE) 

Datectlan of ()earn Flow 11 
I 

0 I  I 

W I current 
rnodulat.on & 
t o velocity 
modulot,on 

It) 

I 

s- plane _ 

_ !Mai current 
niodulaf.on 
tare velOCity 

modulation 

20  50 100 200 
value of . 

Fig. IS —The amplitude %ariation itlurrent asid velocity modula-
tion% of a uniformly decelerated electron stream excited with cur-
rent modulation at x-200. 

One form of structure by which a signal can be ampli-
fied is shown in Fig. 16. This structure is composed of 
identical sections, each consisting of a decelerating 

VOW 
MI AOW ion 

NV  LV  NV  LV 

I 
Decelevatrai4 DecosseveelL 

I Space  Space 
---4  10-

Gap 
Dwectcm co Beam Flu., 

D C POTENTIAL 
f s RIBUT ION  CURVE 

/ CURRENT 

MOOUL ATION 

VELOCITY 

MODULATION 

Fig. 16--The repeated structure of the new amplifying 
mechanism. 

space and a gap. The length of the decelerating space is 
so designed that the stream of electrons which enters 
one end of the space with maximum current modulation 
(Fig. 15) is brought back to maximum current modula-
tion again at the other end of the space, after being am-
plified during the period of deceleration. A voltage jump 
is then made to bring the stream back to the original 
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high potential through a gap. Current modulation would 
remain continuous across the gap, if it is short com-
pared to a space-charge quarter wavelength, in accord-
ance with the Llewellyn-Peterson equations. The same 
process is repeated in the next section. 

V. 

a 

sTpione Direction of Beam Flow 

DECELERATING  SPACE 

1 
Position of 
Maximum current 
modulation  and 
zero  velocity 
modulation 

Maximum velocity Maximum 
modulation  a current 
zero current  modulation a zero 
modulation  velocity 

modulation 

Fig. 17—The form of the dc potential-distribution curve which 
achieves maximum amplification with a given deceleration. 

Now the form of the dc potential distribution in the 
decelerating space will be considered. By studying vari-
ous iorms of decelerating potential distribution curves, 
it can be shown that the most effective dc potential dis-
tribution curve for amplification is in the form of Fig. 
17. The corresponding structure is shown in Fig. 18. In 
this case, the signal power gain per section can be de-

Initial 
Modulation 
—  — 

ko els! 

L.V. Drift L.V. Dr if t 
Space Space 

NV. Drift  H.V. Drift 
Space Space 

I Ilc...t 11 
I  I lcox sr I 
Coast y II V. II Cone  ,, V. II .o 

1 soss 1. ii 1 1 
i  11 tt  I{ — { -4.— 

GO,  Direction of Oop  Goo 
Boom Flow 

_J 

-  Magnitude of the Current Modulation 

- - Magnitude of the Velocity Modulation 

Fig. 18—The structure of the single stream space-
charge wave amplifier. 

rived directly from kinematic theory and solutions of 
space-charge waves in a constant potential drift space. 
Suppose that the structure starts with current modu-

lation D. This current modulation is transformed into 

velocity modulation v, after coasting along the high-po-
tential drift space. The length of the high-potential drift 
space is designed to be a quarter, or an odd multiple of 
a quarter, of the effective plasma wavelength. According 
to expression (3) in section C of Part I, the stream 
reaches the decelerating gap with velocity modulation 

iwivo,F1  
V1 = — q, — ql  (13) 

gi  wqo 

where the subscript 1 denotes quantities before the de-
celeration. The subscript 11 will be used to denote 
quantities after deceleration; co, is the plasma angular 
frequency at the high potential drift space and F, is the 

associated correction factor due to the effects of the 
metallic wall and the finite beam diameter of the stream. 
vi is then amplified through a deceleration at the gap 

in accordance with straight forward kinematics" 

vavi = voi/von.  (14), 

After coasting along the low potential drift tube, de-

signed to be a quarter or an odd multiple of a quarter of 
the plasma wavelength long, the velocity modulation 
von takes on the form of current modulation again, ac-
cording to (3) 

wqo   
qii = igi1v1 = i   vii. (15) 

convonFii 

The final result for power gain per section from expres-
sions (13), (14) and (15) is thus 

Vo, )3/4( 
power gain = 20 logio  db, (16) 

Von 

where Vol, F, and Von, Fll are respectively the dc po-
tential and the plasma frequency correction factor, as-
sociated with the drift tube before and after decelera-
tion. 

The amplification from (16) seems to be insensitive 
to signal frequency although the correction factors F, 
and F11 change somewhat with thc signal frequency. 

Either a cavity or helix can be used to modulate the 
electron stream and to extract the amplified signal out-
put. The helix is preferred for wide-band operation. 
This kind of amplifier (Fig. 19) may have many ad-

vantages. It is not frequency sensitive as compared with 
klystrons. No circuit structure is necessary between the 
input and output ends as in traveling-wave tubes. Dif-
ficulties from mixing of beams in a double-beam tube 
are avoided since only a single stream is used. 
It is believed that the same structure can be used to 

construct an oscillator when a proper feedback system 
is provided. 

Detailed design procedures for this kind of amplifier 
have been obtained, but will not be included in this 
paper. 

12 Appendix 1. 
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Fig. 19—A sketch of the single stream space-charge wave amplifier. 

B. EXPERIMENTAL RESULTS 

Three amplifiers of this kind have been constructed 
and tested. They are shown in Figs. 20, 21, and 22. A 
beam of 0.055-inch diameter was used in all tubes. Tube 
No. 1 has six cylinders. With the first three cylinders 
connected at the same potential as a high-potential drift 
tube, and with the other three cylinders connected to-
gether as a low-potential drift tube, it was operated as a 
typical space-charge wave amplifier of one space-charge 
wave section. With a sudden deceleration from 1,900 to 
65 volts, 24 db of increase in gain over that with no de-
celeration was observed at a beam current of 0.6 ma and 
a frequency of 3,000 mc. 

Fig. 20—Single stream space-charge wave amplifier No. 1. 

deo  

Fig. 21 —Single stream space-charge wave amplifier No. 2. 
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Tube No. 2 has one long and one short cylinder. It 
was operated with a sudden deceleration from 860 to 70 
volts. A 10-db increase in gain due to the space-charge 
wave section was measured. 
Tube No. 3 has one long cylinder of 5.10-cm length 

and two short cylinders of 0.86-cm length. The tube was 
operated as an amplifier with two space-charge wave 
sections. The helix was operated at 680 volts. The first 
section was operated with a deceleration from 680 volts 
of helix potential to 66 volts and the second section was 
operated with a deceleration from 500 to 68 volts. To-
tal gain measured due to the space-charge wave sections 
was 20 db at 2,891 mc with a beam current of 0.50 ma. 
The gain from the helix was 9 db and the over-all gain of 
the tube was 29 db under the operating conditions de-
scribed above. 
In all of these experiments the gain expression (16) 

was verified closely. 

Fig. 22—Single stream space-charge wave amplifier No. 3. 

When the tube is connected as two long decelerating 
sections, a total gain of 17 db has been observed at the 
same beam current and operating frequency. 
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APPENDIX I 

When a stream is decelerated (Fig. 16) or accelerated 
through a gap of small spacing, current modulation re-
mains unchanged. From conservation of energy 

e(V0,2 — Vob) = into(vob  vb)2 — 1-tno(voa ± v.)2 

or 

itno(vob2 — vo.2) = itno(vob  vb)2 — itno(voa ± va)2. 

Assuming ac quantities v0 and vb are small compared 
with dc quantities vo0 and vob, and neglecting second or-

der small quantities, we have 

i/b/110 = VO0/Vob. 

APPENDIX II 

E = {Ji(Y)N2(5) N1(Y)J2(s) s 
J1(s)N2(s)  — N i(s)f 2(s) 

F = i2G {Ji(Y)Ni(s) 
11(s)N2(s) 

i .12(y)AT 2(s) 
= 

— Ni(Y)Ji(s)l 

— 1V1(s)J2(s) S Y 

N2(Y)J2(s) 

2G J i(s)N 2(s) — Ni(s)12(s) 

N2(y)J1(s) — .12(y)Ni(s)  
= 
11(s)N2(s) — Ni(s)J2(s) 

where G =2wq0/k2, y=2x114 , and y=s at the initial plane, 
Ji and N1 are respectively Bessel functions of the first 
and the second kind of the first order, and .12 and N2 are 
Bessel functions of the second order. 
Expressions for E', F', H', and I' have the same 

forms as E, F, II, and I, except with s and y inter-
changed. 
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Microwave Coupling by Large Apertures* 
SEYMOUR B. COHNt, SENIOR MEMBER, IRE 

Summary —In this paper a frequency-correction factor is pro-

posed for Bethe's small-aperture coupling relation for a transverse 
diaphragm in a waveguide. Experimental data on many shapes and 
sizes of apertures have shown this factor to be highly accurate up 
to and somewhat above the resonant frequency of each aperture. 
Also included are approximate formulas for the resonant Q and the 

resonant length of an aperture, and for the effect of wall thicknesr. 

INTRODUCTION 

ECAUSE OF THE importance of apertures in 
many different microwave devices, considerable 
theoretical and experimental work has been done 

in the past on this type of circuit element. For example, 
circular and rectangular transverse irises in waveguides 
have been analyzed thoroughly by various investi-
gators." Apertures of shapes other than these have 
not thus far had accurate solutions that take full ac-
count of the proximity of the aperture to the wave-
guide walls, or that are valid near the resonant fre-
quency of the aperture. Bethe has worked out a gen-
eral approach to the problem, however, that can be used 
with an aperture of any shape in an infinitely thin 
conducting wall between any two regions if the aper-
ture is small compared to the wavelength and to the 
distance to the nearest sharp bend of the wall or any 
other perturbation.3-5  Specifically, the resonant fre-
quency of the aperture should not be less than three 
times the operating frequency if good accuracy is to be 
obtained. 
In many microwave devices, such as filters, antennas 

and broadbanding elements, apertures are used at or 
near resonance, and, hence, Bethe's coupling formulas 
are not applicable. In this article a frequency-correc-
tion factor will be added to Bethe's coupling formula for 
an aperture in a transverse diaphragm in a rectangular 
waveguide. Also, an approximate correction for wall 
thickness will be presented. Although coupling between 
other regions has not been investigated, the same prin-
ciples should be applicable. 

• Decimal classification: R142 X R310. Original manuscript re-
ceived by the Institute, May 5, 1951; revised manuscript received 
December 12, 1951. The work described in this paper was performed 
as a part of a program of research for the Squier Signal Laboratory, 
U. S. Army Signal Corps, under contract no. W36-039-sc-38246. 

Sperry Gyroscope Company, Great Neck, N. Y. 
I N. Marcuvitz, "Waveguide Handbook," McGraw-Hill Book 

Co., Inc., Radiation Laboratory Series, vol. 10, pp. 218-257, 404-412; 
1951. 

3 "The Representation, Measurement and Calculation of Equiva-
lent Circuits for Waveguide Discontinuities with Application to 
Rectangular Slots," Polytechnic Institute of Brooklyn, Microwave 
Research Institute, Brooklyn, N. Y.; 1949. 
' H. A. Bethe, "Lumped constants for small irises," MIT Radia-

tion Laboratory Rep. 43-22; March 24, 1943. 
' H. A. Bethe, "Theory of diffraction by small holes," Phys. Rev., 

vol. 66, pp. 163-182; October 1 and 15, 1944. 
6 C. G. Montgomery, R. H. Dicke, and E. M. Purcell, "Principles 

of Microwave Circuits," Radiation Laboratory Series, vol. 8, Mc-
Graw-Hill Book Co., Inc., N. Y., pp. 176-179; 1948. 

THE HIGH-FREQUENCY RESPONSE 

OF A LARGE APERTURE 

The effect of an infinitely thin perforated transverse 
diaphragm on the fundamental mode of a waveguide 
may be computed from an equivalent circuit in which 
the diaphragm is represented by a two-terminal im-
pedance shunted across a two-conductor transmission 
line that is assumed to carry only the fundamental 
mode of the waveguide. This impedance is essentially 
lossless, and therefore must be of the form specified by 
Foster's reactance theorenhe 

Foster's theorem, which holds for any lossless, non-
active, linear, two-terminal network, may be expressed in 
the following mathematical form: 

1 Pm.f   
X(f) = 13ll = ,„  2 + qf 1 — f2/f. 

0 < fo <  < • • • <  (1) 

where X(f) is the reactance and B(f) the susceptance of 
the network, f is the frequency, f„, the frequencies of 
the poles of X(f), and p„„ q and r are positive, real 
constants. For a lumped-constant network, n is finite; 
while for a distributed constant network, such as a dia-
phragm in a waveguide, n is infinite, and an essential 
singularity of the function occurs at f = co. 
The reactance function for a small aperture in an 

infinitely thin conducting diaphragm in a transverse 
plane of a rectangular waveguide (TElo mode) is 3'6 

1  471-3/Zo 

abX,„ 

where M is the magnetic polarizability of the aperture, 
Zo the characteristic impedance of the waveguide, a and 
b the width and height of the waveguide cross section, 
and X, the guide wavelength. Formulas for M are 

• The diaphragm will in general couple the fundamental-mode 
equivalent transmission line to an infinite number of higher-mode 
equivalent transmission lines. If the frequency is such that the 
higher modes do not propagate, and if the diaphragm is far from 
any other obstacle in the waveguide, the higher-mode transmission 
lines may be assumed to be terminated by their reactive character-
istic impedances. If the frequency is high enough to permit propaga-
tion of any higher modes, and if the higher-mode equivalent lines are 
dissipatively terminated, the diaphragm will appear effectively as a 
dissipative shunt element on the fundamental-mode line. In order 
to have a lossless impedance to which Foster's theorem may be 
rigorously applied, all of the higher mode lines will be assumed to 
be terminated by pure reactances, and the diaphragm and waveguide 
walls will be assumed to be of infinite conductivity. Clearly, however, 
if the frequency is below the cut-off frequency of the first higher 
mode excited by the aperture, and if the diaphragm is far from any 
other discontinuity, the effect of the higher-mode terminations will 
be completely negligible, and the manner of terminating these lines will be immaterial. 

(2) 
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known for circular and elliptical apertures,8•8 and ac-
curate measured values are available for the shapes of 
Fig. 1.7 Since Zo is proportional to X,JX, it follows that 
X 0cf, and hence (2), assumes the aperture to have the 
reactance of a constant inductance. Comparison with 
(1) shows that the small-aperture theory assumes q 
finite, r = 0, and p. = 0, for all values of n. This of 
course is not actually the case, since an aperture has 
i an unlimited number of resonances; however, it is a 
r very good approximation for f<<fo. 

1. 

R= 
2  (a) 

A_ 

(b) 
2ir 

(d) 

(f) 

Fig. 1—Additional apertures for which accurate magnetic-
polarizability data are available. 

Now consider the reactance function that is one step 
more complicated than a straight-line function, but 

that reduces to (2) for f—)0: 

X  Yo 4rM 
— = =  
Zo B  abX,(1 — f2/f02) 

(3) 

Another simple special case is that for which the poles 
occur at f = (2m +1)fo and zeros at f=2mfo, where m 
takes on all integral values from — co to 00 : 

X  4TM (2.10 v./ 
—Z = o ab)k.k  tan — Irf  2f0). (4) 

It can be seen that an infinite number of other re-
actance functions that conform with (1) and that reduce 
to (2) are possible. Nevertheless, it has been found in 
the experimental investigation of many aperture shapes 
described later in this article that the single-pole rela-
tion of (3) gives very good agreement in all cases with 

7 S. B. Cohn, "Determination of aperture parameters by elec-
trolytic-tank measurements," PROC. I.R.E., vol. 39, pp. 1416-1421; 
November, 1951. 

the measured values, and is in most cases superior to 
(4). Thus, (3) is, in general, recommended up to and 
somewhat beyond the first resonance of the aperture. 

THE RESONANT FREQUENCY OF AN APERTURE 

In order to use (3), it is necessary to know the reso-
nant frequency of the aperture. This may be determined 
experimentally, or by certain empirical relations that 
will now be given. 
The following empirical relationship for the resonant 

length 1 of a rectangular aperture of width w, centered in 
a transverse plane of a rectangular waveguide, was 
originally suggested by Slater:' 

X 1 204 / 1 + raw )2. 

\ bX 
(5) 

Equation (5) is generally accurate to within a few per 

cent. 
For w/1 small, (5) reduces to /,----$X0/2. Hence, the 

resonant frequency of a narrow rectangular aperture is 
approximately equal to the cutoff frequency of a wave-
guide having the same cross-sectional shape as the aper-
ture. This correspondence has been found to be valid for 
several other aperture shapes whose width-to-length 
ratio is small, and it is, therefore, suggested as a general 
approximation. For example, consider the rounded slot 
of Fig. 1(a). If the cross section of the corresponding 
waveguide is narrow enough so that the electric field is 
negligible in the semicircular ends, the cutoff frequency 
should be the same as that of a rectangular waveguide 
having the same height w and the same cross-sectional 
area. Thus, the resonant length of a narrow rounded 
slot is 

Xo 
/ = —  0.273w. 

2 
(6) 

This was found to agree within one per cent for five 
apertures having w// under 0.11, and within 5 per cent 
for w// =0.2. 
Approximate formulas for the cutoff wavelength of a 

number of other waveguide cross sections have been or 
can be obtained. For example, a theoretically computed 
graph for a "dumbbell" cross section has been given by 
Altar,' and for a "ridged" cross section by the author.° 
If theoretical or experimental data are not available 
for a particular aperture shape, a rough guess can usu-
ally be made that will yield good results if the aperture 
is not used too near resonance. For example, in the case 
of apertures (d) and (e) of Fig. 1, (6) may be used with 
fair accuracy if w// is small. 

J. C. Slater, "Microwave Transmission," McGraw-Hill Book 
Co., Inc., New York, N. Y., pp. 185-187; 1942. 
' W. Altar, Research Report SR-287, Westinghouse Electric and 

Mfg. Co.; 1945. 
10 S. B. Cohn, "Properties of ridge waveguide," PRoc. I.RE , vol. 

35, p. 783; August, 1947. 
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THE RESONANT Q OF AN IRIS 

The Q of a resonant iris loaded by matched waveguide 
terminations may be defined by 

fo d(B/Y 0) 
Q =    

2  df I f..f. • 

Substitution of (3) in (7) gives 

abXgo 
Q = 

47rM 

(7) 

EXPERIMENTAL DATA 

The eight apertures listed in Table I were tested in 
2.840 X1.340 inch ID waveguide. In every case the 
maximum dimension of the aperture was parallel.to 
the transverse magnetic field. The diaphragm thickness 

TABLE I 

LIST OF TESTED APERTURES 

(8)  No.  Shape  1  w/1  h/1 

Because of the effect of the higher resonant frequencies 
that were neglected in the derivation of (8), and because 
of the finite thickness of a practical diaphragm, the ac-
tual Q of an aperture would be somewhat greater than 
the value predicted by (8). 

EFFECT OF WALL THICKNESS 

The attenuation ao introduced by an aperture in an 
infinitely thin transverse conducting diaphragm in a 
waveguide is given by 

ao = 10 logio [( B y-2yo  + 1] db.  (9) 

If the diaphragm has finite thickness and if the fre-
quency is below resonance, the attenuation will be 
greater than ao. For very large thickness it is obvious  12 

that the increase in attenuation will approach assymp-
7,0 totically the attenuation of the principal mode in a 

waveguide whose cross section is the shape and size of  0 
the aperture, and whose length is equal to the thickness 
of the diaphragm.' Hence the following formula for the 
added attenuation at is suggested: 

1  Rounded slot 
2  Rounded slot 
3  Rounded slot 
4  Dumbbell 
5  Dumbbell 
6  Rosette 
7  Rosette 
8  Rosette 

.565 inches 

.570 

.785 

.328 

.410 

.340 

.340 

.940 

0.2 
0.1 
0.2 
0.4 
0.3 
0.2 
0.1 
0.1 

0.1 
0.1 

ranged from 0.003 to 0.250 inch for the rounded slots, 
and 0.003 to 0.125 inch for the other apertures. The 
measured quantity was the attenuation a for a greater 

54. 61A /  Xcy 
at =   X. 1 —  —X db. 

This is the attenuation formula for a waveguide with 
an additional factor, A. This factor is a function of the 
thickness 1, and approaches unity for 1 large; X. is the 
cutoff wavelength of the waveguide. The total attenua-
tion of the diaphragm is 

a = ao + at. (11) 

The experimental investigation described in the next 
section showed that in all cases tested, A is approxi-
mately three for t<0.021, and decreases slowly with 
increasing t. For the smaller values of wfi, A tends to 
be somewhat greater than three, while for the larger 
values of  A tends to be somewhat less than three. 
In the case of a circular aperture, A appears to be only 
slightly greater than one.' 
The effect of thickness on resonant frequency has 

been found to be small for aperture a of Fig. 1. For 
aperture c, however, this effect is large. 

14 

6 
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Fig. 2—Attenuation versus thickness for aperture number 2 of Table I. 
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952  Cohn: Microwave Coupling by Large Apertures  699 Ihan 4.8 db, and the voltage standing-wave ratio S thickness obtained by extrapolation of the graphical 
or smaller attenuations. S is convertible to a by  data: 

a = 10 logio C 4S+  1)2db. 

Me curves of attenuation versus thickness of Figs. 2 

ind 3 are typical. 
The shunt-susceptance curves of Figs. 4 and 5 were 
:omputed, as follows, from the a and S values for zero 

0 

-I 0 

-20 

-30 

-40 

-1-

3 

o MEASURED 
• CALCULATED 

5025 30 35  40  4.5 
AMC 

Fig. 4-Normalized susceptance of apertures numbers 3 
and 8 in zero-thickness diaphragms. 

(12) IBI S -1 .  _ =   2N/10an° - 1. (13) 
11701  VS 

In Fig. 4, points calculated with the aid of (3) are also 
shown, and the agreement with the measured points is 

2 

0 

B 2 

3 

e NO 5 

Nal 
i "  

,biaz___ 

NO4 

NO.50 
NO.I. 
604* 

N06. 
ND7 

25 
I- AMC 

Fig. 5-Normalized susceptance of apertures numbers 1,2, 
4,5,6, and 7 in zero-thickness diaphragms. 

5 

seen to be very good. The calculated and measured 
points for all eight apertures are listed in Table II, and 
in every case a close correspondence occurs. The mag-
netic polarizabilities for the various apertures were ob-
tained from graphs in the literature.7 The resonant 
wavelengths for numbers 1, 2, 4, and 5 were obtained 
from Fig. 5, for numbers 3 and 8 from (6), and for num-
bers 6 and 7 by trial to give the best match between the 
measured and computed values. 

TABLE II 

Aperture 1 Aperture 2 

f(mc) 
- (Calc) -  • (Meas) 
Yo  Yo 

-  (Calc) -  (Meas) 
Yo  Yo 

Aperture 3  Aperture 4 

-  • (Calc) -  (Meas) 
Ye  Yo 

-  • (Calc) -  • (Meas) 
Yo  Yo 

2,700 
3,000 
3,400 
3,800 
4,200 

-3.94 
-2.62 
-1.49 
-0.67 
0 

-3.864 
-2.420 
-1.353 
-0.577 
+0.0089 

-4.59 
-2.88 
-1.36 
-0.254 
+0.628 

-4.864 
-2.892 
-1.33 
-0.253 
+0.680 

-47.3 
-36.5 
-28.0 
-22.3 
-18.2 

-49.62 
-36.74 
-27.54 
-22.34 
-18.24 

-4.126 
-2.528 
-1.122 
-0.084 
-0.754 

-4.064 
-2.427 
-1.122 
-0.091 
+0.821 

Aperture 5  Aperture 6 

f (mc) 
-  (Calc) -  • (Meas) 
Yo  Yo 

-  (Calc) -  (Meas) 
Yo  YO 

Aperture 7 Aperture 8 

-  • (Calc) -  (Meas) 
Yo  Yo 

-  • (Calc) -  • (Meas) 
Yo  YO 

2,700 
3,000 
3,400 
3,800 
4,200 

-3.483 
-1.951 
-0.574 
+0.472 
+1.312 

-3.496 
-1.91 
-0.578 
+0.476 
+1.339 

-5.253 
-3.900 
-2.806 
-2.059 
-1.491 

-5.256 
-3.900 
-2.818 
-2.104 
-1.776 

-5.787 
-4.112 
-2.737 
-1.746 
-1.000 

-5.700 
-3.892 
-2.580 
-1.685 
-0.998 

-20.0 
-15.1 
-11.22 
-8.58 
-6.61 

-19.93 
-14.80 
-10.90 
-8.294 
-6.890 
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Axially Symmetric Electron Beam and 
Magnetic-Field Systems* 

LA WRENCE ARNOLD HARRISt, ASSOCIATE, IRE 

Summary—The dynamics of hollow or solid beams In axial 
magnetic fields are analyzed, assuming electrons do not cross each 
other radially. The focusing properties are due to the angular 
velocity, which depends on magnetic flux linkages in the beam and 

at the cathode. The position of the cathode in the magnetic field is 
thus of vital importance. 

Radial oscillations about an equilibrium radius are always stable 
in the presence of a magnetic field, and can be made stable even 
without a magnetic field. 

Design formulas are presented for two cathode arrangements; in 
the first the cathode is in a uniform magnetic field, while in the second 
it is inside a magnetically shielded structure. Special cases of each 
of these arrangements are considered. 
Limited experimental results confirm most of the theory pre-

sented, and indicate the possibility of focusing without a magnetic 
field over the beam. 

INTRODUCTION 

HIS PAPER is a study of the theory and design 
methods for high-density axially symmetric elec-
tron beams. Particular attention is paid to hollow 

beams, where the charge density is an arbitrary func-
tion of radius between two radii and zero elsewhere. 
Recently, microwave-tubc developments indicate ad-

vantages of hollow beams for certain cases; for example, 
a coaxial waveguiding structure has been suggested for 
the traveling-wave tube.' Hollow beams increase the 
efficiency of high-power microwave tubes because the 
relatively useless core of electrons is removed. 
Although hollow beams are not yet extensively used, 

their future importance is anticipated. Magnetic focus-
ing as commonly used with solid beams, though success-
ful, is by no means efficient. Much power is wasted in 
producing magnetic fields more intense than would be 
necessary were proper design methods used. For these 
reasons it is felt that a better understanding of a mag-
netic focusing of dense beams is desirable. 

While certain instances of magnetic focusing have 
been treated in the past, notably by Brillouin,2.3 it is 
only recently that any careful analysis of this subject 
has been done. Wang's treatment of the solid beam' 
shows the role of the cathode position in the magnetic 

• Decimal classification: R138 XR331. Original manuscript re-
ceived by the Institute, April 16, 1951; revised manuscript received 
November 19, 1951. 
This work has been supported in part, by the Signal Corps, the 

Air Materiel Command, and the Office of Naval Research. 
Electrical Engineering Dept., University of Minnesota, Min-

neapolis, Minn. 
1 L. M. Field, "Some slow-wave structures for traveling-wave 

tubes," PROC. I.R.E., vol. 37, pp. 34-39; January, 1949. 
I L. Brillouin, "A theorem of Larmor and its importance for elec-

trons in magnetic fields," Phys. Rev., series 2, vol. 67, pp. 260-266; 
April, 1945. 

3 L. M. Field, "High current electron guns," Rev. Mod. Phys., vol. 
18, pp. 353-361; July, 1946. 
' C. C. Wang, "Electron beams in axially symmetrical electric 

and magnetic fields," PROC. I.R.E., vol. 38, pp. 135-147; February, 
1950. 

field. His significant analysis forms the basis for much 
that is presented here. The equilibrium conditions de-
rived by Samuel' for certain hollow beams are special 
cases of the ones developed here. 
The purpose of the present investigation is to extend 

the work of Wang and Samuel in somewhat more general' 
form so that practicable design methods making efficient 
use of the magnetic field may be arrived at. 
Following an analysis of the motion of electrons in 

long axially symmetric systems the significance of 
cathode and other end conditions are considered. This 
leads to a discussion of several special cases for which 
explicit design formulas are developed. The paper con-. 
eludes with a brief description of some experimental 
results. 

THEORY OF INFINITELY LONG BEAMS IN 
MAGNETIC FIELDS 

At present we consider only steady-state conditions 
in infinitely long electron-beam systems. Beam produc-
tion and end conditions are to be considered later. 
Complete axial symmetry is specified as well as longi-
tudinal uniformity of the beam and electrodes. The 
magnetic field is axially symmetric, and in the part of 
the beam considered here, it is uniform and in the z 
direction. The object is to produce a beam with arbitrary 
radial charge distribution between two coaxial elec-
trodes. This is shown in Fig. 1, which also defines the 
cylindrical co-ordinate system. This general representa-
tion may be used for hollow or solid beams, and either 
one of the electrodes may be removed if desired. 

,ELECTRON  BEAM 

Fig. I—Hollow beam in equilibrium, drift tubes, 
and co-ordinate system. 

Only beams in which every electron has the same 
axial velocity are considered. This special mode of 
operation is considered because it is of greatest practical 
interest in microwave tubes and is mathematically 
simple. Relativistic effects are neglected as are thermal 
emission velocities from a zero potential cathode. 

6 A. L. Samuel, "On the theory of axially symmetric electron 
beams in an axial magnetic field," PRoc. I.R.E., vol. 37, pp. 1252-
1258; November, 1949. 
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Conservation of energy supplies the following basic 

equation: 

'202  i2 =  2 —0, (1) 

where the dot notation represents total time derivatives; 
e is the electron charge, —16 X10-2° coulomb; m is the 
electron mass, 9.1 X10-3 ' kg; and 4, is the electric po-
tential at the general point measured from the cathode. 
All units are mks rationalized. 
The solution r as a function of time t is determined 

as an integral of (1) after it is reduced to an equation 
in r alone. Setting i constant has eliminated one vari-
able, leaving é and 4, to be reduced to functions of r. 
Conservation of the generalized angular monentum 

pe, given by 

p. = mr2e  ei er  (2) 

where A, is the only component of the vector magnetic 
potential, leads to Busch's theorem6 

. e/m 
0 =  —  (3) 

27r2 

Here 1k and %pc are the magnetic fluxes linking the 
circles at the electron position and at the cathode where 
the same electron started, as shown in Fig. 2. 

CIRCLE OF 
RADIUS rc 

ELECTRON 

/ TRAJECTORY 

CIRCLE OF 

RADIUS r 

BEAM 

cATH ODE 

Fig. 2—The two circles linking the fluxes  and e. 

Equation 3 expresses the angular velocity as a func-
tion of position only, and in a uniform magnetic field as 
a function of r only. The field need be uniform, however, 
only in the region of the electron's present position 
though it must be axially symmetric everywhere. 
To reduce 4, to a function of r we assume that elec-

trons do not cross each other radially in their travel in 
the tube. Electrons move in cylindrical shells, possibly 
varying in radius, but never intersecting each other. 
Each shell encloses a constant amount of charge which 
may be considered to lie along the axis. Each electron, 
therefore, moves in a logarithmic potential field de-

• J. R. Pierce, "Theory and Design of Electron Beams," D. Van 
Nostrand Co., Inc., New York, N. Y., chap. 4, p. 35; 1949. 

termined by its relative position in the beam. This po-

tential is given by 

= a in — 
ro 

(4) 

where 7.0 is the radius at which electrons of that shell 
experience no radial force, their equilibrium radius. 
The constants a and 7 are functions of 7.0 but not of r 
or 1, and are determined from the average potential 
cT at 7.0; a is a coefficient giving the magnitude and 
direction of the radial electric field. 
If we now assume the magnetic field uniform and sub-

stitute (3) and (4) into (1), we obtain 

where 

t2 = —  2 — a in — — 2 — (1, — V) 
ro 

t22 

con 2r2  2041 2 , 

12 

Wig 

=  2 

= rr2B 

e B 
= 
m 2 

e 

m 27r 

(5) 

(6) 

This is the differential equation of radial motion for any 
electron in the beam. 
The right-hand side of (5) is negative for large and 

small values of r regardless of the sign of a, but only 
the positive region is accessible to the electron. The 
magnetic field, by limiting the energy of radial motion, 
prevents electrons from traveling arbitrarily far from 

or close to the axis. 
If the radial acceleration derived from (5) is equated 

to zero at the equilibrium radius ro and the equation 
solved for ;pc, we obtain 

= Irro2BV1 ± Ka,  (7) 

where K=e/m/coH2r02, a negative number. The quan-
tity -V1 -FK« is less than or greater than one, depend-
ing on the sign of a. For real values of vi,„ Ka must be 
greater than —1. Presently we shall see that this condi-
tion guarantees that the radial motion shall be periodic 
(i.e., stable). 
Stability requires that the equivalent potential energy 

(total energy less (mt2/2)) be a minimum at ro. The 
condition that af/or be negative at ro leads to the in-
equality 

Ka > — 2.  (8) 

Since IA, must be real, the above inequality is always 
satisfied. An unstable radial oscillation of the beam in 
the presence of a magnetic field is not possible. Any 
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general radial charge distribution is a possible stable 
configuration so long as the cathode flux condition (7) 
and the stability condition are satisfied. 
The solution to (5) may be written (see Appendix II) 

x2 i/ x2 
(9) Ro 2  4 

where R and Ro are the square of r and ro, respectively, 
x is an amplitude factor defined in the appendix, and 
the frequency 15 is 

Ka 
1,3 = — loll 4 /1 —  • 

2 
(10) 

This solution is valid only for small oscillations about 
the equilibrum radius. 
It is apparent that as the normalized oscillation am-

plitude increases the center of oscillation is displaced 
outward as shown in Fig. 3. 

Ro 
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x 

Fig. 3—Limits of radial oscillation showing outward displacement 
as amplitude increases. 

The form of the frequency confirms the previously 
derived stability condition. Fig. 4 indicates the char-
acter of i3 as a function of flux density B. When a is 
positive and the electric force is radially outward, the 
oscillation about a given ro is not stable below a certain 
minimum flux density. But when a is negative and the 
electric force is inward, /3 remains real even for zero flux 

density. We shall return to discuss focusing without a 
magnetic field later in this paper. 
The assumption that electrons do not cross radially 

requires that 3 be the same for all shells, hence inde-
pendent of ro. Unless a is proportional to ro2, this is noi 
the case; but even so we shall hope the error is not a 
serious one. The importance of this factor must be 
shown by experiment, though it is clearly immaterial 
for a beam in equilibrium. 
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Fig. 4— Oscillation frequency as a function of magnetic field showing 
stability for a<0 and B =O. 

If the amplitude of oscillation has a zero value en-
tirely inside or outside the charge ring, the beam fluctu-
ates in diameter as a unit; but if the zero value occurs 
in the charge region, the beam pulsates in thickness, the 
outside expanding while the inside contracts. 

By substituting (7) and (9) into (3), the average 
angular velocity may be found to be 

= Ka — 1). (11) 

Since 6 has the same sign as a and is independent of the 
amplitude factor x, the focusing is due to the average 
angular velocity which, in turn, depends on the relative 
values of electric and magnetic fields. This rotation is 
just the Larmor precession or drift; the radial oscilla-
tions are part of the cycloidal or trochoidal paths whose 
amplitudes are determined by the particles' total 
energy. 

At ro the total kinetic energy of an electron is —ey 
of which —eV is due to axial motion. The difference 
—e(-y— V) is the energy due to angular and radial 
velocities. This quantity must be positive and at least 
enough for the angular velocity. Any excess over this 
minimum represents a radial motion. 
The design procedure consists of setting 7— V equal 

to its minimum value, i.e., setting x2=0. This optimum 
value is 

( V1 + Ka — 1)2 
nopt 

— 2K 
(12) 

from which the drift-tube potentials can be found as 
outlined in Appendix I. 
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SPECIAL CASES 

The cases to be considered here are determined from a 
a consideration of some of the end conditions in these 
systems. 
An electron gun is used to supply and control the 

beam current. Because of its desirable qualities as a 
high current-density, low-interception gun the Pierce 
type of electron gun' is used. But the design of Pierce 
guns does not include the effects of magnetic fields 
which will therefore have to be nullified. 
The magnetic field at the cathode cannot be entirely 

eliminated because of the cathode-flux condition (7). 
If magnetic focusing is to be obtained, the flux 1// must 
differ from the flux Ike. Electrons must cross field lines 
somewhere to acquire the angular velocity necessary for 
magnetic focusing. 
Two ways of nullifying the effect of the magnetic 

field and still maintain the necessary flux linkage are 
available. The magnetic field lines may be made parallel 
to the electron paths in the gun so that there is no 
rotation of the electrons. The field crossing takes place 
outside the gun. Inside, the field lines are normal to 
the cathode surface, thus eliminating uncertainties as 
to the emission and noise properties of the cathode.' 

C ATNODE  INEAm 

COIL 

IRON EXTERNAL 

Fig. 5—A shielded electron gun used in division II. 

13 

Alternatively, the cathode may be placed inside a 
magnetically shielded structure, such as that shown in 
Fig. 5. Here all the flux 0. passes through the central 
pole piece and is the same for every electron in the beam. 
The electron gun is in a field-free space inside this 
structure. 
These two arrangements determine the broad divi-

sions of the special cases to be discussed. 

7 J. R. Pierce, /oc. cit., chapt. 10, pp. 168-186. 
8 R. Q. Twiss, "On the Steady State and Noise l'roperties of the 

Magnetron," Ph.D. Thesis, Physics Dept., M.I.T., Cambridge, 
Mass., Chap. 4; January, 1949. 

Division I. Uniform Field in Gun Region 

Under this heading we assume the field at the cathode 
is uniform of value B. and, moreover, that for a shell of 
equilibrium radius ro the cathode flux is given by 

tke = wro213..  (13) 

Substituting this expression into (7), solving for a, 
and then determining the charge density from Ap-

pendix I, we find that 

e Oa e E 
p =  =  (Bc2 _  B2) . 

ro aro m 2 
(14) 

In this case the charge density is uniform and the 
assumption of noncrossing can be valid. Since the at-
tainable charge density depends on the difference 
B2-13,2, which we call the effective flux density Bar', 
it is clear that the greatest economy of magnetic field is 
obtained when B. is zero. 
Equation 14 may be solved for Bat' and expressed in 

terms of beam voltage and current, resulting in the 
general design equation 

Ben ' = 
2 

—  eir — 2 — (rb2 — r.2) 

6.9 X 10-1 1 
   — • 
r b2 — To2 V 17 

(15) 

The values of 7— V obtained from this uniform charge 
density differ from the optimum values expressed in 
(12). The best design is obtained by equating them at 
the inner edge of the beam and letting the outer elec-
trons oscillate. This procedure leads to an expression 
for the potential of the inner electrode. 

e r.2 r. 
= V + — — B2 [(1 — gi2) In — 

m 4 Ti 

where 

3 
gl2 — gi 

= + Ka = — • 

—  , (16) 
2 - 

The potential difference between electrodes is given by 

4)2 — (1)1 = — —m 
r„2 

-  Be/ f2R in 

4 

r2r. 1 ) 

rbri 2 

—  In —  . (17) 
rb2 (  T2 1 

T02 rb  2 
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This difference is positive, giving an outward electric 
force which aggravates the effects of space charge and 
increases the required focusing magnetic field. 
When B4O0, the beam oscillates everywhere except 

at the inner edge. The amplitude of the oscillation is 
given by the amplitude factor x derived from the dis-
crepancy between 7— V and (dy— V)00. 

x2 = 4g1  (1 — gi) (i  (18) (1 + gi2) To2 

When Be= 0, however, g1 is zero and x vanishes, which 
means that the enti.re beam can now be in equilibrium. 
If the electron beam is a solid one, the above equations 
simplify considerably. The potential of the outer elec-
trode is then 

e rb2 r2 1) 
= — — —  132 In —  —) 

m 4 ¼ rb 2 

02 —  = 
v„-

P[g2' 
4 

g2" (In — 
rb 

rb2 r.  1 
--1 

r1   rt  2 ) rr,2  

- (In —r6- — —1) rt 2 

r b2 r.2 1 
— —  In -I- )] • 
va2 rb  2 

(24) 

The entire beam can be in equilibrium if these condi-
tions are satisfied. 
These general results lead to several particular ar-

rangements of interest. For example, it may be desir-
able to keep both drift tubes at the same potential. It 
is necessary only to adjust the value of g2 to make the 
difference 4)2-4)1=0 in (24). This value of g: is 

V0 1  rb2 r2 
(19)  (In — —  —2 (in — 

ri 2  r„  rb 

if the field at the cathode is zero. It is worth noting that 
zero magnetic field at the cathode not only yields the 
most efficient and economical operation for the solid 
beam, but is the only condition which will allow the 
beam to remain in equilibrium with no oscillations. 

Division II. Shielded Guns 

In this division the quantity  is the same for all 
electrons. As before, we solve (7) for a and then find the 
charge density p. 

e e IP,2 

p =   +  B 2) . (20) 
m 2 ,r2rob 

In contrast to the previous case the cathode-flux 
linkage now increases the attainable charge density. By 
integrating this expression for p over the cross section 
of the beam and solving for the magnetic field quantities, 
we reproduce exactly (15) if we define 

B.(12 =   ) 2 -I- B2. 
7rr.rb 

The term tfrehrrarb has the form of a geometric mean 
flux density at the cathode, which suggests the substitu-
tion 

  = g2B. 
lrr jb 

(21) 

(22) 

Comparison of the actual and optimum values of 
-y — V shows that they can be equated if 

e va2 [ r0  rb2 
4,1 = V  — —  B2 in — 11- -   g22 

m 4 r1  va2 

— (-r1  g2  — 1)2] (23) 
.2  v. 

and 

r b2 
—(In — + —1)  (In  — —1) 
va2 v1 2  vb 2 

(25) 

Another arrangement may require that the inner 
drift tube be eliminated. The electric field, hence a, 
then vanishes, at the inner edge of the beam and 

ra 
g2 = — 

rb 
= rva2B.  (26) 

Here the innermost electrons do not cross field lines 
and need not rotate as they experience no electric force. 
The outer electrons rotate only enough to balance the 
space-charge forces. This arrangement is considerably 
more efficient than the one discussed in the previous 
division. It is the one previously treated by Samuel,' 
Brillouin,2 and Field,' although the latter two discuss 
a slightly different cathode arrangement. 

As mentioned previously, it is possible to eliminate 
entirely the magnetic field over the uniform part of the 
beam. The design equations are derived from those 
developed above for the shielded gun by letting B=0. 
The effective magnetic field remains finite because of 
the cathode-flux linkage. In a beam focused in this way 
the charge is heavily concentrated on the inside, as 
may be seen from (20). 

The focusing action in this case is analogous to a ball 
spinning around the sides of a bowl in a gravitational 
field. The rotation acquired as the electrons leave the 
magnetic field structure around the cathode produces a 
centrifugal force. This force and the space-charge force 
are balanced by the inward electric force due to the 
negative potential difference 4)2-4,1. 

The practical significance of this type of focusing is 
quite evident. Besides saving the power to produce mag-
netic fields, the coils and power supplies are eliminated. 
The tube becomes accessible for rf connections and 
mechanical alignment is no longer critical. 
Table I brings together for convenient reference the 

design formulas developed previously: 
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TABLE I 

DESIGN FORMULAS 

For all Cases 

_ 

1. = rre2/3, 

General 

6.9 X 10-7  I 

Bef = 
rb2 - r.2 N/V 

B.,,' = B2 _ B,2 = B2(1 _ gi2) 

= — —  B2[(1 - gi2) In 2 - —g12 - g, - —21] 
m 4 r,  2 

e r.2 r  3 

2  r2r. 1 \ re2 r2 1 \ 1 
r2- 11,:ff2 [(In  kin —  + m 4  rire 2  r.2 re  2 

x2 —  4 g1I(I 21)) ( 2 21 — : ). 

B,. = 0 
Beff 2 = B2 

01 = I. — 
111 

B2(\ in - 
4 r,  2 

B, q113. 

-e-- r-*-2- B2 [(In tL2-r=' - + r2-'-2 (In -T-2L +  
m 4 rire 2 r„,2 rb  2 

Solid Beam 

B, = 0 

▪ = - (onr-2 ). 
m 4 re 2 

tk, independent of ro 

General 

= + 
Trarb 

= g2B 
111./ 

e B2  Tb  

4)1 = — 12 [In 1-̀-' (1 - r2. g22) - (g2 - 1) 
m 4 r,  r.2 2  r. 

e B2 r2 1 
- = — — r.2 [g22 r2-'-2 (  t' In—+----1) + g22 (In — - 

m 4 r.2 r1 2  rb 2 

= 0, 

- (IrJZ  + )] TI  2  r.2 rb 2 

I- (In r-r1-, - 2 ) 4- rt;:2 (In !Z•re + -2.) i 

r2  (In r2- + (In - 
r.2 ri 2  rb  2 

Inner Electrode Absent 

r.2) 
=  B,u2 = B2 (1 

To,  re2 

• 

e  r.2 r2 r.2 rb2 
0-2 = -1- —  - -[1 + In — (--- - -) - - 

m  4  re rb2 

• = 0 

B..„2 = ( !11 2 
rr.rr, ) 

= (°' )2 (in4m   Irv.  ri  2 

400 600 000 

T  IV  )]. - = e-( ' TbL)2 [(In r-°- (In r, 
4m  r.  ,'1  2 rb2 rb 2 

Experimental Results 

A series of experiments based on some of the special 
cases just discussed were carried out. A few of these 

results are presented here. 
The design parameters for the beam system were: 

Inner radius 7.6=1.13 cm 
Outer radius rb= 1.53 cm 
Beam voltage V=1,000 volts 
Beam current 1=500 ma 
Drift-tube length 7 inches 

The magnetic fields at the cathode and over the rest 
of the beam were independently controlled by currents 
Ix and /e, respectively. In the tube using the shielded 
structure of Fig. 5 the cathode-flux linkage 4/c was con-

trolled by the current /G. 
The first tube was operated with the cathode in the 

uniform magnetic field assumed for Division I discussed 
above. Figs. 6 and 7 show the results of varying the 
radial electric field and the main magnetic field, respec-
tively. In these figures the following notation is used: 

Collector current 
Inner drift-tube current /1 
Outer drift-tube current /2 
Gun anode current It, 
Inner drift-tube voltage cki 
Outer drift-tube voltage 4)2. 

The small indicated currents are averages for a pulsed 

system with a duty ratio of 0.01. 
The broken vertical lines in these figures represent 

the theoretically optimum values of the variable 

parameter. 
The second tube employed a shielded electron gull, 

and was used to check the possibility of focusing the 
beam with no magnetic field outside the gun. One of 
the results of this test is shown in Fig. 8. The maximum 
of collector current indicates that the expected process 
does indeed take place. Quantitative checks of the 

0 200 

4)2-1000=1012 VOLTS 

•(b000 VOLTS 

19 I 380 AMP 

1K 0.635 AMP 

Bo •-k13 

Fig. 6—Beam focusing as a function of radial electric field. 
Cathode in a uniform magnetic field. 
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Fig. 7—Beam focusing as a function of magnetic field. 
Cathode in a uniform magnetic field. 
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Fig. 8—Beam focusing as a function of cathode-flux linkage in a 

shielded gun and with no magnetic field over the beam. 

theory were difficult to obtain because of poor shielding 
of the gun and the consequent effect on the behavior of 
the gun itself. The optimum drift-tube voltages, not 
shown here, were in rather close agreement with the 
design values. 

Most of the discrepancies observed between the de-
sign values of beam current and the values obtained 
appeared to be due to the inadequacy of the transition 
region where electrons cross magnetic field lines. All of 
the experiments indicated that once the electrons could 

be made to enter the drift space the focusing processes 
were much as the theory predicted. 

(t:s:ct.tistoNs 

The tests described here were not as clean-cut as is 
desirable since many of the factors affecting the per-
formance could not be separated. It does appear, how-
ever, that the qualitative aspects of the theory are very 
well borne out by the experiments and that the quanti-
tative aspects are confirmed reasonably well. In every 
case where the experiments were not successful the 
cause of failure could be attributed with fairness to the 
transition region. 

A particular advantage of the analysis as presented 
is the expression of magnetic fields in terms of flux link-
ages. This integrated quantity is easy to calculate or 
measure by mutual inductance methods, particularly in 
axially symmetric systems. 
Little light has been shed on the validity of the as-

sumption of noncrossing, but apparently for design pur-
poses this assumption is relatively safe. The design 
formulas presented here are correct and useful as far as 
they go, but it should be remembered that they contain 
no information about the design of the transition region 
through which electrons pass betweed the gun and the 
main part of the beam. 

Previous success in designing solid beam systems is 
due largely to the fortuitous circumstance that the 
proper focu.,ing condition is obtained with the cathode 
outside the lc.. g net ic field. In hollow beams, where both 
inner and outer radii must be controlled, conditions are 
more stringent. I lere the transition region problem can-
not be avoided as it is generally necessary to have some 
flux link the cathode. 

It appears possible to focus beams in any of the sde-
cial arrangements considered. Noteworthy among these 
is the case where magnetic flux is required in the cathode 
region only. Because of its practical significance in 
economy of field and simplification of the entire system, 
this focusing system may well be a good reason in itself 
for using hollow beams in place of solid ones. 
Before this method can be applied in general, how-

ever, more development work is required. Fringing of 
flux in the cathode region may be greatly reduced by 
placing the magnetic gap well forward of the gun anode 
itself. For smaller tubes it might be feasible to close the 
the magnetic circuit linking the electron gun, and to 
activate this circuit, outside the vacuum envelope. 
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APPENDIX I 
The Potential in a Uniform Beam 

In the uniform hollow beam shown in Fig. 1 the charge 
density p may be represented in the power series form 
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1
p(r) =  E par", n = 0, 1, 2, • • • for ra  

b-o 
, 0 for r G ra and r > rb. , 
r Note that only po has the dimensions of charge density. 
The evaluation of the average potential  consists of 

integrating Poisson's equation, 

1 a 

With the appropriate substitutions  we  obtain,  for  
r„  rb, 

= a In —  — — f  [- - prdri dr, 
(26)  1 r 1 r 

ri e ra r ,a 

— (v--I = — r ar  ar  (27) 

where e is the permittivity of free space, and of matching 
: the solution to the boundary conditions at ri and r2. 
To do this we follow Wang* by letting 

=  +  (28) 

where Os is a solution of Poisson's equation and ct,L is a 

solution of Laplace's equation. 
The potential 4). due to space charge alone is evalu-

ated first. From (27), integrating twice from p.0. out-

ward, 

fa E6- fa Pni d dr ' rl  
(29) 

where we have set 0, =- 0 nside ra. 
Before evaluating dn, we shall have to calculate the 

contribution of d), at the outer electrode, i.e., at r2. At 

the outer edge of the beam where r = rb, 

'' [1 f r 
= —  f  prdddr.  (30) 

er 

Outside the electron beam, the potential 0, is repre-
sented by the familiar logarithmic expression for a line 

-charge along the axis. 

= 

where 

02- 01+ — [pr in  prdr]dr 
1 f "  r2 1 

C   r f  ra 
a =  — 

in r2/ri 

Equation (36) may be further simplified by integrat-
ing the last term by parts, which gives us 

1 
= a In — (pi — — In — prdr 

J r 

r1 ra ra 

(36) 

(37) 

±  r pr In . - - dr. 
C Jro ra 

(38) 

Equation (38) is the required expression for the average 
potential at any radius in the charge region of the beam. 
If we substitute the power-series expansion of p and 

perform the indicated integrations, we arrive at a gen-
eral explicit form for  from which the corresponding 
expressions for se- veral special cases may be extracted 

quite easily. 

= 

and 

a in — 
7.1 

1 Pn 
2_,   (r.+2 _  

C  (n  2)2 

Pn   
ran." In — 

n + 2  ra 

r2 1 Po 1 x°'- ,par. '  rb 
4)2 — In —  — (rb.+2 In  — 

27re  rb  e n-o (n ± 2)2 e n 2 rn 

In r2iri 

Q r , 4). = — —  — r > rb, (31) 
2re ro 

where Q is the total charge per unit length in the beam. 
rb 

Q = 2r  prdr. 

The potential (Po at r2 is thus 

0:2= — - f prdddr. 
f r2 1 

C  a rb 

Since 02=y6L24-4)„, we have 

1 erb[ r r2 1 
iv In —  pr(111,11; (34) 

C J ,  rb r ya 

and OL,=d)1 since we have set4,,=O.  The !-,olution for 

Oz. is well known: 

4)L2 = 0,2 

r 

(32) 

(39) 

(40) 

Evaluation of a and -y 

When the beam is in equilibrium, i.e., when r = ro' 
the expression derived above for the potential and the 
radial field derived from it must agree with the poten-

tial and field derived from 4)—a in r/ro+'Y• 
It is clear that -y is just the potential  evaluated at 

7'0. Thus, 

to 1  to rro 

-y = a in —  — — In —  prdr 
(33) ri ra ya 

0/.2 — 41)L,  
Or. — ln (kr 

in '2/ti Tj 

(35) 

1 
f pr In — dr 

e  

and 

(41) 
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The condition on the radial eletric field at ro demands  and by differentiation 
that 

from which 

and 

a _ = 
ro L ar 

1 fa   = a — — prdr 
ro 

Pn 
a = a — (ru n+ 2 ra ni 2) . 

e  n + 2 

The second term on the right of these last two equa-
tions represents the' charge per unit length between r. 
and ro. Evidently a must increase with ro whether it is 
positive or negative, and at the inner edge of the beam 
aa=a. 
From (44), we have 

e äa 
P(ro) = — — (46) 

ro aro 

an equation used in the development of design 
formulas. 

Once the values of a and  are determined from the 
design equation, the requisite electrode voltages may 
be determined from (41) or (42) and (44) or (45). 
At ro=rd the integrals in (41) are zero, and we obtain 

ra 
401 = 7. — a,, in — 

ri 
(47) 

since a is just the value of a at r„, i.e., a =a,. Equation 
(40) may be solved for 02—cki, 

r2  Q  r2 
02 — ct» = a. In — — [ — In — 

r1 2ere  r b 

1 v Pn 
± -- E   (r 0+2 —  
e ,,__,0 (n ± 2)2 

1 x'- , Pn rb 
—  1,  ran+2 In  
e o-o n + 2 ra 

where 

(43) 

Let 

(44)  Then 

e a  St2 
=  -  wil 2r. . 

M  r 

r' = R and  ro" = Ro. 

= 2rfr and  R = 2rt + 2t2. 

(45)  Substituting (49) and (50) into (52), we obtain 

= [— 2  a — 4--e (7 — I') + 41.1c 

— 2 — a In — — -1.cou2R. 
m  Ro 

For values of R close to Ro we may substitute 

R R 
In — ••=e-  — 1, 
Ro  Ro 

which reduces (53) to the linear form 

where 
= ao a1R 

ao = [— 4 -e-- (7 —  ) + Chou] 

= 4,4 a2ro2k  + Ka — K(7 — 
and 

( e a 111 = — -6112 + 2 — —  = 
en r 02 

— 4c.012 (1 
Kco 

2 ) 

1 June 

(50) 

(51) 

(52) 

(53) 

(54) 

(55, 

We multiply (55) by 2/?? and integrate once to obtain 

= 2aR + a1R2 + a2,  (56) 

Ka 
(12 = — -61/ 2Ko2 (I 

2 

obtained by substituting (49) into (56) and setting r =ro. 
(48)  The integral of (56), neglecting the additive phase 

constant, may be written 

— =   
R 1 + Ka — Key — V) ± N/1 + Ka — Key — V) 2 

Ro Ka 
1 + — 

2 

Ka 
1 + —2— 

APPENDIX II 

Solution of the Differential Equation of Motion 

From (5), expressing the radial motion of the elec-
tron, we have 

If W e define 

\ 

1/2 

/ COS ( —  2u/11 , / I   — -  ha -  i). (57) 
2 

-1:71 — KeY — = 1 + , 

Ka  2 
1 + —2 

— Ka 
V 1 + — t2 —  2 — a In — — 2 — (7 — 1') — 2w a 

2 = en  ro 

i22 
_  _ Here + 2fiwn  
T2 

Equation (57) may be written 

/9. 

x2 
A-  :2 

(49) — = 1 — x 4/1 — cos 131. 
Ro 2  4 

(58) 

(59) 

(60) 
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The Iterated Network and its Application to 
Differentiators* 

M. C. PEASEt, SENIOR MEMBER, IRE 

Summary—By irduction on the Cayley-Hamilton theorem, a 
convenient and compact expression for the transmission matrix of 
an n-tuply iterated, 4-terminal passive network is obtained. 
The resulting expression is used for the analysis of the behavior 

of an iterated RC differentiating network. It is shown that such 
networks are of advantage in applications requring a very short 
effective time constant. The effective time constant of an n-tuply 
iterated structure is shown to be 2r n(n + 1), where T =  RC is the time 

constant of the unit structure. 

T
HE PARTICULAR PROBLEM with which this 
paper is concerned is the analysis of a compound 
differentiating circuit formed by the iteration of 

a simple RC differentiator. Such an iterated circuit is of 
advantage since the effective time constant of the as-
sembly is much less than that of the unit element. It is 
of particular importance in, for example, pulse-width 
discriminators where a very short time constant may be 

required. 
In solving this problem, however, we shall also solve 

the general problem of the iteration of any passive 
linear 4-terminal network. We shall obtain a compact 
and convenient expression for the transmission matrix" 
of any interated structure in terms of n, the number of 
units included, and of the transmission matrix of the 
unit element. The resultant matrix can be used in the 
usual way for combining with other elements or with 
the application of the appropriate boundary conditions 
for obtaining the steady state or transient response. 
The manipulation of the general matrix will be illus-

trated by the analysis of the iterated differentiator. In 
application this circuit is terminated in an open circuit 
across which the output voltage is obtained, and a pulse 
is applied to the input. In our analysis, we shall use a 
unit step wave instead of a pulse. The utility of the 
circuit as a differentiator is then measured by the rate 
at which the output voltage decays from the initial 
value. We shall define the effective time constant as that 
corresponding to the rate of decay immediately after 
the application of a step voltage. 
A compound differentiator does not decay along a 

simple exponential curve. The instantaneous time con-
stant is not constant. To obtain a measure of this devia-
tion, we shall show the exact responses of the structures 
compound of one, two, and three units. We shall see 
that the responses of these are very nearly identical 
when reduced to a common scale. 

THE GENERAL ITERATED NETWORK 

Let us consider as a unit a 4-terminal passive linear 
network. We shall not assume that it is lossless. We 

• Decimal classification: 1(143. Original manuscript received by 
the Institute, May 18, 1950; revised manuscript received, November 
28, 1951. 
t Sylvania Electric Products, Inc., 70 Forsyth St., Boston, Mass. 

wish to obtain a convenient representation for the 
compound network formed by connecting n such units 

together. 
If we consider the transmission matrix, M, of the 

unit, then the transmission matrix of n-tuply iterated 
structure is the nth power of M. We wish, then, to 
express M" conveniently in terms of M and of n. Such 
an expression can be obtained by induction using the 
Cayley-Hamilton theorem. 
Let the transmission matrix of the unit network be 

I A jB 

I jC D 

where A, B, C, and D are real (if lossless) or complex 

functions of frequency. 
Since the unit is passive, M is unitary, that is, 

AD + BC = 1.  (2) 

The characteristic equation of Al is obtained by in-
troducing the variable, X, and setting 

A — X  jB 
= 0, 

jC D — X 

where the left-hand side is a determinant. 
Expanding (3) and using (2), the characteristic equa-

tion of M is 

M = 

— 2vX + 1 = 0, 

where we have introduced the parameter 

v = (A  D)/2. 

(1) 

(3) 

(4) 

(5) 

The solutions of (4) for X are the "characteristic 

values" of M. 
The Cayley-Hamilton theorem states that, if the 

matrix M be substituted for X, in its characteristic 
equation (4) a valid matrix equation is obtained. It is 

true, therefore, that 

M2 = 2VM — I. (6) 

Now the Tschebysheff3 polynomials of the second 
kind and orders 1 and 2 are 

U2(v) = 1 

U2(v) = 2v. 

(7) 

(8) 

Subsequent orders are related by the recursion 

formula 

U.4.1(v) = 2vU„(v) — 11.-1(0•  (9) 

Substituting' (7) and (8) in (6), 

M2 = U2(v)M — Ui(v)/. (10) 
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Let us assume that 

M" = Uo(v)M -  (11) 

is true up to and including a given n. It is true, cer-
tainly, for n=2. Multiplying (11) by If and using (10), 
(8), and then (9), 

M"4-1 = (2vU„ - UN_I)M - U.! 

= Unti (y)M - (12) 

Equation (11), is therefore, by induction, a general 
expression for the n'th power of M. 
It is a compact and convenient expression for the 

n'th power of any 2-square unitary matrix (1) using the 
Tschebyscheff polynomials of the second kind in the 
variable v defined by (5). 

RC DIFFERENTIATING NETWORKS 

We shall now consider the network obtained by 
iterating the usual RC differentiator. By applying the 
boundary condition to the general expression found for 
an iterated structure, we can obtain the response of this 
network to an arbitrary input. To study its behavior as 
a differentiator, we shall consider its response to a unit 
step input. We shall determine the instantaneous rate 
of decay of the response immediately after the applica-
tion of voltage, measuring this decay as an "effective 
time constant." Finally, since no single time constant 
exactly describes the response, we shall plot the exact 
decay shape for doubly and triply iterated structures 
and compare the response with the ideal exponential 
curve. We shall show that the approximation of the 
response of the iterated structure as a single time 
constant is, in fact, sufficiently accurate for nearly all 
purposes. Let us now consider an iterated differentiat-
ing RC network. The basic differentiating unit is that 
shown in Fig. 1. 

IN OUT 

1,41. 

THE UNIT RC STRUCTURE 

The transmission matrix of this unit ist 

(1 + 1/pr)  R/pr 

I/R 

where p=jw, the complex frequency, and r=RC, the 
time constant. Then, from (5) 

= 1 1/2pr, 

= (13) 

open circuit. The boundary condition is that the output 
current is identically zero. If E(p) is the input voltage 
as a function of p, and E0(p) the output, then' using 
the top left-haml term of the matrix If" as expanded 
according to (11): 

E1(p) 
E0(p) =  - -  

(1 + 1/ pr)U n(v) — Uo-i(P) 

Using (9), we can write this 

Ei(p) 
Eo(P) = 

4_1(p) — 1.1„(0 

To analyze the behavior of this circuit as a differ-
entiator, let us apply a unit step-voltage. The time 
domain input is 

E;(1) = 0 if 1 <0 

= 1 if > 0. 

Tlic I ii riii tr.in,form".5 of this is 

(15) 

(16) 

(17) 

E,(p) = 1/p.  (la) 

The time-domain response to the step input is, then, 
the inverse Fourier transform of 

1/ p 
E0(p) =   (19) 

Uo+i(v) - U(v) 

This can be evaluated by the usual method'A for any 
specific case. 

We have, however, defined the "effective time con-
stant," r„, as that operative immediately after the 
application of voltage. 

dEo(t) 
1/r„ = - lim   (20) 

c-o+ dl 

It is convenient to remove the discontinuity in E(1) 
by subtracting the unit step from it. 

E0'(,) = E0(t) - Ei(t). (21) 

This does not alter (20) 

dE01(J) 
1/r„ = -u rn -  (22) 

I-0+  di 

We can now apply the limiting and differentiating 
theorems of the Fourier transform, as follows: 

= - lirn — F-'{E01(p)} 
8-0+ di 

= — lim F-11pEoi(p)1 

— lim p2E0' (p),  (23) 

(14)  where F-'{ -J means the inverse Fourier transform. 

and the transmission matrix of the n-tuply iterated 
structure is given by (11). 
Suppose we terminate the iterated structure in an 

Substituting (19) and (18) in (21) and (23), 

1 1 

Un4.1(ii) — 

— = — lim p 
Tn . (24) 
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Now, as p—+oc, P-31 by (14). The Tschebyscheff 
polynomial of the second kind can be expanded as a 
terminating series about this point. 

2 
t!„.1 = rt —  ri(n 2 — 12)(v — 1) 

3! 

)2 

0 / 2 12)(n 2 22)(v — 1)2+ • • • . (25) 
5! 

[sing this expansion in (24) and retaining only the 
terms of the first order in — 1), 

n(n + 1) 
=    • (26) 

2r 

hence the effective time constant, r„, of a network 
formed by the n-tuple iteration of a differentiator of 
time constant r is r reduced by the factor 2/n(n +1) 

r„ = (2,/n(n  1))r.  (27) 

This effective time constant cannot precisely describe 
the behavior of the multiple structure. That it is an 
accurate approximation is shown by the curves of 
Fig. 2. These have been computed by the usual meth-
ods of transient analysis. They show shape of response 
to a unit step input of single, double, and triple 
cases. To normalize the time base, we have, in each 
case, used t/r„ as the variable. The solid line, being 
the single unit case, represents an exactly exponential 
case. The dashed line ( — — — ), representing the double 
case, and the dash-dot line (—• —), the triple case, 
are seen to deviate only slightly from t his. The approxi-
mation in terms of r„ is sufficiently accurate for most 
purposes. 

I 0 

0.5 

Fig. 2 

CONCLUSION 

We have obtained a compact and convenient general 
expression for the transmission matrix of any n-tuply 
iterated 4-terminal passive linear network in terms of 

matrix of the unit network. 
We have applied this to the iteration of an RC 

differentiator. We have shown that such a compound 
differentiator is useful in that it has a very short effec-
tive time constant compared to that of the unit struc-
ture. In fact, if RC = r, then r„, the effective time con-
stant of the n-tuply iterated differentiator, is 2r/n(n+1). 
For even small values of n, this is a large reduction from r. 
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The Approximation with Rational Functions of Pre-
scribed Magnitude and Phase Characteristics* 
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Summary—A successive-approximations method is applied to 
the selection of network functions having desired magnitude and 
phase variation with frequency. The first approximation, the first 
set of pole and zero locations, can be selected on the basis of known 
solutions to similar problems or through use of a set of curves. In 
succeeding approximations the pole and zero locations are adjusted 
to decrease the deviation of the earlier approximations from the 
desired characteristics. The process adjusts the magnitude and phase 
characteristics simultaneously. Its flexibility permits accommodation 
of practical constraints not possible with other methods. 
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A. INTRODUCTION 

T
HE APPROXIMATION PROBLEM is the prob-

lem of selecting a rational function, identifiable 
as the response function of a realizable network, 

which approximates prescribed magnitude and phase 
characteristics within tolerable limits. The method of its 
solution presented here is one of successive approxima-
tions, and it has a number of features of practical value. 
Constraints on the form of the function to be obtained 
can be imposed easily. As a result, one can accommodate 
practical design constraints not possible with other 
methods. One chooses the complexity of the approxi-
mating function (the number of poles and zeros) at the 
outset, and successive adjustments always leave the 
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number of poles and zeros unchanged. One can ap-
proximate to magnitude and phase characteristics si-
multaneously (not over the whole frequency spectrum 
with minimum-phase functions, of course). He can ob-
tain functions which fit the prescribed characteristics 
more closely over some regions of frequency at the ex-
pense of poorer fits in other regions. 
The method of selection employed consists of a pre-

liminary choice of pole and zero positions followed by 
successive adjustments of these positions. The first ap-
proximation can be made on the basis of known solu-
tions to similar problems which are roughly suitable to 
the given problem, or it can be made purely on the basis 
of a set of curves. One locates poles and zeros to con-
form to any constraints which are prescribed. Ordinar-
ily, the preliminary function chosen, or first esti-
ate, only roughly approximates the desired character-
istics. The successive adjustments, specified in terms of 
shifts in pole and zero locations, are made to reduce the 
deviation of the trial characteristics from the desired 
characteristics. At the beginning of the adjustment pro-
cedure, simple calculations, based on curves presented, 
effect rapid improvement in the approximation. In 
many practical cases the simple adjustment procedure 
is sufficient to obtain a satisfactory approximation. 
Final adjustments, if they are necessary, are made on 
the basis of a much more powerful, but also more com-
plicated, algebraic technique. 

B. THE FIRST APPROXIMATION 

Any response function of a lumped-element network, 
being a rational function of frequency, can be expressed 
as 

aiX+ • • • + a„,X'" 
F(X) =   

bo biX + • • • A- b.X" 

h(X —  X02) • • • () — Xo.) 

(X — Xpi)(X — Xp2) • • • (X — Xp.) 

The quantities X0i, X02 • • • )to,,, are the zeros of the func-
tion and X1, X0 • • Xpit are the poles. The response 
function is apparently specified within a constant multi-
plier by specification of the poles and zeros of the func-
tion, and it is the pole and zero locations on which at-
tention is directed in the following. 
When a designer uses the solution of a similar prob-

lem in the selection of the first trial positions of the 
poles and zeros, wide experience and ingenuity lead to a 
better first estimate and effect a saving of labor in the 
subsequent adjustment procedure. The well-known 
Tschebyscheff and Butterworth approximations"•3 to 
the ideal low-pass filter characteristic are typical examples 
of approximations which suggest suitable first estimates 

S. Darlington, "Synthesis of reactance four poles," Jour. Math. 
Phys., vol. 18, pp. 257-353; 1935. 

S. Butterworth, "On the theory of filter amplifiers," Exp. Wire-
less and Wireless Eng., vol. 7, pp. 536-41; 1930. 

G. L. Ragan, "Microwave Transmission Circuits," McGraw-
Hill Book Co., Inc., New York, N. Y., Chapt. 9; 1948. 

(1) 

for related problems. The characteristics obtained with 
these functions are sketched in Fig. 1. The maps of pole 
locations in the complex plane for the two types of func-
tions (of fifth order) are given in Fig. 2. In both of these 
types the function has no internal zeros. The geometric 
figure on which the poles shown in Fig. 2(a) lie is an 
ellipse. The cut-off frequency is only slightly less than 
the value of co at the intersection of the ellipse and the 

M 

tM 

TSCHEBYSCHEFF CHARACTERISTIC 

400 fa 

lo) BUTTERWORTH CHARACTERISTIC 

Fig. 1 -The Tschebyscheff and Butterworth approximations 
for low-pass filters. 

A-PLANE 
Im  OR jw 

x - POLES OF 
RATIONAL 
FUNCTION F 

Re OR a 

(a) TSCHEBXSCHEFF MAP  (s) BUTTERWORTH MAP 

2--Maps of poles for Tschehyscheff and Butterworth 
approximations. 

1 
— 
(A Xpl)(X Ap2) • • • (A — AA) 

axis of imaginaries. Simple relationships exist between 
the level and tolerance of Fi of Fig. 1(a) and the size 
of the minor axis of the ellipse of Fig. 2(a). For present 
purposes, it is sufficient to state that as the minor axis 
of the ellipse is decreased (the poles brought nearer the 
imaginary axis always along lines parallel to the real 
axis), the level of F in the pass bawl increases as does 
the tolerance. Increasing the number of poles' increases 
the level of I Fl for a fixed ellipse and the number of 
cycles of variation of I Fl in the pass band while it de-
creases the tolerance. 

From Fig. 2 it is apparent that the Butterworth ap-
proximation is a degenerate form of the Tschebyscheff 
approximation in which the ellipse becomes a circle. One 
observes from Figs. 1 and 2 that small shifts in the posi-
tion of the critical frequencies of a function cause 
marked changes in the characteristics of the function. 
This fact suggests the study of the relationship between 
changes in pole positions and changes in the function 
characteristics. This study and a method of successive 
approximations arising from it constitute the results 
given in this paper. 

4 For odd numbers of poles, one always lies on the negative real 
axis; for even numbers of poles, none lie on the real axis. 
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The analogy between a two-dimensional field and the 
logarithm of a rational function has been exploited in 
connection with the approximation problem." The se-
I lection of poles and zeros of a rational function whose 
magnitude has a certain variation along the real-fre-
1 quency axis is equivalent to the selection of charged 
positive and negative filaments which generate a cor-
responding potential along a line which can be identi-
i fied with the real-frequency axis. Physical intuition 
( based on the analogy is helpful in selecting the first ap-
proximation in the method presently described. 
As explained in the next section, one employs normal-

, ized curves to compute the magnitude and phase char-
, acteristics of the successive trial functions. These 
curves may also be employed as a guide in the selection 
of the first approximation. 

C. COMPUTATION OF PHASE AND MAGNITUDE 
CHARACTERISTICS FOR SPECIFIED POLE AND 

ZERO POSITIONS 

Normalized curves are used for the computation of 
the characteristics of the successive trials. The same 
curves may be used as a guide in the choice of the first 
approximation. The process of normalization is easily 
understood by considering the logarithm of F [F is de-
fined in (1)]. 

InF =In IFI-FjArgf (2) 
fl 

In IFi = In h E In X — Xoi I — In I X — X,.1  (3) 
i— 1 1=, 1 

Arg F = E Arg (X — X0,) — E Arg (X — X„i). (4) 

The consideration of the logarithm of F is convenient 
in that it makes the contribution of each pole and zero 
separately evident. One observes that the sums in (3) 
and also in (4) are really made up of only two kinds of 
terms, terms corresponding to conjugate complex criti-

) cal frequencies (poles or zeros) and terms correspond-
ing to real critical frequencies. The distinction between 
zeros and poles is merely the distinction between plus 
and minus signs associated with the components in the 
sum. 
For the complex critical frequencies, one may write 

the following from (3) and (4)7 

In I 1%, I = In IX — Xc I I X — X,  (5) 

and 

in which 

Arg F, = Arg (X — X,)(X — Ae), 

Xc = Cie + iwc• 

(6) 

(7) 

\V. W. Hansen and 0. C. Lundstrom, "Experimental determina-
tion of impedance functions by use of an electrolytic tank," PROC. 
I.R.E., vol. 33, pp. 528-534; 1945. 
° J. G. Linvill, "An Experimental Approach to the Approxima-

tion Problem for Driving-Point arid Transfer Functions," S. M. 
Thesis, M.I.T., Cambridge, Mass.; 1945. 

In the following, F‘ will always represent the product of a pair 
of factors with complex conjugate zeros, X, and X,. 

If one divides F, by (AO and replaces X by jw, as he is 
ordinarily interested only in real frequencies, (5) and (6) 
may be written 

I F, 
In — ln 

and 

ojc 2 

ja)  a, 
- - - - 3 

jc..)  cr, 

oc 

W, F, = Arg (1±-°- — — j)(i-t°- — j) • 
ea, ,  We  We 

Clearly In F01 and Arg F, are easily found as functions 
of ai for any X, if one has simply plots of In I F,l/co,2 and 
Arg Fe/co,2 as functions of co/co, for appropriate values 
of the parameter adcae. Fig. 3 gives sketches of families 
of curves corresponding to (8) and (9).8 An accurate set 
of curves is given in R.L.E. Report No. 1459 corre-

Fig. 3—Log I Fe/c.).°1 and Arg F. sketched as functions of w/cd, 
for a range of values of —cr,/ co, 

sponding to Fig 3 as well as sets of curves correspond-
ing to Figs. 4, 7, 8, and 9. Through use of the curves one 
can readily obtain plots of In I F,I and Arg F„ as func-
tions.of co for any complex value of X„. Fig. 3 is instruc-

a All logarithms in the curves are to the base 10 and all arguments 
are given in degrees. In the text, log refers to the base 10 and In 
refers to the base s; Arg is the angle in radians unless specifically 
stated otherwise. 
° J. G. Linvill, "The Selection of Network Functions to Ap-

proximate Prescribed Frequency Characteristics," Technical Re-
port No. 145, Research Laboratory of Electronics, M.I.T., Cam-
bridge, Mass.; March 14, 1950. 
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tive in connection with the approximation problem. It 
is apparent that critical frequencies close to the imagi-
nary axis in the complex frequency plane cause much 
more violent changes in the magnitude of the function 
for nearby real frequencies than do critical frequencies 
removed a considerable distance from the imaginary 
axis. Accordingly, if one is choosing a function which is 
to exhibit abrupt changes in magnitude at some range of 
frequencies, the suggestion is definite that critical fre-
quencies with small displacement from the imaginary 
axis be placed near the range of jui where the change is 
desired. From Fig. .3, also, it is clear that such critical 
frequencies cause rapid phase shift at the same time 
they cause an abrupt change in magnitude. This situa-
tion is a manifestation of the implicit relationship be-
tween magnitude and phase. 
The second kind of terms mentioned in connection 

with (3) and (4) is that representing a critical fre-
quency falling on the real axis of the complex frequency 
plane." 

in IF,1 = In I X — ark  (10) 

where a, is real. 

Arg  = Arg (X — a,).  (11) 

If one divides Fe by —a, and sets X = jw, the result is 

and 

In 
a, 
= In   + 1 

— 

Arg  (= Arg Fe if a, is negative) 

.7.6)  
= Arg  + 1) . 

— 

(12) 

(13) 

The sketch of Fig. 4 indicates the form of variation 
of In I Fel and Arg Fe for any real critical frequency, ar.. 
The sketches of Figs. 3 and 4 are given for critical fre-
quencies in the left half-plane. The same curves are use-
ful for critical frequencies in the right half-plane since 
the logarithm of the magnitude of Fe or Fe is unchanged 
if the sign of a, or a, is changed, and only the sign of 
the argument of Fe or F, changes when the sign of a, or 
a, is changed. 

D. AN ILLUSTRATIVE EXAMPLE 

To illustrate the choice of the first approximation, a 
function of the form 

F= 1 
X'  a2X2 aiX ao 

1 
(14) 

(X — a2)(X — .i(02)(X — 02 -I- :MO 

will be chosen. The characteristics to be approximated 

10 In the following, F, will always represent a factor with a single 
real zero, a,. 

04 

F, 
LOG lo 

60 

Arg F, 

002   

0  
02 

F, • A- u, 

A. ito 

I 0 

F, = X- a, 

X = j/n/ 

1.0  30 

30 

- 

Fig. 4—Log  F,/cr,1 and Arg F, sketched as functions of 0),' 

are described in Fig. 5. It will be required that the ap-
proximating function have three poles, have approxi-

LOG* IFI 

.301 

1.0 

-Arg F 

10 —•• 

Fig. 5--Partial specification of requit ements for illustrative example 

mately a linear phase shift over the range 0 w  1, and 
have a logarithm of magnitude which decreases linearly 
(approximately) with frequency such that I Fl at co= 1 
is half of I FI at co = 0. The magnitude of the argument 
of F at co= 1 is immaterial so long as its variation with 
frequency is linear. The level of logio I FI is not speci-
fied. A large number of functions of the form represented 
in (14) will have characteristics of approximately the 
nature indicated in Fig. 5. Some of them approximate 
the magnitude characteristic well and the phase char-
acteristic badly; some approximate the phase character-
istic well and the magnitude characteristic badly; others 
fall between these classes, approximating both phase 
and magnitude reasonably well. Before a final choice of 
approximating function can be made, some measure of 
quality of the approximation must be formulated. Such 
a measure of quality is given at a later point; at this 
point it is necessary only to choose any function of the 
form of (14) which has roughly the characteristics de-
sired and to proceed from it as a starting point. 
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Knowledge of the functions used for Butterworth 
filter characteristics suggests that a function with 
poles distributed on a semicircle as in Fig. 2(b) will give 
roughly the kind of characteristics desired. Hence a first 
approximation is 

1 
F(X)=   (15) 

(X+ 1.00)(X+ 0.50+ j0.866) (X+0.50 — j0.866) 

Fig. 6, which is a plot of log I Ft and Arg F for (15), 
indicates that the first approximation shows a too 

LOG WI 

010 - 

000 

-010 

-020 

X- PLANE 

• 1,0 

MAP OF POLES 

Fig. 6—Log IF I and Arg F for the first approximation to 
the prescribed characteristics of Fig. 5. 

slow decrease in magnitude with frequency. Hence 
some motion of the poles from their semicircular dis-
tribution is desirable. The choice of the first approxima-
tion is quite arbitrary, and different first approxima-
tions will lead to substantially the same end result. A 
close first approximation shortens the adjustment proc-
ess, which is the next step in the procedure. 

E. SUCCESSIVE ADJUSTMENTS 

Once the first approximation is chosen, attention is 
shifted to the problem of determining the changes in 
pole and zero positions required to effect the desired 
changes in the approximating function. One observes 
that the number of variable quantities which may be 
adjusted is equal to the total number of poles and zeros. 
In the illustrative example above, these are three ad-
justable quantities, al, (72, and co2. In that instance one 
wishes to choose the combination of values for bah 
Acr2, and Aoh, which together change the characteristics 
from those of Fig. 6 to characteristics much nearer those 
of Fig. 5. A study of the influence of elementary shifts of 
the critical frequencies, Acri by itself, ba2 by itself, and 
,A(42 by itself, is an enlightening guide to the choice of 
the combination. This fact suggests the study of 

0 log IF  a Arg 
acri 

and so on since 

acr, 
log I F 
a 02 

fall 0 log I F I f -1'7 a log I F I 
slog I F I =  dal +    da2 

0  0 aff2 

j : A "  a log I F I 
(1402 

Ow: 

(for small changes) 
a log I F I  Aai  
0(52 

flog F flog F 
Aa2 

00.2 

Similarly, 

aw2 
A4.2.  (16) 

0 Arg 
A ArgF (for small changes)   Atri 

aui 

0 Arg F a Arg F 
  A(12 +   Ac02. (17) 

072  aw2 

Fortunately, the use of the logarithm of F has sepa-
rated the influence of individual critical frequencies as 
indicated by (3), and one has, for instance, 

a log IFI — logIX — ail 
(18) 

From (18) it is apparent that the derivative functions 
can be normalized and presented in curves just as was 
done for the logarithm and argument curves in section 
C. Further discussion of the use of the derivative curves 
will be given subsequent to the statement of expressions 
for the derivative functions. 

F. NORMALIZATION OF THE DERIVATIVE FUNCTIONS 

From the foregoing, one appreciates that the func-
tions which it is sufficient for all cases to consider are 

a log I F,I a log I F0 8 log I FrI 
aff,  

a Arg F,  a Arg F,. 
and   

awc  aar 

[see (5), (6), (7), (10), and (11)]. Evaluation of the de-
rivatives is an elementary exercise when one employs 
the relations 

In I Fc(X)1),..i,„ = 4 in F0(X)F( -X) lx-ho (19) 

a Arg F, 

and 

1 F0(X) 
Arg F0(X) Ih_b„ = ln 

2j  F0(- X) 

aa, 

(20) 

Carrying through the steps of differentiating and nor-
malizing gives for a log I Fcl 

flog I F, I 2  

Oa,  2.305 

CO, 2 

tyc  \ 2+  w  \ 21 

F„ 12 • (21) 

A sketch of cocolog I /Id /ay, as a function of co/oh for 
various values of the parameter ado), is given in Fig. 7. 
This figure reveals that shifts in the displacement from 
the imaginary axis of poles or zeros influence the mag-
nitude of the function most in a frequency range nearest 
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the critical frequency being shifted. Through use of ac-  Through a similar procedure 
curate charts corresponding to Fig. 7 one can predict 

Fig. 7—Sketches of 

a log I F,1  a log i Fe 1 
wg   and  wr - - - 

Jo, awe 

as functions of o.i/co for various values of oc,/co,. 

accurately the influence of a shift of a critical frequenQ. 
Alternately, one has suitable information for prescrib-
ing what kind of shift and how large a shift is necessao 
to obtain a required change in the magnitude character-
istic. 
Through a similar procedure one can obtain 

a log i Fcl 2  [1 ± 0 2—  ( C—C:;.c) 2] 
wc 

Ow,  2.305 F, 2 

2 4), 

(22) 

Equation (22) and the corresponding sketch in Fig. 7 
indicate the influence on the magnitude characteristic 
of a shift parallel to the imaginary axis of a conjugate 
pair of critical frequencies. 
After a straightforward manipulation, one has for 
a Arg Fd0o-, 
a Arg F, (degrees) 

wc   
Oa, 

w  ac 2 

We  We 
= 57.3 X 2   (23) 

2 Fe 

a Arg Fe (degrees) 
- - -  —  = 

w 
57.3 X 3 — — 

we wc 
2 

("C2 

(24) 

Fig.  8 shows sketches of  co,(0Arg  Fdacre) and 
cMaArg Fc/Ocoe) for various values of the parameter 
adoh. Figs. 7 and 8 give complete information on the 
influence on magnitude and phase characteristics for 
any shifts of a conjugate pair of complex critical fre-
quencies. 

Fig. 8--Sketches of 04(0 Arg F,/ aa,) and w,(0 Arg F,,/Ow,,) as functions 
of to/co, for various values of a,,/w,,. 

In an analogous manner to that just indicated for 
conjugate critical frequencies, the corresponding de-
rivative functions for real critical frequencies can be 
determined. 

a log I Fri —1 
— 

aar 

0 Arg F. 
 — = 
acr, 

2.305[1 + (±4-)2] 

cor 

— or 

(25) 

(26) 

cue' 
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Fig. 9 presents sketches of —a•,(0Arg FrIt3ar) and 

--a,(0 log I F,I ma,)• 

-04 

oo 10 

- 

15 

Fig. 9—Sketches of —ar(a log 1F,I/Ocr,) and --a-,(a Arg Frlaa,) 
as functions of 0.)/ 

G. ILLUSTRATION OF THE FIRST STAGE OF THE 
ADJUSTMENT PROCEDURE 

The preliminary step to stating what changes should 
I be made in the pole and zero positions is the sketching 
of the derivative functions for the case at hand. A • 
convenient medium to illustrate the process is the il-

t lustrative example of section D. One observes that the 
deviation of the magnitude characteristic from the (le-

t'sired is much more serious than that of the phase char-
acteristic. Accordingly, it is appropriate for the first 

OLOGIFI 
Oa, 

04 

00  

DES.PED A LOG Id 
0kt-

o.  

bLo6IFI 
0(72 

- 0 8 

(LE AL OF  LOS IFl 
15 Ana, T FURY 1 

OLOG IFI 

bAJ2 
1 tat 

Fig. 10--Derivative curves and desired change in magnitude 
characteristic for the example of Fig. 6. 

adjustment to base the choice of changes on the devia-
tion of the magnitude characteristic alone. Fig. 10 shows 
plots of the desired change in the magnitude character-
istic and the derivative functions. On the basis of Fig. 
10 the size changes to be used to give the desired 
changes in the magnitude characteristic can be esti-
mated. For instance, it is clear that any positive incre-
ment in al will cause an improvement since the first 
estimate gives insufficient amplification in the low 
range. Rough calculations suggest the values Acri = 0.2, 
Acr2= —0.2 and 6,(42= —0.1. Fig. 11 shows the second 
approximation corresponding to these changes. As long 
as it is obvious, without a more precise method, how to 
obtain improvement in the characteristics, one con-
tinues to use this simple method of adjustment. Fortu-
nately, for many problems, specifications allow consider-
able tolerance and sufficiently close approximations can 
be arrived at without going to a more accurate method. 
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Fig. 11—Second approximation to the characteristics of Fig. S. 

Actually, as the present example illustrates, the simple 
procedure carefully applied leads to a very nice ap-
proximation. After a few more adjustments of the na-
ture of that illustrated above, one arrives at the char-
acteristics of Fig. 12. 
The method of adjustment illustrated in the forego-

ing paragraphs becomes ineffective in complicated situa-
tions. For instance, the derivation of the characteristics 
at one frequency may indicate one shift of a pole, while 
the deviation at a different frequency may indicate an 
entirely different shift. In such a situation it is difficult 
to prescribe appropriate shifts of the critical frequen-

1.061FI 

0 50 - 

020 
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000 

-Argi 

150 

MO 
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_ 

-- DESIRED CHARACTERISTICS 

x APPROXIMATING FUNCTION 

oo o 

/ 

06 06 08  1.0 

Fig. 12- Approximation to characteristics of Fig. 5 obtained by the 
first stage of the adjustment procedure. 
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04,0 

mAP OF POLES 

cies. If one tries to prescribe the shifts by the simple 
procedure illustrated, he finds himself in the predica-
ment of one trying to solve a set of simultaneous equa-
tions one at a time. A further defect of the simple meth-
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od of adjustment lies in the fact that one stops the 
procedure when further improvement cannot be ob-
tained. He may be uncertain as to whether or not some-
one else can obtain a better approximation by stumbling 
upon a more appropriate combination of critical-fre-
quency shifts. 
At this point a more precise method of adjustment is 

illustrated which will handle the difficult cases. More-
over, it gives the designer a very strong signal when he 
has arrived at the "best" approximation (he %yin have 
had to define a criterion for "best," however). 

H. FINAL ADJUSTMENTS OF THE POSITIONS OF 
POLES AND ZEROS 

The problem which must be solved more adequately 
in the final adjustment of the position of poles and zeros 
is the choice of Aces and Aco's in (16) and (17). The 
means employed to prescribe the shifts must account 
for the effect of all shifts simultaneously. 
At this point it is helpful to consider the derivative 

curves and to observe that changes of 10 to 20 per cent 
in the pole positions cause rather small changes in the 
derivative. This fact indicates that in (16) and (17) 
the derivatives may be considered constant for small 
changes. Equations 16 and 17, 

0 log I I flog IFj 
A log IF'    Agyi 

au, aa2 
Aa2 

a log I F 
(16) 

aw2 

a ArgF  a Arg 
Arg F    Aa2 

aat  aa2 

a Arg F 
  1 :10, 21  (17) 
aw2 

suggest a mathematically convenient formulation of the 
problem of final adjustment, which is most simply un-
derstood by a reference to the problem of Fig. 12. In 
Fig. 13 are shown plots of the derivative functions cor-
responding to the critical-frequency positions of Fig. 12. 
Fig. 14 shows plots of the desired changes in the mag-
nitude and phase from that illustrated in Fig. 12. (Note 
that a constant change in level or a linear change in 
argument may be prescribed in addition to the changes 
of Fig. 14.) The problem of the choice of Acri, A a2, and 
Aco2 is the choice of these quantities such that, when the 
functions of (a) of Fig. 13 are multiplied by the proper 
Acri, those of (b) are multiplied by the proper cr2 and 
those of (c) are multiplied by the proper Aco2 and the 
sums formed in accordance with (16) and (17). These 
sums approximate the functions of Fig. 14 in the best 
possible manner. Clearly, "the best possible manner" is, 
in general, not a perfect fit. One criterion of "the best 
possible manner" is that the integral of the square of the 
deviation subsequent to the chosen shifts be a mini-
mum. The method of choosing tki, Aa2, and Aco2 for 

' such a criterion is well known. One forms a set of nor-
mal orthogonal functions from linear combinations of 

the derivative functions and evaluates the optimum 
Acri, Zia?, and Aco2 by the evaluation of appropriate 
in  I biwever, the formation of the normal orthog-
onal functions is so laborious because of the evaluation 
of the integrals that the method is entirely impractical. 
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Fig. 13 --Sketches of derivative functions for the 
pole positions of Fig. 12. 
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Fig. 14—Desired changes in magnitude and phase from Fig. 12. 

An alternate method which is based on the same kind 
of approach but is far simpler is that of approximating 
at a set of points rather than at every point from co = 0 
to co = 1. The labor involved in forming the normal 
orthogonal functions arises because,of the fact that one 
uses an infinite set of samples to get an average. It is 
easy to see by consideration of Figs. 13 and 14 that, 
if one finds the sums of (16) and (17) matching well with 
Fig. 14 at five or six points on the range from co= 0 to 
= 1, the match will be good elsewhere as the deriva-

tive functions and the desired deviations are smooth. 
The labor involved in matching at eleven points (six on 
the magnitude curve and five on the phase curve) is 
very much reduced. To formulate the procedure of solu-
tion, suppose a set of points has been chosen from the 
range co = 0 to 1 and the values of the functions of Figs. 
13 and 14 are indicated at those points as shown in 
Fig. 15. One is under no compulsion to choose the same 
matching frequencies for the magnitude and the argu-
ment curves though he is choosing ATI, Acr2, and Aco2 
which apply to both at the same time. Ordinarily, it is 
expedient to choose matching frequencies where the 
worst deviations occur or where the derivative curves 
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are large. In any event one guides the choice of matchin g 
frequencies to fit the needs of the particular case. 
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Fig. 15—Values of functions of Figs. 13 and 14 at 
selected matching points. 

The ordinates of Fig. 15 are of two different kinds; 
some are in terms of logarithms to the base 10 and some 
are in terms of degrees. Before proceeding one must put 
all of the ordinates on a common basis. In the problem 
at hand a deviation of 0.05 in log I FI will be said to be 
as serious as a deviation of 10 degrees in the argument. 
Accordingly, all quantities referring to arguments should 
be divided by 200 to have the quantities on a uniform 
basis. One appreciates at this point that if the magni-
tude or phase at a particular frequency is more impor-
tant than others it may be given a heavier weight. If 
in Fig. 15 the phase shift at w = 1 is to be more closely 
(ontrolled than at other frequencies, the ordinates of 
argument curves there might be divided by 100 instead 
200, for instance. 
A compact notation for the functions of Fig. 15 (after 

weighting) is vector notation. The ordinates of the func-
tions define vectors of eleven dimensions. Call F D a 
vector in 11 space associated with the weighted ordi-
nates of (d), F01 a vector in 11 space associated with the 
ordinates of (a), F02 a vector associated with (b), and 
F A a vector associated with (c). For the situation illus-
trated in Fig. 15, one has the following vectors: 
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The problem to be solved, expressed in vector terminol-
ogy, is to select Licri, Aa2 and Aw2 so that 

F D  Aa2F,,2  Aw2F.,2.  (28) 

The A's found to solve the problem stated in vector 
terms are appropriate to be used as shifts of pole posi-
tions. Clearly, the approximation can not be made exact 
in the general case when the number of dimensions is 
greater than the number of adjustable quantities as is 
the case here, eleven being larger than three. Ac-
cordingly, one must establish a measure of approxima-
tion and, on the basis of it, choose the A's. A mathe-
matically convenient and physically practical approxi-
mation is that in which the sum of squares of deviations 
at the points considered is minimized. In vector terms, 
the A's are chosen so that 

[F D—AcriF,i+Acr2Fu2+.1.02F.2]• [Same] is minimized.  (29) 

The solution for the A's of (28) is most conveniently 
done by choosing a set of normal orthogonal vectors 
which are linearly dependent with F.1, F02, and Fm2 and 
. first approximately F D with them. Finally, one is led to 
the A's of (28). A simple set of normal orthogonal vec-

tors is 

=  auFct 

Fn2 =  a22 Fe2 =  b21 Fnl  a22 Fe2 

Fn3 =  anGei  (132.FG2  auFw2 

=  b3i Fn  b32Fn2  a33Fce2 

(30) 

The a's are chosen to fulfill the following relationships: 

F„I'Fnl = 

Fni Fn2 = 0  F.2.Fn2 = 1  1 . (31) 

Fn1 -Fn3 =  0  F,.2 F,.3 =  0  F n3 Tn3 =  1 

The solution of the equations above, or similar equa-
tions for a case of any number of poles and zeros, is 
fortunately simple. The first row of (31) involves only 
an, and one solves for an first. The second row (using 
F„1 as found from the first and the expression for Fn2 in 
terms of F„1 and F.2) involves only b21 and a22. One can 
solve for b21 in terms of a22 and then, using the second 
equation in the second row .(a quadratic in a22 only), 
one can evaluate a22 and 031. The third row of (31) (using 
F„1 and F„2 and the expression for Fn3 in tents of F.1, 
F„2, and F,,,2) involves b31, b32, and a33. By solving the 
equations from left to right and expressing the b's in 
terms of 033, one finds the equations are simple and can 
be solved one at a time. Only the final equation is a 
quadratic but involfes 033 only. Hence by considering 
the equations in the proper order, one completely 
avoids the solution of general simultaneous equations. 

1 

Fp= +0.018, —0.010, +0.004, +0.008, —0.006, —0.006, +0.030, +0.024, —0.004, —0.027, —0.027 

E = +1.08, +0.87,  +0.54,  +0.33,  +0.22,  +0.15,  —0.29,  —0.37,  —0.33,  —0.29,  —0.25 

F,2= +0.29, +0.33,  +0.40,  +0.56, +0.76, +0.98,  +0.059, +0.11,  +0.17,  +0.13,  —0.05 

F.2= —0.69,  —0.69,  —0.71,  —0.73,  —0.64, —0.33, +0.065, +0.15,  +0.26,  +0.44,  +0.60 

. (27) 



720  PROCEEDINGS OF THE I.R.J. June 1̀ 

a  

,  l• .c3 

The simplicity indicated above applies to the deter-

mination of orthogonal vectors regardless of the num-
ber. The degeneracy arises from the special way in 

which the orthogonal vectors are obtained. 
For the illustrative example at hand, one obtains the 

following: 

ail= 0.5902 

an= — 0.3608 

an = 1.063 

a22 = 0.748  (32) 

a32 = 0.6356  (133 = 1.463 

In connect ion with the illustrative example being con-

sidered, one has 

= 0.00173, 

c2 = 0.00086, 

(3 = 0.0374, 

▪ = — 0.039, al = — 0.439 

▪ = — 0.024, cr 2 =  —  0.474 

▪ = — 0.055, w2 = 1 .011 

. (40) 

A plot of the characterist icsI1 t he approximating fmic-

tion given by (40) is  part of Fig. 16. One can see by 

comparison of the o's and the x's how the final adjust-

ment has changed the characteristics. Quantity 35 

F.1= +0.6374, +0.5135, +0.3187, +0.1948, +0.1298, +0.0885, —0.1712, —0.2184, —0.1948, —0.1712, —0.14761 

F„2= —0.1144, —0.0200, +0.1335, +0.3177, +0.5010, +0.6870, +0.1331, +0.1958, +0.2248, +0.1862, +0.1355 }. (33) 

F„3= +0.3228, +0.1250, —0.2103, —0.3609, —0.2191, +0.2997, —0.1756, —0.1038, +0.1376, +0.4180, +0.5768j 

Once the normal orthogonal vectors are selected, one 
approximates FD in terms of them. 

FD = C1 Fnl  C2 Fn2  C3Fn3. (34) 

This approximation involves choice of the c's so that 

[FD — + c2.F.2 + c3Fn3)j• [Same]  (35) 

is a minimum. This problem is particularly easy to solve 
since the vectors used are an orthogonal set. Once the 
c's of (34) are selected, the optimum values for Aal, 

ao-3, and Aco2 can be obtained directly. Considering (35) 
and observing the orthgonality of the vectors, one has 

[ j. [ J = FD-FD — 2c1F,0•FD  c12 — 2c2F.2-FD 

c22 — 2c3F.3.FD  c32.  (36) 

To minimize (35), one determines the c's by setting the 

partial derivatives with respect to al, (72, and co2 of (36) 
equal to zero. This step gives 

= 2c1 — 2F  Fr, 

j =  2C2 —  2Fn2 -F D 

= 2c3 — 2F.3.Fn 

= 0 

= 0 .  (37) 

= 0 

One observes that the second derivatives of (37) with 
respect to the c's give 2 and, accordingly, c's chosen to 

satisfy (37) give a minimum of (35). Consequently, 

ci = Fl -FD 

c2 = F.2•PD (38) 

IC3 =  F 3 •F 

Finally, (38) leads to the optimum pole shifts indicated 
in (39). 

At1 1 = 

Aa2 = 

Aw2 = 

clan -I- C2a21 +  c3a331 

C2a22 -F C3a32  F• 

Cga 33 1 

(39) 

changed from 0.0033 to 0.0021. In this case the im-

provement has been quite small; this was to be ex-

pected since the example is simple and the first stage of 
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Fig. 16— Characteristics of approximating functions. 

adjustment is very effective in simple cases. However, 

one can now state definitely that it is impossible to oh-
thin a better approximation than the "o" characteristics 

of Fig. 16 by further shifts of the poles. It is necessary 

to recall that the measure of quality of the approxima-
tions has been chosen, and the approximation arrived 

at is best in the sense of the chosen measure. Different 

weightings of magnitude and phase characteristics 
would have results in somewhat different approxima-
tions. 

In cases where the first stage of approximation gives 
a far less satisfactory result than that of the accompany-

X • 

CHAR OF FIG 12 
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ING TO EOS 40 

DOTTED LINES ARE CHARACTERISTICS 
8EiNG APPROx 'MATEO 
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ing illustrative example, it may be necessary to use more  
than one adjustment in the final state. This will be nec-
essary only if the shifts required are so large that the 
derivative functions change a large amount. A simple 
method is available (6) to compensate for changes in 
the derivative functions over the range of large shifts. 
This technique makes it possible to employ any family 
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of normal orthogonal vectors over a range of critical-
frequency changes which is much larger than would 
otherwise be possible. Naturally, the result is that the 
optimum adjustment can be obtained in a fewer num-
ber of steps, and one avoids the labor of obtaining the 
normal orthogonal vectors a corresponding number of 

times. 

An Annular Corrugated-Surface Antenna* 
E. M. T. JONESt, ASSOCIATE, IRE 

Summary—The far-zone pattern of the symmetrically excited 
annular corrugated-surface antenna is shown to be uniform in the 
azimuthal direction and polarized in a direction perpendicular to the 
antenna surface, and to have the major lobe directed slightly above 
the plane of the antenna. An analysis of the antenna immersed in an 
- infinite ground plane is presented and compared with experimental 
results on the antenna in a finite ground plane. 

I NTRODUCTION 

r 
I
— iliE ANNULAR corrugated-surface antenna pic-

ture(l in Fig., 1 is a cylindrical geometry counter-
part of the rectangular corrugated-surface antenna 

discussed by Reynolds and Lucke.' 

153" 

GROUND PLANE POLYSTYRENE 

h3 

II 40" 

The annular corrugated-surface antenna supports a 
surface-guided wave that travels in an outward radial 
direction at a velocity less than that of light, and has a 
component of electric field tangential to the surface. In 
practice it is found that the surface wave is easily ex-
cited from the end of a coaxial line, with the center con-
ductor extended a quarter wavelength above the sur-

face. 
The method of analysis consists of determining the 

properties of the surface wave by an approximate 
matching of the tangential fields above and below the 
surface of the corrugations. The radiation pattern of the 
antenna is determined by the Green's function method. 

i6" 

is" 

k- 10" (SLOT WIDTH) 

UG - 58/U CONNECTOR 

13" 

ANTENNA 

CYLINDER CONE 

LINEAR TAPER 

. 50" re- F.06" 

.40" 

TOP LOADED 
CYLINDER 

EXCITERS 

Fig. 1—A principal diameter cross section of the experimental annular corrugated-surface antenna showing dimensions. 

Decimal classification: R329. Original manuscript received by 
the Institute, April 24, 1951; revised manuscript received January 
14, 1952. The work for this paper was carried out at the Stanford 
Research Institute under Signal Corps Contract W36-039-sc-44524. 

Stanford Research Institute, Stanford, Calif. 
I I). K. Reynolds and W. S. Lucke, "Corrugated end-fire anten-

nas," Proc. NEC (Chicago), vol. 6, pp. 16-28; 1950. 

ANALYSIS OF THE ANTENNA 
The properties of the annular corrugated-surface 

antenna can be determined as follows: 
Let us choose as cylindrical co-ordinates on the sur-

face p', cp', and z', and as co-ordinates above the surface 
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p, 0, and z, as illustrated in Fig. 2. We will confine the 
present analysis to fields that have no variation in the 
direction. This restriction allows us to use a cor-

rugated surface with uniform slot depth to obtain a 
surface-guided wave whose phase velocity in the radial 
direction is nearly constant for radii greater than a 
quarter wavelength. 

Fig. 2—The co-ordinate system used to describe the annular 
corrugated-surface antenna. 

Borrowing a result from Stratton,' we can write down 
immediately the components of the field existing above 
the slots as 

E, = — jki3H1 (2)[flp]egc"-h‘) 

Ez = 132ll o(2)fliplegwe-

k2 
= j — f3JJ (2) O piej(cof—hz) , 

MOW 

where 

(1) 

— 132 = 

The mode existing in each annular slot, in the limit of 
infinitesimally narrow slots, is just the TEM coaxial 
transmission-line mode. Even for finite-sized slots the 
TEM mode is the principal mode if the slot width is 
much less than a free-space wavelength. The ratio of 
the transverse electric to magnetic field of the TEM 
mode in each slot is just 

110 
=  tan kd fri tan kd, (2) 

where d is the slot depth. 

At the plane z = z', it is necessary that the ratio o 
the tangential electric to tangential magnetic field le 

The ratio of the tangential fields seen look-
ing in the positive z direction is 

Lomoh 
---- • 
k 2 

(3) 

The average value of the ratio of the tangential fields 
at z=z' seen looking in the negative z direction is dif-
ferent from the value given by (2) because 14= 0 along 
the barrier rings. The expression is 

t tn kd,  (4) 
u, 

where t is the slot width and w the ring width. 
Combining (3) and (4) we find 

= — tan kd. (5) 
u, 

Therefore, the field of the annular corrugated-surface 
antenna decays in an exponential fashion in the 
positive z direction for mr  kd  nnr+ (7/2) where 
m = 0, 1, 2 • • • . These are the only allowable ranges 
of slot depths that will permit a surface-guided wave 
to propagate. 

The propagation constant, 0, of the surface wave in 
the p' direction is 

= k4/1 ±  tan .' kd. (6) 

Equation (6) is exact for the case of infinitely many cor-
rukations per wavelength along the surface, but is in 
error by a small amount for a finite number of corruga-
tions per wavelength. 

The far-zone. field of the annular corrugated-surface 
antenna immersed in an infinite ground plane can be 
determined by the Green's function method. The mag-
netic vector at the point r(p, cfi, z) within a volume V, 
surrounded by a surface S (with outward directed 
normal n), and containing no charges or currents is 
given by Stratton 3 as 

H(r) =  f —i n X T(r' )1(;(r, r') — [fi X Ii(r'd 4r 

X VG(r, , r') — 0-1 • H(r') IVG(r, 
(7) 

where r' is a point on the surface S and G(r, r') is a 
Green's function satisfying the wave equation 

( 2 
k2)u(r, r') = — o(r — r'),  (8) 

in which o(r —r') is the three-dimensional Dirac delta 
function. The surface S is chosen as the plane z'= 0 and 
the hemisphere at infinity (r  co). It is also assumed 
that the fields existing at z'= 0 are excited by some 

2 J. A. Stratton, "Electromagnetic Theory," McGraw-Hill Book 1 1. A. Stratton, "Electromagnetic Theory," McGraw-Hill Book 
Co., Inc., New York, N. Y., p. 360; 10 41.  Co., Inc., New York, N. Y., p. 466; 1941. 
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ource at z <0. It is possible to choose the free-space 
reen's function so that 8G(r, r')/0.:'= 0, at z' = 0. 

1.2quation (7) then simplifies to 

1 
77(r) = - f I — jomot ri X F.V)1(;(r,  

4 3"  s ' 

! l'he appropriate (reen's function is 

1 e '' Ri  e-iklia [ 
r') =  - - - + — - . 

4r  R1 R2 

zchere 

R,  +  p"  — 2pp' cos (4) — 40') + —  

R2  

At z ' R1= R2 = R'. Also tor p>>p i, as is true in the 

far-zone field, 

(9) 

[ 
PP' Cos (4' — 

-.1̀-2,  41') R' -; N'pl + Z2 1 —  — --  -  -- -  . ( 1 1 ) 
p  2 +  Z?. 

Transforming to spherical co-ordinates by the relations 

p24-z2= R2 and R cos 4,=p. we find 

(a> — 4v), 01 
.r'" 

= - OLP' cos (4) — c6') cos O. (12) 
2s R 

Substituting (12) into (9) we find 

+ iCetue  "  f 

H o =  —  --
8r2R  fhp(p )e, o' cos (4) — ) cos 

Pt 

• COS (4) — 4)')13'dpid4)',  (13) 

where a and p' are the inner and outer radii of the corru-
gated surface, respectively. 
Integration with respect to ct.' in (13) and substitu-

tion of the explicit expression for F„(p') from (1) gives 

4TR 

I P1 

• 111 (2) 10P'1-11(ki cos d)p'dp'. 
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types of exciters shown can easily be inserted in the end 
of the coaxial feed line. The depth of the slots is tapered 
at the outer periphery of the antenna to make a gradual 
transition from the corrugated-surface mode to that 

existing over the ground plane. 
Theoretical and experimental values for the normal-

ized velocity of propagation of the surface wave along 
the antenna are shown in Fig. 3. It is seen that the ap-
proximate theory agrees only moderately well with the 
experimental results; but agreement is best when the 
number of corrugations per surface wavelength is 
largest (small kd), in agreement with the previous ex-

planation. 

105 

41/k 

Fig. 3—A comparison of theoretical and experimental surface-wave 
radial propagation velocity (which is proportional to #1k), versus 

(14) frequency (which is proportional to kd). 

Integration of (14) gives the magnetic component of the 
far-zone field as 

11 o = 
— iw O he got—  kit) 

EX- — k2 cos2 014wR 

• I kpi cos Of/1(2) 43131th [kpi cos 0] 

— OPIllo")[13Pdfitkpi cos oi 

— ka cos 0111(2) [fla110[ka cos 0] 

fla110(2)Eflatli[ka cos 0]) . (15) 

EXPERIMENTAL RESULTS 

An annular corrugated-surface antenna has been 
constructed to operate in the 4-cm wavelength region, 
and has the dimensions shown in Fig. 1. The various 

The curve labeled (i3— k)(pi —a) =r represents the 
optimum gain condition for a uniformly illuminated 
end-fire antenna. This condition is also very close to the 
optimum gain condition for exponentially illuminated 
surfaces, and, hence, has been used as a design criterion 
for the annular-corrugated antenna. This curve inter-
sects the experimental phase-velocity curve at 13= 1.595. 
The measured amplitude of the tangential electric 

field of the surface wave is shown as a function of the 
radial distance in Fig. 4. The theoretical variation of 
tangential electric field, labeled I H1(2)(1.595)1 , is shown 
for comparison. There is a marked discontinuity in the 
measured amplitude of the surface wave over the region 
of tapered slot depth, and a corresponding small stand-
ing wave is superimposed on the outward traveling 
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Fig. 4—A comparison of the theoretical and experimental r.i,1 i.t I tangential field along the annular corrugated 

4 

surface wave. The cone and cylinder exciters were found 
to start the surface wave with equal efficiency, while 
the top-loaded cylinder excited the surface wave only 
weakly. 

The measured amplitude of tangential electric field 
over the exciter is very low, so that the tacit assumption 
of zero field, made in the analysis of the far-zone pat-
tern, is well approximated. 

The theoretical far-zone pattern of the antenna im-
mersed in an infinite ground plane for 4.24-cm wave-
length operation is shown in Fig. 5. Fig. 6 shows the 
measured radiation pattern of the antenna, immersed in 
a 10-inch ground plane and driven by a cone exciter at 
4.24-cm wavelength. The agreement between the calcu-
lated and measured patterns is quite good, except that 
the main lobe of the experimental pattern appears about 
5 degrees farther above the surface than that of the 

40° 

surface. 

June1 

theoretical pattern. This vattern tilt is characteristic 
of antennas operating in finite ground planes. 
The upper operating frequency limit of this type 

of antenna is determined  by the condition that 
(13 — k)(pi—a)'. 27r-, at which point the gain is very low. 
The lower frequency limit is set by the condition that 
the radius of the antenna is on the order of two free-
space wavelengths, when the gain is again low. 

CONCLUSION 

The theoretical analysis of the annular corrugated-
surface antenna has been shown to predict the be-
havior of the antenna quite faithfully. This type of 
antenna should find application in the microwave fre-
quency spectrum as a beacon antenna where an antenna 
having a low silhouette is important. 

50° 60°  70° 80° 90° 

.6  8 
.4  .2 

80° 70°  60°  500 40° 

4 

Fig. 5—Theoretical field pattern of the annular corrugated-surface antenna immersed in an infinite ground plane, 
operating at a wavelength of 4.24 cm. 

E• 
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operating at a wavelength of 4.24 cm. 
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20* 

10' 

-10° 

-20* 

The Synthesis of RC Networks to Have Pre-
scribed Transfer Functions* 

H. J. ORCHARD 

Ernst A. Guillemin:' The procedure given by Mr. 
o )rchard is precisely that contained in my M.I.T. Radia-
1 ion Laboratory Report No. 43 of 10/11/44 to which 
Messrs. J. L. Bower and P. F. Ordung2 refer in their 
paper. This report contains the method given in Mr. 
Orchard's paper, discussed for both an impedance and 
an admittance basis, together with methods for develop-
i ing the resultant lattice into an unbalanced form (similar 
to those in the Bower-Ordung paper), and a discussion 
of factors upon which the resultant gain depends. 
Since vacuum tubes need to be associated with RC 

networks in order to overcome the effect of loss, it is 
very desirable that the design be convertible to an un-
balanced form such as a ladder, or parallel ladders, or 
ladders with bridged elements, etc. Such a develop-
i ment of the lattice is further desirable since experience 
i indicates that the element tolerances in many lattice de-
s signs are extremely small and that this situation is less 
severe in the ladder forms. Since the lattice design 

* PROC. I.R.E., vol. 39, pp. 428-432; April, 1951. 
1 Massachusetts Institute of Technology, Cambridge, Mass. 
2 J. L. Bower and P. F. Ordung, "The synthesis of resistor-capacitor 

networks," PROC. I.R.E., pp. 263-269; March, 1950. (See footnote2 
on p. 264). 

cannot in all cases be developed in this manner, the pro-
cedure given in the R. L. Report 43 was regarded as 
being of limited interest and its wider publication did 
not seem advisable, especially in view of the method 
developed subsequently, which always leads to an un-
balanced structure.' Its restriction (in general) to mini-
mum-phase networks appears to be relatively minor 
since one would scarcely use RC-networks for this pur-
pose (because of their inherent loss) except in rather 
unusual circumstances. 

H. J. Orchard:, I am indebted to Professor Guillemin 
for drawing my attention to the Radiation Laboratory 
Report on RC-coupling networks. Undoubtedly our 
methods of deriving basic lattice are identical, but, 
nevertheless, I feel there remains a certain difference in 
point of view. Realizing that the RC-network will 
normally require some associated amplification Profes-
sor Guillemin is primarily concerned with providing a 
network to operate between vacuum tubes and so can 
employ, if necessary, sources and loads with zero or 

3 Synthesis of RC-networks, Jour. of Math. and Physics, vol. 28, 
no. I, p. 22; April 1949. 

4 British Post Office Research Branch, London, England. 
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infinite impedance. On the other hand, I find it fre-
quently specified that the amplification must be placed 
at some point in the circuit remote from the network, 
which is then required to operate between resistive 
terminations. In these circumstances it is important to 
know that such terminations can always be "found" in 
the network, and this was really the main point of my 
paper. An insertion loss theory for passive transmis-
sion networks, in its general form, should surely demand 
that the prescribed insertion loss function be provided 
by the network between finite non-zero terminations. 
Any procedure which relaxes these termination require-
ments may be an excellent practical expedient but it 
nevertheless evades the theoretical question. An anal-
ogous situation exists in the LC case where the design 
of a network to work from a resistive generator into an 
open-circuit or short-circuit load is considerably simpler 
than a design involving resistive terminations at both 
ends. No practicing engineer, I think, would deny that 
though the open-circuit filter may save him design time 
it is a much more awkward proposition to use. 
I must admit that the lattice structure I proposed 

has many practical disadvantages. However, as an 
RC ladder network is only possible when the poles of 
loss occur at negative real values of p = iw (a rather re-
stricted case) one must compare the lattice with some 
network such as that proposed by Professor Guillemin, 
i.e. a parallel connection of ladders. The only advantage 
of the latter is that it is unbalanced. I contend that it is 
just as difficult to adjust because the poles of loss are, 
in both cases, produced by a complicated compensating 
process; either the signals through the two lattice arms. 
or else the sum of all the signals through the individual 
ladders must cancel in the output at the pole frequen-
cies. In the one case we ask stability of impedance for 
each arm, in the other, stability of transfer function 
for each ladder. The ideal would appear to be a tandem 
connection of, perhaps, simple parallel T networks, each 
producing one conjugate pair of poles of loss, analogous 
to the canonical tandem sections given by Darlington 
and others for LC networks. Unfortunately no design 
method yet exists but it might be a good research field. 
Finally, I would like to mention that the extension 

to non-minimum phase circuits permits the construc-
tion of RC all-pass networks with real poles and zeros. 
Such networks are almost ideal for the pairs of very 
wide-band phase-splitting networks required for single 
sideband modulators etc. Examples which have been 
constructed have been entirely satisfactory and the flat 
loss was no more than 15 or 20 db. 

Ernst A. Guillemin: There is, I believe, even less differ-
ence between our viewpoints than Mr. Orchard's reply 
indicates, inasmuch as my Radiation Laboratory re-
port (article 6) referred to goes into considerable detail 
regarding possible ladder developments of the lattice 
and, in connection with the discussion of the zero-fre-

quency response, shows that a shunt resistance is al 
ways removable at the terminations and that it is th 
value of this shunt resistance which significantly con 
trols the zero-frequency loss of the resulting structure. 
This argument is carried through on both an impedance 
and an admittance basis with coinciding results. 
With regard to the production of zeros of transmission 

(or poles of loss) our experience (which admittedly is 
somewhat limited) has shown that it is easier to obtain 
stability of transfer impedances than that of driving-
point impedances. Stated in another way, we have had 
no difficulty in obtaining zeros of transmission with 
parallel ladder configurations, but have had great diffi-
culty in realizing the same designs in the lattice form. 
It is quite possible that the unbalanced character of 
the parallel ladders was a significant factor in these 
comparisons. I am quite willing to admit that our ex-
perience in this regard is far from sufficient to permit 
general conclusions to be drawn. 

Regarding the complexity of the paralleled ladder 
configuration, some recent studies indicate that one 
may in the most unfavorable situation be able to realize 
a given transfer function with not more than thr e paral-
lel ladders. I admit that the chief motivation leading to 
this parallel ladder synthesis scheme lay in the desire 
to obtain an unbalanced structure. But this specifica-
tion is so prevalent in practical situations (and was at 
the time this investigation was done) that little prac-
tical value was attached to the lattice procedure, as 
stated in my original letter. 
Mr. Orchard is quite right in pointing out that a 

method of RC synthesis is needed that yields a cascade 
connection of component two terminal-pairs which in-
dividually place the zeros of transmission in evidence. 
An investigation of the possibilities of such a procedure 
is in progress in our network group. 

H. J. Orchard: My previous letter, I trust, did not give 
the imptession that, as far as a practical structure is con-
cerned, I would prefer the lattice to a parallel connection 
of ladders. Assuming one is prepared to accept the 
limitations on transfer function (minimum-phase is suffi-
cient although not necessary) and one has a design 
method which permits resistance terminations at both 
ends then the paralleled ladder is undoubtedly much 
superior. The suggestion that, in general, no more than 
three ladders are necessary is interesting; does this imply 

that an arbitrary Hurwitz polynomial can be expressed 
as the sum of at most, three polynomials with real non-
positive roots? 

One method of design which has done Trojan service 
in connection with LC filters, and which now seems 
unfashionable, is the image-parameter theory; it is pos-
sible that this might be adapted to permit two-terminal 
pairs comprising, for example, the familiar twin-T null 
circuit, to be cascaded under matched conditions to 
give the arrangement we both consider desit able. 
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member of the Acoustical Society of Amer-
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Lester M. Field (S'39-M'48-F'52) was 
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F. J. Kerr (A'43-SM'49) was born in 
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He received the B.Sc. degree from the Uni-

versity of Melbourne 
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gree in 1943. 
Mr. Linvill joined 

the electrical engi-
neering  staff  of 
M.I.T. in 1943, con-
tinuing as a graduate 
student. In 1949 he 
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J. B. M CCANDLESS 
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Since 1937 he has been associated with the 
mathematics department of Case Institute 

of Technology where he is now professor of 
mathematics. 
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Dr. Rinehart is a member of Sigma Xi, 

the American Mathematical Society, and 
the Mathematical Association of America. 
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fields of solid state 
devices and vacuum 
and  gaseous  elec-
tronics. 
Mr. Webster is all 

associate member of 
the I.R.E. 

W M. WEBSTER 

A Link Between Information and 
Energy* 

With the advent of the transistor and its 
striking ability to operate on low-power, it is 
pertinent to inquire what are the ultimate 
limits upon low power operation of switching 
systems, computers, and other communica-
tion machinery. 
Mr. C. E. Shannon has derived the re-

lationship for the capacity of an information 
channel 

C = W log2 (1 + )  (1) 
N 

where 

C=maximum number of binary bits of 
information that can be transmitted 
per second 

W= bandwidth of channel in cps 
P =average signal power 
N=average noise power assumed to be 

thermal or "white." 

• Received by the Institute. February IS. 1952. 

Regarding (1), we see that the higher the 
signal power P the greater the information 
rate C. One may ask, "At what signal level 
should we transmit in order to maximize 
C/P (the information rate per unit of signal 
power)?" 
From (1) 

C 
— — log2 (1 4- P/N).  (2) 
P  P 

Taking the derivative of (2) with respect to 
P and setting it to zero, it is found that an 
upper bound to C/P is approached as 

y 

and therefore the upper bound is given by 

=  6 10_2 c 
kP Jut, N   

One may inquire as to the upper bound 
to WIN. In a circuit of bandwidth W, the 
minimum available noise power will be the 
thermal noise power 

(3) 

Li 

—  (4) 
4.1? 

where 

k= Boltzmann's constant =1.374 X 10-2' 
joule per °K 

T = absolute temperature. 

From this we have the relationship below as 
the upper bound to WIN 

_117 1 

kN kT 

and (5) in (3) gives 

C 

1()g2  c' 

(5) 

(6) 

from which we can conclude that, with an 
available signal power P, the upper bound 
to the number of binary bits per second 
that can be transmitted is given by 

Cu. —  10 g2 e  (7) 
kT 

a 
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:orrespondence 
Ind that the lower bound to the signal power 
equired to transmit C is 

Plb = CkT log, 2. (8) 

ts an example of the use of these equations, 
1 ssume that we wish to transmit 104 bits of 
iformation per second (at 300°K). 
Equation (8) says that the signal power 

an never be less 2.85 X10-1° watts. Simi-
irly, a repeater that is to pass information 
t a rate of 10° bits per second must cer-
ainly have a battery drain of more than 
e'.85 X10-1° watts. 
A useful figure of merit (having a maxi-

num value of one) can be computed for corn-
nunication devices.  Suppose an n-p-n 
. ransistor regenerative amplifier could be 
lesigned to respond to information at a rate 
if 10° bits per second and required only 1 
.nicrowatt of battery power. Its figure of 
nerit would be 2.85 X 10-e. This shows that 
n the design of switching systems and corn-
niters, we have a long way to go before we 
-each the fundamental floor under which 
we cannot operate. 
C times time gives bits and P times time 

gives energy. Multiplying (8) by one second, 
we find that at 300°K, one binary bit of 
nformation will always cost more than 
2.85 X10 -21  joules. 
Mr. J. R. Pierce has informed the writer 

that it is possible to derive the same rela-
tionship between energy and information by 
irguments based on the energy available 
from the exploitation of information as to 
which half of an otherwise empty box con-
tain-, a single gas molecule. 

J. H. FELKER 
Bell Telephone Laboratories, Inc. 

Whippany, N. J. 

A Note on Booker's Extension of 
Babinet's Principle' 

Some differences exist in the literature 
t, 'day as to the proper interpretation of 
Kibinet's Principle extended to apply to 
,ilierent waves. A few words of clarification 
,Hild seem in order. 
Consider an antenna source P to the left 

of a perfectly conducting, indefinitely thin, 
infinite plane screen S (Fig. 1(a)). S con-
tains an aggregate of holes of arbitrary 
shape and position. The total field to the 

right of S is (E  +El; , 17;=/10-FHI.), 

where (T:, ) is the field due to the source 

P, and (R41., Hi.) is the field due to the 
sources induced in the conducting portions 
of .5. 
Next, replace P by another source l" 

and replace S by its complementary screen 
C (Fig. 1(b)). On C the conducting and open 
regions of S have been interchanged. The 

total field to the right of C is (-E-:.• E9* 
--) 
//,...//u• +Hi), where (Eo*, Ho') is the field 

caused by the source I" and (E-1°,, /7-7.) is the 
field resulting from the sources induced in 
the conducting portions of C. 

Received by the Institute. June 25, 1951. 
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c 

(b) 

Fig. 1(a) and (b)—Both screens are infinite in extent. 
The dotted regions represent conductor. 

—)  —) 
If P'' is chosen so that Ho* = E.', it can 

be shown' 3 that 

so that 

- 10 

H. = — El.,  E. = — 

E. + II.= Eo. 

(1) 

(2) 

Equation (2) is an accurate statement of 
Babinet's Principle. 

If  rand II, are collinear at every point, 
(2) can be written as a scalar equation and 
divided by E. to give 

E.  II. 
-„— = I. G O G  O 

(3) 

and since I" has been chosen so that 

1 Mathematically, this may be achieved as follows: 
Replace all of the sources in P by their equivalent 
magnetic currents and charges, thus creating a 
fictitious antenna I" which has exactly the same elec-
tromagnetic field as P. Then, at every point in P', re-
place the magnetic current by an electric current 
equal to it in magnitude and direction but reversed in 
time phase. This will be the system Ps which will in-

-4 — 
sure the equality E. — k17? 0. where k equals 1 ohm 
and, for simplicity, has been deleted from the expres-
sions above. 

2 L. G. Huxley, 'A Survey of the Principles and 
Practice of Wave Guides," Cambridge University 
Nesse, Cambridge. England; 1947. 

E. T. Copson, 'An integral equation method of 
solving plane diffraction problems," Proc. Roy. 
186A., p. 1.10; 1946, 

Ho- ̀ =E., (3) can alternatively be expressed 
as 

E.  H.  
= I. (1) 

E0 

The prorated diffracted fields may be de-
fined by 

E. 

E. 
U2= 

Ho' 

H, 

to obtain Booker's extension' of Babinet's 
Principle, 

+ U2 = 1.  (5) 

This is a scalar relationship which is only 
—) 

valid if E. and H. are everywhere collinear. 
But this condition is met only by a restricted 
class of apertures. A simple case will serve 
to illustrate this point. In Fig. 2 a horizontal 
dipole is shown exciting an infinite conduct-
ing screen which has an inclined rectangular 
slot cut in it. To the right of the screen, 
—)  —) 
E. is horizontally polarized but El. is not. 

Since ./;=E0-1-Ei., it follows that E. and E. 
are not collinear for this case; hence, from 

, 
(2) E. and H, are not collinear. 

=44 

• Es Ills 

Thus the scalar relation (5) is not gen-
erally applicable. Indeed, it only applies for 
slots which have symmetry about the 
polarization axis of the primary source P. 
The vector formulation is the one most 

generally suitable, and the mathematical 
statement of Babinet's Principle should he 

+ = r.o  (2) 

valid for thin, perfectly conducting, infinite, 
plane complementary screens excited by con-
jugate sources. 

R. S. ELLIOTT 
Electrical Engineering Department 

University of Illinois 
Urbana, Ill. 

.11. G. Booker, *Slot aerials and their relation to 
complementary wire aerials,' Jour. IRE (London), 
vol. 93, pt. IIIA; April. 1946. 
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Institute News and Radio Notes 
IRE WESTERN CONVENTION 
PLANS PROGRESS 

The 1952 IRE Western Convention and 
Electronics Show will be held at the Munici-
pal Auditorium, in Long Beach, Calif., 
August 27-29. 
The Technical Program Committee is 

relying to an unprecedented extent upon 
participation by  the  IRE Professional 
Groups in procuring papers and arranging 
sessions. Eleven Professional Groups have 
committed themselves to arranging a mini-
mum of 16 technical sessions in their special 
fields. These Groups and their local repre-
sentatives are as follows: Airborne Elec-
tronics, G. M. Greene; Antennas and Propa-
gation, L. C. Van Atta; Audio, J. K. Hil-
liard; Broadcast and Television Receivers, 
H. E. Rice; Broadcast Transmission Sys-
tems, P. G. Caldwell; Circuit Theory, W. R. 
Abbott; Electron Devices, H. Q. North; 
Electronic Computers, H. E. Huskey; In-
formation Theory, A. S. Fulton; Instrumen-
tation, W. D. Hershberger; Radio Telemetry 
and Remote Control, F. W. Lehan. Members 
of these Professional Groups are urged to 
submit papers and to attend the Conven-
tion. 
The Convention will be of interest to all 

IRE Members both for the extensive tech-
nical program and for the larger West Coast 
Electronic Manufacturers Association Show. 

TECHNICAL COMMITTEE NOTES 

The Standards Committee met under the 
Chairmanship of A. G. Jensen on March 20. 
The Chairman proposed that H. E. Roys be 
appointed IRE Representative on ASA Z57, 
with A. W. Friend as alternate, and the 
Committee approved the appointment. The 
Committee discussed a proposal of the In-
dustrial Electronics Committee to establish 
a joint Committee on Magnetic Amplifiers. 
John DaIke said that the AIEE Committee 
on Magnetic Amplifiers has agreed to the 
formation of such a joint committee provid-
ing it could be set up within the IRE struc-
ture. The Standards Committee voted to re-
quest the Executive Committee for approval 
of the formation of a joint AIEE-IRE Com-
mittee on Magnetic Amplifiers, the IRE 
members of which would constitute a sub-
committee of theStandards Committee. Am-
plifying his previous comments on the rela-
tionship between CCIR and the IRE which 
were made at the last meeting of the Stand-
ards Committee, Chairman Jensen told the 
Committee of four new programs which have 
been initiated by CCIR Study Group 14 
(vocabulary), of which he is chairman. These 
are: (a) the study of feasibility of adopting 
the international decimal classification sys-
tem, (b) to provide a suitable vocabulary for 
use in IRE and CCIR documents, (c) the 
consideration of the extension of interna-
tional frequency designations, and (d) the 
question of adopting a rationalized mks 
system in connection with all CCIR work. 
The Committee then turned its attention to 
a further consideration of the "Proposed 
Standards on 'Receivers: Definitions of 

Terms," as revised by the Task Group on 
Receiver Definitions. The Committee will 
continue discussion of these definitions. 
Under the Chairmanship of C. II. Page, 

the Circuits Committee met on March 21. A 
number of active circuit definitions, submit-
ted by Subcommittee 4.9, were agreed upon. 
The Electronic Computers Committee 

met on February 25. Robert Serrell took the 
chair in the absence of Nathaniel Rochester. 
It was proposed that a second subco llllll it tee 
on definitions be established in the East to 
co-ordinate the work of the Eastern groups 
with that of \V. H. Ware's Committee, now 
active on the West Coast. It was moved that 
a subcommittee be established by the Chair-
man to carry out such work in computer def-
initions, and a Chairman will be named for 
this new subcommittee in the near future. 
The Committee discussed a proposal to es-
tablish a group to handle static-storage ele-
ments and such technical problems as arise 
in the development of these devices. Mr. 
Sands (guest) explained how an informal 
group had grown out of discussions which 
took place at the recent A IEE winter meet-
ing. Detailed information was given on the 
plans of this informal group concerning the 
standardization of terminology, test meth-
ods, the establishment of adequate elec-
tronic circuitry, and means of interchanging 
information. Acting on a suggestion of the 
Chairman, it was felt that a Subcommittee 
of the Electronic Computers Committee 
should be set up to sponsor this informal 
group and facilitate its task within the frame-
work provided by the main Committee. It 
was then moved that the proposed subcom-
mittee be named "Subcommittee on Static 
Storage Elements." Mr. Serrell informed 
those present that Mr. Rochester had named 
J. A. Rajchman as Chairman of the new sub-
committee. 
The Navigation Aids Committee con-

vened on March 7, under the Chairmanship 
of P. C. Sandretto. Consideration was given 
to a letter from NI. W. Baldwin, Vice Chair-
man of the Standards Committee and Defi-
nitions Co-ordinator, regarding the publish-
ing of the "terms" which the Committee 
now has ready. General Sandretto asked to 
defer decision on this matter. Harry Davis, 
who is compiling a list of radar terms, was 
asked to check his list against the Master 
Index of IRE Definitions. If the resulting 
radar list does not exceed 100 terms, the 
Navigation Aids Committee will postpone 
publication of the list of ternis already re-
viewed until the new list has been consid-
ered. However, if the list contains more than 
100 new terms, the committee will recom-
mend to the Standards Committee that the 
completed list be published. 
On March 7, the Receivers Committee 

convened under the Chairmanship of Jack 
Avins. The supplement to IRE Standard 51 
IRE 17.S1 "Open Field Method of Measure-
ment of Spurious Radiation from FM and 
TV Receivers," was presented for approval. 
The Committee approved the supplement 
which will be submitted to the Standards 
Committee. The Chairman reported on the 
extended scope of the Committee. K. Jarvis, 

Chairman of the Single Sideband Receivers 
Subcommittee reported that the problem of 
co-ordination between receiver and trans-
mitter groups was yet to be solved. The 
Subcommittee is being kept intact pending 
co-ordination. R. F. Shea, Chairman of the 
Spurious Radiation Subcommittee, reported 
that progress is being made on the Standard 
for sweep radiation measurement which is 
now in preliminary form. Consideration is 
being given to measurements in the uhf 
range. There was unanimous approval on re-
vising the 1948 Standard on Methods of 
Testing TV Receivers to bring the proce-
dures into agreement with current practice 
and to produce an integrated Standard to 
replace the current Standard which includes 
a supplement for intercarrier sound receiv-
ers. The Chairman will activate a subcom-
mittee to work on this revision. A vote of 
commendation was given to I. E. Lempert 
for his review of the current Standard and 
the suggestion of much needed change,. 
Under the Chairmanship of W. M. I', 

the Servo-Systems Commit tee met on  
25. Plans were discussed for a techt• 
meeting to promote interest in the form 
of a Professional Group on Feedback 
trol Systems. Arrangements for a sectional 
meeting will be discussed with the Boston 
Section Chairman. The draft of report, 
"Present Status of ASA Committee Y10.14 
Activities," was reviewed and modified. 
The Symbols Committee convened (c,, 

March 28, under the Chairmanship of A. C 
Clavier. The Chairman called on C. 1) 
Mitchell, Chairman of the Task Group on 
Graphical Symbols for Semiconductors, for 
a report on the work in his group. \V. 13. 
Callaway, Chairman of the Task Group on 
Symbols for Functional Operations of Con-
trol, Computing, and Switching Equipment , 
gave a report on the present status of work 
in his group. A report by A. F. Pomeroy on 
the status of ASA standards for Graphical 
Symbols was given. 

Calendar of 

COMING EVENTS 
Conference on Semiconductor Devi( 
Research, Univ. of Ill., Urbana 
Ill., June 19-20. 

AIEE-IRE Telemetering Conference. 
Los Angeles, Calif., August 26-27 

1952 IRE Western Convention, Mu-
nicipal Auditorium, Long Beach, 
Calif., August 27-29 

Cedar Rapids IRE Technical Confer-
ence, Roosevelt Hotel, Cedar 
Rapids, Iowa, September 20 

Nat ional  Electronics  Conferen.. , 
Sherman  Hotel,  Chicago,  111 , 
September 29-October 1 

IRE-RTMA Radio Fall  Meeting, 
Syracuse, N. Y., October 20-22 

1953 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand 
Central Palace, New York, N. Y., 
March 23-26 
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Professional Group News 

The paper "Measuring Tech-
niques for Broad-Band Long-Distance 
Radio Relay Systems," by W. J. 
Albersheim, which appeared on pages 
548-551, of the May, 1952 issue of 
the PROCEEDINGS, was published 
with the approval of the IRE Profes-
sional Group on Instrumentation. 

AIRBORNE ELECTRONICS 

"[he Group's Airborne Electronics Con-
ference held in Dayton, Ohio, May 12-14, 
was a huge success. The first issue of the Air-
borne Electronics Group's NEWSLETTER, 
containing 50 pages and issued to the mem-
bers, was distributed to those attending the 
Dayton Conference. The TRANSACTIONS 
(PGAE-3) has been mailed to the Group 
members. 
A Los Angeles Chapter of the Airborne 

.Electronics Group has been formed, and 
plans are being organized for a Chicago 
Chapter. 

ANTENNAS AND PROPAGATION 

The Group on Antennas and Propaga-
tion sponsored the Spring Meeting of URSI, 
at the National Bureau of Standards, Wash-
ington, D. C., April 21-24. The Group plans 
to sponsor the 1953 Conference on Radio-
Meteorology in Austin, Tex. The publica-
tion of four TRANSACTIONS by the Group is 
planned for each year. 
L. C. Van Atta has been appointed rep-

resentative of this Group to the Sections in 
the Southern California area. 

AUDIO 
- The TRANSACTIONS (PGA-7) was mailed 
to members of the Audio Group in May. It is 
planned to publish PGA TRANSACTIONS 
, every second month. 

The Boston and Cincinnati Chapters of 
r the Audio Group are holding well-attended 
i monthly meetings; excellent papers are be-
ing presented. At the Group meeting in the 
Cincinnati Section, W. E. Stewart, of RCA, 
. Camden, N. J., presented a paper entitled, 
I "High Fidelity Design Factors." 

, BROADCAST AND TELEVISION RECEIVERS 

The contents of the round table discus-
! sion held during the IRE 1952 National Con-
I vention will be published as the first TRANS-1 ACTIONS of the Broadcast and Television 
Receivers Group. 
I Sessions were sponsored by this Group at 
the IRE Cincinnati Section Spring Techni-
cal Conference, and the 4th Southwestern 
IRE Conference and Radio Engineering 
Show held in Houston, Tex. 
H. E. R ice, session organizer, reports that 

five papers have been obtained for the 
Group's session at the IRE Western Con-
vention. Papers for the I RE/RTMA Fall 
Meeting in Syracuse, October 20-22, are also 
being solicited. 

BROADCAST TRANSMISSION SYSTEMS 
The Administrative Committee of the 

Broadcast Transmission Systems Group has 
selected a list of nominees to be submitted to 
the membership for election to a three-year 

term. Lewis Winner has been reelected 
Chairman of the Group. 
A capacity audience registered for the 

Group's morning and afternoon sessions at 
the IRE 1952 National Convention, held in 
the Blue Room of Grand Central Palace. 
During  the Administrative  Committee 
meeting at the Convention, held in conjunc-
tion with a dinner and cocktail party, the 
1952 program was discussed, and the Chair-
man announced that a two-day exhibit and 
technical conference would probably be held 
in the early Fall. 
The Group Chairman attended the final 

meeting for the season of the Boston Chap-
ter of Broadcast Transmission Systems. 
Problems were discussed as well as future 
programs for TRANSACTIONS, NEWSLETTERS, 
and meetings. It was announced during the 
meeting that the following members would 
serve as 1952 officers of the Boston chapter: 
P. K. Baldwin, Station WHDH, Chairman; 
S. V. Stadig, Station WBZ-TV, Vice Chair-
man; and Hollis Gray, Station WHDH, Sec-
retary-Treasurer. The meeting featured a 
talk by Ralph Harmon, Engineering Mana-
ger of Westinghouse Radio Stations, on 
"Variables Affection Coverage in Vhf and 
Uhf Television." The sessions were con-
ducted in the auditorium studio of station 
WBZ-TV. 

COMMUNICATIONS 

The IRE Executive Committee has ap-
proved the new Professional Group on Com-
munications. Members of the Group's Ad-
ministrative Committee are: G. T. Royden 
(Chairman), J. J. Callahan, Andre Clavier, 
I. S. Coggeshall, J. N. Craver, M. G. Crosby, 
D. D. Donald, E. E. Eldredge, W. G. H. 
Finch, John Hesse!, A. A. Kunze, G. M. 
Neely, A. C. Peterson, Jr., D. S. Rau, W. B 
Sullinger, and D. C. Traf ton. 
This Group will sponsor a Symposium at 

the Mackay Radio Transmitting Station, 
Brentwood, L. I., N. Y., on June 21, 1952. 
Those interested should write to G. T. • 
Royden, Chairman, Mackay Radio and 
Telegraph Co., 67 Broad Street, New York, 
N. Y., for details. 

ELECTRONIC COMPUTERS 

A successful Electronic Computer Sym-
posium entitled, "Engineering Tomorrow's 
Computers," was held at the University of 
California in Los Angeles, April 30—May 1, 
1952. The Group is now making plans for a 
joint IRE/AIEE conference for December 
1-3, 1952, in New York, N. Y. 
The Group on Electronic Computers has 

appointed the following committees: Mem-
bership and Finance Committee, J. R. 
Weiner, Chairman; Meetings and Conven-
tions Committee, C. V. L. Smith, Chairman; 
and Papers Study and Procurement Com-
mittee, J. H. Felker, Chairman. 

ELECTRON DEVICES 

The Group on Electron Devices plans to 
sponsor a technical session at the IRE/ 
RTMA Fall Meeting in Syracuse, October 
22, 1952. • 
Consideration is being given to the form-

ing of chapters of the Electron Devices 
Group in Philadelphia, Princeton, and other 
interested areas 

ENGINEERING MANAGEMENT 

An interested group of IRE members 
who have held sessions on engineering man-
agement at Section meetings is considering 
an Engineering Management Chapter in Los 
Angeles, Calif. 

INDUSTRIAL ELECTRONICS 

The Industrial Electronics Group held a 
successful symposium on "Electronics and 
Machines" in Chicago, May 22-23, 1952. 

INFORMATION THEORY 

A. S. Hughes of the Los Angeles Chapter 
on Information Theory has been appointed 
to organize the session at the IRE West 
Coast Convention. 

(Continued on page 732) 

TRANSACTIONS OF IRE PROFESSIONAL GROUPS 
The following issues of TRANSACTIONS were recently published by IRE Pro-

fessional Groups and additional copies are available from the Institute of 
Radio Engineers, Inc., 1 East 79 Street, New York 21, N.Y., at the prices listed 
below. 
A list of previously published issues appeared in the March and May, 1952 

issues of PROCEEDINGS. 

Sponsoring 
Group Publication 

Group  IRE  Non-
Members Members members* 

Audio 

Airborne 
Electronics 

Instrumentation 

PGA-7; Editorials, technical pa-
pers, and news (48 pages) 
PGAE-3; Symposium on the In-
tegration of Electronic Equip-
ment with Air-Frame Design (28 
pages) 
PGI-1; Symposium on Subaudio 
Instrumentation (104 pages) 

$ .90  $1.35  $2.70 

$ .85  $1.25  $2.50 

$1.10  $1.65  $3.30 

Public libraries and colleges can purchase copies at IRE Member rates. 
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Contributors to Proceedings of the I.R.E. 
NI. C. Pease (M'47-SN1'51) was born in 

New York, N. Y., in 1920. He received the 
B.S. degree in chemistry from Yale Universit y 

in  1940  and  the 
M.A. degree in phys-
ical chemistry front 
Princeton University 
in 1943. He worked 
at the Radio Research 
Laboratory at Har-
vard University (a 
war laboratory for 
the development of 
countermeasures for 
radar), where he was 
principally concerned 
with the 1-kw series 

of cw magnetrons. In 1945 he left this posi-
tion to accept a commission in the U. S. 
Navy as a radar officer. 
After his discharge from the Navy, Mr. 

Pease joined the Electronics Division of 
Sylvania Electric Products, Inc. Initially he 
was concerned with various theoretical prob-
lems, largely in the field of microwave net-
works. He is now manager of Tube-Develop-
ment Engineering, and has charge of the 
levelopment of magnetrons, gas switch 
tubes, thyratrons, strobotrons, and the like. 

R. F. Rinehart was born in Springfield, 
Ohio, on May 31, 1907. He received the A.B. 
degree from 1,Vittenberg College in 1930, and 
the M.A. and Ph.D. degrees in mathematics 
from Ohio State University in 1932 and 
1934. He taught mathematics at Ashland 
College, Ashland, Ohio, from 1934 to 1937. 
Since 1937 he has been associated with the 
mathematics department of Case Institute 

M. C. PEASE 

of Technology where he is now professor of 
mathematics. 
From 1942 to 1945 Dr. Rinehart tt.r. 

a member of the 
Operations Research 
Group of the U. S. 
Navy,  engaged  in 
analyses of naval tac-
tics and strategy in 
subsurface  warfare. 
I le was awarded the 
Medal of Freedom 
for his work in anti-
submarine warfare in 
the Caribbean Sea 
Frontier,  and  the 
Medal for Merit for 

achievements in submarine warfare in the 
Pacific. 
From 1948 to 1950 Dr. Rinehart served 

with the Research and Development Board 
of the Department of Defense, first as direc-
tor of the Planning Division, and subse-
quently as executive secretary. He was also 
the acting chairman of that Board for five 
months following Dr. K. T. Compton's resig-
nation. 
Dr. Rinehart is a member of Sigma Xi, 

the American Mathematical Society, and 
the Mathematical Association of America. 

For a photograph and biography of S. T. 
SMITH, see page 359 of the March, 1952, 
issue of the PROCEEDINGS OF THE I.R.E. 

Ping King Tien was born in Checkiang, 
China, on August 2, 1919. He received the 
B.S. degree in electrical engineering from 

Correspondence 

R. F. RINEHART PING KING TIEN 

thr N.Iti,ou.11 Central University of China. 
ill 1912, and from Stanford University 

1I.S. degree in 1948 and the Ph.D, de-
gree in 1951. 
Dr. Tien was an 

engineer at the Tien-
Sun Industrial Con 
patty, Shanghai, 
China, from 1942 to 
1947, and was a re-
search assistant at 
Stanford University 
from 1949 to 1951. 
At present he is a re-
search associate iii 
the Electronics R(• 
search Laboratory ()I 

Stanford University, where he is engaged in 
microwave-tribe research. 
Dr. Tien is a member of Sigma Xi. 

NI. Webster (.1'48) was born ii 
Warsaw, N. V., in 1925. He studied physics 
at Rensselaer Polytechnic Institute, and at 

Union College as a 
Navy %'-12 student. 
He received a B.S. 
degree in ph and 
joined the RUA lab-
oratories  I1ivi,ion, 
Princeton, N. J. He 
has worked in the 
fields of solid state 
devices and vacuum 
and  gaseous elec-
tronics. 
Nlr. ‘Vebster is an 

associate member of 
the I.R.E. 

W NI. WFitsm:a 

A Link Between Information and 
Energy* 

With the advent of the transistor and its 
striking ability to operate on low-power, it is 
pertinent to inquire what are the ultimate 
limits upon low power operation of switching 
systems, computers, and other communica-
tion machinery. 
Mr. C. E. Shannon has derived the re-

lationship for the capacity of an information 
channel 

C IV log2 (I  —P ) 

where 

C=maximum number of binary bits of 
information that can be transmitted 
per second 

W= bandwidth of channel in cps 
P -= average signal power 
N=average noise power assumed to be 

thermal or "white." 

• Received by the Institute. February IS. 1952. 

Regarding (1), we see that the higher the 
signal power P the greater the information 
rate C. One may ask, "At what signal level 
should we transmit in order to maximize 
C/P (the information rate per unit of signal 
power)?" 
From (I) 

11, 
= —log (1 + P/N), 

P P (2) 

Taking the derivative of (2) with respect to 
P and setting it to zero, it is found that an 
upper bound to C/P is approached as 

— 0, 

and therefore the upper bound is given by 

(—C )  —W  logt e. (3) 
P  N 

One may inquire as to the upper bound 
to WIN. In a circuit of bandwidth 117, the 
minimum available noise power will be the 
thermal noise power 

E' 
.1' = kr11 - 4 

where 

k = Boltzmann's constant =1.374 X 10-2' 
joule per °K 
absolute temperature. 

From this we have the relationship below as 
the upper bound to 117N 

I 

kisr  k7' 
and (5) in (3) gives 

C\ 
k-17 ki7 logr' 

(5) 

6) 

from which we can conclude that, with an 
available signal power P, the upper bound 
to the number of binary bits per second 
that can be transmitted is given by 

= —  e 
kT 
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Correspondence 
find that the lower bound to the signal power 
required to transmit C is 

= CkT log. 2. (8) 

• As an example of the use of these equations, 
assume that we wish to transmit 106 bits of 
information per second (at 300°K). 
Equation (8) says that the signal power 

can never be less 2.85 X10-16  watts. Simi-
larly, a repeater that is to pass information 
at a rate of 106 bits per second must cer-
i tainly have a battery drain of more than 
' 2.85 X10-16  watts. 

A useful figure of merit (having a maxi-
mum value of one) can be computed for com-
munication devices. Suppose an  n-p-n 
transistor regenerative amplifier could be 
designed to respond to information at a rate 
of 104 bits per second and required only 1 
.,microwatt of battery power. Its figure of 
merit would be 2.85 X10-6 . This shows that 
in the design of switching systems and com-
puters, we have a long way to go before we 
reach the fundamental floor under which 
we cannot operate. 
C times time gives bits and P times time 

gives energy. Multiplying (8) by one second, 
we find that at 300°K, one binary bit of 
information will always cost more than 
2.85 X 10 -n joules. 
Mr. J. R. Pierce has informed the writer 

that it is possible to derive the same rela-
tionship between energy and information by 
arguments based on the energy available 
from the exploitation of information as to 
which half of an otherwise empty box con-
' tains a single gas molecule. 

J. H. FELKER 
Bell Telephone Laboratories, Inc. 

Whippany, N. J. 

A Note on Booker's Extension of 
Babinet's Principle* 

Some differences exist in the literature 
today as to the proper interpretation of 
Babinet's Principle extended to apply to 
coherent waves. A few words of clarification 
would seem in order. 
Consider an antenna source P to the left 

of a perfectly conducting, indefinitely thin, 
infinite plane screen S (Fig. 1(a)). S con-
tains an aggregate of holes of arbitrary 
shape and position. The total field to the 

E,°= right of .1 is ( —e,-I-Ei.,  miini-M.), 

where (E+o, Ho) is the field due to the source 

I', and (ft, HI.) is the field due to the 
sources induced in the conducting portions 
of S. 
Next, replace P by another source P. 

and replace S by its complementary screen 
C (Fig. 1(b)). On C the conducting and open 
regions of S have been interchanged. The 

total field to the right of C is (i..::•• r*+7-4',, 
--0  --0  —4  --IP 

where (Eo*, //o*) is the field 

caused by the source Pe and (4, /77,) is the 
field resulting from the sources induced in 
the conducting portions of C. 

• Received by the Institute. June 25, 1951. 
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Fig. 1(a) and (b)—Both screens are infinite in extent 

The dotted regions represent conductor. 

(a) 

.110 

I H c 

(b) 

If P* is chosen so that Hol= E.', it call 
be shown' 3 that 

so that 

- A 
— = --;-  (1) 

(2) + 11. = Eo. 

Equation (2) is an accurate statement of 
Babinet's Principle. 

If  rand He are collinear at every point, 
(2) can be written as a scalar equation and 
divided by E0 to give 

E.  II. 
-1- - F0 F0 = 1; (3) 

and since P* has been chosen so that 

a Mathematically, this may be achieved as follows: 
Replace all of the sources in P by their equivalent 
magnetic currents and charges, thus creating a 
fictitious antenna I" which has exactly the same elec-
tromagnetic field as P. Then. at every point in P re-
place the magnetic current by an electric current 
equal to it in magnitude and direction hut reversed in 
time phase. This will be the system P• which will In-

-@ —to 
sure the equality 1±. — W O. where k equals 1 ohm 
and, for simplicity, has been deleted from the expres-
sions above. 

L. G. !Insley, •A Survey of the Principle, and 
Practice of Wave Guides." Cambridge University 
Press, Cambridge, England; 1947. 

E. T. Consort. •An Integral equation method of 
solving plane diffraction problems," Proc. Ray. tint. 
166A., p. 1.10; 1946. 

—1 
Ho* =E0, (3) can alternatively be expressed 
as 

E.  H. 
  = I.  (1) 

Eo  Ho* 

The prorated diffracted fields may be de-
fined by 

H.  
1'2 = 

Ho' 

to obtain Booker's extension4 of Babinet's 
Principle, 

•  +  U2 =  1.  (5) 

This is a scalar relationship which is only 

valid if E. and H. are everywhere collinear. 
But this condition is met only by a restricted 
class of apertures. A simple case will serve 
to illustrate this point. In Fig. 2 a horizontal 
dipole is shown exciting an infinite conduct-
ing screen which has an inclined rectangular 
slot cut in it. To the right of the screen, 
— 0 
Eo is horizontally polarized but El. is not. 

Since 4=E0A-Ei., it follows that E. and En 
are not collinear for this case; hence, from 

(2) E. and H, are not collinear. 

Fig. 2 

Thus the scalar relation (5) is not gen-
erally applicable. Indeed, it only applies for 
slots which have symmetry about the 
polarization axis of the primary source P. 
The vector formulation is the one most 

generally suitable, and the mathematical 
statement of Babinet's Principle should be 

F. + = 1:0 (2) 

valid for thin, perfectly conducting, infinite, 
plane complementary screens excited by con-
jugate sources. 

R. S. ELLIOT!' 
Electrical Engineering Department 

University of Illinois 
Urbana, Ill. 

'IL I:. Booker. '51rit aerial. and their relation to 
..ininlement.ary wire nerialia,* Jour. IRE (London) 
vol. 9.1. pt. IIIA; April. 1946. 
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Contributors to Proceedings of the I.R.E. 
M. C. Pease (M'47-SNI'51) was born in 

New York, N. Y., in 1920. He received the 
B.S. degree in chemistry from Yale University 

in 1940 and  the 
M.A. degree in phys-
ical chemistry from 
l'rinceton University 
in 1943. He worked 
at the Radio Research 
Laboratory at Har-
vard University (a 
war laboratory for 
the development of 
countermeasures for 
radar), where he was 
principally concerned 
with the 1-kw series 

of cw magnetrons. In 1945 he left this posi-
tion to accept a commission in the U. S. 
Navy as a radar officer. 
After his discharge from the Navy, Mr. 

Pease joined the Electronics Division of 
Sylvania Electric Products, Inc. Initially he 
was concerned with various theoretical prob-
lems, largely in the field of microwave net-
works. He is now manager of Tube-Develop-
ment Engineering, and has charge of the 
development of magnetrons, gas switch 
tubes, thyratrons, strobotrons, and the like. 

M. C. PEASE 

R. F. Rinehart was born in Springfield, 
Ohio, on May 31, 1907. He received the A.B. 
degree from 1Vittenberg College in 1930, and 
the M.A. and Ph.D. degrees in mathematics 
from Ohio State 'University in 1932 and 
1934. He taught mathematics at Ashland 
College, Ashland, Ohio, from 1934 to 1937. 
Since 1937 he has been associated with the 
mathematics department of Case Institute 

of Technolo-. where he is now professor of 
mathematics. 
From 1942 to 1945 Dr. Rinehart was 

a member of the 
Operations Research 
Group of the U. S. 
Navy,  engaged  in 
analyses of naval tac-
tics and strategy in 
subsurface  warfare. 
Ile was awarded the 
Medal of Freedom 
for his work in anti-
submarine warfare in 
the Caribbelit Sea 
Frontier,  and  the 
Medal for Merit for 

achievements in submarine warfare in the 
Pacific. 
From 1948 to 1950 Dr. Rinehart set-% ed 

with the Research and Development Board 
of the Department of Defense, first as direc-
tor of the Planning Division, and subse-
quently as executive secretary. He was also 
the acting chairman of that Board for five 
months following Dr. K. T. Compton's resig-
nation. 
Dr. Rinehart is a member of Sigma Xi, 

the American Mathematical Society, and 
the Mathematical Association of America. 

For a photograph and biography of S. T. 
SMITH, see page 359 of the March, 1952, 
issue of the PROCEEDINGS OF THE I.R.E. 

R. F. RINEHART 

Ping King Tien was born in Checkiang, 
China, on August 2, 1919. He received the 
B.S. degree in electrical engineering from 

Correspondence 

11. NI. 11)- tistEit 

PING KING TIEN 

the National Central I •Itiversit  .4 China 
in 19-12, and from Stanford I i versity 
he M.S. degree in 1948 and the Ph.D. de-

gree in 1951. 
Dr. Tien was all 

engineer at the Tien-
Sun Industrial Com-
pany,  Shanghai, 
China, from 1942 to 
1947, and was a re-
search assistant at 
Stanford Universi I\ 
front 1949 to 1951. 
At present he is a re-
search associate ii 

the Electronics R. 
search Laboratory of 

Stanford I 'niversity, where he is engaged in 
microw.t ye- t 'the research. 
Dr. I en is a member of Sigma Xi. 

Webster (.1'48) was born in 
V., ii 1925. lie studied plc 

it 16•11 ,,,l.o.r- Polytechnic Institute, :nor 
Union College 
Navy V-12 studyi,' 
He received a 13.S 
degree in physics and 
joined the RCA Lab-
oratories  Division, 
Princeton, N. J. He 
has worked in the 
fields of solid state 
devices and vacuum 
and gaseous  elec-
tronics. 

r. Webster is an 
associate member of 
the 1.12.E. 

A Link Between Information and 
Energy* 

kVith the advent of the transistor and its 
striking ability to operate on low-power, it is 
pertinent to inquire what are the ultimate 
limits upon low power operation of switching 
systems, computers, and other communica-
tion machinery. 
Mr. C. E. Shannon has derived the re-

lationship for the capacity of an information 
channel 

C log2 (1  —P )  (1) 

where 

C= maximum number of binary bits of 
information that can be transmitted 
per second 

W= bandwidth of channel in cps 
P =average signal power 
N=average noise power assumed to be 

thermal or "white." 

• Received by the Institute. February 15. 1952. 

Regarding (1), we see that the higher the 
signal power P the greater the information 
rate C. One may ask, "At what signal level 
should we transmit in order to maximize 
C/P (the information rate per unit of signal 
power)?" 
From (1) 

C  IV 
— = — log2 (1 -1- P/N). (2) 
P  P 

Taking the derivative of (2) with respect to 
P and setting it to zero, it is found that an 
upper bound to C/P is approached as 

---•0 , 

and therefore the upper bound is given by 

(—C\ = log2  e. 

k P /ub  N 
One may inquire as to the upper bound 

to WIN. In a circuit of bandwidth W, the 
minimum available noise power will be the 
thermal noise power 

(3) 

E' 
- — k7'11' (4) 

where 

k= Boltzmann's constant = 1.374 X10-23  
joule per °K 

T=absolute temperature. 

From this we have the relationship below as 
the upper bound to WIN 

LT\  1 

kN kT 

and (5) in (3) gives 

(c) = log2  e, 

P kT 

(5) 

(6) 

from which we can conclude that, with an 
available signal power P, the upper bound 
to the number of binary bits per second 
that can be transmitted is given by 

Co,  — log3 e 
kr 
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lind that the lower bound to the signal power 
equired to transmit C is 

Fib = CkT log. 2.  (8) 

iks an example of the use of these equations, 
itssume that we wish to transmit 102 bits of 
nformation per second (at 300°K). 
Equation (8) says that the signal power 

an never be less 2.85 X10-'2 watts. Simi-
arly, a repeater that is to pass information 
it a rate of 104 bits per second must cer-
ainly have a battery drain of more than 
1.85 X10-12  watts. 
A useful figure of merit (having a maxi-

num value of one) can be computed for com-
munication devices.  Suppose an  n-p-n 
transistor regenerative amplifier could be 
lesigned to respond to information at a rate 
104 bits per second and required only 1 

Jnicrowatt of battery power. Its figure of 
merit would be 2.85 X10-2 . This shows that 
in the design of switching systems and com-
puters, we have a long way to go before we 
reach the fundamental floor under which 
we cannot operate. 
C times time gives bits and P times time 

gi% es energy. Multiplying (8) by one second, 
find that at 300°K, one binary bit of 

information will always cost more than 
2.85 X 10-2t joules. 
Mr. J. R. Pierce has informed the writer 

that it is possible to derive the same rela-
tionship between energy and information by 
arguments based on the energy available 
from the exploitation of information as to 
which half of an otherwise empty box con-
tains a single gas molecule. 

J. H. FELKER 
Bell Telephone Laboratories, Inc. 

Whippany, N. J. 

A Note on Booker's Extension of 
Babinet's Principle' 

Some differences exist in the literature 
today as to the proper interpretation of 
Kibinet's Principle extended to apply to 
,,herent waves. A few words of clarification 
v.,iald seem in order. 
Consider an antenna source P to the left 

.1 a perfectly conducting, indefinitely thin, 
infinite plane screen S (Fig. 1(a)). S con-
tains an aggregate of holes of arbitrary 
I shape and position. The total field to the 
right of S is (E. 

where (-e, Ho) is the field due to the source 

P, and (R.-I:, Hi.) is the field due to the 
sources induced in the conducting portions 
of S. 
Next, replace P by another source P• 

and replace S by its complementary screen 
C (Fig. 1(b)). On C the  lucting and open 
regions of S have been interchanged. The 

total field to the right of C  +E1., 
--o 

+ H O, where (h.*,  is the field 

caused by the source P• and (E1., /r) is the 
field resulting from the sources induced in 
the conducting portions of C. 

• Received by the Institute. June 25. 1951. 

••• ••• 

• ES ,HS 

• 

P* 
• 
Fig. Va) and (b) —Both screens are infinite in extent. 

The dotted regions represent conductor. 

—• 
E c 

(a) 

c 

If P" is chosen so that Ho* = Ed, it call 
be shown2 3 that 

= — E. = L  (1) 

so that 

E. +  = Eo. (2) 

Equation (2) is an accurate statement of 
Babinet's Principle. 

If K: and  are collinear at every point, 
(2) can be written as a scalar equation and 
divided by Eo to give 

E. II. 
(3) 

/i0  F. 

and since P" has been chosen so that 

Mathematically, this may be achieved as follows: 
Replace all of the sources in P by their equivalent 
magnetic currents and charges. thus creating a 
fictitious antenna I" which has exactly the same elec-
tromagnetic field as P. Then, at every point in P', re-
place the magnetic current by an electric current 
equal to it in magnitude and direction hut reversed In 
time phase. This will be the system P* which will in. 

— 
sure the equality E.-, kn.0 *. where k equals 1 ohm 
and, for simplirity, has been deleted from the expres-
sions above. 

L. G. Huxley, 'A Survey of the Principles and 
Practice of Wave Guldes.• Cambridge University 
Press, Cambridge, England; 1947. 
. F. T. Co:mon. An integral equation method of 

solving plane diffraction problems," Proc. Roy. Sot. 
p. 1..0; 1946. 

Hò  = Eo, (3) can alternatively be expressed 
as 

E. H. 

Eo  Ho' 

The prorated diffracted fields may be de-
fined by 

UI = 
E. 
— 
Eo 

U2 = 
HO* 

Fr, 

(1) 

to obtain Booker's extension4 of Babinet's 
Principle, 

111 + U2 = I.  (5) 

This is a scalar relationship which is only 

valid if E. and H, are everywhere collinear. 
But this condition is met only by a restricted 
class of apertures. A simple case will serve 
to illustrate this point. In Fig. 2 a horizontal 
dipole is shown exciting an infinite conduct-
ing screen which has an inclined rectangular 
slot cut in it. To the right of the screen, 
. 
is horizontally polarized but Ei. is not. 

Since E.= Eo+El., it follows that E. and E. 
are not collinear for this case; hence, from 

---) 
(2) E. and , H, are not collinear. 

—• 
• Es 

Fig. 2 

Thus the scalar relation (5) is not gen-
erally applicable. Indeed, it only applies for 
slots which have symmetry about the 
polarization axis of the primary source P. 
The vector formulation is the one most 

generally suitable, and the mathematical 
statement of Babinet's Principle should be 

- 4  - 0 

(2) 

valid for thin, perfectly conducting, infinite, 
plane complementary screens excited by con-
jugate sources. 

R. S. ELLIOTT 
Electrical Engineering Department 

University of Illinois 
Urbana, Ill. 

.11. G. Booker. 'Slot aerials and their relation I. 
complementary wire aerials," Jour. !EP. (London) 
vol. 93, pt. II1A: April. 1946. 
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IRE WESTLRN CONVENTION 
PLANS PROGRESS 

The 1952 IRE Western Convention and 
Electronics Show will be held at the Munici-
pal Auditorium, in Long Beach, Calif., 
August 27-29. 
The Technical Program Committee is 

relying to an unprecedented extent upon 
participation by the IRE Professional 
Groups in procuring papers and arranging 
sessions. Eleven Professional Groups have 
committed themselves to arranging a mini-
mum of 16 technical sessions in their special 
fields. These Groups and their local repre-
sentatives are as follows: Airborne Elec-
tronics, G. M. Greene; Antennas and Propa-
gation, L. C. Van Atta; Audio, J. K. Hil-
liard; Broadcast and Television Receivers, 
H. E. Rice; Broadcast Transmission Sys-
tems, P. G. Caldwell; Circuit Theory, %V. R. 
Abbott; Electron Devices, H. Q. North; 
Electronic Computers, H. E. Huskey; In-
formation Theory, A. S. Fulton; Instrumen-
tation, W. D. Hershberger; Radio Telemetry 
and Remote Control, F. W. Lehan. Members 
of these Professional Groups are urged to 
submit papers and to attend the Conven-
tion. 
The Convention will be of interest to all 

IRE Members both for the extensive tech-
nical program and for the larger West Coast 
Electronic Manufacturers Association Show. 

TECHNICAL COMMITTEE NOTES 

The Standards Committee met under the 
Chairmanship of A. G. Jensen on March 20. 
The Chairman proposed that H. E. Roys be 
appointed IRE Representative on ASA Z57, 
with A. W. Friend as alternate, and the 
Committee approved the appointment. The 
Committee discussed a proposal of the In-
dustrial Electronics Committee to establish 
a joint Committee on Magnetic Amplifiers. 
John DaIke said that the AIEE Committee 
on Magnetic Amplifiers has agreed to the 
formation of such a joint committee provid-
ing it could be set up within the IRE struc-
ture. The Standards Committee voted to re-
quest the Executive Committee for approval 
of the formation of a joint AIEE-IRE Coin-
mittee on Magnetic Amplifiers, the IRE 
members of which would constitute a sub-
committee of the Standards Committee. Am-
plifying his previous comments on the rela-
tionship between CCIR and the IRE which 
were made at the last meeting of the Stand-
ards Committee, Chairman Jensen told the 
Committee of four new programs which have 
been initiated by CCIR Study Group 14 
(vocabulary), of which he is chairman. These 
are: (a) the study of feasibility of adopting 
the international decimal classification sys-
tem, (b) to provide a suitable vocabulary for 
use in IRE and CCIR documents, (c) the 
consideration of the extension of interna-
tional frequency designations, and (d) the 
question of adopting a rationalized mks 
system in connection with all CCIR work. 
The Committee then turned its attention to 
a further consideration of the "Proposed 
Standards on Receivers: Definitions of 

Terms," as revised by the Task Group on 
Receiver Definitions. The Committee will 
continue discussion of these definitions. 
Under the Chairmanship of C. H. Page, 

the Circuits Committee met on March 21. A 
number of active circuit definitions, submit-
ted by Subcommittee 4.9, were agreed upon. 
The Electronic Computers Committee 

met on February 25. Robert Serrell took the 
chair in the absence of Nathaniel Rochester. 
It was proposed that a second subcommittee 
on definitions be established in the East to 
co-ordinate the work of the Eastern groups 
with that of W. H. Ware's Committee, now 
active on the West Coast. It was moved that 
a subcommittee be established by the Chair-
man to carry out such work in computer def-
initions, and a Chairman will be named for 
this new subcommittee in the near future. 
The Committee discussed a proposal to es-
tablish a group to handle static-storage ele-
ments and such technical problems as arise 
in the development of these devices. Mr. 
Sands (guest) explained how an informal 
group had grown out of discussions which 
took place at the recent AIEE winter meet-
ing. Detailed information was given on the 
plans of this informal group concerning the 
standardization of terminology, test meth-
ods, the establishment of adequate elec-
tronic circuitry, and means of interchanging 
information. Acting on a suggestion of the 
Chairman, it was felt that a Subcommittee 
of the Electronic Computers Committee 
should be set up to sponsor this informal 
group and facilitate its task within the frame-
work provided by the main Committee. It 
was then moved that the proposed subcom-
mittee be named "Subcommittee on Static 
Storage Elements." Mr. Serrell informed 
those present that Mr. Rochester had named 
J. A. Rajchman as Chairman of the new sub-
committee.  • 
The Navigation Aids Committee con-

vened on March 7, under the Chairmanship 
of P. C. Sandretto. Consideration was given 
to a letter from M. W. Baldwin, Vice Chair-
man of the Standards Committee and Defi-
nitions Co-ordinator, regarding the publish-
ing of the "terms" which the Committee 
now has ready. General Sandretto asked to 
defer decision on this matter. Harry Davis, 
who is compiling a list of radar terms, was 
asked to check his list against the  laster 
Index of IRE Definitions. If the resulting 
radar list does not exceed 100 terms, the 
Navigation Aids Committee will postpone 
publication of the list of terms already re-
viewed until the new list has been consid-
ered. However, if the list contains more than 
100 new terms, the committee will recom-
mend to the Standards Committee that the 
completed list be published. 
On March 7, the Receivers Committee 

convened under the Chairmanship of Jack 
Avins. The supplement to IRE Standard 51 
IRE 17.S1 "Open Field Method of Measure-
ment of Spurious Radiation from FM and 
TV Receivers," was presented for approval. 
The Committee approved the supplement 
which will be submitted to the Standards 
Committee. The Chairman reported on the 
extended scope of the Committee. K. Jarvis, 

Chairman of the Single Sideband Receivers 
Subcommittee reported that the problem of 
co-ordination between receiver and trans-
mitter groups was yet to be solved. The 
Subcommittee is being kept intact pending 
co-ordination. R. F. Shea, Chairman of the 
Spurious Radiation Subcommittee, reported 
that progress is being made on the Standard 
for sweep radiation measurement which is 
now in preliminary form. Consideration is 
being given to measurements in the uhf 
range. There was unanimous approval on re-
vising the 1948 Standard on Methods of 
Testing TV Receivers to bring the proce-
dures into agreement with current practice 
and to produce an integrated Standard to 
replace the current Standard which includes 
a supplement for intercarrier sound receiv-
ers. The Chairman will activate a subcom-
mittee to work on this revision. A vote of 
commendation was given to I. E. Lempert 
for his review of the current Standard and 
the suggestion of much needed changes. 
Under the Chairmanship of W. M. Pease, 

the Servo-Systems Committee met on March 
25. Plans were discussed for a technical 
meeting to promote interest in the format ion 
of a Professional Group on Feedback Con-
trol Systems. Arrangements for a sectional 
meeting will be discussed with the Boston 
Section Chairman. The draft of report, 
"Present Status of ASA Committee Y10.14 
Activities," was reviewed and modified. 
The Symbols Committee convened on 

March 28, under the Chairmanship of A. G. 
Clavier. The Chairman called on C. D. 
Mitchell, Chairman of the Task Group on 
Graphical Symbols for Semiconductors, for 
a report on the work in his group. W. B 
Callaway, Chairman of the Task Group on 
Symbols for Functional Operations of Con-
trol, Computing, and Switching Equipment, 
gave a report on the present status of work 
in his group. A report by A. F. Pomeroy on 
the status of ASA standards for Graphical 
Symbols was given. 

Calendar of 

COMING EVENTS 
Conference on Semiconductor De% it.t 
Research, Univ. of Ill., Urbana. 
Ill., June 19-20. 

AIEE-IRE Telemetering Conference, 
Los Angeles, Calif., August 26-27 

1952 IRE Western Convention, Mu-
nicipal Auditorium, Long Beach, 
Calif., August 27-29 

Cedar Rapids IRE Technical Confer-
ence, Roosevelt Hotel,  Cedar 
Rapids, Iowa, September 20 

National  Electronics  Conference, 
Sherman  Hotel,  Chicago,  Ill., 
September 29-October 1 

IRE-RTMA Radio Fall  Meeting, 
Syracuse, N. Y., October 20-22 

1953 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand 
Central Palace, New York, N. Y., 
March 23-26 

4 
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Professional Group News 

The paper "Measuring Tech-
niques for Broad-Band Long-Distance 
Radio Relay Systems," by W. J. 
Albersheim, which appeared on pages 
548-551, of the May, 1952 issue of 
the PROCEEDINGS, was published 
with the approval of the IRE Profes-
sional Group on Instrumentation. 

AIRBORN i ELECTRON It • 

The Group's Airborne Electronics Con-
ference held in Dayton, Ohio, May 12-14, 
was a huge success. The first issue of the Air-
borne Electronics Group's NEWSLETTER, 
containing 50 pages and issued to the mem-
bers, was distributed to those attending the 
Dayton Conference. The TRANSACTIONS 
(PGAE-3) has been mailed to the Group 

• members. 
A Los Angeles Chapter of the Airborne 

. Electronics Group has been formed, and 
plans are being organized for a Chicago 
Chapter. 

ANTENNAS AND PROPAGATION 

The Group on Antennas and Propaga-
tion sponsored the Spring Meeting of [IRS!, 
at the National Bureau of Standards, Wash-
ington, D. C., April 21-:24. The Group plans 
to sponsor the 1953 Conference on Radio-
Meteorology in Austin, Tex. The publica-
tion of four TRANSACTIONS by the Group is 
planned for each year. 
L. C. Van Atta has been appointed rep-

resentative of this Group to the Sections in 
the Southern California area. 

AUDIO 

_ The TRANSACTIONS (PGA-7) was mailed 
to members of the Audio Group in May. It is 
planned to publish PGA TRANSACTIONS 
every second month. 
The Boston and Cincinnati Chapters of 

the Audio Group are holding well-attended 
monthly meetings; excellent papers are be-
ing presented. At the Group meeting in the 
Cincinnati Section, W. E. Stewart, of RCA, 
Camden, N. J., presented a paper entitled, 
"High Fidelity Design Factors." 

BROADCAST AND TELEVISION RECEIVERS 
The contents of the round table discus-

1 sion held during the IRE 1952 National Con-
vention will be published as the first TRANS-

! ACTIONS of the Broadcast and Television 
Receivers Group. 
Sessions were sponsored by this Group at 

the IRE Cincinnati Section Spring Techni-
cal Conference, and the 4th Southwestern 
IRE Conference and Radio Engineering 
Show held in Houston, Tex. 
H. E. Rice, session organizer, reports that 

five papers have been obtained for the 
Group's session at the IRE Western Con-
vention. Papers for the IRE/RTMA Fall 
Meeting in Syracuse, October 20-22, are also 
being solicited. 

BROADCAST TRANSMISSION SYSTEMS 

The Administrative Committee of the 
Broadcast Transmission Systems Group has 
selected a list of nominees to be submitted to 
the membership for election to a three-year 

term. Lewis Winner has been reelected 
Chairman of the Group. 
A capacity audience registered for the 

Group's morning and afternoon sessions at 
the IRE 1952 National Convention, held in 
the Blue Room of Grand Central Palace. 
During the Administrative  Committee 
meeting at the Convention, held in conjunc-
tion with a dinner and cocktail party, the 
1952 program was discussed, and the Chair-
man announced that a two-day exhibit and 
technical conference would probably be held 
in the early Fall. 
The Group Chairman attended the final 

meeting for the season of the Boston Chap-
ter of Broadcast Transmission Systems. 
Problems were discussed as well as future 
programs for TRANSACTIONS, NEWSLETTERS, 
and meetings. It was announced during the 
meeting that the following members would 
serve as 1952 officers of the Boston chapter: 
P. K. Baldwin, Station WHDH, Chairman; 
S. V. Stadig, Station WBZ-TV, Vice Chair-
man; and Hollis Gray, Station WHDH, Sec-
retary-Treasurer. The meeting featured a 
talk by Ralph Harmon, Engineering Mana-
ger of Westinghouse Radio Stations, on 
"Variables Affection Coverage in Vhf and 
Uhf Television." The sessions were con--
ducted in the auditorium studio of station 
WBZ-TV. 

COMMUNICATIONS 

The IRE Executive Committee has ap-
proved the new Professional Group on Com-
munications. Members of the Group's Ad-
ministrative Committee are: G. T. Royden 
(Chairman), J. J. Callahan, Andre Clavier, 
I. S. Coggeshall, J. N. Craver, M. G. Crosby, 
D. D. Donald, E. E. Eldredge, W. G. H. 
Finch, John Hesse!, A. A. Ktmze, G. M. 
Neely, A. C. Peterson, Jr., D. S. Rau, W. B. 
Sullinger, and D. C. Trafton. 
This Group will sponsor a Symposium at 

the Mackay Radio Transmitting Station, 
Brentwood, L. I., N. Y., on June 21, 1952. 
Those interested should write to G. T. 
Royden, Chairman, Mackay Radio and 
Telegraph Co., 67 Broad Street, New York, 
N. Y., for details. 

ELECTRONIC COMPUTERS 

A successful Electronic Computer Sym-
posium entitled, "Engineering Tomorrow's 
Computers," was held at the University of 
California in Los Angeles, April 30-May 1, 
1952. The Group is now making plans for a 
joint I RE/AIEE conference for December 
1-3, 1952, in New York, N. Y. 
The Group on Electronic Computers has 

appointed the following committees: Mem-
bership and Finance Committee, J. R. 
Weiner, Chairman; Meetings and Conven-
tions Committee, C. V. L. Smith, Chairman; 
and Papers Study and Procurement Com-
mittee, J. H. Felker, Chairman. 

ELECTRON DEVICES 

The Group on Electron Devices plans to 
sponsor a technical session at the IRE/ 
RTMA Fall Meeting in Syracuse, October 
22, 1952. 
Consideration is being given to the form-

ing of chapters of the Electron Devices 
Group in Philadelphia, Princeton, and other 
interested areas 

ENGINEERING MANAGEMENT 

An interested group of IRE members 
who have held sessions on engineering man-
agement at Section meetings is considering 
an Engineering Management Chapter in Los 
Angeles, Calif. 

INDUSTRIAL ELECTRONICS 

The Industrial Electronics Group held a 
successful symposium on "Electronics and 
Machines" in Chicago. May 22-23, 1952. 

INFORMATION THEORY 

A. S. Hughes of the Los Angeles Chapter 
on Information Theory has been appointed 
to organize the session at the IRE West 
Coast Convention. 

(Continued on page 732) 

TRANSACTIONS OF IRE PROFESSIONAL GROUPS 
The following issues of TRANSACTIONS were recently published by IRE Pro-

fessional Groups and additional copies are available from the Institute of 
Radio Engineers, Inc., 1 East 79 Street, New York 21, N.Y., at the prices listed 
below. 
A list of previously published issues appeared in the March and May, 1952 

issues of PROCEEDINGS. 

Sponsoring 
Group 

—= 

Audio 

Airborne 
Electronics 

Instrumentation 

Publication 
Group  IRE  Non-
Members Members members' 

PGA-7; Editorials, technical pa-
pers, and news (48 pages) 
PGAE-3; Symposium on the In-
tegration of Electronic Equip-
ment with Air-Frame Design (28 
pages) 
PGI-1; Symposium on Subaudio 
Instrumentation (104 pages) 

$ .90 $1.35  $2.70 

$ .85  $1.25 $2.50 

$1.10  $1.65 $3.30 

Public libraries and colleges can purchase copies at IRE Member rates. 
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IRE INVENTOR HONORED 
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Lee De Forest (right), inventor of the audion tube 
and a founder of the modern electronics industry, 
presents one of his original ubes to Reginald Hawkins, 
chief of the science and technology division, New 
York Public Library. The tube was included in an 
exhibition of Dr. De Forest's life and inventions on 
display in the library. 

STUDENT BRANCHES HEAR 
IRE SPEAKERS 

The IRE Syracuse Section, in addition 
to its regular activities during the past year, 
has obtained speakers from among its mem-
bership and from the engineers of the Gen-
eral Electric Company for several of the local 
IRE Student Branches. This important ac-
tivity helps broaden the perspective of engi-
neering students by bringing to them prac-
ticing engineers frcm the industry. 
The arrangements for the speakers has 

been co-ordinated by A. D. Haddecke, under 
Chairman of the IRE Syracuse Section, 
D. C. Pinkerton. Spe titers from the General 
Electric Company Electronics Park, Syra-
cuse, N. Y., have been presented at Syracuse 
University, Cornell University, and Clark-
son University IRE Student Branches. 
Among the speakers have been: I. C. Abra-
hams, A. R. Arsem, R. E. Hansen, J. L. 
Jones, P. W. Hcraells, L. 0. Krause, C. G. 
I..")b, and G. A. Schupp. Their subjects in-
cluded: uhf antenna design, vacuum tubes, 
color television, missile guidance, dual fre-
quency-all weather radar, and television 
studio equipment. 

Professional Group News (Cont.) 

I NSIRUMENTATION 

The DTA TRANSACTIONS containing the 
technical papers presented by the Group at 
the IRE National Convention has been sent 
to the Instrumentation Group. 
The I RE/AIEE/RTMA Symposium on 

Progress in Quality Electronics Compon-
ents, held in Washington, D. C., May 5-7, 
was sponsored by the Instrumentation 
Group. The Group is planning to sponsor a 
joint IRE/AIEE Conference on High-Fre-
quency Measurements in January, 1953, 
and to to-sponsor with AIEE the West 
Coast Symposium on Electronic Compo-
nents in May, 1953. The session to be spon-
sored by the Group at the Western Conven-
tion is entitled, "Data Handling Systems." 
Director R. L. Sink and L. E. Packard 

have been elected and E. I'. Felch and S. C. 
Lawrence reelected to the Administrative 
Committee of the Instrumentation Group 
for three-year terms. 

NUCLEAR SCIENCE 

The NEWSLETTER of the Nuclear Science 
Group will be continued in the near future. 
Plans are being made for the Group's 1952 
Fall meeting to be held either at Argonne or 
Oak Ridge, Tenn. 

MICROWAVE ELECTRONICS 

The recently formed Group on Micro-
wave Electronics has announced the mem-
bers of the Group's Administrative Commit-
tee. They are: Ben Warriner (Chairman), 
Andre Clavier, P. D. Coleman, D. D. King, 
H. B. Marvin, J. G. McCann, \V. W. Mum-
ford, G. A. Rosselot, Harald Schutz, and 
G. C. Southworth. 
This Group will hold a Symposium this 

Fall, and plans have been laid to solicit 
members throughout the industry. Those 
interested in joining the Group should con-
tact the Technical Secretary at IRE Head-
quarters. Attention is called to the fact that-

1IRE Student Members are now eligible for   
Professional Group membership. 

IRE %Vt.:STERN CONVENTION 
SESSIONS 

The IRE Professional Groups which will 
sponsor sessions at the IRE West Coast Con-
vention are as follows: Audio, Antennas and 
Propagation, Airborne Electronics, Broad-
cast and Television Receivers, Broadcast 
Transmission  Systems,  Circuit  Theory, 
Electronic Computers, Electron Devices, 
Information Theory, and Instrumentation. 

MEDICAL ELECTRONICS 

The Administrative Committee of the 
new Group on Medical Electronics consists 
of the following members: L. H. Montgom-
ery (Chairman), W. C. Ballard, Jr., Britton 
Chance, Henry Grundfest, Julia F. Herrick, 
and V. K. Zworykin. 

X.EHICULAR COMMUNICATIONS 

Papers are being solicited by A. A. Nlac-
Donald of Westinghouse Electric Corpora-
tion, 2519 Wilkens Ave., Baltimore, N1d., 
for the Fall meeting of the Vehicular Com-
munications Group. 

RADIO "FELEMETRY AND REMOTE CON TR01 

The Group will co-sponsor the Joint 
IRE/AIEE Teletnetering Conference to 1,, 
held in Los Angeles, Calif., August, 26-27, 
1952. The conference will not be a part of th. 
IRE West Coast Convention. 

QUALITY CONTROL 

Arrangements are being made by th, 
Group on Quality Control to list prospectiv, 
speakers and to notify Section chairmen 
their availability 
The first TRANSACTIONS of the Qualit) 

Contml Group will contain the papers pre 
seined at the Toronto meeting. 

A EE/ RE CONFERENCE 

A "Review of Electronic Digital Com-
puters," the proceedings of the joint Al EE-
I RE Computer Conference held in Philadel-

A TRIBUTE FROM FORMER VICE-PRESIDENT JORGEN I.Z1'13NER 

Dear Sirs: 

Upon returning to normal life after having completed certain special duties, my 
first task is to express towards the President and the Board of Directors of The 
Institute of Radio Engineers my thanks for your kind letter at the completion of my 
term of office as Vice President of the Institute for 1951. 
I beg to thank you once more for the honor bestowed on my country and on me 

by my election to this post, and to express the admiration of radio engineers all over 
the world for brilliant leadership assumed by our colleagues in the United States and 
manifested through The Institute of Radio Engineers. 
We appreciate the generous way in which the achievements of American radio 

engineers are being disseminated through the PROCEEDINGS, and thus giving stimulus 
to workers in this field everywhere and, in the best possible way, promoting inter-
national co-operation. 
With the best wishes for the future of The Institute of Radio Engineers and its 

officers, I am--
Very sincerely yours, 

JORGEN RYBNER 

PROCEEDINGS AVAILABLE 

phia last December, is now available in a 
bound volume. 
The book contains the full text and 

cussion of papers pfesented at the meet 
and is expanded to include technical dm., 
which were excluded at the conference due 
to time limitations. 
Orders for the book may be placed 

through R. S. Gardner, American Institute 
of Electrical Engineers H eadquarters „i3 
Vest 39 St., New York, N. Y. The price is 
83.50. 

N ENV IRE SECTIONS FORMED IN 
LITTLE ROCK AND BINGHAMTON 

The Board of Directors, at its March 
meeting, approved the establishment of IRE 
Sections in Little Rock, Ark., and Bingham-
ton, N. Y. The territory of the Little Rock 
Section will include the state of Arkansas. 
The Binghamton Section was formerly a 
Subsection of the Syracuse Section. 
These recent additions bring the total 

number of IRE Sections to 62. 
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Report of the Secretary-1951 
To THE BOARD OF DIRECTORS, 
THE INSTITUTE OF RADIO ENGINEERS 

Gentlemen: 

The Secretary again submits the usual 
Annual Report covering the operations of 
the Institute for the year 1951, which pre-
sents information concerning membership, 
riscal status, editorial activities, technical 
activities, Section activities, and Student 
Branches. 
Growth continues in every department. 

While the gain in new members was about 
, 4,500, the net gain was small due to an ab-
normal shrinkage of Student Members. 
Pages of the PROCEEDINGS, both editorial 
and  advertising, increased  appreciably. 
Three new Sections bring the total to 60 not 
counting subsections (subsections total 14), 
4 new student branches bring the total to 
109, and Professional Groups have increased 
by 6 to a total of 16 embracing an aggregate 
membership of 13,000. 
Editorial activities, of which special note 

should be taken, include the innovation of 
occasionally producing one issue devoted to 
one subject exclusively, the inauguration of 
Professional Group TRANSACTIONS and the 
publication of tutorial papers. 
General activity may be visualized by 

noting the number of meetings held, stated 
as follows, approximately; 

I. Administrative 18 
2. Fcttorial 14 
3. 'Fe -hnical committees  135 
4. Joint  me?tings (conferences, 

sympos'a, etc.) 37 
5. Joint Technical Advisory Com-

m ttee 6 
- 6. Meaings (National Conven-

tion, etc.) 12 
7. National Television System 

Committees of the Radio 
arid Television Manufactur-
ers Association  55 

Total, excluding Section meet-
ings 

8. Sections 
9. Subsections 

277 
602 
69 

Grand Total  948 

Special mention is made of the substan-
tial gross th of the Professional Group sys-
tem, the active participation of Groups in 
sponsoring symposia, issuing TRANSACTIONS, 
and providing specialized papers for the 
PsocEFIANGs, with the likelihood of several 
new Groups becoming established soon. 
The 1951 National Convention consti-

tutes another example of the Institute's ex-
panding services to the field which it serves. 
22,919 persons attended to participate in 4.3 
technical sessions with 210 papers and to see 
277 exhibits, all in excess of those for the 
previous National Convention. 
'1 he Secretary notes, therefore, that the 

year just closed leaves with it a very satis-
factory record. It also leaves with the man-
agement the task of continuing the search 
for solutions to problems inevitably asso-
datA with growth, among which is that of 

space for headquarters' acti‘ ities, now be-
coming inadequate. 

Respectfully sun! unlit ted, 

HARADEN PRATT, 
Secretary 

February 7, 1952. 

Membership 

At the end of the year 1951, the member-
ship of the Institute, including all grades, 
was 29,408, an increase of 406, or 1.4 per cent 
over the previous year. The 406-member in-
crease in 1951 was less than 3,332 and 2,233, 
the increases for 1949 and 1950, respectively. 
The percentage increase was 14 per cent in 
1949, and 8 per cent in 1950. The net in-
crease in membership during 1951 was 
greatly reduced by the 42 per cent decrease 
in members in the Student grade. The mem-
bership trend from 1912 to date is shown 
graphically in Fig. I. 

Students transferred to the Associate grade 
in 1951, compared to 1,786 in 1950, which re-
flects a satisfactory trend. The membership 
ratio of Associates to higher grades is ap-
proximately 2 to 1. 
It is with deep regret that this office re-

cords the death of the following members of 
the Institute during the year 1951: 

Fellows 

John Adrian Balch (M'17—F'40) 
Francis J. Behr (A'13—M13—F'20—L'49) 
Edward Bennett (M'17—F'18) 
Robert H. Marriott (A'12—M'12—F'15—L'49) 
Chester W. Rice (A'16—M'26--F'28) 

Senior Members 

Cyrus D. Backus (A'19—M'26—SM'43) 
Quincy A. Brackett (M'41—SM'43) 
Vivian M. Brooker (A'27—M'35—SM'43) 
Louis G. Caldwell (M'29—SM'43) 
Hartman B. Canon (A'41—M'42—SM'43) 
P. K. Chatterjea (M'41—SM'43) 
Wayne G. Eaton (M'30—SM'43) 
Joseph C. Ferguson (A'41—SM'46) 
Herman T. Kohlhaas (SM'46) 
Garrett W. Lewis (A'44—SM'50) 
Frederick P. Mort (SM'47) 
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Fig. 1 

Actual membership figures for 1949, 1950, 
and 1951 are shown in Table I. Of the 16,549 
nonvoting Associates, 4,154 have been in 
that grade for more than five years. 3,059 

Grade 

Keron C. Morrical (SM'44) 
Edmund R. Morton (SM'50) 
Edwin L. Powell (A'14—M'29—SM'43) 
N. S. Subba Rao (SM'45) 

TABLE I.—TOTAL M EMBERSIIIP DISTRIBUTION BY GRADES 

As of Dec. 31. 1951 
Number  Per Cent 

of Total 

As of flee. 31, 1950 
Number  Per Cent 

of Total 

As of Dec. 31, 1919 
Per Cent 

Number  of Total 

Fellow  345  1.2  323 1.1 284 1.1 
Se  Member  3,070  10.4  2.726  9.4  2,421  9.0 
Member  4,043  1.3.7  .1,803  13.1  3,559  13.3 
Assort:0e  17,523 m 59.6  14,590••  50.3  12,309i  46.0 
Student  4,427 15.1  7,560  26.1  8,196  30.6 

- -  - - 
Total  29,408 29,002  26,769 

0 1 nr1 mien 1.260 Voting Alutociateo. **Induch-t 1.159 Voting Ageneinte*. ••• Includes 974 Voting Asonclittra. 
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Members 

Arthur A. Bertram (A'44-M'49) 
Alfred J. Bremmer (M'46) 
Harold M. Brett (M'44) 
Theodore A. Brindle (M'50) 
J. W. Fleming (A'39, M'49) 
Henry J. Oosterling (M'45) 
Philip M. Raycer (A'48--M'48) 
John E. Shaw (M'48) 
Emerson W. Thomas (M'48) 
Albert J. Woodcock (A'41-M'48) 

Voting Associates 

Ralph E. Adams (A'32-VA'39) 
Jerome Burbank (A'30-VA'39) 
Arvid P. Sunnergren (A'28-VA'39) 

Associates 

Andrew Aguele (A'46) 
John C. Bell (A'4I) 
Richard N. Chambers (A'49) 
Jessie Raymond Collins (A'40) 
Arthur P. Copson (S'48-A'50) 
James C. Drumm (A'S!) 
Waldo D. Elmer (A'44) 
Oscar Hachoogan (A'45) 
Peter L. Harbury (S'43-A'45) 
Donald M. Harring (A'45) 
Henry S. Kaminski (A'50) 
Thomas R. Knudsen (A'50) 
Henry J. Lawton (A'51) 
Frederic F. Lee (A'50) 
Alfred R. Leek (S'45-A'47) 
Ronald W. S. Marsano (A'44) 
Eli Ossofsky (S'43-A'46) 
A. V. Platter (A'49) 
Charles H. Rehnke (A'49) 
Lloyd D. Rodgers, Jr. (A'50) 
Colin G. Ross, Jr. (A'4I) 
Alvin Sachs (A'45) 
Roger M. Sanderford, Jr. (S'42-A'44) 
Ralph W. Smith, Jr. (A'49) 
Ernest Uribe (A'50) 
Oliver D. Westerberg (A'45) 
John L. Wiley (A'46) 

Students 

Allan Briggs (S'48) 
Harvey B. Glasser (S'48) 
Thomas J. Ricotta (S'50) 

Fiscal 

A condensed summary of income and ex-
penses for 1951 is shown in Table II, and a 
balance sheet for 1951 is shown in Table III. 

Editorial Department 

During the year 1951 there were pub-
lished in the PROCEEDINGS OF THE I.R.E. a 
total of 3,052 pages, including covers; a 
marked increase over previous years. Of 
these, 1,628 were editorial pages and 1,424 
were advertising pages. The number of PRO-
CEEDINGS pages published in each of the last 
four years is given in Table IV. The number 
of editorial pages published each year since 
1913 is shown in Fig. 2. 
Technical papers totaling 173 were pub-

lished in 1951, as against 186 in 1950. In ad-
dition, 8 IRE Standards were published in 
1951 as against 6 in 1950. Authorship of 
these papers was by 239 individuals of whom 
175, or 73 per cent, were members of the In-
stitute. In 1950, 182 of the 252 authors, or 73 
per cent, were members. 

TABLE IL —SUMMARY OF INCOME AND EXPENSES, 
1951 

Income 
Advertising  $345,418.45 
Member Dues and 
Convention  495,850.95 

Subscriptions  51,695.11 
Sales Items, Binders. 
Emblems. etc.  20,463.13 

Inv stments Income  13,260.88 
Miscellaneous Income  683.36 

TOTAL INCOME 

Expenses 
PROCEEDINGS  Edi-
torial Pages  $190,257.31 

Advertising Pages  188,025.57 
Directory  67,240.06 
Section and Student 
Branch Rebates  31,643.94 

Sales Items  11,006.97 
Miscellaneous Print-
ing  2,185.37 

General Operations  204,784.16 
Convention Cost  127,080.62 

TOTAL EXPENSES 

Surplus 
Reserve for Deprecia-
tion . 

NET SURPLUS 

$927,371.88 

$822,224.00 

$105,147.88 

6,925.89 

$ 98,221.99 

TABLE III. —BAI.ANCE SIIEET —DECEMBER 
1951 

Assets 
Cash and Accounts 
Receivable  $276,312.09 

Inventory  13,352.53 

TOTAL CURRENT ASSETS 
Investments at Cost 601,013.42 
Building and Land 
at Cost  356,687.30 

Furniture and Fix-
tures at Cost 

Other Assets 
85,803.6(1 
19,139.20 
— 

$ 289,664,62 

TOTAL I ,062,643.52 
TOTAL ASSETS  S1,352,308.14 

Liabilities and Surplus 
Accounts Payable $ 18,718.46 
Federal Taxes on 
Emblems. etc. 91.76 

Total Current Lia-
bilities 

*Deferred Liabili-
ties 

$ 18,810.22 

315,896.42 

Total Liabilities  334,71)6.64 
Reserve for Depre-
ciation  31,348.54. 

Surplus —Donated  595,406.43 
Surplus —Earned  390,846.53 

TOTAL SURPLUS  986,252.96 
TOTAL LIABILITIES 
AND SURPLUS  $1,352,308.14 

*1952 Items. PROCEEDINGS for members and sub-
Sc ibers. Advertising, and Convention Service. 

TABLE IV. —VoLumit OF PROCEEDINGS PAGES. 

1951  1950  1949  1948 

Editorial 
Advertising 
Total 

1,628  1,516  1,532  1,592 
1,424  1,016  872  860 
3,052  2,532  2,404  2,452 

The volume of papers submitted for pub-
lication continues at a high rate. During 
1951, 241 papers totaling an estimated 1,680 
PROCEEDINGS pages were submitted, or an 
average of 20 papers and 140 pages per 
month. During 1950, 271 papers of 1,547 
pages were received, or 23 papers and 129 
pages per month. 
The backlog of papers on hand in the 

Editorial Department at the end of 1951 
consisted of 153 papers totaling 704 PRO-
CEEDINGS pages, of which 67 papers or 303 
pages had been accepted for publication, the 
remainder being under review. This repre-

sented no significant change over the back-
log total at the end of 1950 of 141 papers or 
777 pages. 
The year 1951 was marked by four im-

portant innovations in publication policies 
which will substantially increase the effec- . 
tiveness with which the publications of the 
Institute fulfill the technical information 
needs of the membership. 
(1) The IRE Professional Groups, with 

the assistance of the Editorial Department, 
inaugurated a quick, inexpensive method of 
providing group members with technical pa-
pers in their particular fields of interest by 
issuing their own technical publications, 
called TRANSACTIONS, to their respective 
inemberships. The Editorial Department 
published 6 TRANSACTIONS for the Audio 
Group and 2 for the Airborne Electronics 
Group. 
(2) The publication in October of the 

special color-television issue of PROCEEDINGS 
marked the first issue of PROCEEDINGS de-
voted to one subject. The 400-page issue was 
the largest issue of PROCEEDINGS ever pub-
lished. 
(3) Manuscripts of lengthy descriptive 

or mathematical papers, which cannot be 
published in the PROCEEDINGS in full-length 
form due to space considerations, will be de-
posited (with the author's consent) with the 
American Documentation Institute in Wash-
ington, D. C., where microfilm or photocop-
ies may be purchased by interested reader-. 
Abstracts of these papers will be published 
the PROCEEDINGS accompanied in each cast 
by a footnote advising readers of the avail 
ability and costs of copies of the full-lengtl, 
papers. 
(4) Publication of a series of valuablt 

and outstanding tutorial papers on a wid, 
variety of topics of both present and histori-
cal interest was begun with the appearanc, 
of seven such papers during 1951, prepared 
by authorities in the field. The tutorial pa-
pers series is sponsored by the Tutorial Pa-
pers Subcommittee of the IRE Committet. 
on Education. 
The Editorial Department continued to 

co-operate closely with IRE Professional 
Groups on the publication of technical pa-
pers, abstracts of papers delivered at Group-
sponsored conferences, and news items of 
interest to Group members in order to givt. 
this important Institute activity full expres-
sion in the pages of Ihe PROCEEDINGS. Dur-
ing the year, nine papers were published in 
the PROCEEDINGS which had been referred to 
and recommended by Professional Groun-
for publication. 
The 1951 IRE Directory was the large,t 

Directory published to date, containing 764 
pages including covers, of which 418 were 
membership listings and information, 346 
were advertisements and listings of manu-
facturers and products. The Directory was 
issued in October. 1951. 
The Editorial Department is direc ted by 

Editor Alfred N. Goldsmith in matters of 
editorial policy, content, and format, and by 
Executive Secretary George W. Bailey in 
matters of finance and administration. Both 
function through Technical Editor E. K. 
Gannett and an effective staff. It has been 
greatly assisted by the counsel and co-opera-
tion unstintingly given by the members of 
the Board of Editors, Papers Review Corn-

1 
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Inittee, and the Administrative Committee 
)f the Board of Editors. 

Standards on Transducers: Definitions of 
Terms, 1951. 

VOLUME OF TECHNICAL AND EDITORIAL MATTER 
PUBLISHED IN THE PROCEEDINGS 

1913 TO 1951 

SMALL  FORMAT 

• (42 % WORD • CONTENT OF LAIK.'t F OR MA r) 

Fig. 2 

LARGE  FORMAT 

USE SINCE 1939-) 

PAGES 

1000 

500 

11  II  I  III  .11.11.  III  II 

13 IS '17 '19 '21 /3 '25 '27 '29  '31  '33 '35 '37 '39  '41 '43 '45 '47 '49 '51 

Technical Activities 

[Technical Committees.] During 1951, 23 
IRE Technical Committees, with their sub-
committees, task groups, and planning com-
mittees for conferences or symposia, held 114 
meetings at the Institute Headquarters, one 
meeting at the Waldorf-Astoria Hotel during 
the National Convention, and twenty meet-
ings at other points, a grand total of 135 
meetings. 
A report on the activities of the IRE 

Technical Committees and their subcommit-
tees is compiled by the office of the Technical 
Secretary and published each month in the 
l'ROCEEDINGS. 
The policy of publishing Standards in the 

PROCEEDINGS was adopted in late 1949. Is-
sues of the 1951 PROCEEDINGS containing 
Standards are identified by a red band on the 
cover and spine. This method of publication 
is still being carried on and reprints of Stand-
ards appearing in the PROCEEDINGS may be 
I purchased from headquarters for a nominal 
'sum. The following eight Standards were 
t published during 1951: 

Standards on Circuits: Definitions of 
Terms in Network Topology, 1950. 

Standards on Television: Methods of 
Measurement of Electronically Regu-
lated Power Supplies, 1950. 

Standards on Electronic Computers: Defi-
nitions of Terms, 1950. 

Standards on Abbreviations of Radio-
Electronic Terms, 1951. 

Standards on Electroacoustics: Definitions 
of Terms, 1951. 

Standards on Pulses: Definitions of 
Terms, Part 1, 1951. 

Standards on Radio Receivers: Open Field 
Method of Measurement of Spurious 
Radiation from Frequency Modulation 
and Television Broadcast Receivers, 
1951. 

The following Standards, prepared by 
IRE Technical Committees, were approved 
by the Standards Committee in 1951 and 
will be published in forthcoming issues of the 
PROCEEDINGS: 

Standards on Gas-Filled Counter Tubes: 
Definitions of Terms, 1952. 

Standards on Electron Tubes: Methods of 
Testing Gas-Filled Radiation Counter 
Tubes, 1952. 

The Annual Review Committee has pre-
pared its survey, the Radio Progress Report 
During 1951, which appeared in the April, 
1952 issue of the PROCEEDINGS. 
The Master Index of Terms which was 

prepared in 1949 was revised in February, 
1951 by the Office of the Technical Secretary 
and made available to all IRE committees 
and, upon request, to other societies. 
Approval was secured in April, 1951 for 

the formation of a new Technical Committee 
on Servo-Systems under the Chairmanship 
of Professor W. M. Pease of the Massachu-
setts Institute of Technology. 
The Executive Committee authorized 

the change in the name of the Modulation 
Systems Committee to the Committee on In-
formation Theory and Modulation Systems. 
The name of the Electron Tubes and Solid 
State Devices Committee was changed to 
the Committee on Electron Devices. The 
Committee on Mobile Communications was 
renamed the Committee on Mobile Com-
munications Systems. 
Joint Committees. Twelve meetings of 

committees jointly sponsored by IRE and 
other outside organizations were held at IRE 
headquarters. Secretarial service was pro-
vided for several of these meetings. During 
the year 37 conferences, symposia, technical 
sessions, and national meetings were spon-
sored by IRE Professional Groups, by tech-
nical committees, or co-sponsored by IRE 

and other organizations. The major portion 
of the work involved was the responsibility 
of the Office of the Technical Secretary. 
The Second Joint I RE/AI EE/NBS High 

Frequency Measurements Symposium, spon-
sored by the Joint IRE/AIEE Committee 
on High Frequency Measurements was held 
in Washington, D. C. on January 10-12, 
1951. The conference attendance of 590 was 
most enthusiastic. It was held as a part of 
the celebration of the semicentennial of the 
National Bureau of Standards. The IRE 
Professional Group on Instrumentation also 
co-operated in the organization of the con-
ference. 
The IRE participated for the first time in 

the program of the National Convention of 
the Institute of Aeronautical Sciences in 
January, which was held at the Hotel Astor. 
The IRE co-operated with the Institute of 
Aeronautical Sciences in sponsoring a full 
day's technical session devoted to Electron-
ics in Aviation. 
At the request of the Department of 

State, the appointment of A. G. Jensen was 
approved as Chairman of the new United 
States committee to handle questions in-
volved in the work assigned to Study Group 
XIV of the International Radio Consulta-
tive Committee. Mr. Jensen's nomination as 
a representative for the Executive Commit-
tee of the United States delegation of the 
International Radio Consultative Commit-
tee was also approved by IRE. 
The National Association of Radio and 

Television Broadcasters during 1951 ac-
cepted the invitation to join th,r: IRE, 
RTMA, and SMPTE on the Steering Com-
mittee which will be known as the Joint 
Committee for Inter-Society Co-ordination 
(JCIC). This committee was formerly 
known as the IRS Steering Committee, es-
tablished to avoid duplication of effort 
among the technical committees of IRE, 
RTMA, and SMPTE working in fields asso-
ciated with television. 
Professional Group System. There are six-

teen Professional Groups presently active in 
the following fields: Airborne Electronics, 
Antennas and Propagation, Audio, Broad-
cast and Television Receivers, Broadcast 
and Transmission Systems, Circuit Theory, 
Electronic Computers, Electron Devices, 
Engineering Management, Information The-
ory, Industrial Electronics, Instrumentation, 
Nuclear Science, Quality Control, Radio 
Telemetry and Remote Control, and Vehicu-
lar Communications. The total membership 
is in excess of 13,000 and is increasing stead-
ily. It is anticipated that pending petitions 
to form five new IRE Professional Groups in 
the fields of Medical Electronics, Biological 
Electronics, Radio Communications, Micro-
wave Electronics, and Basic Sciences will be 
approved by the Executive Committee. The 
Growth of the Professional Group system is 
evidenced by the fact that at the 1951 Na-
tional Convention seven groups sponsored 
eleven symposia. Each Group nominated a 
representative to serve on the Technical 
Program Committee for the Convention. 
IRE Sections are constantly informed of 

the activities of the Groups through the 
media of newsletters, conference notices, and 
minutes from the office of the Technical 
Secretary. Steps are being taken in the vari-
ous Sections towards the stimulation of 
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Group activities. As a result of several Group 
membership drives, many new members 
have been enrolled in IRE. During the year, 
a number of Groups sponsored joint sym-
posia, national meetings, and technical ses-
sions with other professional societies. All 
Groups are charged with the procurement of 
papers for publication in the PROCEEDINGS. 
The Professional Group Manual was again 
revised in 1951. 
The Professional Group on Nuclear Sci-

ence sponsored a very successful Annual 
Symposium at the Brookhaven National 
Laboratory on December 3-4. It was well 
attended and enthusiastically received. 
The Professional Group on Electronic 

Computers co-operated with the IRE Tech-
nical Committee on Computers to co-spon-
sor with AIEE an outstandingly successful 
Conference on Electronic Computers, in 
Philadelphia, December 10-12. A total of 
872 persons attended the conference. 
Joint Technical Advisory Committee. Six 

meetings of JTAC were held during 1951. 
Volume VI, Proceedings of the JTAC, was 
published. This volume included: Section 1, 
Official Correspondence Between the Fed-
eral Communications Commission and the 
Joint Technical Advisory Committee (I RE-
RTMA) with Other Items Pertinent to the 
Action of the JTAC; and Section II, Ap-
proved Minutes of Meetings of the Joint 
Technical  Advisory  Committee (I RE-
RTMA). both covering the period July 1, 

IRE People 

1949-June 30, 1950. Volume VII of the 
Proceedings for the subsequent year ending 
June 30, 1951 was also authorized and p1 
pared. It will be distributed in January, 
1952. The preparation of a paper on the 
"Conservation of the Radio Spectrum," was 
undertaken and will appear as JTAC Vol-
ume VIII. The membership for the year 
July I, 1951 to June 30, 1952 was appointed. 
I. J. Kaar replaced John V. 1. Hogan as 
Chairman and Ralph Bown was elected 
unanimously as Vice Chairman. On July 31, 
1951, Haraden l'ratt resigned from member-
ship on JTAC to become Telecommunica-
tions Advisor to the President of the 1'16441 
States. A. V. Loughren was elected unan-
imously to replace Mr. l'ratt. 
A Subcomniittee on Land-Mobile Chan-

nel Allocations was appointed on October 9, 
1951, to act as consultant to the JTAC in the 
preparation of a reply to the FCC regarding 
its request for information on the subject of 
channel allocations for communication serv-
ices. One meeting of this subcommittee was 
held in 1951, at which time the problem was 
outlined and the assignment made. 
NTSC. In addition to IRE committee 

meetings, the National Television System 
Committee held 55 meetings at headquar-
ters. The Technical Secretary acts as Secre-
tary for Panel 18, which is the co-ordinating 
panel for the National Television System 
Committee. By request, the office of the 
Technical Secretary provided secretarial as-

sistance several times for other of the NTSC 
'muck 

Section Activities 

We %%ere glad to welcome three new Se. 
lions into the Institute during the past year 
They are as follows: 

Oklahoma City (July), 1951 
Phoenix (January), 1951 
Tulsa (May), 1951 

the total number of Sections is now 60 
There has been an increase in the membei 
ship of 25 Sections. 
The Subsect ions of Sections now total 1.1. 

the following being formed in 1951: 

l'alo Alto (San Francisco Secti(1n), Januar!. 
1951 

Rome (Syracuse Section), May, 1951 

Student Branches 

'rile number of Student Branches fore 
during 1951 was 4, all of which opera , 
Joint 113E-Al EE Branches. The total Willi 

ber of Student Branches is now 109, 66 (,! 
which operate as Joint I RE-Al EE Branche-
Following is a list of the Studen! 

Branches formed during 1951: Johns Hopkil,-
University, University of Kansas, Mow , 
State College, and Villanova College. 

Herbert S. Bennett (.V42 M'43 SM '44) 
has been appointed as director of research 
and engineering of the engineering and pro-

duction division of 
Dynamic  Electron-
ics-New York, Inc., 
it was recently an-
nounced. 
Dr. Bennett was 

born on June 13, 
1917, in New York, 
N. Y. He received 
the  B.E.E. degree 
and the M.S.E.E. de-
gree frotn the College 
of the City of New 
York, in 1938, and 

1939, respectivel. He received the M.S. 
degree ill physics in 1947, and the D.Sc. de-
gree in electrical engineering in 1951, both 
from the Polytechnic Institute of Brooklyn. 
Dr. Bennett was a radio engineer for the 

United States Signal Corps from 1939-1942, 
and was then commissioned to serve as a 
technical officer with the Signal Corps, and 
later, with the United States Air Force until 
1946. At present, he holds a reserve rank of 
lieutenant colonel. After returning to civilian 
employment in 1946 as a research and de-
velopment engineer with the United States 
Air Force at %Vatson Laboratories, he then 
became chief of the planning and analysis 
branch of these laboratories. From 1950-
1952, he was chief of the engineering branch 
at the Electronic Warfare Center, Fort 
Monmouth, N. J. 
Dr. Bennett is a member of the IRE 

JOSEPH RACKER 

Admissions Committee and was active on 
the Technical Program Committee for the 
1947 IRE National Convention. He is a 
member of Sigma Xi, the Scientific Research 
Association of America, the National Society 
of Professional Engineers, the American In-
stitute of Electrical Engineering, Tau Beta. 
Pi, and Eta Kappa Nu. He is the author of 
papers and reports on researches in electro-
magnetic diffraction problems. 

Joseph Backer (A'5I) has been named 
president of the recently expanded Joseph 
Racker Company, a firm of radar consult-

ants and editors. 
Mr. Racker was 

born on October 30, 
1921, in New York, 
N. Y. He received 
the B.S. degree in 
physics from Brook-
lyn College in 1942, 
and  the  NI.S.E.E. 
degree from Brook-
lyn Polytechnic In-
stitute in 1948. Dur-
ing World War 11, 
Mr. Racker served 

with the United States Army as a radar 
officer, and has had more than six years of 
experience with International Telephone 
and Telegraph Corporation system com-
panies. He is the co-author of the text 
"Pulse Techniques," and author of "Funda-
mentals of Microwave Communications." 

HERBERT A. ELioN 

Herbert A. Elion (A'52) has 
pointed to the research staff of Paul Rosen 
berg Associates, consulting physicists. For 

merly,  he  was  .1 
projects engineer al 
Freed  Radio  Cor-
poration  and  the 
M. W. Kellogg Com-
pany. 
Mr.  Elion  was 

born on October 16. 
1923, in New York. 
N. Y. He recei\ , 
the B.M.E. dt 
front the College 
the City of Nev. 
York in 1944, and 

the M.S. degree front the Brooklyn Poly-
technic Institute in 1949. At present, Mr. 
Elton is working on his doctorate degree. 

Paul F. Shuey (A'37-M'46) died 
recently at his home in Galion, Ohio. 
lie was 70 years of age. 
A native of New Providence, Pa., 

Mr. Shney was affiliated with the 
Northern  Electric  Manufacturing 
Company for the past 11 years. He 
was a member of the American In. 
stitute of Electrical Engineers and 
the Society of Professional Engineers. 
He was a Fellow at Mellon Institute. 
Pittsburgh, Pa. 



Institute News and Radio Notes 737 

• 

August  Hund  (N1'16 F'27-
LN1'52),  noted electrical engineer 
consultant and author of numerous 
papers and technical books in various 
fields of radio, died recently at his 
home in Santa Monica, Calif. 
Dr. Hund was born at Offenburg, 

; Baden, Germany, in 1887, and re-
: ceived the E.E. degree in 1911, and 
; the D.Eng. degree in 1913, at Cans-
rube, Germany. He later did some 

; graduate work at the University of 
California. Arriving in the United 
States in 1912, Dr. Hund was en-

," gaged as a research engineer for the 
I General Electric Company until 1914, 
; and from 1915-1917, he was a mem-
!. ber of the staff of the University of 
Southern California, where he taught 
electrical engineering and physics. He 
became a consultant research engineer 
from 1918-1922, and then served with 
the National Bureau of Standards, 
from 1922-1929, as senior physicist. 
From 1929-1934, Dr. Hund was a 
special research and consultant en-
gineer for the Wired Radio Inc., in 
New Jersey, and then returned to a 
practice in California, as a consultant 
engineer. He was a technical con-
sultant for the United States Naval 
Radio and Sound Laboratory, in San 
Diego from 1942-1945, and later re-
tired, although continuing his work 
on technical books. 

Dr. Hund had been granted 45 
patents in the fields of piezo-electric 
oscillators,  modulators,  amplifiers. 
and frequency control. His last book, 
"Short-Wave  Radiation  Phenom-
ena," was published recently. 

Dr. Humd was the acting Chair-
man of the IRE San Diego Section 
in 1945, and served on the IRE Com-
mittee of Standardization Subcom-
mittee on Electro-Acoustic Devices. 
He was a member of the American 
Physical Society, the American In-
stitute of Electrical Engineers, and 
the International Union of Radio. 

Robert W. Hellwarth (S'52) has been 
hosen valedictorian of Princeton Univer-
.iiN's graduation exercises in June. He also 
%,ts recently selected to receive the 1952 
RE Student Branch award at Princeton. 

Books 

ERNST W EBER 

KNOX MCILWA1N 

Knox  McDwain  (A'31-M '40-SM '43--
F'48) was named RTMA representative to 
the Radio Technical Commission for Aero-

nautics, recently, by 
W. R. G. Baker, di-
rector of the RTMA 
Engineering Depart-
ment. Mr. McIlwain 
is chief consulting 
engineer of Hazeltine 
Electronics Corpora-
tion. 
Mr.  McIlwain, 

who is a native of 
Philadelphia, Pa., re-
ceived the B.S. de-
gree from Princeton 

University in 1918, and the B.S.E.E. and 
E.E. degree from the University of Penn-
sylvania in 1921 and 1930, respectively. In 
1948, Mr. McIlwain was awarded a Certifi-
cate of Commendation by the United States 
Navy for his achievements during World 
War II, and the IRE Fellow Award for his, 
"contribution to the technical literature of 
radio and his activity in the field of radio 
aids to navigation." 
Mr. Ilwain has served on IRE Commit-

tees such as Admissions, Board of Editors, 
Circuits, Education, Standards, and others. 
In 1935-1936, he was the Chairman of the 
IRE Philadelphia Section. 

Ernst Weber ( .\1'41-SN1'43-F'51), form-
erly with the Office of Scientific Research 
and Development, has been elected presi-

dent of Polytechnic 
Research and Devel-
opment Co. 
Dr. Weber was 

born in Vienna, Aus-
tria, in 1901, and re-
ceived his education 
there which included 
the Sc.D. and Ph.D. 
degrees. In 1930, he 
came to the United 
States as a visiting 
professor  at  the 
Brooklyn  Polytech-

nic Institute where he has remained since 
that time. In 1945, he was named head of the 
department of electrical engineering and 
director of the Microwave Research Insti-
tute. 
Dr. Weber has served on numerous IRE 

Committees and is a member of the IRE 
Board of Directors. 

Loots G. PACENT 

Louis G. Pacent (A'12-M'15-
F'27), pioneer radio engineer, presi-
dent of the Pacent Engineering Cor-

poration, died 
recently  in 
New  York, 
N. Y. He was 
58 years old. 
Mr. Pacent 

started experi-
menting with 
wireless trans-
mission  in 
1906, and had 
his own ama-
teur station in 
1909. At 16, he 

joined the Naval Militia as a com-
municator in 1913, and served aboard 
the U.S.S. Gloucester until 1917. 
During World War I, Mr. Pacent 

worked on the development of com-
munications equipment for the Army 
and Navy. Later he formed his own 
business, the Pacent Electric Com-
pany, Inc., which designed and pro-
duced electrical and radio apparatus 
for General Electric, Westinghouse, 
Western Electric, RCA, and the Fed-
eral government. In 1921, the first 
short-wave transatlantic message was 
sent and received in Scotland, on the 
200-meter transmission, as Mr. Pa-
cent had formerly suggested. 
In the 1920's and 1930's, Mr. 

Pacent increased his research inter-
ests to the new talking motion picture 
field. He designed the first all power-
operated talking motion-picture sound 
equipment, while a consultant for 
Warner Brothers Pictures, which was 
installed in 1928. In 1933 he formed 
the engineering company which he 
headed at his death. 
Mr. Pacent received the Certifi-

cate of Appreciation award from the 
War Department in 1946 in recogni-
don of his services to the department 
during World War II. In 1951 he re-
ceived a Marconi Memorial Medal of 
Achievement. 
Mr. Pacent served on various IRE 

Committees, and was a fellow of the 
Society of Motion Picture Engineers, 
a member of the American Institute 
of Electrical Engineers, and the presi-
dent of the Radio Club of America. 

3roadcast Operator's Handbook, Second 
edition by Harold E. Ennes 
Published (1951) by John F. Rider Publisher. 

inc.. 480 Canal St.. New York 13. N. Y. 434 pages +4-
3age index +1-page bibliography +el pages. 225 fig-
ries. 51 X81. $5.40. 

Harold E. Ennes is a staff engineer of station 
WIRE, and technical director of station WAJC, 
Indianapolis, Ind. 

This book is valuable to the inexperi-
owed broadcast technician. The material is 
lrawn from the author's experience manu-
'acturers' instruction books, and publica-
tions of the FCC. 

The instruction given is of use only to 
technicians concerned with specific equip-
ment for which the book was written. With-
out availability of the equipment described, 
the instruction given is of little value. Other 
parts of the book are very readable and give 
useful information on broadcast subjects. 
It is unfortunate that this edition does 

not include information made available 
within the last several years on studio de-
sign, new microphones, and the CAA re-
quirements; however, other subjects dis-
cussed are satisfactorily up to date. 

Some of the chapters contain information 
apparently not related to the rest of the 
subject matter. This prevents ready refer-
ence to these items until the location of all 
the material in the book is well known. Also, 
some material appears repetitious as the 
same subjects are discussed in several places. 
A short bibliography is included which 

will be of interest to the inquiring broadcast 
technician. 

ORRIN W. TowNhs 
mins, Inc. 

Louisville 2, Ky. 
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H. S. BENNETT 

Group activities. As a result of several Group 
membership drives, many new members 
have been enrolled in IRE. During the year, 
a number of Groups sponsored joint sym-
posia, national meetings, and technical ses-
sions with other professional societies. All 
Groups are charged with the procurement of 
papers for publication in the PROCEEDINGS. 
The Professional Group Manual was again 
revised in 1951. 
The Professional Group on Nuclear Sci-

ence sponsored a very successful Annual 
Symposium at the Brookhaven National 
Laboratory on December 3-4. It was well 
attended and enthusiastically received. 
The Professional Group on Electronic 

Computers co-operated with the IRE Tech-
nical Committee on Computers to co-spon-
sor with AIEE an outstandingly successful 
Conference on Electronic Computers, in 
Philadelphia, December 10-12. A total of 
872 persons attended the conference. 
Joint Technical Advisory Committee. Six 

meetings of JTAC were held during 1951. 
Volume VI, Proceedings of the JTAC, was 
published. This volume included: Section 1, 
Official Correspondence Between the Fed-
eral Communications Commission and the 
Joint Technical Advisory Committee (I RE-
RTMA) with Other Items Pertinent to the 
Action of the JTAC: and Section II, Ap-
proved Minutes of Meetings of the Joint 
Technical  Advisory  Committee (IRE-
RTMA), l'oth covering the period July 1, 

IRE People 

1949-June 30, 1950. Volume VII of the 
Proceedings for the subsequent year ending 
June 30, 1951 was also authorized and pre-
pared. It will be distributed in January, 
1952. The preparation of a paper on the 
"Conservation of the Radio Spectrum," was 
undertaken and will appear as JTAC Vol-
ume VIII. The membership for the year 
July 1, 1951 to June 30, 1952 was appointed. 
I. J. Kaar replaced John V. L. Hogan as 
Chairman and Ralph Bown was elected 
unanimously as Vice Chairman. On July 31, 
1951, Haraden Pratt resigned from member-
ship on JTAC to become Telecommunica-
tions Advisor to the President of the United 
States. A. V. Loughren was elected unan-
imously to replace Mr. Pratt. 
A Subcomniittee on Land-Mobile Chan-

nel Allocations was appointed on October 9, 
1951, to act as consultant to the JTAC in the 
preparation of a reply to the FCC regarding 
its request for information on the subject of 
channel allocations for communication serv-
ices. One meeting of this subcommittee was 
held in 1951, at which time the problem was 
outlined and the assignment made. 
NTSC. In addition to IRE committee 

meetings, the National Television System 
Committee held 55 meetings at headquar-
ters. The Technical Secretary acts as Secre-
tary for Panel 18, which is the co-ordinating 
panel for the National Television System 
Committee. By request, the office of the 
Technical Secretary provided secretarial as-

sistance several times for other of the NTsc 
panels. 

Section Activities 

We were glad to welcome three new Sec-
tions into the Institute during the past year. 
They are as follows: 

Oklahoma City (July), 1951 
Phoenix (January), 1951 
Tulsa (May), 1951 

The total number of Sections is now 60. 
There has been an increase in the member-
ship of 25 Sections. 
'Hie Subsections of Sections now total 14, 

the following being formed in 1951: 

Palo Alto (San Francisco Section), January, 
1951 

Rome (Syracuse Section), May, 1951 

Student Branches 

The number of Student Branches formed 
during 1951 was 4, all of which operate as 
Joint IRE-A WE Branches. The total num-
ber of Student Branches is now 109, 66 of 
which operate as Joint I RE-Al EE Branches. 
Following is a list of the Student 

Branches formed during 1951: Johns Hopkins 
University, University of Kansas, Montana 
State College, and Villanova College. 

Herbert S. Bennett (X42 -NI '43-SM '44) 
has been appointed as director of research 
and engineering of the engineering and pro-

duction division of 
Dynamic  Electron-
ics-New York, Inc., 
it was recently an-
nounced. 
Dr. Bennett was 

born on June 13, 
1917, in New York, 
N. Y. He received 
the  B.E.E. degree 
and the M.S.E.E. de-
gree from the College 
of the City of New 
York, in 1938, and 

1939, respectively. He received the M.S. 
degree in physics in 1947, and the D.Sc. de-
gree in electrical engineering in 1951, both 
from the Polytechnic Institute of Brooklyn. 
Dr. Bennett was a radio engineer for the 

United States Signal Corps from 1939-1942, 
and was then commissioned to serve as a 
technical officer with the Signal Corps, and 
later, with the United States Air Force until 
1946. At present, he holds a reserve rank of 
lieutenant colonel. After returning to civilian 
employment in 1946 as a research and de-
velopment engineer with the United States 
Air Force at ‘Vatson Laboratories, he then 
became chief of the planning and analysis 
branch of these laboratories. From 1950-
1952, he was chief of the engineering branch 
at the Electronic Warfare Center, Fort 
Monmouth, N. J. 
Dr. Bennett is a member of the IRE 

JOSEPH RACKER 

Admissions Committee and was active on 
thc Technical Program Committee for the 
1947 IRE National Convention. He is a 
member of Sigma Xi, the Scientific Research 
Association of America, the National Society 
of Professional Engineers, the American In-
stitute of Electrical Engineering, Tau Beta 
Pi, and Eta Kappa Nu. He is the author of 
papers and reports on researches in electro-
magnetic diffraction problems. 

Joseph Racker (A'51) has been named 
president of the recently expanded Joseph 
Racker Company, a firm of radar consult-

ants and editors. 
Mr. Racker was 

born on October 30, 
1921, in New York, 
N. Y. He received 
the B.S. degree in 
physics from Brook-
lyn College in 1942, 
and  the NI .S.E.E. 
degree from Brook. 
lyn Polytechnic In-
stitute in 1948. Dur-
ing World War II, 
Mr. Racker served 

with the United States Army as a radar 
officer, and has had more than six years of 
experience with International Telephone 
and Telegraph Corporation system com-
panies. He is the co-author of the text 
"Pulse Techniques," and author of "Funda-
mentals of Microwave Communications." 

HERBERT A. ELION 

Herbert A. Elion (A'52) has becii 
pointed ttoo  the research staff of Paul Rosen-
berg Associates, consulting physicists. For-

merly,  he was  a 
projects engineer at 
Freed  Radio Cor-
poration  and the 
M. \V. Kellogg Com-
pany. 
Mr. Elion was 

born on October 16, 
1923, in New York, 
N. Y. He received 
the B.M.E. degree 
from the College of 
the City of New 
York in 1944, and 

the M.S. degree from the Brooklyn Poly-
technic Institute in 1949. At present, Mr. 
Elion is working on his doctorate degret. 

Paul F. Shuey (A'37-M'46) died 
recently at his home in Galion, Ohio. 
He was 70 years of age. 
A native of New Providence, Pa., 

Mr. Shiley was affiliated with the 
Northern  Electric  Manufacturing 
Company for the past 11 years. He 
was a member of the American In-
stitute of Electrical Engineers and 
the Society of Professional Engineers. 
He was a Fellow at Mellon Institute, 
Pittsburgh, Pa. 

.4 
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August  Hund (M '16- F'27-
LM '52), noted electrical engineer 
consultant and author of numerous 
papers and technical books in various 
fields of radio, died recently at his 
home in Santa Monica, Calif. 
Dr. Hund was born at Offenburg, 

Baden, Germany, in 1887, and re-
ceived the E.E. degree in 1911, and 
the D.Eng. degree in 1913, at Cans-
rube, Germany. He later did some 
graduate work at the University of 
California. Arriving in the United 
States in 1912, Dr. Hund was en-
gaged as a research engineer for the 
General Electric Company until 1914, 
and from 1915-1917, he was a mem-
ber of the staff of the University of 
Southern California, where he taught 
electrical engineering and physics. He 
became a consultant research engineer 
from 1918-1922, and then served with 
the National Bureau of Standards, 
front 1922-1929, as senior physicist. 
From 1929-1934, Dr. Hund was a 
special research and consultant en-
gineer for the Wired Radio Inc., in 
New Jersey, and then returned to a 
practice in California, as a consultant 
engineer. He was a technical con-
sultant for the United States Naval 
Radio and Sound Laboratory, in San 
Diego from 1942-1945, and later re-
tired, although continuing his work 
on technical books. 
Dr. Hund had been granted 45 

patents in the fields of piezo-electric 
oscillators,  modulators,  amplifiers, 
and frequency control. His last book, 
"Short-Wave  Radiation  Phenom-
ena," was published recently. 
Dr. Hund was the acting Chair-

man of the IRE San Diego Section 
in 1945, and served on the IRE Com-
mittee of Standardization Subcom-
mittee on Electro-Acoustic Devices. 
He was a member of the American 
Physical Society, the American In-
stitute of Electrical Engineers, and 
the International Union of Radio. 

, Robert W. Helmuth (S'52) has been 
chosen valedictorian of Princeton Univer-
sity's graduation exercises in June. He also 
was recently selected to receive the 1952 
IRE Student Branch award at Princeton. 

KNOX MCILWAIN 

Knox McIlwain (A'31-M '40-SM '43--
F'48) was named RTMA representative to 
the Radio Technical Commission for Aero-

nautics, recently, by 
XV. R. G. Baker, di-
rector of the RT1XIA 
Engineering Depart-
ment. Mr. Mcllwain 
is chief consulting 
engineer of Hazeltine 
Electronics Corpora-
tion. 
Mr.  McIlwain, 

who is a native of 
Philadelphia, Pa., re-
ceived the B.S. de-
gree from Princeton 

University in 1918, and the B.S.E.E. and 
E.E. degree from the University of Penn-
sylvania in 1921 and 1930, respectively. In 
1948, Mr. McIlwain was awarded a Certifi-
cate of Commendation by the United States 
Navy for his achievements during World 
War II, and the IRE Fellow Award for his, 
"contribution to the technical literature of 
radio and his activity in the field of radio 
aids to navigation." 
Mr. Ilwain has served on IRE Commit-

tees such as Admissions, Board of Editors, 
Circuits, Education, Standards, and others. 
In 1935-1936, he was the Chairman of the 
IRE Philadelphia Section. 

Ernst Weber (M '41-S1\ l'43-F'51) , form-
erly with the Office of Scientific Research 
and Development, has been elected presi-

dent of Polytechnic 
Research and Devel-
opment Co. 
Dr. Weber was 

born in Vienna, Aus-
tria, in 1901, and re-
ceived his education 
there which included 
the Sc.D. and Ph.D. 
degrees. In 1930, he 
came to the United 
States as a visiting 
professor at the 
Brooklyn  Polytech-

nic Institute where he has remained since 
that time. In 1945, he was named head of the 
department of electrical engineering and 
director of the Microwave Research Insti-
tute. 
Dr. Weber has served on numerous IRE 

Committees and is a member of the IRE 
Board of Directors. 

ERNST WEBER 

Louts G. PACENT 

Louis G. Pacent (A'12-M'15-
F'27), pioneer radio engineer, presi-
dent of the Pacent Engineering Cor-

poration, died 
recently  in 
New  York, 
N. Y. He was 
58 years old. 
Mr. Pacent 

started experi-
menting with 
wireless trans-
mission  in 
1906, and had 
his own ama-
teur station in 
1909. At 16, he 

joined the Naval Militia as a com-
municator in 1913, and served aboard 
the U.S.S. Gloucester until 1917. 
During World War I, Mr. Pacent 

‘vorked on the development of com-
munications equipment for the Army 
and Navy. Later he formed his own 
business, the Pacent Electric Com-
pany, Inc., which designed and pro-
duced electrical and radio apparatus 
for General Electric, Westinghouse, 
Western Electric, RCA, and the Fed-
eral government. In 1921, the first 
short-wave transatlantic message was 
sent and received in Scotland, on the 
200-meter transmission, as Mr. Pa-
cent had formerly suggested. 
In the 1920's and 1930's, Mr. 

l'acent increased his research inter-
ests to the new talking motion picture 
field. He designed the first all power-
operated talking motion-picture sound 
equipment, while a consultant for 
Warner Brothers Pictures, which was 
installed in 1928. In 1933 he formed 
the engineering company which he 
headed at his death. 
Mr. Pacent received the Certifi-

c ate of Appreciation award from the 
War Department in 1946 in recogni-
t ion of his services to the department 
during World War II. In 1951 he re-
eived a Marconi Memorial Medal of 
Xchievement. 
Mr. Pacent served on various IRE 

Committees, and was a fellow of the 
Society of Motion Picture Engineers, 
a member of the American Institute 
of Electrical Engineers, and the presi-
dent of the Radio Club of America. 

Books  
Broadcast Operator's Handbook, Second 

i Edition by Harold E. Ennes 
Published (1951) by John F. Rider Publisher, 

Inc.. 480 Canal St.. New York 13, N. Y. 434 pages +4-
page index +1-page bibliography +vi pages. 226 fig-
ures. 51 X8f. 15.40. 

Harold E. Ennes is a staff engineer of station 
WIRE, and technical director of station WAJC. 
Indianapolis. Ind. 

This book is valuable to the inexperi-
enced broadcast technician. The material is 
drawn from the author's experience manu-
facturers' instruction books, and publica-
tions of the FCC. 

The instruction given is of use only to 
technicians concerned with specific equip-
ment for which the book was written. With-
out availability of the equipment described, 
the instruction given is of little value. Other 
parts of the book are very readable and give 
useful information on broadcast subjects. 
It is unfortunate that this edition does 

not include information made available 
within the last several years on studio de-
sign, new microphones, and the CAA re-
quirements; however, other subjects dis-
cussed are satisfactorily up to date. 

Some of the chapters contain information 
apparently not related to the rest of the 
subject matter. This prevents ready refer-
ence to these items until the location of all 
the material in the book is well known. Also, 
some material appears repetitious as the 
same subjects are discussed in several places. 
A short bibliography is included which 

will be of interest to the inquiring broadcast 
technician. 

ORRIN W. TOWNER 
W HAS, Inc. 

Louisville 2. KY. 
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H. S. BENNETT 

Group activities. As a result of several Group 
membership drives, many new members 
have been enrolled in IRE. During the year, 
a number of Groups sponsored joint sym-
posia, national meetings, and technical ses-
sions with other professional societies. All 
Groups are charged with the procurement of 
papers for publication in the PROCEEDINGS. 
The Professional Group Manual was again 
revised in 1951. 
The Professional Group on Nuclear Sci-

ence sponsored a very successful Annual 
Symposium at the Brookhaven National 
Laboratory on December 3-4. It was well 
attended and enthusiastically received. 
The Professional Group on Electronic 

Computers co-operated with the IRE Tech-
nical Committee on Computers to co-spon-
sor with AIEE an outstandingly successful 
Conference on Electronic Computers, in 
Philadelphia, December 10-12. A total of 
872 persons attended the conference. 
Joint Technical Advisory Committee. Six 

meetings of JTAC were held during 1951. 
Volume VI, Proceedings of the JTAC, was 
published. This volume included: Section 1, 
Official Correspondence Between the Fed-
eral Communications Commission and the 
Joint Technical Advisory Committee (IRE-
RTMA) with Other Items Pertinent to the 
Action of the JTAC; and Section II, Ap-
proved Minutes of Meetings of the Joint 
Technical  Advisory  Committee (IRE-
RTMA), both covering the period July 1, 

IRE People 

1949-June 30, 1950. Volume VII of the 
Proceedings for the subsequent year ending 
June 30, 1951 was also authorized and pre-
pared. It will be distributed in January, 
1952. The preparation of a paper on the 
"Conservation of the Radio Spectrum," was 
undertaken and will appear as JTAC Vol-
ume VIII. The membership for the year 
July 1, 1951 to June 30, 1952 was appointed. 
I. J. Kaar replaced John V. L. Hogan as 
Chairman and Ralph Bown was elected 
unanimously as Vice Chairman. On July 31, 
1951, Haraden Pratt resigned from member-
ship on JTAC to become Telecommunica-
tions Advisor to the President of the I "nited 
States. A. V. Loughren was elected unan-
imously to replace Mr. Pratt. 
A Subcommittee on Land-Mobile Chan-

nel Allocations was appointed on October 9, 
1951, to act as consultant to the JTAC in the 
preparation of a reply to the FCC regarding 
its request for information on the subject of 
channel allocations for communication serv-
ices. One meeting of this subcommittee was 
held in 1951, at which time the problem was 
outlined and the assignment made. 
NTSC. In addition to IRE committee 

meetings, the National Television System 
Committee held 55 meetings at headquar-
ters. The Technical Secretary acts as Secre-
tary for Panel 18, which is the co-ordinating 
panel for the National Television System 
Committee. By request, the office of the 
Technical Secretary provided secretarial as-

,• s,•veral times for other of the NTSC 
,  -1111 1 v 1   

Section Activities 

We were glad to welcome three new Sec-
tions into the Institute during the past year. 
They are as follows: 

Oklahoma City (July), 1951 
Phoenix (January), 1951 
Tulsa (May), 1951 

'Fite total number of Sections is now 60. 
There has been an increase in the member-
ship of 25 Sections. 
The Subsections of Sections now total 14, 

the following being formed in 1951: 

Palo Alto (San Francisco Section), January, 
1951 

Rome (Syracuse Section), May, 1951 

Student Branches 

The 1111[111)er of Student Branches formed 
during 1951 was 4, all of which operate as 
Joint I RE-AI EE Branches. The total num-
ber of Student Branches is now 109, 66 of 
which operate as Joint I RE-Al EE Branches. 
Following is a list of the Student 

Branches formed during 1951: Johns Hopkins 
University, University of Kansas, Montana 
State College, and Villanova College. 

Herbert S. Bennett (A'42 -M'43 SNI'44) 
has been appointed as director of research 
and engineering of the engineering and pro-

duction division of 
Dynamic  Electron-
ics-New York, Inc., 
it was recently an-
nounced. 
Dr. Bennett was 

born on June 13, 
1917, in New York, 
N. Y. He received 
the  B.E.E. degree 
and the M.S.E.E. de-
gree from the College 
of the City of New 
York, in 1938, and 

1939, respectively. He received the M.S. 
degree in physics in 1947, and the D.Sc. de-
gree in electrical engineering in 1951, both 
from the Polytechnic Institute of Brooklyn. 
Dr. Bennett was a radio engineer for the 

United States Signal Corps from 1939-1942, 
and was then commissioned to serve as a 
technical officer with the Signal Corps, and 
later, with the United States Air Force until 
1946. At present, he holds a reserve rank of 
lieutenant colonel. After returning to civilian 
employment in 1946 as a research and de-
velopment engineer with the United States 
Air Force at 1Vatson Laboratories, he then 
became chief of the planning and analysis 
branch of these laboratories. Front 1950-
1952, he was chief of the engineering branch 
at the Electronic Warfare Center, Fort 
Monmouth, N. J. 
Dr. Bennett is a member of the IRE 

JOSEPH RACKER 

.\(Intissions Committee and was active on 
the Technical Program Committee for the 
1947 IRE National Convention. He is a 
member of Sigma Xi, the Scientific Research 
Association of America, the National Society 
of Professional Engineers, the American In-
stitute of Electrical Engineering, Tau Beta 
Pi, and Eta Kappa Nu. He is the author of 
papers and reports on researches in electro-
magnetic diffraction problems. 

Joseph Racker (A'51) has been named 
president of the recently expanded Joseph 
Racker Company, a firm of radar consult-

ants and editors. 
Mr. Racker was 

born on October 30, 
1921, in New York, 
N. Y. He received 
the B.S. degree in 
physics from Brook-
lyn College in 1942, 
and  the M.S.E.E. 
degree from Brook. 
lyn Polytechnic In-
stitute in 1948. Dur-
ing World War II, 
Mr. Backer served 

with the United States Army as a radar 
officer, and has had more than six years of 
experience with International Telephone 
and Telegraph Corporation system com-
panies. He is the co-author of the text 
"Pulse Techniques," and author of "Funda-
mentals of Microwave Communications." 

HERBERT A. ELION 

Herbert A. Elton (A'52) has been ap-
pointed to the research staff of Paul Rosen-
berg Associates, consulting physicists. For-

merly,  he was  a 
projects engineer at 
Freed  Radio  Cor-
poration  and the 
M. \V. Kellogg Com-
pany. 
Mr.  Elion was 

born on October 16, 
1923, in New York, 
N. Y. He received 
the B.M.E. degree 
front the College of 
the City of New 
York in 1944, and 

the M.S. degree front the Brooklyn Poly-
technic Institute in 1949. At present, Mr. 
Elion is working on his doctorate degree 

Paul F. Shuey (A'37-1\1'46) died 
recently at his home in Galion, Ohio. 
He was 70 years of age. 
A native of New Providence, Pa., 

Mr. Shuey was affiliated with the 
Northern  Electric  Manufacturing 
Company for the past 11 years. He 
was a member of the American In-
stitute of Electrical Engineers and 
the Society of Professional Engineers. 
He was a Fellow at Mellon Institute, 
Pittsburgh, Pa. 
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August  Hund  (Mb6 F'27-
LNI'52), noted electrical engineer 
consultant and author of numerous 
papers and technical books in various 
fields of radio, died recently at his 
home in Santa Monica, Calif. 
Dr. Hund was born at Offenburg, 

Baden, Germany, in 1887, and re-
ceived the E.E. degree in 1911, and 
the D.Eng. degree in 1913, at Cans-
rube, Germany. He later did some 
graduate work at the University of 
California. Arriving in the United 
States in 1912, Dr. Hund was en-
gaged as a research engineer for the 
General Electric Company until 1914, 
and from 1915-1917, he was a mem-
ber of the staff of the University of 
Southern California, where he taught 
electrical engineering and physics. He 
became a consultant research engineer 
from 1918--1922, and then served with 
the National Bureau of Standards, 
from 1922-1929, as senior physicist. 
From 1929-1934, Dr. Hund was a 
special research and consultant en-
gineer for the Wired Radio Inc., in 
New Jersey, and then returned to a 
practice in California, as a consultant 
engineer. He was a technical con-
sultant for the United States Naval 
Radio and Sound Laboratory, in San 
Diego from 1942-1945, and later re-
tired, although continuing his work 
on technical books. 
Dr. Hund had been granted 45 

patents in the fields of piezo-electric 
oscillators, modulators,  amplifiers, 
and frequency control. His last book, 
"Short-Wave  Radiation  Phenom-
ena," was published recently. 
Dr. Hund was the acting Chair-

man of the IRE San Diego Section 
in 1945, and served on the IRE Com-
mittee of Standardization Subcom-
mittee on Electro-Acoustic Devices. 
He was a member of the American 
Physical Society, the American In-
stitute of Electrical Engineers, and 
the International Union of Radio. 

Robert W. Hellwarth (S'52) has been 
liosen valedictorian of Princeton Univer-
-ity's graduation exercises in June. He also 
was recently selected to receive the 1952 
IRE Student Branch award at Princeton. 
, 

ERNST WEBER 

KNOX MC ILWAIN 

Knox  M cllwain (A'31-M '40-SM '43-
F'48) was named RTMA representative to 
the Radio Technical Commission for Aero-

nautics, recently, by 
\V. R. G. Baker, di-
rector of the RTMA 
Engineering Depart-
ment. Mr. McIlwain 
is chief consulting 
engineer of Hazeltine 
Electronics Corpora-
tion. 
Mr. McIlwain, 

who is a native of 
Philadelphia, Pa., re-
ceived the B.S. de-
gree from Princeton 

University in 1918, and the B.S.E.E. and 
E.E. degree from the University of Penn-
sylvania in 1921 and 1930, respectivel). I it 
1948, Mr. McIlwain was awarded a Certifi-
cate of Commendation by the United States 
Navy for his achievements during World 
War II, and the IRE Fellow Award for his, 
"contribution to the technical literature of 
radio and his activity in the field of radio 
aids to navigation." 
Mr. Ilwain has served on IRE Commit-

tees such as Admissions, Board of Editors, 
Circuits, Education, Standards, and others. 
In 1935-1936, he was the Chairman of the 
IRE Philadelphia Section. 

Ernst Weber (M'41-SI\l'43-F'51), form-
erly with the Office of Scientific Research 
and Development, has been elected presi-

dent of Polytechnic 
Research and Devel-
opment Co. 
Dr. Weber was 

born in Vienna, Aus-
tria, in 1901, and re-
ceived his education 
there which included 
the Sc.D. and Ph.D 
degrees. In 1930, he 
came to the United 
States as a visitine 
professor  at the 
Brooklyn  Polytech-

nic Institute where he has remained since 
that time. In 1945, he was named head of the 
department of electrical engineering and 
director of the Microwave Research Insti-
tute. 
Dr. Weber has served on numerous IR I 

Committees and is a member of the IRI 
Board of Directors. 

Louis G. PACENT 

Louis G. Pacent  \ '12 M '15 
F'27), pioneer radio engineer, presi-
dent of the Pacent Engineering Cor-

poration, died 
recently  in 
New  York, 
N. Y. He was 
58 years old. 
Mr. Pacent 

started experi-
menting with 
wireless trans-
mission in 
1906, and had 
his own ama-
teur station in 
1909. At 16, he 

joined the Naval Militia as a com-
municator in 1913, and served aboard 
the U.S.S. Gloucester until 1917. 
During World War I, Mr. Pacent 

worked on the development of com-
munications equipment for the Army 
and Navy. Later he formed his own 
business, the Pacent Electric Com-
pany, Inc., which designed and pro-
duced electrical and radio apparatus 
for General Electric, Westinghouse, 
Western Electric, RCA, and the Fed-
eral government. In 1921, the first 
short-wave transatlantic message was 
sent and received in Scotland, on the 
200-meter transmission, as Mr. Pa-
tent had formerly suggested. 
In the 1920's and 1930's, Mr. 

Pacent increased his research inter-
ests to the new talking motion picture 
field. He designed the first all power-
operated talking motion-picture sound 
equipment, while a consultant for 
Warner Brothers Pictures, which was 
installed in 1928. In 1933 he formed 
i he engineering company which he 
headed at his death. 
Mr. Pacent received the Certifi-

i ate of Appreciation award from the 
War Department in 1946 in recogni-
tion of his services to the department 
'luring World War II. In 1951 he re-
, eived a Marconi Memorial Medal of 
\chievement. 
Mr. Pacent served on various IRE 

Committees, and was a fellow of the 
ociety of Motion Picture Engineers, 
i member of the American Institute 
of Electrical Engineers, and the presi-
lent of the Radio Club of America. 

Books  
Broadcast Operator's Handbook, Second 
Edition by Harold E. Ennes 

Published (1951) by John F. Rider Publisher. 
Inc.. 480 Canal St.. New York 13. N. Y. 434 pages +4. 
page index +1-page bibliography +vi pages. 225 fig-
ures. 51 X131. $5.40. 

Harold E. Ennes is a staff engineer of station 
WIRE, and technical director of station WAJC, 
Indianapolis, Ind. 

This book is valuable to the inexperi-
enced broadcast technician. The material is 
drawn from the author's experience manu-
facturers' instruction books, and publica-
tions of the FCC. 

The instruction given is of use only to 
technicians concerned with specific equip-
ment for which the book was written. With-
out availability of the equipment described, 
the instruction given is of little value. Other 
parts of the book are very readable and give 
useful information on broadcast subjects. 
It is unfortunate that this edition does 

not include information made available 
within the last several years on studio de-
sign, new microphones, and the CAA re-
quirements; however, other subjects dis-
cussed are satisfactorily up to date. 

Some of the chapters contain information 
apparently not related to the rest of the 
subject matter. This prevents ready refer-
ence to these items until the location of all 
the material in the book is well known. Also, 
some material appears repetitious as the 
same subjects are discussed in several places. 
A short bibliography is included which 

will be of interest to the inquiring broadcast 
technician. 

ORRIN W. TOWNER 
W HAS, Inc. 

Louisville 2. KY. 
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SUM MARIES OF TECHNICAL PAPERS 

1. MODERN CONCEPTS IN AMPLI-
FIER THEORY.—J. M. Pettit, Stanford 
University.—This paper will present a re-
sume of several concepts in the theory of 
vacuum-tube amplifiers which have led not 
only to better understanding of this class of 
electronic devices but to substantial ad-
vances in their capabilities,. The discussion 
will be limited to the so-called "wide-band" 
amplifier, in both its low-pass ("video") and 
band-pass forms, using conventional tubes 
and lumped-element networks. 
For the low-pass case, the principal appli-

cations require excellence of transient re-
sponse, rather than any specific variation of 
amplification with respect to frequency. Di-
rect evaluation of the transient response 
becomes practicable through the Laplace 
transformation; from it can be derived the 
basic laws of multistage amplifiers, together 
with a moderately satisfactory understand-
ing of the circuitous relationships between 
transient and steady-state response. 
For the band-pass case, the applications 

usually involve the rejection of unwanted 
signals in adjacent channels, but may in ad-
dition call for excellent transient response 
within the desired pass band. Achieving a 
compromise on these requirements, with the 
greatest efficiency of tubes and circuits, calls 
for a clear understanding of the problem 
and good analysis techniques. Recent prog-
ress in network theory has provided tools 
like the electrostatic potential analogy, 
which yields, among other benefits, a beauti-
ful visualization of the physical behavior of 
wide-band amplifiers. 

2. UPPER ATMOSPHERE PHYSICAL 
CHARACTERISTICS.' —M. Nicolet, The 
Pennsylvania State College (On leave from 
Royal Meteorological Institute of Belgium, 
Brussels, Belgium).—Recent physical data 
concerning the constitution of the upper at-
mosphere and solar emissions are used in a 
discussion regarding some properties of the 
ionospheric regions. 
Numerical values are given for the elec-

tron collision frequency as a function of 
height. The transition region of dissociation 
of molecular oxygen is considered and the 
dissociation of molecular nitrogen is studied. 
Diffusive separation is shown to contribute 
to the vertical distribution of the atmos-
pheric constituents. The penetration of rele-
vant solar radiation is discussed with respect 
to the formation of ionospheric layers. 

3. ANTIFRICTION  BEARINGS  AS 
RADIO NOISE GENERATORS.—Harold 
E. Dinger and J. E. Raudenbush, Naval Re-

The research reported in this paper has been sup-
ported by the Geophysical Research Division of the 
Air Force Cambridge Research Center under Con-
tract AF19(122)-44. 

*Co-sponcored by the IRE Professional Group on 
Antennas and Propagation and the USA National 
Committee of URSI. 

search Laboratory.—During World War II, 
an unfamiliar kind of radio noise was noticed 
that proved to be a source of irritation to 
those engaged in interference reduction. It 
was found that certain individual machines 
employing anti-friction bearings, would, at 
times, produce a wide-band radio noise that 
failed to respond to the usual treatments. At 
first, it was thought to be a static phenome-
non and was often referred to as "bearing 
static" and some cases proved to be such. 
However, many cases were found in which a 
different mechanism of noise generation was 
apparently involved. For example, in one 
motor-generator unit employing three bear-
ings and which created a strong source of 
noise, even when all commutation brushes 
were removed, a grounding brush was ap-
plied to the rotating shaft without effect. 
When a separate brush was applied near 
each bearing, the noise level dropped; the 
reduction in level being roughly proportional 
to the contact area and the brush pressure. A 
limited investigation of this phenomenon has 
recently been conducted by employing a 
special test assembly wherein shaft-to-
ground voltages and currents can be studied 
under controlled conditions. Investigation 
has shown that bearings interrupt a circuit 
across which stray potentials usually exist 
and that the effect varies greatly with differ-
ent lubricants. In general, it is proportional 
to the resistance across the bearing which 
may vary from a fraction of an ohm to sev-
eral megohms. Several results have been ob-
served that may have application in other 
fields of investigation. 

4. REGULARITIES IN THE BEHAV-
IOR OF REGIONS E AND F OF THE 
IONOSPHERE. —J. W. Findlay, Carnegie 
Institution of Washington (On leave from 
Cambridge University, Cambridge, Eng-
land). —The paper describes recent work by 
Ratcliffe on the regularities in the F2 region 
of the ionosphere, the results of which are in 
process of publication in the Journal of Geo-
physkal Research, and also a study of the 
phase path of echoes from Region E. 
The regularities in the behavior of the F2 

layer are shown by using a simple method 
for analyzing routine (h', f) records which is 
similar to the graphical method of Booker 
and Seaton. Records from Watheroo, Huan-
cayo, and College have been analyzed to de-
termine the total number, (n), of electrons 
below the level of maximum electron density 
in a column of unit cross section in the F2 
region. This analysis shows that n is closely 
related to the sun's zenith angle  whereas 
the maximum electron density N„, is not 
simply related to  The well-known anoma-
lies when N,„ is studied as a function of time 
of day, time of year and geographical posi-
tion all seem to disappear when it is studied 
instead of N„,. An anomaly observed at 
Huancayo is discussed and a relation be-
tween thickness and height of the F2 layer 

which may be of use in ionospheric forecast-
ing is described. 
The results of three years observations of 

the phase of echoes of about 2 mc in fre-
quency from region E are described. These 
show that the phase height of the region 
varies qualitatively, but not quantitatively, 
as would be expected for a simple Chapman 
region. The effects of fadeouts in increasing 
the absorption and also the phase heights for 
echoes from the region are described and 
measurements are given of the velocities of 
movement of clouds of ionization in the lower 
part of the E layer. 

5. NORMAL TROPOSPHERIC PROP-
AGATION DEEP INTO THE EARTH'S 
SHADOW: THE PRESENT STATUS OF 
SUGGESTED EXPLANATIONS. —Thomas 
J. Carroll, Massachusetts Institute of Tech-
nology.—During the last seven years, experi-
mental observations of field strength meas-
ured well beyond the horizon from high-
power transmitters through the vhf and 
microwave frequency range have shown 
much higher fields than conventional theory 
had predicted in the absence of ducts. The 
three types of suggested explanations have 
been (a) scattering by omnipresent turbu-
lence in the atmosphere; (b) wave scattering 
connected with earth roughness; (c) partial 
internal reflections from the normal stratifi-
cation of the troposphere itself. No definitive 
judgment can yet be made concerning the 
relative validity of these explanations, but 
the physical ideas underlying each hypothe-
sis and the claims of their protagonists as of 
the end of 1951 will be summarized and 
checked against supporting evidence in the 
hope of setting the stage for the conflicts of 
views expected to develop later in the meet-
ing. 
Independently of the explanation which 

ultimately wins acceptance, it seems gener-
ally agreed that these fields will have prac-
tical importance for reliable point-to-point 
communication at ranges larger than for-
merly envisaged at vhf and microwave fre-
quencies. 

6. A MICROCALORIMETERFOR THE 
MEASUREMENT OF ABSOLUTE MICRO-
WAVE PO WER. —.11:in C. Macpherson, 
National Bureau of Standards. —A matched 
termination is heated with the rf power to be 
measured. The temperature rise of the ter-
mination is measured and the calorimeter 
calibrated with known dc power. The pres-
ent model operates at X-band at power levels 
from approximately 1 to 15 mw, but the 
method is applicable to other frequencies in 
waveguide and coaxial line. The sensitivity 
is approximately 10 Amt. To reduce the ef-
fect of ambient temperature changes the 
joule twin calorimeter system is employed. 
T;te two ichntical reflectionless terminations 
each consist of shorted sections of wave-
guide in which a conventional barretter 
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is mounted. One termination is used only as 
a reference point from which the tempera-
ture rise of the other is measured. A 20-junc-
tion, copper-to-constantan thermopile is 
connected between the two terminations. 
Both the rf power and the dc calibrating 
power are dissipated in the barretter. The 
fundamental question of the accuracy of a 
dc-substitution calorimeter concerns the 
equivalence of the dc power and the un-
known power. This was investigated both 
experimentally and theoretically and the es-
t imated accuracy of the present calorimeter 
is 1 per cent. 

7. NBS MAGNETIC ATTENUATOR.— 
Frank Reggia, National Bureau of Stand-
ards.—The need for an electrically-con-
trolled variable attenuator for microwave 
frequencies has brought about the develop-
ment of an inexpensive type of magnetic at-
tenuator for coaxial transmission lines. Its 
operation depends upon the interaction be-
tween the electromagnetic field within the 

. coaxial line, which contains a magnetic fer-
rite as its rf energy-dissipating material, and 
an external magnetic field applied perpen-
dicularly to the axis of the line. As a result 
of this interaction, instantaneous changes in 
attenuation are obtained. 
The new device is simple in construction. 

It requires no movable parts, mechanical 
controls, or slotted sections which heretofore 
have characterized conventional variable at-
tenuators used at microwave frequencies. 
Because the external magnetic field is pro-
duced by an electromagnet, it can be op-
erated either manually or automatically 
from a proximate or remote position. Small 
control currents in the field coils are changed 
simply and precisely with a multiturn Heli-
pot potentiometer. 
- The magnetic attenuator has been used 
successfully to amplitude modulate the rf 
output of microwave oscillators with sine-
wave voltages of frequencies from dc to 
above 10,000 cps. It has also been used as a 
control device in a degenerative feedback 
circuit to automatically stabilize the output 
of microwave generators and as a microwave 
switch. Further developments are now in 
progress. 

8. THE MEASUREMENT OF Q OF 
RESONANT CAVITIES IN THE NORMAL 
AND SUPERCONDUCTING STATE.— 
C. J. Grebenkemper and J. P. Hagen, Naval 
Research Laboratory.—In the investigation 
of the phenomena of superconductivity at 
microwave frequencies the usual procedure 
followed is to construct a resonant cavity of 
the metal under study and measure its elec-
tric Q factor. Since the loss in the cavity it-
self is extremely small the Q factor will be 
very large. It is desirable to measure the loss 
which is proportional to the resistance with 
as much precision as possible. Conventional 
techniques such as the resonance-curve 
method or standing-wave measurements be-
come less reliable for very high values of Q 
due to oscillator instability. 
In our measurements a decrement meth-

od is used. This type measurement is very 
rapid and versatile. It can be used to cover 
a large range of Q values ranging from 104 to 
10' with a good deal of precision. A recurrent 

pulse of RF energy of about 1 microsecond 
duration is used to excite the resonator. The 
decay of energy in the resonator is observed 
on an oscilloscope after the oscillator is shut 
off. Time is measured either by a precision 
delay circuit or by timing markers gener-
ated by a crystal-controlled oscillator. The 
receiver is a conventional superheterodyne. 
The signal source is a reflex klystron oscil-
lator. 
Measurements of this type have been 

made in the 10 kmc and 24 kmc regions. 
Some of the general results will be discussed. 

9. AN ELECTRONIC RATIO METER 
FOR  REFLECTION  COEFFICIENT 
MEASUREMENT.—L. A. Rosenthal, J. L. 
Potter, and G. M. Badoyannis, Rutgers Uni-
versity.—A vacuum-tube ratio meter has 
been developed which, when integrated with 
two directional couplers, will allow for the 
direct measurement of reflection coefficients. 
The ratio meter consists of two electronic 
voltmeters working into a conventional ratio 
meter movement. The meter deflection de-
pends only on the ratio of the average full 
rectified values of the input signals. The fre-
quency response of this instrument is limited 
to below 200 kc, and it is therefore made to 
respond to the modulation of the RF signal. 
In the absence of modulation a converter_ 
accessory is provided. In operation two sig-
nals are taken from a reflectometer, that has 
been inserted in the transmission system, 
and applied to the ratio meter. The reflection 
coefficient can be measured continuously as 
adjustments are made in the line or at the 
termination. 
The principles of design of the ratio 

meter, and the theory of application are pre-
sented together with some experimental ob-
servations. This work has been sponsored by 
the Rome Air Development Center under 
contract AF28(099)-33. 

10. A MICROWAVE POWER COM-
PARATOR.—K. C. C. Gunn and K. 0. 
Holmes, Air Force Cambridge Research Cen-
ter.—In some cases it is necessary to equalize 
RF powers in two or more circuits to a high 
degree of accuracy. In order to determine 
when equality has been reached, an instru-
ment has been developed which is capable of 
detecting a change of 0.02 db in power at S 
band. 
This instrument consists of a hybrid 

junction, rotating eccentric attenuators 
phased 180 degrees apart in the two input 
arms, a matched load on one output arm, and 
a crystal detector on the other output arm. 
The maximum attenuation of the attenua-
tors is equalized by conventional means and 
on the other half of the cycle, they are re-
moved from the waveguide. Effectively they 
shut off the power in the input arms alter-
nately. The amplitude of the varying voltage 
at the detector is determined by the input 
powers, the position of the attenuator wheels, 
and the phase relation between the two in-
put powers. Successive voltage peaks are ob-
served on an oscilloscope. 
In the original model a variation of input 

power of 0.02 db produced an observable de-
flection on the oscilloscope. The power com-
parator has high sensitivity at low-power 
levels, compares powers almost instantane-
ously, and compares powers in the same 

transmission line using the same detector at 
the same power level. 

11. SHORT-PERIOD  SKY- WA VE 
FADING OF CW EMISSIONS.—H. P. 
Hutchinson, Department of the Army.—A 
study of the short-period sky-wave fading of 
cw emissions shows that observed character-
istics of these fading distributions are func-
tions of the relative amplitudes of the re-
ceived "o" and "x" magneto-ionic compo-
nents. When the received magneto-ionic com-
ponents are essentially equal at the receiving 
point, severe and rapid fading occurs and 
variations in short-period fading are maxi-
mum. However, when a single mode of prop-
agation is suppressed, the variations in 
short-period fading distributions of the re-
ceived field are reduced and become log-
normal in character. 
A new parameter is suggested to replace 

the Rayleigh distribution in cases where a 
more accurate formulation of short-period 
fading characteristics is desired. 
Finally, a description is given of a prac-

tical method of emitting cw radio transmis-
sions, which yields reflections from the iono-
sphere of a single ionospheric mode, thereby 
obtaining some man-made positive control 
over short-period sky-wave fading. 

12. THE LIMITING POLARIZATION 
OF MAGNETO-IONIC WAVES.—J. Fein-
stein, National Bureau of Standards.—The 
failure of ray theory in the transition region 
between the ionosphere and free space is re-
viewed. A first-order wave theory which 
takes account of the mode interact;on which 
must exist in the transition region between 
isotropic and anisotropic media is developed. 
and compared with Booker's criterion for the 
position at which limiting polarization is as-
sumed. As is well known, for an exponential 
decay of electron density, the usual situation 
encountered in practice, this criterion be-
comes indeterminate; the theory is applied 
to determine the limiting polarizations for 
this case. 
The wave treatment is also applied to as-

certain the effect of a lower layer in altering 
the characteristic polarization of a down-
coming wave reflected from an upper layer, 
as a function of the ray polarizations and 
electron-density distribution of the lower 
layer. The results of this study are applied to 
low-frequency waves reflected from the E-
layer and passing through a D-region, with 
a view toward indicating the magnitude of 
any possible effect. 

13. CHARACTERISTIC WAVES.—A. J. 
Mallinckrodt, W. Snyder, R. A. Helliwell, 
Stanford University.—The familiar quasi-
homogeneous (ray) treatment of the iono-
sphere shows that in a slowly-varying iono-
sphere there are two and only two possible 
types of independent propagating waves, 
the magneto-ionic components. In the case 
of normal incidence these components have 
the well-recognized property that the polar-
ization of a reflected wave of one type is 
identical to that of an incident wave of the 
same type. However, it does not seem to have 
been appreciated that generally for linear 
anisotropic reflecting media of any degree of 
inhomogeneity there exist two and only two 
characteristic polarizations having the latter 
property. 
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It is shown that the characteristic polari-
zations can be determined from three experi-
ments in which three different known 
polarizations are transmitted and the result-
ing reflected polarizations are measured. The 
information thus obtained is also sufficient 
to determine the ratio of the reflection coef-
ficients of the two characteristic waves. In 
the special case of the homogeneous iono-
sphere it is shown that the number of experi-
ments of the above type can be reduced to 
two. 

14. POLARIZATION CONTROL AND 
MEASUREMENT  IN  IONOSPHERE 
VERTICAL-INCIDENCE ECHO RANG-
ING.—M. G. Morgan, Dartinouth College. — 
Two vertical half-rhombic, or delta, anten-
nas are placed at right angles to each other 
on a single supporting structure. These are 
excited from a dual-channel, pulsed trans-
mitter. The relative phase and amplitude of 
the synchronous signals applied to the two 
antennas are independently adjustable. In 
this way, any possible elliptic polarization 
can be imparted to the transmitted wave. 
Ionospheric echoes are received on the same 
antennas. The voltages developed at the an-
tenna terminals are amplified with identical 
gain and phase shift in a dual-channel re-
ceiver. The polarization loci of the echoes re-
ceived are displayed on a cathode-ray tube. 
Measurements have been made at Han-

over, New Hampshire during the winter 
months of 1951-1952, in the hours between 
sunrise and noon, and at frequencies near 
F2-layer criticals.  When  the magneto-
ionically split components of the echoes can 
be resolved on a time basis, the polarization 
is found to be independent of the transmit-
ted polarization and to have sense defined 
as: ordinary, north-to-west; extraordinary, 
north-to-east. Axial ratios of the elliptic 
polarization loci are about 0.5 and decrease 
with increasing frequency. The major axes 
usually lie along the northwest and north-
east direction, either direction occurring at 
different times for either magneto-ionic com-
ponent. It is found that large attenuation of 
either component can be obtained by adjust-
ment of the transmitted polarization. Par-
ticular sensitivity to relative phase of the 
transmitter channels is noted and insensitiv-
ity to relative amplitude. Enhancement of 
the unattenuated echo occurs, with maxi-
mum enhancement of the one corresponding 
to maximum attenuation of the other. 

15. PLANE WAVES IN THE IONO-
SPHERE.—H. B. Keller, New York Uni-
versity.—For plane-waves incident on a plane 
ionosphere with electron density and colli-
sional frequency arbitrary functions of 
height, Maxwell's equations are reduced to a 
system of four linear first-order differential 
equations. This system of "generalized trans-
mission-line" equations is then solved by an 
extension of the Peano-Baker matrizant 
method. The solution is a uniformly con-
vergent series which is interpreted as four 
"waves" which undergo continuous multiple 
reflections of all orders, each wave contribut-
ing to all of the others. This representation 
fails at points (or intervals) called "reflection 
levels," and a different representation of the 
solution is obtained for such intervals. This 
exhibits the existence of only three waves at 
a reflection level, two of the previous waves 

having become strongly coupled and iden-
tical. 
The ionospheric properties are considered 

explicitly with a view to determining when 
the previous analysis is most simplified. 
Various cases are examined and the quanti-
ties necessary to compute the solution are 
obtained for vertical incidence. 

16. CONTROL OF ANNULAR SLOT 
EXCITATION BY SELECTIVE DIELEC-
TRIC FILLING."—D. J. Angelakos and 
R. W. Bickinore, University of California. — 
In general, the principal H-plane radiation 
pattern of an arbitrarily excited annular slot 
is directly related to the form of the excita-
tion function in the slot.t This paper de-
scribes a technique of modifying a coaxially 
excited annular slot (which when uniformly 
excited has an omnidirectional H-plane 
pattern) by means of selective dielectric fill-
ing so as to produce a cardioid H-plane pat-
tern. Equations are derived which relate the 
angular distribution, length and dielectric 
constant of the filling to the slot conductance 
and characteristic impedance. The assump-
tion is made that any net slot reactance has 
been compensated directly at the slot, this 
being the first requisite of a low vswr. 
An antenna built on these principles is 

described and experimentally determined 
E- and H-plane radiation patterns and im-
pedances are presented. 
Although the paper is primarily con-

cerned with the production of a cardioid pat-
tern, the method described is sufficiently 
general to be applicable to other pattern 
configurations which may be desired from 
coaxially fed annular slot radiators. 

*This work sponsored by the Office of Naval Re-
search and the Bureau of Ships under contract 
N7-onr29529. 

t R. W. Bickmore, Report No. 168 Antenna Lab-
oratory, University of California; June 15, 1950. 

17. ANTENNA PATTERN CALCULA-
TION FOR ASYMMETRICAL APERTURE 
DISTRIBUTIONS.—C. C. Allen, General 
Engineering Laboratory.—A method is pre-
sented for calculating the radiation patterns 
and gain of antennas having asymmetrical 
phase and amplitude distributions. This 
method, which determines the radiation 
pattern from the actual distribution across 
the aperture, makes use of automatic punch 
card machines to perform a numerical inte-
gration. The patterns obtained for several 
distributions are discussed for amplitude and 
phase asymmetry considered both separately 
and in combination. Results are given for 
typical distributions obtained with asym-
metrical parabolic cylinders. Applications to 
scanning antenna analysis and the determi-
nation of the phase of the radiated pattern 
are presented. 

18. THEORY OF WAVEGUIDE-FED 
SLOTS RADIATING INTO PARALLEL-
PLATE REGIONS.—H. Gruenberg, Na-
tional Research Council, Canada.—Slotted 
waveguide arrays feeding into parallel-plate 
regions have been used in some high-speed 
scanners. Parallel-plate regions also have 
been used for the suppression of second-or-
der beams of high-gain arrays. 
A theoretical expression is derived for 

the conductance of a longitudinal shunt-slot 
in a rectangular guide when the slot is ra-

diating into a parallel-plate region of arbi-
trary plate spacing. So:ne peculiarities of the 
theoretical results are discussed. There is 
good agreement between theory and experi-
ment. 

19. FACTOR OF MERIT FOR AIR-
CRAFT ANTENNA SYSTEMS FOR THE 
FREQUENCY RANGE FROM 3-30 MC." 
—Ernest J. Moore, Stanford Research !nth-
lure. —Lucke has proposed a measure of the 
effectiveness of different antenna systems 
when these are used as part of the same, 
specified communication circuit. This meas-
ure rates the antenna system according to 
the average information capacity of the link. 
To a first approximation this can be shown 
to be simply related to the average signal-
to-noise ratio at one of the terminals of the 
link. The average signal-to-noise ratio will 
be used here as a factor of merit for the an-
tenna system. 
Over the frequency range considered 

transmission takes place by way of the iono-
sphere whose properties need to be accounted 
for by the rating system. In evaluating air-
craft antennas, the relative location of trans-
mitter and receiver, time and place of trans-
mission, and the frequency actually used are 
all expressed as probability distributions. 
The factor of merit is obtained as a 

weighted integral over the gain function of 
the aircraft antenna. The weighting function 
contains operational data of the communi-
cation system and statistical information of 
ionosphere behavior under the transmission 
conditions encountered. 

* This work was supported by the U. S. Air Force 
under Contract No. AF .33 ((i38)-7850. 

20. THE MEASUREMENT OF VARI A - 
TIONS IN ATMOSPHERIC REFRACTIVE 
INDEX. —George Birnhaurn, H. E. 13n--, 
and R. R. Larson,* National Bureau of 
Standards.—A  recording  microwave  re-
fractometer has been adapted for measuring 
variations in the refractive index (ri) of the 
atmosphere and for determining scale of ri 
inhomogeneities. The following features are 
discussed: cavity design and arrangement, 
response time of instrument, and calibration. 
With the aid of a small wind tunnel, the 

thermal errors attendant on sampling the 
atmosphere with cavity resonators have 
been investigated. These errors arse because 
of a change in temperature of the air sample 
on coining in contact with the cavity, and 
because of thermal expansion effects on the 
cavity frequency. The former effect may 
amount to 20 per cent; methods for reducing 
the latter are suggested. Other possible er-
rors in the measurement of ri, those due to 
condensation and adsorption of water vapor, 
are apparently not significant. 
Observations during August, 1951 were 

made with refractometers and meteorologi-
cal equipment installed on two levels of .1 
420-foot tower at the Brookhaven Nation, 
Laboratory, L. I., N. Y. It has been found 
from a preliminary data analysis that n 
variations were caused mostly by variations 
in water-vapor density. The ri data at 410 
feet show a wide range of Fourier cornpo. 
!tents, corresponding  to wavelengths of 
roughly 10 to 1,000 meters. 

* Now with the Jacobs Instrument Co., Bethesd., 
Maryland. 
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21. DIRECTLY RECORDED TROPO-
SPHERIC REFRACTIVE INDEX FLUC-
TUATIONS AND PROFILES.*—C. M. 
Crain, The University of Texas.—This paper 
presents typical tropospheric measurements 
obtained with a direct-reading microwave 
refractometer. Included are the following: 
(a) Measurements to an altitude of 5,000 
feet of refractive-index fluctuations over the 
tlantic Ocean and coastal areas in the 
vicinity of Lakehurst, N. J., in April, 1951. 
The refractometer was carried aloft in a 
lighter-than-air airship. (13) Measurements 
to an altitude of 10,000 feet of refractive 
index fluctuation and profiles over the vicin-
ity of Dayton, Ohio in June, 1951. For these 
measurements the refractometer was car-
ried in a C-46 aircraft. (c) Airplane-carried 
refractometer measurements up to an alti-
tude of 3,000 feet off the coast of South-
Central California in October, 1951. 
There is also included a brief discussion 

on the principle of operation of the re-
fractometer and possible sources of errors in 
the measurements described. Slides of the 
equipment installation in an aircraft are 
shown. 

This work was sponsored by Office of Naval Re-
-edrch under Contract N5ori 136 P.0.1. 

22. TROPOSPHERIC PROPAGATION 
WELL  BEYOND  THE  HORIZON. — 
I homas J. Carroll, Massachusetts Institute 
Technology.—Observed vhf and micro-

%%ave fields well beyond the horizon from 
high-powered transmitters are attributed to 
partial internal reflection from the normal 
t roposphere with its index of refraction de-
creasing smoothly and continuously with 
height. A simple estimate of such reflection 
from the normal troposphere gives value 
wall beyond the horizon of the order of 
-magnitude of the observed average fields at 
frequencies throughout the vhf and micro-
wave range. The conventional effective 
earth's radius correction for refraction fails 
to consider the tropospheric reflection effect 
on the field beyond the horizon. This failure 
is traced to the misbehavior of the linear 
index model at great heights. Either a bi-
linear model for the normal troposphere with 
a unit index above 30,000 feet, or an ex-
ponential model which falls asymptotically 
to unity at great heights, gives modes whose 
eigenvalues depend both on the index gradi-
ent and on the total index change through 
the atmosphere. Observations by Pickard 
and Stetson are believed to give strong 
qualitative experimental support for the 
importance of the total index change in a 
correct wave theory of weak nonoptical 
fields. Comparison is possible with the hy-
pothesis of scattering from atmospheric 
turbulence with respect to the following: 
height gain, pulse-shape preservation, an-
tenna beam width and gain observations, 
short- and long-term fading characteristics, 
divergence factor considerations, and num-
ber of arbitrary parameters involved. 

23. PARTIAL REFLECTIONS IN TRO-
POSPHERIC  PROPAGATION.—Joseph 
Fein ,A  National Bureau of Standards.— 
The work on partial reflections produced by 
the gradient of refractive index associated 
with the standard atmosphere has pro-

ceeded along two lines: the revision .of the 
standard theory required to theoretically 
justify the existence of these reflections, and 
development of more exact methods of cal-
culating this type of field contribution. 
The phase integral method of obtaining 

the eigenvalues employed in the mode resi-
due expansion has been found to correspond 
solely to the earth-diffracted field; it is 
analogous to the geometric optic treatment 
which results from the use of the method of 
stationary phase in the interference region. 
The existence of additional eigenvalues, and 
in some cases of branch cuts, corresponding 
to the partial reflections present in an in-
homogeneous atmosphere is indicated. 
Quantitatively, the partial reflections 

originating from the field in the vicinity of 
the intersection of the horizon rays of trans-
mitter and receiver has been found to be 
of most irnportance in contributing to the 
fields far beyond the horizon. This is brought 
about by the relatively slow variations in 
phase with height below the horizon level. 
The work of Pekeris has been utilized in this 
region. The results indicate a smaller than 
first-power wavelength dependence, and a 
saturating antenna height-gain factor. The 
antenna lobe structure generally plays a 
minor role because of the rapid phase vari-
ations of the contributions above the hork: 
zon. 

24. TROPOSPHERIC PROPAGATION 
BEYOND THE HORIZON.—Martin Kat-
zin,  Naval Research Laboratory.—It has 
been proposed by Feinstein and Carroll that 
partial reflections at high levels in the 
standard atmosphere, due to the gradient 
of refractive index, can propagate far beyond 
the horizon by a free-space mechanism, and 
so would predominate over the diffracted 
field deep in the diffraction region. It is 
shown that these partial reflections are, in 
fact, taken into account in the rigorous nor-
mal mode theory, although they are ne-
glected in the WKB approximation thereto. 
The inclusion of these partial reflections re-
sults in a modification of the characteristic 
values of the normal modes, but nothing 
more. Hence, for the standard atmosphere, 
in which all modes are leaky, the field suf-
ficiently far beyond the horizon decays ex-
ponentially with distance. Thus, the obser-
vations far beyond the horizon of consistently 
higher fields than given by the normal mode 
theory cannot be attributed to the standard 
atmosphere over a spherical earth. 

25. CONCERNING  THE  RADIO 
FIELD DUE TO INTERNAL REFLEC-
TIONS  IN  THE  ST RATIFIED  AT-
MOSPHERE. —L. J. Anderson and J. F. 
Colwell, Navy Electronics Laboratory.—The 
phenomenon of reflection of plane waves 
from a continuously varying medium has 
been investigated from a theoretical stand-
point for some time." Recently, it has been 
suggested that, depending on the position 
and type of receiving and transmitting an-
tennas, such reflections may account for the 
large field strength observed beyond the 

H. Gans. "Fortflanzting des Lichten durch ein 
inhomogenes Medium," Ann. Phys.. vol. 47, pp. 709-
736; 1915. 

2 P. S. Epstein, "Reflection of waves In an in-
homogeneous absorbing medium." Proc. Nat. Acad. 
Sci., vol 16, pp. 627-637; October. 1930. 

optical horizon.' In this paper Feinstein's 
method is used to calculate the field strength 
for a standard linear refractive index and 
for a duct-type refractive index profile. Ex-
perimental results obtained at several differ-
ent frequencies are compared with the cal-
culated values and with other theoretical 
values. 

I J. Feinstein. 'Tropospheric propagation beyond 
the horizon." Jour. App!. Phys.. vol. 22. p. 1292; 
October. 1951. 

26. ATMOSPHERIC NOISE IN THE 
VERY  LO W-FREQUENCY RAN GE*.— 
J. S. Barlow, G. W. Frey, and J. B. Nei man, 
The Johns Hopkins University.—The vlf 
contributions to atmospheric noise of light-
ning flashes, having the "typical wave-
forms" of the current surges on overhead 
transmission lines, and of a typical daytime 
week, as received with a wide-band ampli-
fier, are evaluated. The power spectrum of 
the flash waveform is flat from 180 to 20,000 
cycles, falling off at lower and higher fre-
quencies. The power spectrum of the day-
time tweek is flat in the range 100 to 3,000 
cps with a (+20 db) peak at the power-
weighted mean frequency of the wave-
form (5,850 cps), followed by a sharp drop 
with increasing frequency. 
The bases of the flash analysis following 

the method of Thomas and Burgess for the 
hf domain are empirical, being satisfactory 
only for a very nontypical flash. Our current 
work is toward an improved flash analysis 
consistent with the phenomonological data 
and the streamer theory of discharge for long 
gaps at atmospheric pressure. However, 
agreement of our analysis with more recent 
results of other investigators indicates that 
the outcome is not sensitive to the details 
of the mechanism. 
The conclusions from the available in-

formation suggest that the maximum of 
atmospheric noise power usually lies at 6 
to 8 kc Kessler and Goyder give the figure 
of 10 kc. 

4' Work done under auspices of the Office of Naval 
Research 

27. AN APPROACH TO THE APPLI-
CATION OF SUNSPOT-CYCLE CORREC-
TION TO ATMOSPHERIC RADIO NOISE 
PREDICTION.—Edna  Shultz,  National 
Bureau of Standards.—Studies show that 
there is a lag of atmospheric radio noise 
cycle behind sunspot cycle of the order of 
19 months, both for the present cycle and 
for the one corresponding to a 125 months' 
series of atmospheric noise measurements 
beginning January, 1923. No statistically 
significant difference in lag was found be-
tween cycles, times of day, frequencies, or 
latitude. Knowledge of this phase shift may 
result in 10-to-15 db improvement in predic-
tions. 

28. DETERMINATION  OF EFFEC-
TIVE BANDWIDTHS OF RADIO NOISE 
METERS FOR IMPULSE AND RANDOM 
TYPE NOISE.—Francis T. Nicholson, The 
University of Pennsylvania.—When using 
radio noise measuring equipment, it is 
usually considered desirable to be able to 
express meter indications in such a way that 
they will be independent of the selectivity 
characteristics of the instrument. III order 
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to accomplish this, in the case of impulse-
type noise, knowledge of the effective im-
pulse bandwidth of the noise meter is neces-
sary. "Effective impulse bandwidth" is de-
fined here as the ratio between the peak re-
sponse of the meter to an impulse and the 
spectral intensity of the impulse. 
A method is outlined whereby present 

knowledge concerning the response of ideal 
selective networks to impulses is used to 
determine the relationship between the ef-
fe:tive impulse bandwidth of a practical 
noise meter and the shape of its selectivity 
curve. This method is applicable to high Q 
selective circuits of any number of stages 
utilizing either single-tuned circuits or 
double-tuned circuits with less than critical 
coupling. Results of experiments are given, 
which demonstrate that for the circuits 
presently being used in commercid noise 
meters the effective impulse bandwidth is 
very close to the bandwidth at the "6-db 
down" points on the selectivity curve. The 
distinction between the effective bandwidth 
for impulse-type noise and the effective 
bandwidth for random-type noise is empha-
sized, and reference is made to several meth-
ods for deterniining the latter. 

29. THE OGIVER—A RADIO NOISE 
METER.—A. \V. Sullivan, The University 
of Florida.—The Ogiver is a radio noise 
meter designed to measure the probability 
distribution of the envelope of atmospheric 
noise in terms of noise voltages exceeded 
with any degree of probability between 0.01 
and 0.99. Measurement is made of the per 
cent of time that the noise wave exceeds 
certain arbitrary levels of intensity, and this 
is shown to be equivalent to direct prob-
ability measurement. 
A major advantage of this type of noise 

meter is that measurements are made of 
the noise envelope without the use of special 
detector time constants as are found in the 
quasi-peak and peak types of noise meters. 
This equipment is also readily adaptable 
to noise measurements at the output of 
several types of detection systems. 
Data obtained with the Ogiver are basi-

cally those necessary to obtain the probabil-
ity distribution of the noise. These distribu-
ticns can be measured over limited time 
intervals, or instantaneously. In some cases 
the entire distribution may not be desired, 
and measurements can be made of the time 
variations of a single percentile level of noise 
intensity. 
This measure of noise yields a better 

description of noise conditions than the 
conventional types, and shows promise of 
correlating closely with the subjective effects 
of noise interference on some communication 
systems. 

30. SOLAR FLARES AND ASSOCI-
ATED 200-MC/SEC RADIATION. —Helen 
W. Dodson and E. Ruth Hedeman, Mc Math-
Hulbert Observatory of the  University of 
Michigan, and Lief Owren,* Cornell Uni-
versity.—Solar radio-frequency radiations on 
200 mc have been compared with solar ac-
tivity observed photographically and visu-
ally. The most clear-cut relationships have 
been found for radio emissions associated 
with solar flares. 

*On leave from the Institute of Theoretical As-
trophysics. University of Oslo. 

The present study covers 141 flares 
which occurred during the period August, 
1948 to December, 1950. A solar fl ire is a 
complex phenomenon, and it is not certain 
which aspect of it is related to the associated 
radio event. 
The 200-me events may be divided into 

seven categories: major bursts including 
outbursts, minor bursts, micro bursts, series 
of bursts, small rise in base level, short. 
duration noise storms, nulls. 
Eighty per cent of the flares produced 

some form of enhancement in the 200-mc 
radiation. With but four significant excep-
tions, all of the flares for which no distinctive 
radio event occurred were relatively unim-
portant solar phenomena. For 20 Hires for 
which the energy excess of the radio event 
has been measured there appears to be a 
direct relationship between this and the im-
portance of the flare. Comparisons of the 
times of onset of the flare and the radio 
event indicate that major, minor, and micro 
bursts occur at the very commencement of 
the optical rise. Series of bursts begin in a 
number of cases before the start of the opti-
cal flare; noise storms and base-level in-
creases start at or near flare maximum. Such 
delayed events increase in intensity as the 
flare fades and often attain greatest intensity 
when the flare has faded completely. 

31. THE EFFECT OF VELOCITY DIS-
TRIBUTION IN A MODULATED ELEC-
TRON STREAM.—D. A. Watkins, Hughes 
Aircraft Company. —A method of solving 
electron-beam problems is described which 
takes into account the thermal velocity 
spread. The method is based on the Lion-
ville theorem. Two such problems are solved 
by means of a power series. In the case of 
small-signal velocity modulation of a drift-
ing stream, the velocity spread distorts the 
shape of the standing wave of current which 
is produced in addition to lengthening the 
plasma wavelength and the electronic wave-
length. For a drifting stream with full shot 
noise in each velocity class at the input, a 
standing wave of noise current is produced 
with deep minima. The size of the first 
minimum is found to increase as the square 
of frequency and with increasing velocity 
spread. That full uncorrelated shot noise 
can produce a standing wave of convection 
current is somewhat surprising. The present 
analysis demonstrates that space charge is 
the important factor in determining the be-
havior of noise currents in electron streams 
even at high frequencies, and that velocity 
spread plays a less important role. 

32. NOISE IN ELECTRON BEAMS 
WITH A VELOCITY DISTRIBUTION.— 
L.  Walker, Bell Telephone Laboratories. — 
A one-dimensional theory indicates that, 
for a stream of electrons, homogeneous in 
dc velocity, moving in a drift space, the noise 
power in a narrow frequency range should 
exhibit a periodic variation with distance, 
going to zero at the minima. Experimentally, 
Cutler and Quate find a residual noise at the 
minima. An estimate is made here of the 
contribution to this excess noise arising 
from the spread of dc velocities in the beam. 
In the one-dimensional theory the noise 
current satisfies a linear integral equation. 
This may be solved exactly by Laplace 

transforms, but, the result is, in general, dif-
ficult to use. For the practical case where the 
dc velocity spread is small compared to the 
average dc velocity, the integral equation 
may be replaced approximately by a differ-
ential equation which may be solved. The 
approximation is valid over several periods 
of the noise variation and the error is cal-
culable. An expression for the noise at the 
minima may now be found. The method may 
be generalized to calculate the noise current 
in some accelerating regions. 

33. SPACE-CHARGE  WAVES  IN 
MAGNETICALLY FOCUSED BEAMS.— 
M. Chodorow and L. Zitelli, Stanford Uni-
versity. —Any electron beam, if disturbed 
in any way, as by velocity modulation or 
density modulttion, will exhibit so-called 
plasma oscillations, which depend on the 
beam density. Detailed behavior of these 
oscillations will be determined by the nature 
of the adjacent boundaries and by any focus-
ing magnetic or electric fields. The simplest 
geometrical configuration is an electron 
beam in the drift tube of a klystron. Previ-
ous analyses have been for the case of either 
an infinite magnetic field or zero magnetic 
field, which are not the commonest forms of 
focusing used. The analysis has been ex-
tended to include the case of a finite niag-
netic field and in particular the Brillotiin 
field in which the magnetic forces are just 
sufficient to counteract the divergent space-
charge forces. The equations have been 
formulated in such a way that it is possible 
to examine the behavior of the space-charge 
waves as the magnetic field is varied front 
zero to infinity and to trace the change of the 
characteristic propagation constants. 
There are two sets of such waves, only 

one of which is really significant for describ-
ing the space-charge behavior in the gridless 
klystron. These waves change their charac-
ter as the magnetic field increases so that at 
zero field all the current is in the surface, 
due to the displacement of the boundary, 
with no volume current. This changes so 
that at the Brillouin field about a third of 
the current is in the volume, and at infinite 
fields where there is no transverse motion, 
all the current is in the volume. When initial 
conditions are satisfied, the second set of 
waves always has amplitude coefficients of 
the second order and can be neglected. 

34. SPACE-CHARGE  WAVE—GEN-
ERAL THEORY.—Philippe A.  Clavier, 
Sylvania Electric Products, Inc. —A true 
space-charge wave propagaCon is defined 
as compared to a modified cold-mode propa-
gation. 
In the true space-charge wave medium. 

problems occur in which gradients in th, 
cross section are of primary importance; in 
other problems, a uniclimensional analysis 
is sufficient. 
Results will be given for a beam of con-

stant velocity and variable current densitie-
in the cross section. Amplification occurs in 
the forward direction for given configura-
tions of current densities. 
A closed-form analysis in the unidimen-

sional case when the beam voltage varies 
arbitrarily along the path of the beam is 
carried out, and results for different im-
portant cases are given. 
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35. THE  EFFECT  OF  THERMAL 
VELOCITIES ON THE DC BEHAVIOR 
OF DIODES.—Philip Parzen, Federal Tele-
communication  Laboratories.—Hahn'  has 
suggested that it is possible to account for the 
effect of the thermal velocities by including 
a pressure term in the equation of motion, 
similar to that in the flow of gases. The pres-
sure is proportional to the electron density 
and an equivalent electron temperature. If 
one assumes further that the electron tem-
perature does not vary between the cathode 
and anode, then the resultant system of 
equations may be solved in closed form for 
the variation of velocity and potential in the 
diode. This extends Hahn's numerical solu-
tion for the region between the virtual cath-
ode and the anode. The region between the 
cathode and virtual cathode was not con-
sidered by Hahn. This solution compares 
favorably with that obtained by Langmuir2 
with a large amount of numerical labor. 
There are, however, numerical differences 
which may be attributed to lack of con-
stancy of the electron temperature. 

1 W. C. Hahn. PROC. IR E.. vol. 36. pp. 1115-
1121; September, 1948. 

1, Langmuir. Phys. Rev., vol. 17, p. 441; 1921. 

36. A NEW METHOD OF CALIBRAT-
ING FIELD-STRENGTH MEASURING 
EQUIPMENT.—Harold E. Dinger and 
\\ illiun E. Garner, Naval Research Lab-
oratory.—Two methods have been in general 
use for the calibration of field-strength meas-
uring equipment employing loop antennas. 
In one method the standard field is created 
by a known current flowing through a loop, 
in the other by a known current flowing 
through a transmission line erected in a 
shielded room. Both of these methods re-

, quire elaborate setups to obtain a high de-
gree of accuracy. Of these two methods the 

' loop-to-loop method is considered the most 
-accurate. Both methods are rather incon-
venient for production calibration and are 
subject to errors which may be cumulative. 
A new method of calibrating field-

, strength  measuring  equipment  using 
shielded loop antennas is now being inves-

1 tigated. The basic concept is that of using 
the shielded loop as a transformer. The 

t voltage that is induced in the shield of a 
[ loop due to the presence of a field can be cal-
t culated from a well-known equation. This 
I value of voltage can then be applied across 
F the shield gap by a signal generator with the 1 loop turns open circuited. The meter to be 
calibrated is then connected to the loop and 
the meter should indicate a field strength 
equal to that which was used to calculate 
the induced voltage in the shield. This meth-
od, referred to as the "shield-injection" 
method, is easily performed in practice and 
requires only a standard signal generator. 

37. CHARACTERISTICS OF MICRO-
WAVE PRINTED LINES WITH APPLI-
CATIONS TO BAND-PASS MICROWAVE 
FILTER DESIGN.—M. Arditi and J. Ele-
fant, Federal Telecommunication Labora-
tories.—Microwave printed lines have been 
developed as substitutes for waveguides and 
coaxial lines. This development is a part of 
a program of circuit miniaturization ex-
tended to the uhf field. The physical require-
ments of such printed lines make it difficult 
to apply the usual techniques of microwave 

nteasurements in waveguides or coaxial 
lines. The application of the principles of the 
method developed by G. Deschamps in a 
companion paper provides a unique method 
of measuring various parameters of the 
microwave printed line in a simple but ac-
curate manner. Examples of such measure-
ments as applied to various types of micro-
wave printed lines are described. The char-
acteristics of transducers between a coaxial 
line feeder and a microwave printed line are 
analyzed experimentally. Matching condi-
tions and broadbanding of the transducer 
are studied. This method gives also very 
easily the insertion losses of the transducer 
and the losses of the line. The scattering 
matrix coefficients of various types of 
susceptances produced by obstacles in the 
line are studied. Equivalent circuits are de-
duced. From the values of the susceptances, 
the design characteristics of band-pass 
microwave filters are obtained. Experi-
mental results are given. 

38. APPLICATION OF NONEUCLID-
EAN GEOMETRY TO THE ANALYSIS 
OF WAVEGUIDE JUNCTIONS.—George 
Deschamps, Federal Telecommunication Lab-
oratories, Inc.—Various practical problems 
involving bilinear transformations can be 
solved by non-Euclidean geometry. Two 
models of Lobachewsky geometry illustrate 
this point. They form a natural domain for 
representing reflection coefficients. One is 
the Smith chart, where non-Euclidean dis-
tances to the center are standing-wave ratios 
in decibels. The other model may be simpler 
sometimes as its geodesics are straight lines. 
Transformation from one model to the 

other is easy and can prove an important 
property: chords joining images by a bi-
linear transformation of opposite points on 
a circle intersect. From their intersection, 
the image of the center or "iconocenter" of 
the circle can be constructed. 
A waveguide junction is characterized by 

a bilinear transformation between input and 
output reflection coefficients. Some relations 
are given between scattering parameters 
(reflection and transmission coefficients) of a 
junction and the corresponding geometric 
transformation. This highly accurate meth-
od of measurement applies to lossy junc-
tions also. 
Measurements through a junction, lossy 

or not, sometimes cannot be avoided or are 
even desirable. An equivalent circuit need 
not be computed. A direct-reading "hyper-
bolic protractor" is described that gives 
corrected standing-wave ratios as if the 
junction were not there. 

39. GENERATION OF STANDARD 
FREQUENCIES USING A SELECTIVE 
SPECTRUM GENERATOR.—R. Guenther 
and A. Hahnel, Signal Corps Engineering 
Laboratory.—To generate highly accurate 
and stable standard RF frequencies over a 
wide range, from a single low-frequency 
standard, it is common practice to use a 
harmonic generator, for example, a non-
linear device producing harmonics of the 
primary standard. The result is a spectrum 
which spreads over the entire frequency 
range from the fundamental to the highest 
required frequency. Hence, the energy within 
a narrow band or for the individual har-

monic is rather low. In many applications, 
however, only a small fraction, or even a 
single frequency of the entire spectrum is 
used. In such a case it would be desirable to 
generate a restricted band of frequencies 
and concentrate all the energy in this nar-
row band. The selective spectrum generator 
described in this paper provides such a re-
stricted harmonic spectrum in a very simple 
manner. It consists of a tuned RF oscillator, 
which determines the center of the narrow 
spectrum, and a pulse generator or shaper 
with the repetition rate derived from the 
standard frequency. If the oscillator is 
pulsed in such a way that the oscillations 
will start with the same RF phase at the 
start of each pulse, the resultant wave shape 
is periodical in the period of the pulse fre-
quency. Hence, the spectrum contains har-
monics of the standard frequency only. An 
analytical treatment shows that the en-
velope of the spectrum can be varied be-
tween extreme narrow and moderately wide 
bands. The result of these calculations is 
used to show how the different design pa-
rameters influence the envelope of the fre-
quency spectrum. Experiments conducted 
on such a circuit show good agreement with 
the theoretical study as evidenced by sam-
ples of oscillograms of wave shape and cor-
responding frequency spectrum for typical 
examples. 
The selective spectrum generator proved 

to be very useful as a simple frequency 
standard for calibration purposes and fre-
quency controls and in precision frequency 
meters. 

40. LOW-FREQUENCY  PROPAGA-
TION IN AN EXPONENTIAL IONO-
SPHERIC LAYER.—J. Shmoys, New York 
University.—The paper is concerned with 
the study of propagation of low-frequency 
plane waves normally incident on a hori-
zontally stratified ionosphere with ex-
ponentially increasing charge density and 
oblique magnetic field. The treatment paral-
lels that of Whipple of the similar problem 
of oblique incidence and vertical magnetic 
field. It is shown that in the case of low 
collision frequency (the assumption used by 
Whipple) coupling is small unless the ioni-
zation gradient is very high. Furthermore, 
the two rays are both reflected: one par-
tially at the level where wo---,co, the other 
totally at the level where 0.$0",(4xuff)u2. Be-
cause of the special form of the differential 
equations in the case of exponential electron 
density variation, the reflection coefficients 
can be calculated explicitly. 
A similar study of both oblique incidence 

with vertical magnetic field and vertical 
incidence with oblique magnetic field has 
been made in the case of large collision fre-
quency. 

41. THEORETICAL AND EXPERI-
MENTAL INVESTIGATION  OF THE 
GROUP HEIGHTS OF REFLECTION OF 
150-KC/S RADIO WAVES VERTICALLY 
INCIDENT ON THE IONOSPHERE.*— 
Norman Davids and Rune Lindquist,t The 
Pennsylvania State College.—This paper is 

* The research reported in this paper has been 
supported by the Geophysical Research Division of 
the Air Force Cambridge Research Center under Con-
tract AF 19 (122)-44. 

t On leave from the Chalmers Institute of Tech-
nology, Gothenberg, Sweden. 
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concerned with the theoretical and experi-
mental determination of the group heights 
of reflection of long radio waves vertically 
incident on the ionosphere. The theoretically 
expected group heights for 250 micro-
second Gaussian-shaped pulses are deter-
mined utilizing: (I) a wave-theory treat-
ment including coupling, (2) a Chapman-
like ionospheric model including all vari-
ables and their height variations, and (3) a 
fundamental radio frequency or carrier 
component of 150 kc. 
From the theoretical viewpoint the con-

tinuous-wave (cw) results of Gibbons and 
Nertney (1951) (1952) are extended by in-
cluding the dispersive characteristics of the 
above model. This is accomplished by deter-
mining the received pulse characteristics by 
means of a response function developed from 
a suitable Fourier-Herinite series, which in-
cludes the frequency dependent effects of 
the model. It is found that the rapid changes 
in polarization near the lower edge of E 
region, called the "coupling region," are 
very effective in generating reflected waves 
or pulses under suitable conditions, for 
example, late night hours associated with 
low E-layer critical frequencies. However, 
the dispersive characteristics are small so 
that almost negligible group retardation is 
to be expected. At a higher level in the layer, 
rapid van i itions in the index of refraction 
for one of the characteristic wave com-
ponents occur in what is called the "reflec-
tion region." Here the time delays are large 
for low critical-frequency models. 
Some geometrical discussion is included 

concerning polarization and coupling factors. 
If not considered, then the ordinary and 
extraordinary modes-can be given a repre-
sentation (in a certain complex space) as 
orthogonal principal directions. 
The above theory is compared with the 

experimentally observed group heights on a 
diurnal and seasonal basis. Good agreement 
is obtained and is further strengthened by 
comparison with some recent measurements 
of R. E. Jones on the diurnal change in 
phase (cw) paths. 
The occurrence of a third echo in addi-

tion to the regular first hop E echoes is re-
ported. This apparently occurs from levels 
al;ove the maximum ionization density of 
the E layer, height range 100 to 200 km, 
and appears to be associated with low night-
time E-layer critical frequencies and mag-
netically disturbed conditions. 
Correlations of experimental results with 

sunrise, solar flares, and so forth are also 
considered. 

42. IONOSPHERIC  WIND  MEAS-
UREMENTS AT 150 KC/S.*—G. H. NI ill-
man, The Pennsylvania State College. —The 
results of ionospheric wind measurements 
utilizing the three spaced-receiver tech-
nique at long-wave lengths are given. Evi-
dence is presented which indicates the pres-
ence of diurnal and seasonal variations of 
upper-atmosphere wind movements. The 
measured wind magnitudes range from 20 to 
300 meters per second, with most probable 
values between 40 and 100 meters per sec-
ond. 

* The research reported in this paper has been 
supported by the Geophysical Research Division ol 
the Air Force Cambridge Research Center under Con-
tract AF 19 (122)-44. 

By the method of Briggs-Phillips (1950), 
the "angular spreading" of the down-
coming reflected wave is found to be ap-
proximately 8.5 degrees as compared to the 
theoretical prediction of 7.5 degrees. This 
appears to verify the fact that the ionosphere 
acts as a diffracting screen at long wave-
lengths. 
The calculated rms line-of-sight speeds 

of ionospheric scattering centers are found 
to be about 6-8 meters per second. Agree-
ment is found between the speeds obtained 
by the Booker-Ratcliffe-Shinn (1950) auto-
correlation method and Ratcliffe's (1948) 
speed of fading method. 
A study of the facing rate of the first 

reflected echo indicates the presence of 
fades of  to 15 minutes duration with 
maximum between 1 and 2 minutes. The 
facing rate is found to increase with greater 
indices of geomagnetic activity (kw). 
Several other factors and correlations 

are also discussed. 

43. TURBULENCE IN THE LOWER 
IONOSPHERE AS DEDUCED FROM 
INCREMENTS IN ABSORPTION AND 
PHASE PATH AT 150 KC/S.*—R. E. 
Jones, G. II. NI illman, and R. J. Nertney.— 
The Pennsylvania Stale College.—It is im-
portant in the study of ionospheric winds to 
determine the height of the "diffraction 
screen" which produces the variations in 
radio-wave field strength, or other charac-
teristics, measured at ground level. A meth-
od which may be used to determine this 
height is developed. 
It is shown that, under proper condi-

tions, the mean electronic collisional fre-
quency associated with the electron clouds 
which are presumed to form the "diffraction 
screen" may be determined by studying 
change in phase-path records•obtained si-
multaneously with absorption records. This 
value of collisional frequency may then be 
related to height through an ionospheric 
model. 
Single recording stations are used in this 

comparison of the phase pattern and the 
amplitude pattern at ground level. The sta-
tistical information necessary to the theo-
retical development is obtained, in the usual 
way, from a triangular arrangement of re-
ceiving stations which reccrd the amplitude 
of the signal. 
Preliminary calculations show that the 

screen which produces the daytime iono-
spheric winds measured at 150 kc lies in a 
collisional frequency range from 2X106 to 
8X106 sec-'. This would correspond to a 
height range from 70 to 80 km for our 
ionospheric model. These results appear to 
be in good agreement with recent work by 
Kellogg (1951) from the meteorological view-
point. 

• The research reported in this paper has been 
supported by the Geophysical Research Division of 
the Air Force Cambridge Research Center under 
Contract AF 19 (122)-44. 

44. SPORADIC-E STRATIFICATION 
AND CORRELATION WITH LOW-FRE-
QUENCY SOUNDINGS.—R. A. Helliwell, 
Stanford University.—The virtual heights 
of nighttime sporadic-E reflections are ex-
amined for evidence of stratification and cor-
relation with virtual heights measured at 

low fiequencies. For the month of August, 
1951, the heights of sporadic-E appearing 
at 2.4 mc on the routine h'f records from a 
C-3 recorder range from 97 to 137 km and 
show a pronounced maximum of occurrence 
at 100 km with less well-defined maxima at 
106 km and 112 km. At 310 kc there is evi-
dence of maxima at the same three height , 
with an additional maximum of occurrence 
at 93-94. When two or more tracesappear on 
the same C-3 record (but usually not in the 
same frequency range), the height separation - 
of these traces show a tendency to be inde 
pendent of the height of the lowest trace. 
The frequency of occurrence of these height 
separations shows peaks at 7 km and 14 
km, which are better defined than the peak, 
in the frequencies of occurrence of the abso-
lute heights. 
To test for correlation between the 

heights at low and high frequencies the 
lowest height measured on 2.4 mc wa, 
plotted against the heights of all echoes re-
corded on 310 kc at corresponding times. 
The resulting scatter plot shows a pr— 
nounced grouping of points along a  
representing one-to-one correlation. 
It is concluded from the study that: 

(1) sporadic-E tends to occur at certain 
preferred heights which for nighttime during 
the month of August are 100 km, 106 kin, 
and 112 km; (2) the differences of different 
reflection heights may be less variable than 
the heights themselves; (3) low-frequency 
echoes and sporadic-E echoes are correlated 
in virtual height and are probably reflected 
from the same layers. 

45. CORRELATION VERSUS LINEAR 
TRANSFORMS. —Nlarcel J. E. Golay, 
Signal Corps Engineering Laboratories. — 
;\ criticism is made of the emphasis recently 
placed by communication engineers on cor-
relative concepts and devices. Specific sug-
gestions, illustrated by an example bor-
rowed from radar, are offered about other 
possible attacks on the problems presented 
by the submergence of wanted data in noise. 

46. A METHOD FOR THE CON-
STRUCTION OF OPTIMUM CODES.— 
David A. Huffman, Massachusetts Institute 
of Technology. —An optimum method of as-
signing codes to members of an ensemble of 
messiges is developed. For an ensemble 
consisting of a finite number of messages, 
such a method yields a minimum average 
number of digits. The coding procedure is 
applicable whatever the number of coding 
symbols may be. 

47. A NOTE ON MOVING POLES IN 
NONLINEAR OSCILLATING SYSTEMS. 
— William B. \C'rigley, Georgia Institute of 
Technology  and  Air  Force  Cambridge 
Research Center. —Since poles of the com-
plex immittance of a linear system represent 
the decrements and frequencies of rotating 
phasors in the linear time domain, it is sug-
gested that a nonlinear system might be 
represented by moving poles whose instan-
taneous decrements and frequencies are 
associated with phasors rotating in the 
nonlinear or time-distorted phase space. 
This idea is applied to the analysis of a 
class of nonlinear oscillation generators of 
the second order which is described by the 
differential equation, X — Ni(X, X)=0. 
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48. RISE-TIME  MODULATION.— 
NI axime G. Kaufman,  Naval Research 
Laboratory.—During investigations of the 
loss of pulse amplitude across the RC cou-
pling between stages of a video-amplifier, it 
became apparent that the amplitude of the 
pulse across the resistance was a function 
of the steepness of the applied pulse. Analy-
sis of this condition and application of the 
principle to pulse modulation offered a new 
system of modulation to which the term 
"rise-time modulation" has been assigned. 
Rise-time modulation may be defined as 

a method of pulse modulation wherein the 
intelligence conveyed by the modulating 
voltage is imparted to the pulses in such 
manner as to control the rate of rise of the 
pulses. Likewise, the rate of fall may be 
modulated ("fall-time modulation"). Such 
a method of pulse modulation has the fol-
ic:A% ing features: (1) It eliminates the need 
for synchronization; (2) it permits the pulse 
repetition rate to vary); (3) it carries several 
channels simultaneously. 

49. TRANSFER EFFICIENCY.—Don-
ald K. Weaver, Jr., Stanford Research 
Institute.—Transfer efficiency is defined as 
the ratio of output power to input power for 
a network. This paper describes a relation-
ship between efficiency and changes in the 
input impedance caused by changes in the 
load impedance. This relation is useful in 
measuring the efficiency of antenna couplers. 

50. RANDOM PROCESSES IN WAVE 
PROPAGATION.—W. S. Ament, Naval 
Research Laboratory.—Part I. Transmission. 
For wave propagation through a randomly 
scattering medium, theory predicts statisti-
cal averages of certain measurements. Fa-
miliar theories are discussed in terms of the 
measurements they relate to. For instance, 
the "extinction cross section" of a large 
opaque object is simply shown to be twice 
its geometric cross section; the relevant 
measurement is not one of transmitted power 
flux, but an interferometric measurement of 
the average phase and amplitude of a coher-
ent wave passing through a cloud of such 
objects. A similar interferometric measure-
ment relates to the attenuation currently 
calculated from the Booker-Gordon scatter-
ing formula. This is shown by two new deri-
vations of the propagation constant of a 
"blobby" medium. The simpler measure-
ment of average transmitted power-flux re-
quires a complicated theory of photon trans-
port. Theory and measurements relating to 
angle-of-arrival are intermediate between 
those relating to power-flux and propagation 
constant. 
Part II. Reflection. Similar considera-

tions hold for reflection from a rough surface. 
Specular reflection is an interferometric con-
cept. Lambert's law and back-scatter are 
power-flux concepts. A theory of specular 
reflection is logically prior to a theory of 
back scatter. The requirements for such 
theories are discussed through simple ex-
amples. 

51. A METHOD FOR EVALUATING 
TF ENDS IN TIME SERIES OF TROPO-
SF HERIC RADIO  FIELD-STRENGTH 
DATA.—Philip L. Rice, National Bureau of 
Standards. —This paper describes an evalua-
tion of the seasonal trend in a series of 

hourly median field strengths corresponditig 
to one hour of the day. Of three methods in-
vestigated in order to evaluate time trends, 
a type of harmonic analysis was found to be 
the most successful. The other two methods 
were an adaptation of the smoothing theory 
of Weiner and Levinson and a method using 
orthogonal polynomials. 
Two powerful tools of the statistician, 

the autocorrelation function and the variate 
difference method, enable us to refine our 
analysis of time trends to a point where we 
hope to obtain a maximum amount of cor-
relation with similar trends in relevant mete-
orological information. 

52. A FORMULA FOR THE TRANS-
MISSION LOSS OF SPACE WAVES 
PROPAGATED OVER IRREGULAR TER-
RAIN.—Kenneth A. Norton, National Bu-
reau of Standards.—It is shown that the ef-
fects of irregularities in the height of the ter-
rain on space-wave intensity calculations 
may be adequately described in terms of the 
coefficients of a second-degree polynomial 
fitted by the method of least squares to an 
appropriate portion of the terrain between 
the transmitting and receiving sites. The 
mean-square residual height variation from 
such a polynomial provides a measure, 
through Rayleigh's criterion of roughness, as 
to the usefulness of the resulting field.. 
strength formula. If the frequency under 
consideration is sufficiently low to satisfy 
this criterion, then the three coefficients in 
the second-degree polynomial fitting the ter-
rain are found to play important roles in de-
termining the effective heights of the trans-
mitting and receiving antennas, and the ef-
fective curvature of the transmission path. 
A constant lapse of refractive index with 
height may be taken into account by a modi-
fication in the effective path curvature. 
The utility of the formula on frequencies 

between 92 and 1,047 mc is established by 
comparing the calculated and measured 
fields for a variety of terrain in the vicinity 
of the Cheyenne Mountain transmitting sta-
tion of the National Bureau of Standards. 

53. MEASUREMENT OF THE EF-
FECT OF IRREGULAR TERRAIN ON 
DIRECTIVE ANTENNA PATTERNS.— 
R. S. Kirby, J. M. Taff, and H. S. Moore, 
National Bureau of Standards.—In co-oper-
ation with the United States Army Signal 
Corps, the National Bureau of Standards 
has undertaken the measurement of direc-
tive antenna patterns over irregular terrain 
in the Fort Dix, N. J., area. Measurements 
of the patterns of directive antennas were 
made while driving around the transmitters 
at relatively constant distances of 0.4 mile, 
10 miles, and 30 miles with a mobile field, 
strength recording vehicle. Measurements 
were made at 49 mc, 141.75 mc, 239 mc, and 
460 mc with vertically polarized waves. At 
the recording unit omnidirectional ground 
plane antennas were used on a telescopic 
mast which could be operated at heights of 
from 10 feet to 30 feet above the ground. 
Because of the great number of wires, trees, 
and other obstacles over the road, most of 
the pattern measurements were made with 
receiving antenna heights of 12 feet and 15 
feet. 
In addition to the measurements made 

around the transmitters, receiving antenna 

pattern measurements were made using a 
460-mc corner reflector antenna with a gain 
of approximately 10 db. These measurements 
were made at spot locations around the 460-
mc transmitter. 

54. THE CONSTANTS OF THE EQUA-
TION FOR THE REFRACTIVE INDEX 
OF AIR.—Ernest K. Smith, Jr., National 
Bureau of Standards.—Recent measure-
ments at the National Bureau of Standards, 
the University of Texas, the National Phys-
ical Laboratory, and elsewhere have indi-
cated that the conventional constants (A 
=79°K/mb, B =4800°K) in the expression 
for the refractive index of moist air (n —1) 

A  B 
• 106 = —T( 15-F-i) should be revised. Various 

laboratories appear to have arrived at this 
conclusion independently with the result 
that there are at least four different sets of 
constants in current use. In much of propa-
gation work the ahsolute value of the refrac-
tive index of the atmosphere is of small mo-
ment. However in some work it is important 
and it seems highly desirable to decide upon 
a particular set of constants. It is also ad-
visable to agree on the amount of future im-
provement in the constants whicl. will make 
it worthwhile to respecify them. This paper 
attempts to give "best" values of the con-
stants in the least squares sense, and also 
suggests a criterion for deciding whether a 
future change would be worthwhile. 

55. EFFECT OF PARTICLE SHAPE 
AND COMPOSITION ON MICROWAVE 
ATTENUATION AND SCATTERING BY 
PRECIPITATION.— Walter H it schfeld , 
Kenrich Gunn, T. \V. R. East, and J. S. 
Marshall, McGill University.—Ca lc u la t ions 
indicate that when a small spherical ice par-
ticle melts to a water drop, its scattering in-
creases t y a factor 5. Most of this increase is 
effected by the melting of only a thin coat-
ing. 
The scattering by a small ice particle is 

almost independent of its shape, but if the 
corresponding water drop were lengthened 
to an axial ratio of 10 to 1, its scattering is 
calculated (for X=3 cm) to increase 20 to 30 
times. A water-coated ice crystal with 10:1 
axes presumably scatters like a distorted wa-
ter drop, and so scatters 20 to 30 times as 
much as a water sphere, or up to 150 times as 
much as any ice particle of the same mass. 
The total absorption by a small water-

coated ice sphere is as much as, or more than 
that by the all-melted drop. The effect of 
distortion from sphericity on total absorp-
tion is roughly as much as, probably more 
than, the effect on scattering. Thus while an 
ice particle absorbs negligibly regardless of 
shape, a thin water coating may run the ab-
sorption up to 30 or more times that of a wa-
ter drop of the same mass. 
Intense scattering by melting snow has 

already been observed as a "bright bank" in 
precipitation echo just below the freezing 
level. Strong attenuation may be antici-
pated in the same region, the attenuation 
being greater than that by rain in roughly 
the same proportion as the echo intensity. 

56. A SWEEP-FREQUENCY IONO-
SPHERE RECORDER FOR THE LOW 
FREQUENCIES. —J. C. Blair, J. N. Brown, 
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and J. NI Watts, National Bureau of Stand-
ards.  Npelication of the techniques here-

in high-frequency ionosphere re-
CI 11 *r.,  IS described. The beat-frequency 
method of generating wide-frequency sweeps 
is used, covering frequencies from 50 kc to 
1,000 kc in a short time without band 
switching. Advantage is gained by the use of 
transformers containing ferromagnetic cores 
in the wide-band transmitter amplifiers, but 
the antenna system, for practical reasons, is 
very inefficient. Sample records are shown. 

57. SCATTER-SOUNDING: A TECH-
NIQUE FOR STUDY OF THE IONO-
SPHERE AT A DISTANCE.-0. G. Vii-
lard, Jr. and A. NI. Peterson, Stanford Uni-
versity.—It is the purpose of this paper to 
summarize the current state of knowledge in 
regard to oblique-incidence long-distance 
Lackscattering, and to suggest a number of 
practical applications. It appears that "scat-
tersounding"—studying the reflecting prop-
erties of the ionosphere by means of energy 
backscattered from the earth—offers a valu-
able new technique for studying the charac-
teristics of the ionosphere at a distance. 
Recent research has shown (1) that the 

majority of oblique-incidence backscattering 
occurs front the earth, and not from layers or 
clouds in the ionosphere, (2) that the back-
scattering coefficient of the open sea is not 
noticeably different from that of land, (3) 
that the employment of relatively long pulse 
lengths enormously increases the strength of 
the returned echoes, and (4) that time delay 
to the leading edge of the scatter echo is a 
reasonably accurate measure of ground dis-
tance to the edge of the skip zone, except 
when this distance is less than 1,000 km in 
the case of F-layer propagation. A result of 
item (3) is that a peak transmitter power of 
less than a kilowatt is ample for many appli-
cations. 
Within the limitation of (4) above, scat-

tersoundiag may be used to determine the 
muf for either F-layer or sporadic-E trans-
mission, and is especially useful as a means 
for plotting at a distance the growth and de-
velopment of sporadic-E clouds of ioniza-
tion. For this work antenna directivity is 
essential; that of a three-element Yagi has 
been found to be satisfactory. A simple 
lumped-constant tr circuit is described. An-
tenna rotation and ppi display of scatter 
echoes shows at a glance the areas to which 
communication is possible at a given time 
and frequency. A statistical test of this tech-
nique for communication prediction has 
been devised, which takes advantage of the 
wide geographical distribution of radio 
amateurs. The results have confirmed expec-
tations, both for F-layer and sporadic-E 
layer transmission. 
Curves are presented by which oblique-

incidence time delay may be converted into 
the desired skip distance. Errors to be ex-
pected when diurnal and seasonal average 
layer heights are used in the conversion proc-
ess are shown to Le small when transmission 
paths are long. An overlay is developed 
which, when used with vertical incidence p'f 
records, determines the equivalent height of 
reflection for use in scatter-echo interpreta-
tion. Theoretical reasons for the observed 
increase in echo amplitude with increased 
pulse widths are discussed. 

58. F-REGION EFFECTS OF SOLAR 
ECLIPSE AT SUNRISE, SEPTEMBER I, 
1951.-1-1. \V. %Veils, Carnegie Institution of 
IVashington. —The annular eclipse of Sep-
tember 1, 1951 started before ground sunrise 
along the East Coast of the United States, 
but did not reach maximum phase until 
later. Three high-speed ionospheric stations 
were operated by the [)TM, CI W for the 
eclipse observations. Locations at Char-
lottesville, Virginia; Derwood, Maryland; 
and Chincoteague, Vireinia established a 
west-to-cast chain with local time difference 
of approximately twelve minutes. The maxi-
mum phase of eclipse occurred at a time 
(twenty to thirty minutes after ground sun-
rise) when normal rate of production of ioni-
zation (established by control observations) 
was very high. 
The results show absence of any ion pro-

duction at any station for a period of approxi-
mately one-half hour centered on time of 
eclipse maximum. From the moment when 
two-thirds of the sun was covered, through 
the maximum phase (+91 per cent), and un-
til one-third of the sun was uncovered, no 
ionization was generated. 
Several possible explanations are dis-

cussed: (1) emitting sources near center of 
sun's disc, (2) uniform solar emission but an 
effective limb darkening, and (3) an atmos-
phere on the moon. 

59. IONOSPHERE REFLECTION CO-
EFFICIENTS BY VARIATIONAL TECH-
NIQUE.—J. Lurye, New York University. 
—One of the important problems of iono-
sphere work is to predict the nature of the 
electromagnetic wave reflected by the iono-
sphere when a wave of known form is inci-
dent upon it. In the present paper, this prob-
lem is treated by considering a plane iono-
sphere model for which the electron density 
and earth's magnetic field are continuous 
but otherwise arbitrary functions of the 
height. It is shown that if a plane wave im-
pinges on such a model at an arbitrary angle 
of incidence, then four complex reflex coef-
ficients suffice to characterize the reflected 
wave as to its intensity, phase, and polariza-
tion. Thus the problem becomes one of 
calculating these four numbers. The attack 
on this problem is based on an adaptation of 
a method due to the physicist, J. Schwinger, 
wherein, with the aid of an exact integral 
equation for the electric field in the iono-
sphere, one derives variational formulas for 
the four reflection coefficients. These formu-
las may then be used either to calculate the 
coefficients numerically or to obtain approxi-
mate expressions for them in terms of the 
various physical parameters of the problem. 
Finally, as a consequence of a certain 

symmetry property of the variational for-
mulas, a reciprocity theorem for ionospheric 
propagation is deduced. 

60. DISTANT RADIO-COMMUNICA-
TION THEORY.--M. J. DiToro, Federal 
Telecommunkation  Laboratories.—Distant 
radio communication at high frequencies is 
difficult because the transmission medium — 
the earth ionosphere duct—is time variable, 
noisy, and shows dispersive or multipath 
transmission with consequent fading of the 

• This paper gives some of the theoretical results 
obtained in a project for the Wright Air Development 
Center, Dayton, Ohio. 

received signal. Because most of these 
tots are random and not under design 
t rol, one can treat the ionospheric corn I I 

cation problem only on a statistical basi 
terms, for example, of such things as the 
probability that a transmitted pulse or bit of 
information will be received co -reedy. On 
this basis it is shown that, by a purely nit 
merical experiment wherein ruulom num!. 
tables are used to simulate fading and 1,, 
it is possible to appraise various telegiapi, 
transmission systems without the costl 
process of building them and then testing 
their performance. 
An approximate, but simple, at 

given of receiver signal detection, by 
is meant generation of dc for operation la 
output printing device. It is shown that the 
important parameter here is the aver c i-

r-xpectation of the difference in dc L, 
received space and mark signal, 
the square root of the variance of this die. 

econmcep. arIendc owheitrhe ncto hseqreunatr ed eltaewc tiodne teucsitniogn  the 

matched filter or, what is the same thing, 
correlation. 
The use of diversity transmission to over-

come signal fading at the receiver is consid-
ered. The important statistical data regard-
ing time-varying ionospheric transmission 
are obtained from the auto and cross-corre-
lation functions of the received signal en-
velopes for the various diversities. For the 
correlated fading of signals in two transmis-
sion channels, a simple design formula is 
shown which predicts the improvement in 
the use of diversity. 
A brief description will also be given of a 

simple acoustic ionosphere analog simulating 
tune-varying multipath transmission. 

61. SYMPOSIUM ON THE MEAS-
UREMENT OF ATMOSPHERIC NOISE. 
—An informal presentation and discussion 
of material by A. W. Sullivan and J. M. 
Barney, University of Florida, W. Q. Crich-
low, National Bureau of Standards, Ralph 
Showers, University of Pennsylvania, and 
others.—In measuring atmospheric noise 
phenomena it is desirable to obtain a com-
plete understanding of the noise process. 
This is accomplished through fine structure 
studies (waveforms) and statistical analyses 
of noise as function of ,.time and frequency. 
These studies are primarily concerned with 
the study of noise characteristics over rela-
tively short time intervals, for example, the 
order of integrating times to be used in the 
noise meters. 
Before the measured characteristics of 

noise can be generally useful, it is necessary 
to evaluate the response of noise meters in 
such a manner as to determine the effect of 
the noise meter on the characteristics of 
noise at the output. Particularly, the prede-
tection and postdetection bandwidths, the 
phase response, and automatic-gain-control 
time-constant of the noise meter will influ-
ence the measured noise characteristics. The 
effects of these must be determined if noise 
measurements made with different noise 
meters are to be referred to a common basis. 
The various parameters of atmospheric 

noise should be related to the interference 
effects of noise on communication sy-tems 
in order to determine which parameters of 
noise are to be measured in the field. Thi 
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amounts to correlating the various objective 
measures of noise intensity with the subjec-
tive annoyance value of the noise on certain 
communication systems. 
After the characteristics of noise have 

been evaluated, a noise meter has been de-
signed, and a useful parameter of noise has 
been chosen, it is then necessary to under-
take a long-term measurement program to 
study noise conditions as a function of geo-
graphical position, time, and frequency. Data 
will then be obtained to facilitate prediction 
of required signal intensities for reliable com-
munication over given paths, at given times 
and frequencies. 

62. THE DIFFERENCES IN THE RE-
LATIONSHIP BETWEEN IONOSPHERIC 
CRITICAL FREQUENCIES AND SUN-
SPOT NUMBER FOR DIFFERENT SUN-
SPOT CYCLES.—S. M. Ostrow and NI. Po-
Kempner, National Bureau of Standards.— 
The approximately linear relationship be-
tween ionospheric critical frequencies and 
sunspot numbers is well known. Examina-
tion of ionospheric data from the few loca-

. t ions at which ionosphere observations have 
been made for substantial parts of two sun-
spot cycles shows appreciable differences in 
the slope of the line of correlation between 
critical frequencies and sunspot numbers for 
different cycles. This is an additional indica-
tion that the Zurich sunspot number is only 
an approximate index of the solar activity 
responsible for ionospheric ionization. The 
differences between cycles should be taken 
into account in the preparation of ionospher-
ic radio-frequency propagation predictions. 

63. CONTINENTAL MAPS FOR FOUR 
IONOSPHERE DISTURBANCES.—R. S. 
Lawrence, National Bureau of Standards.— 
Observations of F-2 critical frequencies from 
thirteen stations in North America were 
used to study characteristics of subauroral 
ionospheric disturbances on a continental 
scale. Contour maps of percentage deviation 
from the monthly median were drawn at 
two-hour intervals for four storms. Positive 
and negative deviations as great as 60 per 
cent were noted. The maps reveal that two 
of these disturbances had rather well-defined 
r enters of 2.000- to 3,000-km diameter which 
moved across the continent. The other two 
storms had no centers, but exhibited a 
marked dependence upon geomagnetic lati-
tude. During these latter disturbances which 
occurred in winter, the critical frequency was 
enhanced in regions below and reduced in re-
gions  above  approximately  50-degrees 
geomagnetic latitude. Some additional evi-
dence indicates that the reversal takes place 
at a lower latitude in the summer. 

64. RELATIONSHIPS BETWEEN AU-
RORAS AND SPORADIC-E ECHOES.— 
R. W. Knecht, Nagtonal Bureau of Stand-
ards.—During March, 1951 a series of visual 
auroral observations were made simultane-
ously with ionospheric soundings at Point 
Barrow, Alaska. Observations were made 
every 15 minutes during the dark hours of 
ten successive clear nights. Some 400 simul-
taneous observations were made. Auroras 
were present during about 90 per cent of 
these observations. Analysis indicates that 
quiet auroras, 45 degrees or higher above the 
horizon, were correlated with certain spo-

radic-E region echoes. The more intense 
the aurora, the higher the maximum fre-
quency returned. The closer the auroral 
form was to the zenith, the shorter the range 
of the "E's" echoes. Active auroral displays 
were usually accompanied by a sharp -in-
crease in radio-wave absorption. Local geo-
magnetic variations coincident with auroral 
displays were also examined. 

65. THEORY OF RADIO SCATTER-
ING FROM THE AURORA.—R. K. Moore, 
Sandia Corporation.—It is postulated that 
radio signals returned from the aurora may 
be scattered by columns of ionization created 
by incoming auroral protons. The scattering 
from each column may be treated in the 
same manner as the "whistles" from meteor 
ionization, but because of the large number 
of columns created in a short time the 
"whistles" blend into a fading spectrum. Ex-
perimental determination of the fading spec-
tra of such signals leads to curves which cor-
relate well with those calculated by the 
theory. The velocities indicated agree in or-
der of magnitude with that found by Gart-
lein's spectrographic observations. The cal-
culated distances at which radar echoes 
should be observed agree with experiment 
and bear out the observation that signals are 
not heard or seen from overhead auroras. 
Density calculations cannot be complete be-
cause columnar size is not known, but indi-
cations are that this size may possibly be of 
the order of 11 meters in diameter. 

66. THE LENGTH OF IONIZED ME-
TEOR TRAILS.—L. A. Manning, 0. G. 
Villard, Jr., and A. M. Peterson, Stanford 
University.—By studying the rate of coinci-
dent detection of meteors at two widely 
separated locations, as a function of the dif-
ferential time of first detection, it is possible 
to deduce the distribution in length of the 
meteoric ionization columns. A precise de-
termination would require, in addition, that 
the velocity of the individual meteors used in 
the test be known. However, in the absence 
of such data, an approximate distribution of 
trail lengths can still be deduced, whose 
mean value is probably representative cif ac-
tual conditions. 
For equipment generating about a kilo-

watt of continuous wave output, and capa-
ble of detecting meteors at a total rate of 450 
meteors per hour, the mean trail length was 
found to be 25 or 30 km. Calculations based 
upon this value of trail length, and upon 
the use of a corrected rate of meteoric ar-
rival, show that meteors up to the 6th mag-
nitude were detected during the test. 
The method to be describea provides a 

measure of trail length dependent upon the 
ability of the trail to reflect a signal at nor-
mal incidence. The accuracy of the determi-
nation of frequency of occurrence of trails of 
various lengths is independent of the rate of 
detection, but is proportional to the square 
root of the period of observation. 

67. GUIDED-WAVE  CONCEPT  IN 
ELECTROMAGNETIC  THEORY.—N. 
Marcuvitz, Polytechnic Institute of Brook-
lyn.—As is known, field representations 
in terms of guided waves, or modes, are 
characteristic both of the field operators 
and the geometrical symmetry of an electro-
magnetic region. The simplicity of such rep-

resentations is manifest by the reformulation 
of a vector-field problem as a scalar trans-
mission-line problem descriptive of the indi-
vidual modal behavior. In relatively simple 
problems, involving say an arbitrarily ori-
ented dipole antenna in a stratified region, 
the transmission-on-line problem is solved 
readily since there is no coupling between 
modes. In general diffraction problems inter-
mode coupling exists, and the transmission 
line problem is solvable rigorously only in 
restricted cases. When the mode representa-
tion used is not rapidly convergent, to obtain 
the over-all field solution it is necessary to 
synthesize, for example, sum or integrate, 
the individual modal solutions. In free-space 
problems this may be effected by integration 
in the complex wave-number plane, a pro-
cedure which, under certain circumstances, 
may be avoided if an alternative and more 
convergent mode representation exists. To 
illustrate the above modal analysis and syn-
thesis there will be treated (a) the field of a 
dipole antenna both in a planar and spher-
ically stratified region (the general plane and 
spherical earth problem) and (b) the diffrac-
tion of a plane wave by two obliquely dis-
placed semi-infinite planes in free space. The 
related questions of surface waves and alter-
native representations will be discussed in 
this connection. 

68. A FURTHER STUDY OF THE 
PATTERNS OF SINGLE SLOTS ON CIR-
CULAR CONDUCTING CYLINDERS.*— 
S. Sensiper, \V. G. Sterns, and T. T. Taylor, 
Hughes Aircraft Company.—The azimuthal 
patterns of both axial and circumferential 
slots on circular conducting cylinders have 
been carefully calculated in both magnitude 
and phase, and some experimental checks 
have been obtained. The calculated patterns 
show that in the semicircle over which the 
slot is optically visible the magnitude and 
particularly the phase of the patterns are 
very similar to those of a similarly situated 
slot in an infinite ground plane. This conclu-
sion has significant implications in the de-
sign of an antenna involving several slots on 
a cylinder. On the semicircle over which the 
slot is optically invisible and particularly 
near the midpoint of this range the pattern is 
very well represented by E, cos vi (r—) 
where E, is the value of the pattern at 
.35=-K (the point opposite the slot) and vi is 
complex. Thus the field in either one of the 
rear quadrants resembles the voltage on an 
open-circuited lossy transmission line. 
The implications of the above-noted form 

of the field pattern behind the slot led to the 
consideration of an expression for the field 
which is quite different from the usual one 
originally employed. By an exact transfor-
mation of the usual expression it is possible 
to show that the far field is given by the ex-
pansion E:_, A. cos v„, Or —0), where th,, is 
complex. Near 0=w, the first term of this se-
ries is dominant, and the results of this ap-
proach agree with those noted above. The 
procedure and its significance are quite 
closely related to the problem of electromag-
netic wave propagation over a sphere which 
has been of considerable interest for some 
time. The various aspects of the cylindrical 
problem are discussed in some detail. 

• Work described in this paper was carried out 
through the sponsorship of the Air Force Cambrldile 
Research Laboratory under contract AF 19 (122)-454. 
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69. A SYNTHESIS METHOD FOR 
CIRCULAR AND  CYLINDRICAL AN-
TENNAS COMPOSED OF DISCRETE 
ELEMENTS.*—T. T. Taylor, Hughes Air-
craft Company. —Antennas composed of dis-
crete elements equally spaced in angle 
around a circle or circular cylinder are stud-
ied with the objective of designing such an-
tennas to produce required azimuthal radia-
tion patterns. 
Much has already been written upon this 

subject under the assumption that a con-
tinuous distribution of elementary stmrces 
will be an acceptable solution to the design 
problem or at least will form a step in the 
attainment of an acceptable solution. In the 
present writing, however, it is felt that 
something may be gained by analyzing the 
problem from the beginning on the basis of 
discrete elements. The question of how many 
elements are needed is discussed in detail, 
and it is shown that the envelope of the ex-
citation coefficients is not necessarily equiv-
alent to the continuous solution available 
by other methods. Practical procedures for 

*Work described in this paper %as carried out 
through the sponsorship of the Air Force Cambridge 
Research Laboratory under contract AF 19 (122)-454. 
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finding the envelope of the excitation coeffi-
cients—and hence the coefficients them-
selves—are outlined. 

70. THE  GEOMETRICAL  OPTICS 
FLELD AT A CAUSTIC.*--Irwin Kay, New 
York University. —The asymptotic expansion 
of a wave field in powers of 1/k, where k is 
the wave number, for large k has as its low-
est order term what is commonly known as 
the geometrical optics field. The caustics of 
geometrical optics are those point sets on 
which the zero order term becomes infinite. 
It is well known that caustics may exist ev?il 
where the exact wave field is perfectly regu-
lar. An investigation of reflection from cylin-
drical walls of arbitrary cross section shows 
that the occurrence of caustic points means a 
change in character of the asymptotic ex-
pansion of the true field such that the lowest 
order term is no longer independent of k, but 
actually contains a factor k raised to a posi-
tive power. There also occurs a jump in 
phase along a ray passing through a caustic 
which, as is well known, equals w/2 in the 
case of a focal point, fait which may differ 

* This work was supported by the Geophysics Re-
search Division. Air Force Cambridge Reiearch 
Center. under Contract No. AF-19 (122)-42. 

from r/2 in the case of more general types of 
caustics. In addition the geometrical optics 
field is worked out in detail for the case of a 
plane wave incident on a parabolic cylinder 
and the field is obtained in its lowest order a 
the focus and in the neighborhood of tht 
focus. 

71. INVESTIGATION OF A SURFACE-
WAVE LINE FOR  LONG-DISTANCE 
COMMUNICATION. — G.  Goubau,  C. 
Sharp, and S. W. Attwood, Signal Corps 
Engineering Laboratories.—The paper dis-
cusses results of an experimental study tot , 
two-mile,  single-conductor,  surface-
transmission line, for the frequency range ot 
100 to 300 mc. The objective of these meas-
urements was to determine whether thc 
theoretically expected low attenuation over 
a frequency band of more than 100 mc could 
be realized and to what extent field distor-
tions, caused by supports and bends, were 
detrimental. Also the effect of weather con 
ditions was investigated. 
The results of the experiments clearly 

demonstrate that the surface-wave line has 
practical aspects for long-distance trans-
mission. 
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J. G. Kreer . 
E. A. Laport 
G. D. O'Neill 

C. H. Page 
W. J. Pease 
W. J. Poch 
A. F. Pomeroy 
D. C. Ports 
P. C. Sandretto 
Robert Serrell 
R. F. Shea 
R. E. Shelby 
Newbern Smith 
R. A. Sykes 
W. G. Tuller 
L. E. Whittemore 
R. J. Wise 
J. P. Veatch 

SUBCOMMITTEES 
20.4 Television Co-ordination 
NI. W. Baldwin, Jr., Chairman 

J. E. Keister 

20.5 Definitions Co-ordinating 
NI. W. Baldwin, Jr., Chairman 

I'. S. Carter  J. G. Kreer, Jr. 
P. J. Herbst  E. A. Laport 

W. M. Smith 
A. E. Smoll 
R. L. Snyder, Jr. 
E. E. Spitzer 
J. R. Steen 
C. S. Szegho 
H. P. Thomas 
C. E. Torsch 
Bertram Trevor 

W. N. Tuttle 
Dayton Ulrey 
L. C. Van Atta 
S. N. Van Voorhis 
J. R. Weiner 
K. R. Wendt 
M. S. Wheeler 
R. M. Wilmotte 
H. R. Zeamans 

POLICY ADVISORY 
W. R. Hewlett, Chairman 

W. H. Doherty 
Ferdinand  Ham-
burger, Jr. 

J. V. L. Hogan 

T. A. Hunter 
F. B. Llewellyn 
J. D. Ryder 
Ernst Weber 

PROFESSIONAL GROUPS 

\V. R. G. Baker, Chairman 
Austin Bailey 
B. B. Bauer 
W. L. Everitt 
J. J. Fiske 
R. F. Guy 

(Professional Group Chairmen 
Ex-Officio) 

R. A. Heising 
J. K. Hilliard 
Harner Selvidge 
J. R. Steen 
L. C. Van Atta 

PUBLIC RELATIONS 

Lewis Winner, Chairman 
E. L. Bragdon 
W. C. Copp 
H. E. Fry 
E. K. Gannett 

E. C. Thompson 
(Chairmen of Section Publicity Com-

mittees Ex-Officio) 

R. F. Guy 
T. R. Kennedy, Jr.. 
H. S. Renne 
Bruce Robertson 

Technical Committees 
May 1, 1952—April 30, 1953 

20.5.3 Task Group on Receiver 
Definitions 

P. S. Carter, Chairman 

H. W. Augustadt 
Jack Avins 
L. M. Harris 

R. A. Miller 
Garrard Mountjoy 
C. H. Page 

R. F. Shea 

20.8 Basic Terms 
J. G. Brainerd, Chairman 

M. \V. Baldwin, Jr.  C. H. Page 

1. ANNUAL REVIEW 
R. R. Batcher, Chairman 

Trevor Clark, Vice-Chairman 

J. D. Crawford H. P. Westman 
R. T. Hamlett L. E. Whittemore 

2. ANTENNAS AND WAVEGUIDES 
D. C. Ports, Chairman 

P. S. Carter Henry Jasik 
J. M. DeBell E. C. Jordan 
Georges Deschamps M. L. Kales 
J. E. Eaton 0. E. Kienow 
A. G. Fox  George Sinclair 
A. G. Giordano P. H. Smith 

SUBCOMMITTEE 
2.2 Waveguide and Transmission 

Line Definitions 

P. II. Smith, Chairman 
George Deschamps W. E. Kock 

J. A. Green 

SECTIONS 

E. T. Sherwood, Chairman 
Ben Akerman 
A. B. Bereskin 
J. B. Epperson 
R. A. Heising 

J. F. Jordan 
C. A. Norris 
J. E. Shepherd 
L. C. Sigmon 

R. N. White 
(Section Chairmen Ex-Officio) 

TELLERS 

J. Z. Millar, Chairman 
David Dettinger M. T. Lebenbaum 
Vincent Learned  H. S. Moncton 

Special Committees 
ARMED FORCES LIAISON 

COMMITTEE 
G. W. Bailey, Chairman 

IRE-IEE INTERNATIONAL 
LIAISON COMMITTEE 

F. S. Barton 
Ralph Bown 
R. H. Davies 
Willis Jackson 

F. B. Llewellyn 
C. G. Mayer 
R. L. Smith-Rose 
J. A. Stratton 

PROFESSIONAL RECOGNITION 
G. B. Hoadley, Chairman 

C. C. Chambers W. E. Donovan 
H. F. Dart C. M. Edwards 

3. AUDIO TECHNIQUES 

C. A. Cady, Chairman 

H. W. Augustadt J. K. Hilliard 
W. Lindsay Black D. E. Maxwell 
Harold Burris-Meyer R. A. Miller 
D. H. Castle R. B. Monroe 
W. W. Dean  H. H. Scott 
H. D. Harris  W. E. Stewart 

SUBCOMMITTEES 
3.1 Definitions of Audio Systems and 
Components Excluding Recording 

H. W. Augustadt, Chairman 
H. D. Harris 

F F. Hopper 

3.2 Methods of Measurement of Audio 
Systems and Components 
Excluding Recording 

0. E. Nlaxwell, Chairman 

W. L. Black I. G. Easton 
W. E. Stewart 

3.5 Revision of ASA C16.5-1942 
C. A. Cady, Chairman 

L. B. Cooke J. W. Miller 
W. W. Dean  R. B. Monroe 
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4. CIRCUITS 

C. H. Page, Chairman 
W. R. Bennett, Vice-Chairman 

J. G. Brainerd  John Linvill 
A. R. D'heedene  W. A. Lynch 
R. L. Dietzold P. F. Ordung 
R. M. Foster  E. H. Perkins 
W. II. Huggins W. N. Tuttle 
Herbert Krauss  Ernst Weber 

SUBcoMmiTTEEs 
4.2 Linear Lumped-Constant Passive 

Circuits 
R. L. Dietz°Id, Chairman 

J. B. Brainerd Herbert Krauss 
A. R. D'heedette C. IL Page 
R. M. Foster W. N. Tuttle 

4.3 Circuit Topology 
R. M. Foster, Chairman 

R. L. Dietzold  E. A. Gui!lentil' 
Stanford Goldman  John Riordan 

4.4 Linear Varying-Parameter and 
Non-Linear Circuits 

W. R. Bennett, Chairman 
J. G. Kreer, Jr.  C. H. Page 

J. R. Weiner 

4.5 Time-Domain Network Analysis 
and Synthesis 

\V. H. Huggins, Chairman 
Stanford Goldman  J. G. Litwin 
W. IL Kautz  D. F. Tuttle, Jr. 

J. R. Weiner 

4.7 Linear Active Circuits Including 
Networks with Feedback and 
Servo-mechanisms Circuits 

W. A. Lynch, Chairman 
Henri Lauer E. H. Perkins 
J. G. Linvill  J. R. Ragazzini 
J. M. Manley C. F. Rehberg 

4.8 Circuit Components 
A. R. D'heedene 

4.9 Fundamental Quantities 
H. L. Krauss, Chairman 

P. F. Ordung  J. D. Ryder 

6. ELECTROACOUSTICS 
%V. D. Goodale, Jr., Chairman 
B. B. Bauer, Vice-Chairman 

E. C. Gregg H. F. Olson 
H. C. Hardy  R. J. Rockwell 
A. S. Hegeman, Jr.  Vincent Salmon 
%V. F. Meeker  E. S. Seeley 

P. S. Veneklasen 

7. ELECTRON DEVICES 

G. D. O'Neill, Chairman 
R. M. Ryder, Vice-Chairman 

E. M. Boone R. B. Janes 
R. S. Burnap 
J. W. Clark 
W. J. Dodds 
George Esperseut 
C. E. Fay 
W. R. Ferris 
M. S. Glass 
T. J. Henry 
J. W. Kearney 
G. R. Kilgore 

I. E. Mouromtseff 
L. S. Nergaard 
P. A. Redhead 
H. J. Reich 
A. C. Rockwood 
A. L. Samuel 
W. G. Shepherd 
R. W. Slinkman 
H. L. Thorson 
C. M. Wheeler 

SUBCOMMITTEES 

7.2 Cathode-Ray and Television Tubes 
R. B. Janes, Chairman 

R. G. Stoudenheimer 

7.3 Gas Tubes 
H. L. Thorsott, Chairman 

J. H. Burnett  D. E. Marshall 
W. A. Depp  Wm. Schmitt 
E. J. Handley  W. %V. %Vatrous 
R. A. Herring W. M. Webster 

H. I 1. Wittenberg 

7.4 Power-Output High-Vacuum Tubes 

C. E. Fay, Chairman 
J. W. Clark 
H. D. Doolittle 
T. A. Elder 
G. A. Espersen 
J. W. Greer 

I. E. Mottronitselt 
E. E. Spitzer 
Carol Veroticla 
W. G. Wagener 
C. M. Wheeler 

.1. K. %Ving 

7.4.1 Magnetron Working Group Under 
POKVT 

G. A. Espersen, Chairman 
R. R. Moats, Secretary 

Norman Alstad 
R. S. Briggs 
H. W. Cole 
'I'. P. Curtis 

M. S. Glass 
G. R. Kilgore 
E. C. Okress 
H. Ricker 

S. %Veston 

7.6 Small High-Vacuum Tubes 

T. J. Henry, Chairman 
E. M. Boone  E. H. Hurlburt 
R. C. Hergenrother I. Meth 
L. N. Heynick  %V. T. Millis 
M. E. Hines R. W. Slinkman 

W. G. Shepherd 

7.6.1  Klystron Task Group 

W. G. Shepherd, Chairnrin 
E. M. Boone A. E. Harrison 
B. C. Gardner '1'. J. Henry 
C. T. Goddard V. R. Learned 

E. G. Linder 

7.6.2 Task Group on Traveling-Wave 
Tubes 

M. E. Hines, Chairman 

H. D. Arnett R. G. E. Nutter 
W. J. Dodds  J. R. Pierce 
L. M. Field  S. E. Webber 

7.6.3 Task Group on Noise Under 
SSHVT 

R. M. Ryder, Chairman 
J. J. Freeman  D. 0. North 
W. A. Harris  E. K. Stodola 

7.7 Solid-State Devices 
R. M. Ryder, Chairman 

J. R. Ambrose 
S. J. Angello 
C. B. Brown 
%V. C. Dunlap 
J. R. Flegal 

R. W. Grantham 
J. Kurshan 
H. L. Owens 
W. J. Pietenpol 
13. J. Rothlein 

7.9 Conference on Semiconductor 
Device Research 

R. M. Ryder, Chairman 
J. P. Jordan, Vice-Chairman, Secretary 

A. E. Anderson  Jerome Kurshan 
%V. L. Emery  Harry Owens 

7.10 Conference on Electron Tube 
Research 

W. J. Dodds, Chairman 
P. A. Redhead, Vice-Chairman 

C. C. Cutler  V. R. Learned 
B. A. Kazan  S. D. Robertson 

8. ELECTRONIC COMPUTERS 

Robert Serrell, Chairman 
R. Brown, Vice-Chairman 

R. I). Elbourn  C. V. L. Smith 
E. L. Harder IL L. Snyder, Jr. 
E. Lakatos W. H.  Ware  

C. R. Wayne 
J. A. Rajchman  J. R. Weiner 
Nathaniel Rochester C. F. West 

%Vay Dung Woo 

G. %V. Patterson 

SUBCOMMITTEE 

8.3 Static Storage Elements 

J. RaithIllall, Chairman 

A. 0. Black E. Gelband 
H. Bonn  M. K. Haynes 
H. R. Brownell  M. Littman,' 
T. C. Chen W. N. Papian 

E. A. Sands 

8.4 Definitions (Eastern Division) 

N. Rochester, Chairman 
U. R. Everett Linder llobbs 

G. W. Patterson 

8.5 Definitions (Western Division) 
W. 11. Ware, Chairman 

H. D. Husky  W. E. Smith 
H. T. Larson  W. S. Speer 

1.. D. Stevens 

9. FACSIMILE 
R. J. %Vise, Chairman 

Henry 13tirkhard, Vice. Chairman 
C. K. Clatter F. A. Hester 
A. G. Cooley  John V. Hogan 
I. H. Franzel  Pierre Mertz 
J. H. liackenberg C. J. Young 

10. INDUSTRIAL ELECTRONICS 

John Dalke, Chairman 
Eugene Nfittelmann, Vice-Cluzirman 

I'. liosomworth  H. W. Parker 
J. NI. Cage  S. I. Rambo 
E. kV. Chapin  Walther Richter 
J. E. Eiselein  W. C. Rudd 
C. W. Frick  E: H. Schulz 
G. W. Mingaman C. F. Spitzer 
H. R. Meahl  W. R. Thurston 
J. N. Mennie  M. P. \Tore 
P. E. Ohmart  Julius Wreinberger 

SUBCOMMITTEES 

10.1 Definitions for Induction and 
DielectrieHeating 

C. P. Spitzer, Chairman 

C. P. Bosomworth  J. L. Dalke 
J. M. Cage Eugene Mitteltnann 

Walther Richter 

10.2 Dielectric Measurements 
John Dalke, Acting Chairman 

G. W. Klingaman  J. If. Mennie 
IL R. Meahl  C. E. Spitzer 

10.4 Methods of Measurement 
Eugene Nlittelmann, Chairman 

J. M. Cage S. I. Rambo 
J. L. Dalke  E. H. Schulz 

\V. R. Thurston 

11. INFORMATION THEORY AND 
MODULATION SYSTEMS 
W. G. Tuller, Chairman 

J. G. Kreer, Jr., Vice-Chairman 
P. L. Bargellini  D. D. Grieg 
IV. R. Bennett  J. V. Harrington 
L. A. DeRosa  H. Kohler 
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(Committee 11, cont.) 

E. R. Kretzmer B. M. Oliver 
V. D. Landon Winslow Palmer 
Nathan Marchand  Dale Pollack 
L. A. Meacham J. R. Ragazzini 

12. NAVIGATION AIDS 
P. C. Sandretto, Chairman 
C. J. Hirsch, Vice-Chairman 
H. R. Mimno, Vice-Chairman 

W. B. Burgess 
Harry Davis 
R. E. Gray 
C. J. Hirsch 

H. I. Metz 
K. A. Norton 
XViaslow Palmer 
L. M. Sherer 

SUBCOMMITTEES 

12.2 Standard DF Measurements 

E. D. Blodgett, Chairman 
J. Kaplan, Vice-Chairman 
J. L. Allison, Secretary 

R. Silberstein, Alternate Secretary 

A. D. Bailey 
H. I. Butler 
L. M. Harding 
J. J. Kellerher 
Frank Kratokvile 
A. A. Kunze 
J. T. Lawrence 

H. R. Munn° 
XX'. NI. Richardson 
J. A. Solga 
J. 0. Spriggs 
C. A. Strom, Jr. 
S. R. Thrift 
J. H. Trexler 

12.3 Measurement Standards for 
Navigation Systems 

Fred Moskowitz, Chairman 
S. B. Fishdein, Secretary 

Paul Adams 
Paul Hansel 
M. Leifer 
George Litchford 

J. T. MacLemore 
Charles Marshburn 
Irving Stokes 
Vernon Weihe 

14. PIEZOELECTRIC CRYSTALS 

R. A. Sykes, Chairman 
W. P. Mason, Vice-Chairman 

W. L. Bond XV. D. George 
XV. G. Cady Edward Gerber 
J. K. Clapp Hans Jaffe 
W. A. Edson S. Roberts 
Clifford Frondel P. L. Smith 

K. S. Van Dyke 

15. RADIO TRANSMITTERS 
M. R. Briggs, Chairman 

A. E. Kenvien, Vice-Chairman 

E. L. Adams 
J. H. Battison 
T. J. Boerner 
H. R. Butler 
L. K. Findley 
Harold Goldberg 
J. B. Heffelfinger 

P. J. Herbst 
J. B. Knox 
L. A. Looney 
J. F. McDonald 
John Ruston 
Berthold Sheffield 
I. R. Weir 

SUBCOM MITTEES 

15.1 FM Transmitters 
John Ruston, Chairman 

John Bose  Nathan Marchand 
J. R. Boykin  Perry Osborne 

H. P. Thomas 

15.2 Radio Telegraph Transmitters 
up to 50 MC 

H. It. Butler, Chairman 

J. L. Finch  Berthold Sheffield 
J. F. McDonald F. D. Webster 

I. R. Weir 

15.3 Double Sideband AM Transmitters 
J. B. Heffelfinger, Chairman 

E. L. Adams L. T. Findley 
R. E. Beetham L. A. Looney 

15.4 Pulse-Modulated Transmitters 
Harold Goldberg, Chairman 

Ross Bateman 
L. L. Bonham 
W. F. Cook 
H. Kohler 
G. F. Montgomery 

W. E. Newlon 
W. K. Roberts 
B. D. Smith 
W. G. Tuller 
R. M. Whitehorn 

15.5 Single-Sideband Radio Communi-
cation Transmitters 

A. E. Kenvien, Chairman 

M. R. Briggs H. E. Goldstine 
A. Brown  Leonard Kahn 
John Costas  E. A. Laport 

J. B. Singel 

15.6 Television Broadcast Transmitters 
P. J. Herbst, Chairman 

F. J. Bias  T. M. Gluyas, Jr. 
Ervin Bradburd  L. A. Looney 

John Ruston 

16. MOBILE COMMUNICATION 
SYSTEMS 

F. T. Budelman, Chairman 
Alexander Whitney, Vice-Chairman 

G. M. Brown 
A. V. Dasburg 
D. B. Harris 
C. M. Heiden 
C. N. Kimball, Jr. 

D. E. Noble 
J. C. O'Brien 
David Talley 
George Teommey 
R. W. Tuttle 

17. RECEIVERS 
Jack Avins, Chairman 

J. D. Reid, Vice-Chairman 

K. A. Chittick 
R. De Cola 
L. M. Harris 
K. W. Jarvis 
J. K. Johnson 
W. R. Koch 
I. J. Melman 
C. R. Miner 
Garrard Mountjoy  F. B. Uphoff 

R. S. Yoder 

F. R. Norton 
Leon Riebman 
L. M. Rodgers 
W. F. Sands 
S. W. Seeley 
R. F. Shea 
S. C. Spielman 
W. 0. Swinyard 

SUBCOM MITTEES 

17.3 Single Sideband Receivers 

K. Jarvis, Chairman 

D. E. Norgaard 

17.4 Spurious Radiation 
R. F. Shea, Chairman 

E. W. Chapin 
K. A. Chittick 
H. E. Dinger 
W. R. Koch 
B. J. Lawrence 
T. S. Loeser 
R. A. Maher 
F. L. Pampel 
I). P. Post 

Frank Pounsett 
John Rennick 
L. M. Rodgers 
E. H. Schrot 
H. Schwarz 
S. W. Seeley 
C. G. Seright 
W. 0. Swinyard 
H. J. Tyzzer 

R. S. Yoder 

17.5 Annual Review Material 
L. M. Harris, Chairman 

17.8 Task Group to Review I.E.C. Proposal 
on Standardization of Measurements of 

Receivers for AM Broadcast 
Transmissions 

K. DeCola, Chairman 

H. Adler 
W. F. Cotter 
J. K. Johnson 

E. R. Pfaff 
S. C. Spielman 
W. 0. Swinyard 

R. Yoder 

17.9 Automatic Frequency Control 

F. B. l'phoff, Chairman 

19. SOUND RECORDING AND 
REPRODUCING 

A. W. Friend, Chairman 
Lincoln Thompson, Vice-Chairman 

S. J. Begun 
M. S. Corrington 
R. M. Fraser 
E. W. Kellog 
C. J. Lebel 

A. P. G. Peterson 
H. E. Roys 
Harry Schecter 
C. F. West 
R. E. Zenner 

SUBCOMMITTEES 

19.1 Magnetic Recording 

A. P. G. Peterson, Chairman 
W. H. Erikson  Ward Shepard, Jr. 
J. H. McGuigan  R. E. Zenner 

19.2 Mechanical Recording 
Lincoln Thompson, Chairman 

W. S. Bachman  R. C. Moyer 
Theodore  Linden- F. W. Roberts 
berg  M. S. Royston 

A. R. Morgan  Arthur S. R. Toby 

19.3 Optical Recording 
R. M. Fraser, Chairman 

Price Fish  Everett Miller 
Charles Townsend 

21. SYMBOLS 
A. G. Clavier, Chairman 

K. E. Anspach, Vice-Chairman 

W. J. Everts  A. F. Pomeroy 
W. A. Ford  M. B. Reed 
R. T. Haviland  M. P. Robinson 
0. T. Laube  M. S. Smith 
C. D. Mitchell  H. R. Terhune 
C. Neitzert  H. P. Westraan 

SUBCOMMITTEES 

21.2 Graphical Symbols for Semi-
conductors 

C. D. Mitchell, Chairman 

L. F. Hescock R. M. Ryder 
F. J. Lingel  A. D. Shaw 

E. H. Ulm 

21.3 Task Group on Graphical Symbols for 
Functional Operations of Control, Com-
puting and Switching Equipment 

W. B. Callaway, Chairman 

J. C. Bayles 
C. W. Frank 
J. D. Hood 
A. Lesti 

B. McMillan 
F. J. Roehm 
J. L. Wagner 
R. M. Walker 

22. TELEVISION SYSTEMS 

R. E. Shelby, Chairman 
K. M. Bowie, Vice-Chairman 

W. F. Bailey  R. D. Kell 
M. W. Baldwin, Jr.  P. J. Larsen 
A. H. Brolly  H. T. Lyman 
J. E. Brown  Leonard Mautner 
K. A. Chittick  J. Minter 
C. G. Fick  J. H. Mulligan, Jr. 
D. G. Fink  A. F. Murray 
P. C. Goldmark  J. A. Oiumet 
R. N. Harmon  D. W. Pugsley 
J. L. Hollis  Martin Silver 
A. G. Jensen  David Smith 
I. J. Kaar  M. E. Strieby 

A. Talamini 

SUBCOMMITTEES 

22.1 Definitions 

M. W. Baldwin, Jr., Chairman 
A. V. Bedford  J. W. Christensen 
F. J. Bingley  C. J. Hirsch 
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*Agricultural and Mechanical College of 
Texas: H. C. Dillingham 

*Akron, University of: P. C. Smith 
*Alabama Polytechnic Institute: R. M. 
Steere 

*Alberta, University of: J. %V. Porteous 
*Arizona, University of: H. E. Stewart 
*Arkansas, University of: R. E. Lanier 
•British Columbia, University of: L. R. 
Kersey 

*Brooklyn, Polytechnic Institute of, (Day 
Division): J. A. Foecke 

• Colleges with approved Student Branches. 

(Subcommittee 22.1, cont.) 
I). L. McAdam E. Seminski 
H. A. Samulon G. R. Tingley 

%V. T. Wintringhatn 

23. VIDEO TECHNIQUES 

W. J. Poch, Chairman 
A. J. Baracket, Vice-Chairman 

K. 13. Benson 
Stephen Doba, Jr. 
V. J. Duke 
G. L. Fredendall 
R. L. Garman 
R. E. Graham 

J. L. Jones 
J. E. Keister 
L. L. Lewis 
C. G. Pierce 
B. F. Tyson 
J. F. Wiggin 

SUBCOMMITTEES 

23.2 Utilization, Including Video Record-
ing: Methods of Measurement 

R. L. Gartnatt, Chairman 
K. B. Benson 
J. M. Brumbaugh 
V. J. Duke 
George Gordon 

L. D. Grignon 
Sidney Kraemer 
II. Milholland 
H. J. Schafly 

23.3 Video Systems and Components: 
Methods of Measurement 

A. J. Haracket, Chairman 

I. C. Abrahams  G. L. Fredendall 
R. Betts  J. R. Hefele 
R. DeBatin  A. Lind 

J. F. Wiggin 

23.4 Video Signal Transmission: 
Methods of Measurement 

J. L. Jones, Chairman 

K. B. Benson  R. M. Morris 
S. Brand  Keith Mullenger 
R. D. Chipp  R. S. O'Brien 
Stephen Doba, Jr.  C. A. Rosencrans 
L. R. Moffett E. H. Schreiber 

B. F. Tyson 

24. WAVE PROPAGATION 

Newbern Smith, Chairman 
H. IV. Wells, Vice-Chairman 

E. W. Allen, Jr.  D. E. Kerr 
S. L. Bailey  J. E. Keto 
H. G. Booker  Morris Kline 
C. R. Burrows 
T. J. Carroll 
A. B. Crawford 
A. E. Cullum, Jr. 
W. S. Duttera 
R. E. Fontana 
E. G. Fubini 
I. H. Gerks 

M. G. Morgan 
R. K. Moore 
K. A. Norton 
H. 0. Peterson 
George Sinclair 
R. L. Smith-Rose 
A. W. Straiton 
A. H. Waynick 

M. C. Gray J. W. Wright 
T. W. Wright 

SUBCOMMITTEES 

24.1 Standards and Practices 
II. 0. Peterson, Chairman 

W. S. Duttera George Sinclair 
F. M. Greene  E. F. Vandiverc 

J. W. Wright 

24.2 Theory and Application of 
Tropospheric Propagation 
Thomas Carroll, Chairman 

H. G. Booker  Marion C. Gray 
A. B. Crawford  A. W. Straiton 

It. P. Wakeman 

24.3 Theory and Application of 
Ionospheric Propagation 
M. G. Morgan, Chairman 

. 13ateman R. A. I Itilovell 
K. W. Bowles C. W. A141.eish 

J. II. M M. 

24.4 Definitions and Publications 

George Sinclair, Chairman 
A. 13. Crawford  I. H. Gerks 
J. E. Eaton Karl Jansky 
E. G. Fubini Martin Katzin 

I). E. Kerr 

24.5 Annual Review 

W. Wells, Chairman 

24.6 Radio Astronomy 

C. R. Burrows, Chairman 

A. E. Covington F. T. Haddock, Jr. 
J. Hagen 

25. MEASUREMENTS AND 
INSTRUMENTATION 
F. J. Gaffney, Chairman 

P. S. Christaldi, Vice-Chairman 
J. L. Dalke  G. A. Morton 
Harold Dinger  C. D. Owens 
G. L. Fredendall  A. P. G: Peterson 
W. D. George  J. G. Reid, Jr. 
W. J. Mayo-Wells  J. R. Steen 

Ernst Weber 

SUBCOMMITTEES 

25.1 Basic Standards and Calibration 
Methods 

W. D. George, Chairman 
S. I.. Bailey  G. L. Davies 

F. J. Gaffney 

25.2 Dielectric Measurements 
John Dalke, Chairman 

C. A. Bieling  Fred A. Muller 

25.3 Magnetic Measurements 

C. I). Owens, Chairman 
E. J. Smith 

25.4 Audio-Frequency Measurements 
A. (;. Petersoil, Chairman 

25.5 Video-Frequency Measurements 

G. L. Fedendall, Chairman 
Joseph Fisher II. A. Samulon 
Richard Palmer  W. R. Thurstoii 

25.6 High-Frequency Measurements 

E. I. Green, Chairman 
It. A. Braden 
I. G. Easton 
F. J. Gaffney 

G. B. lloitdley 
E.  I loughton 
If. L. Webber 

25.9 Measurements of Radio Activity 

G. A. Morton, Chairman 
I'. W. Davison, Acting Secretary 

R. L. Butenhon F. 0. Lewis 
D. L. Collins  A. Lovoff 
L. F. Curtiss M. A. Schultz 

%V. W. Schultz 

25.10 Oscillography 

P. S. Christaldi, Chairman 
NI. J. Ackerman 
R. R. Hatcher 
Edward Durbin 
Rudolf Feldt 

R. E. 
J. F. 
C. K. Duff 
A. P. Gruer 
R. L. Harding 
C. H. Hoeppner 
M. V. Kievert 

E. It. Haberland 
V. J. Jones 
I I. NI. Jose ph 
1.. iilltvell 

Iloward 

25.11 Statistical Quality Control 

J. R. Steen, Chairman  

25.13 Telemetering 
%V. J. Mayo-Wells, Chairman 
Colander  F. Lehan  
Brinster  E. E. Lync h 

M. G. Pawley 
G. M. Thynell 
F. L. Verwiebe 
G. F. C. Weedon 
G. E. White 

W. A. Wildhack 

25.14 Electronic Components 
J. G. Reid, Jr., Chairman 

G. B. Devey  A. \V. Rodgers 
J. C. P. Long  N. H. Taylor 
J. H. Nluncy  A. E. Zdobysz 

26. SERVO-SYSTEMS 
W. NI. l'ease, Chairman 

W. K. Linvill 
E. Sabins  Paul Travers 

R. B. Wilcox 
S. B. Williams 
SUBCOMMITTEE 

26.1 Terminology foiFeedback Control 
Systems 

J. C. Lozier, Chairman 
Martin Cooperstein L. H. O'Neill 
J. 0. Edson 
Thomas Flynn  Ralph Redemsk 

C. F. Rehberg 
L. Goldman  Felix Sweig 

INSTITUTE REPRESENTATIVES IN COLLEGES  1952* 
*Brooklyn, Polytechnic Institute of, (Eve-
ning Division): A. B. Giordano 

''Brown University: Appointment later 
*Bucknell, University of: B. H. Bueffel, Jr. 
*California Institute of Technology: W. H. 
Pickering 

*California State Polytechnic College: Clar-
ence Radius 

*California, University of: L. J. Black 
California, University of at Los Angeles: 
E. F. King 

Carleton College: G. R. Love 
*Carnegie Institute of Technology: G. H. 
Royer 

*Case Institute of Technology: J. D. Johan-
nesen 

Cincinnati, University of: A. B. Bere..skin 
*Clarkson College of Technology: Joseph 
Salerno 

*Colorado, I 'ilk ersity of: I'. W. Carlin 
*Columbia Pniversity: J. R. Ragazzini 
*Connecticut, l•niversity of: H. L. Heydt 
*Cooper I •ilion : J. B. Sherman 
*Cornell I niversity: True McLean 
Dartmouth College: M. G. Morgan 
*Dayton, I .niversity of: Appointment later 
•Delaware., University of: H. S. Bucche 
*Denver, University of: Herbert Reno 



1952 Institute News and Radio Notes 753 

*Detroit, University of: Thomas Yamauchi 
*Drexel Institute of Technology: R. T. Zern 
Duke University: H. A. Owen 
Evansville College: J. F. Sears 
'Fenn College: K. S. Sherman 
'Florida, University of: S. P. Sashoff 
'George Washington University: W. S. 
Carley 

*Georgia Institute of Technology: M. A. 
Honnell 

Harvard University: E. L. Chaffee 
'Illinois Institute of Technology: G. F. Levy 
'Illinois, University of: P. F. Schwarzlose 
'Iowa, State University of: L. A. Ware 
'Iowa State College: G. A. Richardson 
'John Carroll University: J. L. Hunter 
'Johns Hopkins  University:  Ferdinand 
Hamburger, Jr. 

'Kansas State College: J. E. Wolfe 
'Kansas, University of: D. G. Wilson 
*Kentucky, University of: N. B. Allison 
*Lafayette College: F. W. Smith 
'Lehigh University: D. E. Mode 
*Louisiana State University: L. V. McLean 
*Louisville, University of: S. T. Fife 
*Maine, University of: W. J. Creamer, Jr. 
'Manhattan College: T. P. Canavan 
Manitoba, University of: R. G. Anthes 
'Marquette University: Appointment later 
*Maryland, University of: G. F. Corcoran 
'Massachusetts Institute of Technology: 
E. A. Guillemin, W. H. Radford 

McGill University: F. S. Howes 
*Miami, University of: F. B. Lucas 
*Michigan College of Mining and Technol-
ogy: R. J. Jones 

'Michigan State College: I. 0. Ebert 
*Michigan, University of: L. N. Holland 
'Minnesota, University of: Leroy Anderson 
•Mississippi State College: P. T. Hutchison 
*Missouri School of Mines and Metallurgy: 
R. E. Nolte 

*Missouri, University of: G. V. Lago 
*Montana State College: R. C. Seibel 
*Nebraska, University of: Charles Rook 
Nevada, University of: I. J. Sandorf 
*Newark College of Engineering: D. W. 
Dickey 

New Hampshire, University of: A. L. Winn 
*New Mexico College of Agriculture and 
Mechanic Arts: H. A. Brown 

*New Mexico, University of: A. D. Wooten 
*New York, College of the City of: Harold 
Wolf 

*New York University: Philip Greenstein 
*North Carolina State College: G. B. Hoad-
ley 

'North Dakota, University of: Clifford 
Thomforde 

*Northeastern University: G. E. Pihl 
*Northwestern University: A. H. Wing, Jr. 
*Notre Dame, University of: H. E. Ellithorn 
*Ohio State University: G. E. Mueller 
*Oklahoma Agricultural and Mechanical 
College: A. L. Betts 

Oklahoma, University of: C. L. Farrar 
*Oregon State College: A. L. Albert 
*Pennsylvania State College: C. R. Ammer-
man 

*Pennsylvania, University of: D. F. Hunt 
*Pittsburgh, University of: John Brinda, Jr. 
*Pratt Institute: David Vitrogan 
*Princeton University: N. W. Mather 
*Purdue University: R. P. Siskind 
Queens University: H. H. Stewart 
*Rensselaer Polytechnic Institute: H. D. 
Harris 

*Rhode Island, University of: R. S. Haas 
Rice Institute: C. R. Wischmeyer 
Rose Polytechnic Institute: H. A. Moench 
*Rutgers University: J. L. Potter 
*St. Louis University: G. E. Dreifke 
*San Diego State College: D. C. Kalbfell 
*San Jose State College: Harry Engwicht 

Santa Clara, University of: H. P. Nette-
sheim 

*Seattle University: Appointment later 
*South Carolina, University of: Appoint-
ment later 

*South Dakota School of Mines and Tech-
nology: Appointment later 

*Southern California, University of: G. W. 
Reynolds 

*Southern Methodist University: Paul Har-
ton 

*Stanford University: H. P. Blanchard 
*Stevens Institute of Technology: A. C. Gil-
more, Jr. 

*Syracuse, University of: Herbert Heller-
man 

*Tennessee, University of: E. D. Shipley 
*Texas, University of: H. W. Smith 
*Toledo, University of: R. E. Weeber 
*Toronto, University of: George Sinclair 
*Tufts College: A. H. Howell 
*Tulane University: J. A. Cronvich 
Union College (Nebr.): M. D. Hare 
United States Naval Post Graduate School: 
G. R. Giet 

'Utah State Agricultural College: Clayton 
Clark 

*Utah, University of: M. E. Van Valken-
burg 

*Villanova College: Appointment later 
*Virginia Polytechnic  Institute:  R.  R. 
Wright 

"Virginia, University of: J. C. Mace 
*Washington, University of: H. M. Swarm 
"Wayne University: R. E. Kuba 
Western Ontario, University of: E. H. Tull 
'West Virginia University: R. C. Colwell 
*Wisconsin, University of: Glenn Koehler 
Witwatersrand, University of: G. R. Bozzoli 
*Worcester Polytechnic Institute: H. H. 
Newell 

*Wyoming, University of: W. M. Mallory 
*Yale University: J. G. Skalnik 

INSTITUTE REPRESENTATIVES ON OTHER BODIES 1952 

American Association for the Advancement 
of Science: J. C. Jensen 

American Documentation Institute: J. H. 
Dellinger 

ASA Standards Council: A. G. Jensen; Ernst 
Weber, L. G. Cumming, alternates 

ASA Electrical Standards Committee: L. G. 
Cumming, E. A. LaPort, F. B. Llewellyn 

ASA Drawings and Symbols Correlating 
Committee: A. F. Pomeroy, A. G. Clav-
ier, alternate 

ASA Sectional Committee (C16) on Radio 
(Sponsored by IRE): R. R. Batcher, 
Secretary; A. G. Jensen, M. R. Briggs, 
L. G. Cumming 

ASA Sectional Committee (C42) on Defini-
tions of Electrical Terms; M. W. Bald-
win, Jr., A. G. Jensen, Haraden Pratt, 
J. G. Brainerd 

ASA Subcommittee (C42.1) on General 
Terms: M. W. Baldwin, Jr. 

ASA Subcommittee (C42.6) on Electrical 
Instruments: Ernst Weber 

ASA Subcommittee (C42.13) on Communi-
cations: J. C. Schelleng 

AS.  Subcommittee (C42.14) on Electron 
Tubes: L. S. Nergaard 

ASA Sectional Committee (C60) on Stand-
ardization on Electron Tubes: L. S. Ner-
gaard, alternate C. E. Fay 

ASA Sectional Committee (C61) on Electric 
and Magnetic Magnitudes and Units: 
S. A. Schelkunoff, J. W. Horton, E. S. 
Purington 

ASA Sectional Committee (C63) on Radio-
Electrical Co-ordination: John Dalke, 
D. E. Watts, alternate 

ASA Sectional Committee (C67) on Stand-
ardization of Voltages -Preferred Volt-

ages-100 Volts and Under: J. R. Steen 
ASA Sectional Committee (Y1) on Abbre-
viations: A. F. Pomeroy, H. R. Terhune, 
alternate 

:ASA Sectional Committee (Y10) on Letter 
Symbols and Abbreviations for Science 
and Engineering: A. G. Clavier, H. R. 
Terhune, alternate 

ASA Sectional Committee (Y10.14) on 
Nomenclature for Feedback Control 
Systems: W. M. Pease, J. R. Ragazzini 

ASA Sectional Committee (Y14) on Stand-
ards for Drawing and Drafting Room 
Practices: Austin Bailey, A. G. Clavier, 
alternate 

ASA Sectional Committee (Y15) on Pre-
ferred Practice for the Preparation of 
Graphs, Charts, and Other Technical Il-
lustrations: R. H. Terhune, A. G. Clav-
ier, alternate 

ASA Sectional Committee (Y32) on Graph-
ical Symbols and Designations: Austin 
Bailey, A. F. Pomeroy, alternate. 

AS.  Sectional Committee (Z17) on Pre-
ferred Numbers: A. F. Van Dyck 

ASA Sectional Committee (Z24) on Acousti-
cal Measurements and Terminology: 
W. D. Goodale, Jr., H. F. Olson, alter-
nate 

ASA Sectional Committee (Z57) on Sound 
Recording: H. E. Roys, A. W. Friend, 
alternate 

AS  Sectional Committee (Z58) 01 Stand-
ardization of Optics: E. D. Goodale, 
L. G. Cumming, alternate 

ASME Glossary Review Board (Nuclear 
Physics): W. R. G. Baker, Urner Liddel, 
alternate 

International Radio Consultative Commit-

tee: Exec. Comm. of U. S. Delegation, 
A. G. Jensen, L. G. Cumming, alternate, 
Study Group XIV (Vocabulary), A. G. 
Jensen, M. W. Baldwin, alternate 

International Scientific Radio Union (URSI) 
Executive Committee: S. L. Bailey 

IRE-AIEE Committee on Noise Definitions: 
A. W. Friend, A. G. Jensen 

Joint IRE-ASA C.42 Definitions Co-ordi-
nating Committee: C. L. Dawes, Axel G. 
Jensen 

Joint IRE-AIEE Committee on High Fre-
quency Measurements: E. I. Green, 
F. J. Gaffney 

Joint IRE-AI EE Co-ordination Committee: 
S. L. Bailey, A. N. Goldsmith, Donald B. 
Sinclair, ex officio 

Joint IRE-Al EE-N EMA  Co-ordination 
Committee on Commercial Induction 
and Dielectric Heating Apparatus: John 
Dalke, George P. Bosomworth, alternate 

Joint IRE-RTMA-SMPTE-NARTB Com-
mittee for Inter-Society Co-ordination 
UCIC): A. G. Jensen, M. W. Baldwin, 
alternate 

Joint Technical Advisory Committee: D. B. 
Sinclair 

National Electronics Conference Board of 
Directors: A. W. Graf 

National Research Council, Division of En-
gineering and Research: F. B. Llewellyn 

U. S. National Committee, I.E.C., Advisers 
on Electrical Measuring Instruments 
(via ASA C39): Wilson Aull 

U. S. National Committee, I.E.C., Advisers 
on Symbols: Austin  Bailey,  A.  F. 
Pomeroy, alt. 

U. S. National Committee of the I.E.C.: 
L. G. Cumming, F. B. Llewellyn 



754 PROCEEDINGS OF THE I.R.E. June 

Abstracts and References 
Compiled by the Radio Research Organization of the Department of Scientific and Industrial Research, 

London, England, and Published by Arrangement with that Department and the 

Wireless Engineer, London, England 

NOTE: The Institute of Radio Engineers does not have available copies of the publications mentioned in these pages, nor does it 
have reprints of the articles abstracted. Correspondence regarding these articles and requests for their 

procurement should be addressed to the individual publications, not to the I.R.E. 

Acoustics and Audio Frequencies   754 
Antennas and Transmission Lines  754 
Circuits and Circuit Elements  755 
General Physics  757 
Geophysical and Extraterrestrial Phe-
nomena  758 

Location and Aids to Navigation   760 
Materials and Subsidiary Techniques   760 
Mathematics   762 
Measurements and Test Gear   762 
Other Applications of Radio and Elec-
tronics   763 

Propagation of Waves   764 
Reception   765 
Stations and Communication Systems   765 
Subsidiary Apparatus   766 
Television and Phototelegraphy   766 
Transmission   767 
Tubes and Thermionics   767 
Miscellaneous   768 

The number in heavy type at the upper 
left of each Abstract is its Universal Decimal 
Classification number and is not to be confused 
with the Decimal Classification used by the 
United States National Bureau of Standards. 
The number in heavy type at the top right is 
the serial number of the Abstract. DC numbers 
marked with a dagger (t) must be regarded as 
provisional. 

ACOUSTICS AND AUDIO FREQUENCIES 

534.231+621.396.671  1179 
The Representation of the Radiation Field 

of Two Radiators by means of Constant-Phase 
and Constant-Amplitude Curves -Stenzel. (See 
1179.) 

534.231:534.121.1  1180 
Effects of a Finite Circular Baffle Board on 

Acoustic Radiation— T. Nimura and Y. Wata-
nabe. (Tech. Rep. Tohoku Univ., vol. 14, pp. 
79-93; 1950.) Analysis of the field of a circular 
disk vibrating in a finite concentric circular 
baffle indicates that a baffle radius of about 
half the wavelength of the lowest frequency to 
be used gives a power increase almost equal to 
that for an infinite baffle. Experimental and 
theoretical results are in good agreement. 

534.26 1181 
Diffraction of Sound Waves at an Uneven 

Surface—L. M. Brekliovskikh. (Compl. Rend. 
Acad. Sci. (URSS), vol. 79, pp. 585-588; Au-
gust I, 1951. In Russian). 

534.321.9 : 534.232  1182 
Ultrasonic Generators and their Applica-

tions— M. Alixant. (Radio Tech. Dig. (France), 
vol. 5, pp. 271-278 and 299-325; 1951.) A 
survey paper with 165 references. 

534.321.9: 538.652  1183 
Factors in the Generation of Ultrasonic 

Oscillations by means of Ferromagnetic Sedi-
ments—H. H. Rust and P. Pilz. (Z. °ne m. 
Phys., vol. 3, pp. 379-382; October, 1951.) 
Volume-magnetostriction measurements on a 
series of powdered materials are shown graphi-
cally and discussed. A hollow sphere of material 

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February, 1951, through January, 1952, may be obtained 
for 2s.8d. postage included from the Wireless Engineer, Dorset House, Stamford 
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with length-magnetostriction properties gives 
large volume variations for a relatively small 
applied magnetic field. 

534.7  1184 
Neuropsychological  Relations  between 

Phonation and Hearing —R. Husson. (Ann. 
Telecommun., vol. 6, pp. 273-277; 0,:tober, 
1951.) 

534.7  1185 
[Audible) Objective and Subjective Reso-

nance Effects with Short Trains of Pulses -
0. Sala. (Frequenz, vol. 5, pp. 250-258; Septem-
ber, 1951.) 

534.76  1186 
Auditory Perspective —A Study of the Bio-

logical Factors related to Directional Hearing 
—II. G. Kobrak. (Jour. Soc. M M. Pic. Telev. 
Eng., vol. 57, pp. 328-335; October, 1951.) 
The physiological aspects ot  stereophonic 
hearing are discussed. Properties of the sound 
signal significant for location are examined, 
and the role of the central nervous system in 
integrating the binaural stimuli is described. 
The influence of experience and  training is 
stressed. 

534.78  1187 
Audio Problems in Aircraft Communication 

—I. H. Bowker. (Tele-Tech, vol. 10, pp. 41-43, 
90; Oztober, 1951.) High external noise levels 
and large variations of air pressure are the two 
major factors in reducing speech intelligibility 
in aircraft. The effect of altitude on speech 
production, on hearing, and on microphone 
and earphone performance is discussed and the 
design of special types of equipment to mini-
mize noise effects and to increase speech 
intelligibility is considered. 

534.84  1188 
Notes on some Problems of Room Acous-

tics—S. Sawade. (Elektrolech. Z., vol. 71, pp. 
245-246; May 5, 1950.) Introduction of the 
concept of "reverberation radius," i.e., the 
distance from an omnidirectional source at 
which the pressures due to direct and reflected 
sound are equal, enables simple rules to be 
applied to the arrangement of loadspeakces 
and microphones, in particular for avoiding 
acoustic feedback; it also facilitates under-
standing of the significance of the experimen-
tally found optimum reverberation time. 

534.844.1:621.396.615.11  1189 
Equipment for Acoustic Measurements: 

Part 2—A Portable Tone Source Developed for 
Use in Room Acoustics —Mayo and Beadle. 
(See 1 ;x2 ) 

534.846  1190 
Influence of Chandeliers on the Acoustics 

of Theatres and Concert Halls—L. ‘'illard. 
(Bull. Tech. suisse romande, vol. 77, pp. 243--
245; September 8, 1951.) The subject is dis-
cussed in connection with the rebuilding of t lw 
Grand Theatre at Geneva. Many halls with 
good acoustics have in the past been illumi-
nated by chandeliers, which provide a sub-
stantial amount of nonselective sound absorp-
tion and also act as sound diffusers; their 
replacement by modern lighting fittings may 
have an adverse effect. 

621.317:621.395.813 1191 

A New Evaluation of the Transmission 
Quality of a Telephone System— G. Fonta-
nellaz. (Tech.  schweiz.  Telegr.-Teleph. 
Verw., vol. 29, pp. 384-390; October 1, 1951. 
In German and French.) The C.C.I.F. has 
introduced a new criterion, the "equivalent 
attenuation for intelligibility." This is ex-
plained, and subjective tests are described for 
determining its  value.  The old criterion, 
"reference equivalent" which took account 
only of loudness, is shown to be inadequate. 

621.395.625.3  1192 
• A New Method for Measurement of the 
Speed of Magnetic Tapes - Werner. 
(Tech. Min. scheiz.  Telegr.-Teleph.  Verw 
vol. 29, pp. 390-392; 0Aober 1, 1951. In 
French.) 

621.395.92.001.4 1193 

Testing of Components of Hearing Aids — 
F. Muller. (Funk u.  5, pp. 466-473; 
September, 1951.) Short description of meth-
ods of testing microphones, amplifiers, ear-
pieces and bone-conduction devices.  From 

these measurements the over-all characteristics 
of a hearing aid can be determined. See also 
904 of May. 

ANTENNAS AND TRANS MISSION 
LINES 

621 .3.018 .78f:621.315.212  1194 
Distortion of a Signal Transmitted by a 

Perfectly  Homogeneous  Coaxial  Line — 
R. Cazenave. (Cables b.' Trans. (Paris), vol. 5, 
pp. 279-314; October, 1951.) For frequencies 
up to about 10 kmcps the telegraphy equation 
represents coaxial-line propagation sufficiently 
closely, provided the coefficients are treated 
as functions of frequency. By considering 
separately the front and tail end of the received 
signal,  corresponding  respectively  to  the 
highest and lowest frequencies transmitted, 
an approximate solution is obtained, the total 
signal duration and the front-end curves for 
unit-pulse,  unit-step and  rectangular-wave 
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signals being determined in the absence of and 
for small values of the leakage conductance. 
A numerical example illustrates the practical 
application of the results; a comparison of the 
performance of 2.6/9.4 mm and 5/18 mm 
coaxial cables operating over long distances 
clearly shows the superiority of the latter. 

621.392 1195 
Survey of Radio-Frequency Transmission 

Lines and Wave Guides —E. S. Winlund. 
(Thoc. Radio Club Amer., vol. 28, pp. 1-64; 
1951. Editor's remarks, p. 65.) Material 
published during the period 1919-1936 is 
surveyed; the majority of the 684 references 
given deal with later publications, up to 1951. 

621.392.26 1196 
The Relative Power-Carrying Capacity of 

High-Frequency Waveguides —H. M. Barlow. 
(Proc. I EE, Part III, vol. 99, pp. 21-27; 
January, 1952.) An assessment is made of this 
capacity, within the limits of electrical break-
down, for the wave modes commonly used 
inside waveguides of rectangular or circular 
cross section, or outside a solid wire. This 
shows that for hollow guides the H modes 
are inferior to the E modes and both compare 
unfavorably with the TEM wave of a parallel. 
strip transmission line and with the waves 
supported by the solid-wire surface guide. 
The latter is particularly suitable for millimeter 
wavelengths. 

621.392.26 1197 
Diaphragms in Waveguides —H. H. Meinke. 

(Fernmel;ktech. Z. vol. 4, pp. 431-435; October, 
1951.) The application and exact quantitative 
treatment of basic types of diaphragm are 
demonstrated by referring their measured 
characteristics to their equivalent electrical 
circuits. 

621.392.26:621.317.329  1198 
Determination of Aperture Parameters by 

Electrolytic-Tank Measurements—S. B. Cohn. 
(Puoc. I.R.E. vol. 40, p. 33, January, 1952.) 
Correction to paper noted in 725 of April. 

621.392.26:621.396.67 1199 
Radiation from an Aerial located inside a 

Rectangular Waveguide —M. Jessel. (Comp!. 
Rend. Acad. Sci. (Paris), vol. 233, pp. 783-
785; October 8, 1951.) The field radiated in 
this case is found from that radiated by the 
same antenna in free space by considering the 
radiation from the electrical images of the 
antenna in the walls of the waveguide. Radia-
tion from slots can be calculated similarly. 

621.392.5 : 681.142 1200 
Magnetostriction Storage Systems for a 

High-Speed Digital Computer—R. Millership, 
R. C. Robbins and A. E. De Barr. (Brit. Jour. 
Appt. Phys., vol. 2, p. 304; October, 1951.) 
A 60-As delay line of the type described in 
2107 of 1951 (Bradburd) consists of a thin Ni 
or Ni-Fe tape about 30 cm long, terminated to 
suppress reflections and threaded through a 
transmitting coil near one end and a receiving 
coil near the other. The advantages of this 
type of delay line over the mercury type when 
used in a storage system are: (a) greater 
simplicity and ruggedness; (b) smaller insertion 
loss; (c) availability of output at any point 
along the delay line. 

621.396.67+534.231  1201 
The Representation of the Radiation Field 

of Two Radiators by means of Constant-Phase 
and Constant-Amplitude Curves —H. Stenzel. 
(Arch. elekt. Obertragung, vol. 5, pp. 447-454 
and 517-526; October and November, 1951.) 
The radiation process is represented by two 
vectors whose locus diagrams are hyperbolic 
spirals, position on which corresponds to dis-
tance from the respective radiator. By dis-
placing the resultant vector and taking the 

readings on the graduated spirals the required 
curves can be drawn directly, without inter-
polation. The points of special significance on 
the curves are (a) the zero-amplitude points, 
(b) the phase crossover points and (c) the 
amplitude crossover points. The corresponding 
coordinates are given respectively by (a) 
the points of intersection of the spirals, (b) 
the points of contact of the common tangents 
and (c) the feet of the common normals. A 
set of equations is given for finding these 
points, and values are tabulated. 

621.396.67  1202 
A Dipole with a Tuned Parasitic Radiator— 

R. King. (Proc. I EE, Part III, vol. 99, pp. 
6-14; January, 1952.) A more accurate deter-
mination is made of the electric field, the 
front/back ratio and the input impedance of an 
antenna with a single parasitic radiator, 
using recently derived approximate second-
order self and mutual impedances. Theoretical 
curves for the field and front/back ratio are 
compared with the experimental data of other 
investigators, the apparent disagreement being 
explained by failure to coordinate correctly 
the measured and computed quantities. A 
method is outlined in which the theoretical 
requirements are closely approached in the 
experimental arrangement; good agreement is 
obtained between theory and experiment for 
the electric field and front/back ratio. 

621.396.67 1203 
On the Theory of Antennae with Discon-

tinuous Thickness—S. Uda and Y. Mushiake. 
(Tech. Rep. Tohoku Univ., vol. 14, pp. 105-
116; 1950.) Halkn*s theory is extended to 
antennas with thickness discontinuities, such 
as a telescopic dipole, and approximate for-
mulas for input impedance are derived. Experi-
mental results showed qualitative agreement 
with theory. 

621.396.67 1204 
An Experimental Investigation  of  the 

Dielectric-Rod Antenna of Circular Cross 
Section excited in the Dominant Mode— 
C. W. Horton and C. M. McKinney, Jr. 
(Jour. Appl. Phys., vol. 22, pp. 1246-1249; 
October, 1951.) The radiation pattern and 
gain were measured at 9.275 kmcps for four 
series of dielectric antennas of circular cross 
section, constructed of polystyrene or lucite. 
Only one parameter in the rod geometry was 
varied in each series of measurements. The 
optimum working conditions for dielectric-rod 
antennas are deduced. 

621.396.67  1205 
A Broadside Dielectric Antenna—G. E. 

Mueller. (Psoc. I.R.E., vol. 40, pp. 71-75; 
January, 1952.) An antenna is described which 
uses the properties of a nonuniform dielec-
tric transmission line to produce a broadside 
directive pattern. Simple array theory is 
developed for prediction of the main features 
of the radiation patterns. 

621.396.67:621.392.43  1206 
Automatic Impedance Matcher—True. (See 

1224.) 

621.396.67:621.396.619.13  1207 
High-Power F.M. Antenna Design— M. B. 

Sleeper. (FM-TV, vol. 11, pp. 11-12; October, 
1951.) Description of the modified doughnut-
type antenna and feeder system at station 
W M IT, on Clingman's Peak, N.C. Adjustable 
stubs replaced the flat plates previously used 
for tuning. Heating elements were added to 
prevent icing. 

621.396.67 : 621.397.6  1208 
Television  Broadcast  Antennas—J.  E. 

Keister. (Gen. Elec. Rev., vol. 54, pp. 19-22; 
October, 1951.) A review of the transmitting 
antenna systems at present in use for television 

broadcasting. Omnidirectional horizontal radi-
ation and impedance matching over a wide 
frequency range are the general requirements. 
The sidefire helical antenna is a convenient 
radiator at uhf. 

621.396.67:621.397.6 1209 
Television in Buenos Aires—(Rev. 

Electronica (Buenos Aires), no. 468, pp. 623, 
636; September, 1951.) An account of the 
erection of the antenna system, which consists 
of eight symmetrical elements mounted one 
above the other at the top of a 50-m lattice 
mast, each element comprising three horizontal 
folded dipoles. 

621.396.67.012.71:517.512.2 621.39.001.11 
1210 

Fourier Analysis and Negative Frequencies 
—Shaw. (See 1422.) 

621.396.677 1211 
A Method for Calculating the Current Dis-

tribution of Tschebyscheff Arrays— D. Bar-
biere. (Puoc. I.R.E., vol. 40, pp. 78-82; 
January,  1952.) The computation of the 
expressions for the current elements is reduced 
by a simplification, with no loss of exactness, 
of Dolph's equations for the optimum current 
distribution for a linear equispaced broadside 
array (2487 of 1946 and 2685 of 1947). A 
computation table for a 24-element array is 
given. 

621.396.677 1212 
Directional Antenna Arrays of Elements 

Circularly disposed about a Cylinder Reflector 
— R. F. Harrington and W. R. Le Page. (Psoc. 
I.R.E., vol. 40, pp. 83-86; January, 1952.) 
1951 I.R.E. National Convention paper. "The 
general solution for the field pattern of a 
circular array is adapted to include the 
effect of a concentric reflecting cylinder. Two 
solutions are presented, one giving the field as 
a Fourier series, and the other as an infinite 
series of Bessel functions. The results are 
general, being applicable to any array dimen-
sions and for arbitrary distribution of excita-
tion. The solution is idealized to the extent of 
assuming a continuous current sheet, rather 
than discrete elements, and an infinitely long 
cylindrical reflector." 

621.396.677.5  1213 
Calculation of the Radiation Distribution 

for a Rhombic Aerial with Arbitrary Termina-
tion Impedance—E. G. Hoffmann. (Funk u. 
Ton, vol. 5, pp. 518-525; October, 1951.) 
Calculation of the current distribution is 
based on that for a lossless two-wire line. The 
vector potentials in each arm of the antenna 
are calculated, and the resultant distant-
field strength deduced as a function of reflection 
coefficient. This coefficient may be equal to 
or less than unity and can be chosen to give 
two equal side lobes of minimum amplitude. 
This is illustrated by a numerical example. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.015.7:621.387.4  1214 
(Pulse] Amplitude Selectora —R. Wahl. 

(Jour. Phys. Radium, vol. 12, pp. 67A-74A; 
October, 1951.) Selectors for one-channel, four-
channel or ten-channel operation are obtained 
by using two, five or eleven identical selector 
units. Operation is independent of the shape, 
duration (>5X 10-sb''') and time separation 
(>12 As) of pulses. Channel widths and 
threshold levels are adjustable. 

621.3.018.78t:621.396.619.16: 621.392.52 1215 
Pulse Distortion arising in F.M. Pulse 

Transmissians—P. A.  Mann.  ( Telefunken 
Zig. vol. 24, pp. 140-142; October, 1951.) 
The Dirac build-up function for an n-stage 
bind-pass filter with critical coupling is ex-
pressed in terms of a Bessel function of order 
(n-1/2). From this the distortion of a unit 
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pulse in passage through the filter can be 
evaluated. A 15-stage filter is taken as a numeri-
cal example, and graphs show that the time to 
reach the first maximum is practically inde-
pendent of the frequency swing or of the 
phase linearity of the filter, but the tendency 
to overshoot is greater the greater the swing or 
filter nonlinearity. 

621.314.2.012.3  1216 
Transformer Iron Losses —N. H. Crow-

Must. (Electronic Eng., vol. 23, pp. 396-403; 
October, 1951.) Four charts are presented for 
application in af transformer design. They are 
based on analysis of samples of ordinary-
grade transformer iron and mutnetal, and 
simplify the determination of all necessary 
design parameters. 

621.314.6.011.1  1217 
The Theory of the Linear R.M.S.-Value 

Rectifier—O. Schmid. (Arch. eleht. Obertra-
gang, vol. 5, pp. 459-463; October, 1951.) 
The operation of the circuit described by 
Boucke (687 of 1951) is analyzed for inputs of 
any wave form. For alternating voltages that 
can be represented by algebraic functions a 
closed expression can be derived for the ratio 
of rectified voltage to peak voltage which is a 
function of the ratio of the charge and discharge 
time-constants. For inputs corresponding to 
transcendental functions the ratio rectified-
voltage/peak-voltage is found by a graphical 
method. Curves are plotted from which the 
best time-constants ratio and the wave form 
errors of first and second type can be deter-
mined. See also 339 of March. 

621.314.7 : 546.289  1218 
Transisto: Circuit Design —G. Raisbeck. 

(Electronics, vol. 24, pp. 128-132, 134; Decem-
ber, 1951.) An explanation of the application 
of duality technique to the design of transistor 
amplifier, oscillator, modulator and multi-
vibrator circuits, starting from the correspond-
ing tube circuits. 

621.316.86  1219 
Nonlinear Resistors with Sintered-Semi-

conductor Base —N*Guyen  Thien-Chi  and 
J. Sachet. (.4 an. Radiated., vol. 6, pp. 291-
298; October, 1951.) The resistors are made of 
a material with a sintered-carborundum base, 
have a low temperature coefficient of resistance 
and a voltage/current relation of the form 

kl ° 2. Two types are  available,  type 
D (0.8-w rating) for operation at a few tens of 
volts and 1 ma current, and type H (15-w rating) 
at similar voltages and 100 ma current. They 
may be applied in the protection against 
breakdown of circuits containing mainly 
inductance, as shunts or multipliers in electrical 
instruments, and for voltage regulation. 

621.318.435:621.3.015.3  1220 
Transient Eddy-Current Phenomena of 

Saturable-Reactor Core —T. Kikuchi  (Tech. 
Rep. Tohoku  Univ., vol. 14, pp. 94-104; 
1950.) 

621.318.572: 621.385.81.001.8  1221 
Electron-Beam  Switches —F.  Schroter. 

( relefunken Zig., vol. 24, pp. 171-186; October, 
1951.) A well illustrated review of various 
t yiws and their applications. 

621.319.45  1222 
Capacitors with Ceramic Dielectric: Per-

formance and  Operating Characteristics— 
A. Danzin.  elect., vol. 31, pp. 342-356 
and 406-412; August/September and October, 
1951.) Detailed review based on official tests 
of capacitors for commercial and industrial 
use. Two groups are distinguished: (a) stable, 
with normal permittivity; (b) ferroelectric. 
The forms of construction adopted for various 
applications, patticularly in receivers and 
transmitters, are described with illustrations. 

621.319.4  1223 
Tantalytic Capacitors —L. W. Foster. (Gen. 

Elec. Rev., vol. 54, pp. 30-38; October, 1951.) 
Description of electrolytic capacitors using 
tantalum-foil electrodes. A capacitance of 
approximately 25 µF/in., at 150-v dc rating is 
obtained. The Ta206 insulating film can operate 
at an electrical stress of over 19,000 v/mil. 
Tantalytic capacitors are considerably smaller 
than corresponding ones of other types. 

621.392.43:621.396.67  1224 
Automatic Impedance Matcher —V. True. 

(Electronics. vol. 24, pp. 98 -102; December, 
1951.) Description of equipment for matching a 
35-foot whip antenna to a 50-S2 coaxial feeder 
over the frequency range 2-18 mcps. Matching 
is performed by a cantilever network in which 
the capacitance of one branch of the network 
is adjusted by a servomechanism controlled 
by a circuit which determines the phase 
angle between feeder current and voltage; 
the capacitance of the other branch of the 
network is similarly controlled by a circuit 
which measures the total load impedance of the 
feeder. The swr in no case exceeds 1.25. With 
minor circuit changes, the equipment can be 
adapted for different frequency ranges, power 
levels, types of load, and feeder characteristic 
impedances. 

621.392.5  1225 
General Input-Output Relations for Linear 

Networks—L. A. Zadeh. (Psoc. IR E., vol. 
40, p. 103; January, 1952.) Outline of a method 
of analysis based on resolution of signals into 
a set of elementary components by means of a 
certain relation, which replaces that used for 
the resolution of signals into exponential 
components when using the Laplace or Fourier 
transform technique. 

621.392.5  1226 
Some General Theorems for Non-Linear 

Systems possessing Resistance —W. Millar. 
(Phil. Mag., vol. 42, pp. 1150-1160; October, 
1951.) "In the case of a resistive network, the 
dissipation is divided into two parts —the 
'content' and 'co-content' —which are duals of 
each other. The dissipation itself has stationary 
properties in linear but not (in general) in 
nonlinear networks, but it can be shown that 
the 'content' and 'co-content' have stationary 
and additive properties in the nonlinear 
case. The idea of 'content' is extended to 
reactive systems, and it is shown that the total 
content of any system in motion is an invari-
ant." See also 1227 below. 

621.392.5  1227 
Some General Theorems for Non-Linear 

Systems possessing Reactance —C. Cherry. 
(Phil. Mag., vol. 42, pp. 1161-1177; October, 
1951.) "The quantity called the co-energy 
(the dual of energy) is shown to possess station-
ary properties (maximum or minimum) and 
superposition properties; this is sufficient to 
establish the concept of an 'equivalent element' 
for any 2-terminal system of like elements 
(all-inductor, all-capacitor, all springs, etc.). 
The unfamiliar 'rectangle representation' of 
a circuit of linear resistors is explained and 
extended to the nonlinear case, including reac-
tive elements. It is shown that the equations of 
motion of a nonlinear system, possessing 
reactance, may be expressed in Lagrangian 
form, thus emphasizing the importance of co-
energy and also showing that the Principle 
of Duality is applicable. Finally, systems are 
considered possessing mutual inductance and 
moving magnetic circuits (as in rotating 
machines)." See also 1226 above. 

621.392.5  1228 
Conditions of Validity of Matrix Analysis for 

Quadripole Assemblies: Applications to Feed-
back Networks —A. Kaufmann. (Onde elect, 

vol. 31, pp. 396-405 and 446-452; October and 
November, 1951.) The basic method of Inter-
connecting two quadripoles so that they 
may be represented by a single matrix, and the 
representation of any 4-terminal network so 
that two matrices of order 2 are substituted for 
a matrix of order 3, are outlined. Impedance 
relations are derived which must be satisfied 
for the matrix calculation to be valid in the 
case of (a) parallel-parallel, (b) series-series, 
(c) series-parallel, and (d) parallel-series con-
nection of input and output of two quadripoles. 
Particular examples of each case are noted. 
Different networks and their corresponding 
matrix relations are shown in a series of tables. 
The method is particularly useful for studying 
feedback networks; this is illustrated by 
examples. 

621.392.5:519.241.1  1229 
Note on "Correlation Functions and Power 

Spectra in Variable Networks" —B. D. Stein-
berg. (Paoc. IRE., vol. 40, p. 103; Janua 
1952.) Extension of Zadeh's work (586 of 1951 
to derive the correlation function of a system 
function in which the variables are separable. 
In this case the correlation function is the 
product of two others, relating respectively to 
the time-dependent and frequency-dependent 
parts of the system function. 

621.392.5: 517.755  1230 
Hilbert  Transforms  and  Bayard-Bode 

Relations —F. H. Raymond. (Ann. Telecom-
man., vol. 6, pp. 262-272; October, 1951.) 

621.392.5:546.431.824-31  1231 
Barium  Titanate  Delay  Lines—L.  M. 

Orman awl L. G. Callahan, (Electronics, vol. 
24, pp. 224, 248; December, 1951.) Mechanical 
vibration waves may be excited in BaTiOJ 
ceramic by the application of an electric field, 
provided  that  the  material  between  the 
electrodes has been previously polarized. The 
preparation of thin sheets of the substance for 
use in delay lines is outlined. Undesired 
reflections from the ends of the sheet may be 
damped out by coating the sheet with clay or 
paraffin wax. 

621.392.5  1232 
Electronic Delay System for Flash-Bulb 

Release —J. P. CEhmichen. (Toute la Radio, 
no.  156, pp.  151-153;  June,  1951.) The 
flash bulb is operated by a thyratron energized 
from a cathode-coupled double-triode "flip-
flop" circuit, the time constant of which is 
adjusted by a potentiometer with scale cali-
brated in seconds or microseconds. 

621.392.5.029.64  1233 
The  Ferromagnetic  Faraday  Effect at 

Microwave Frequencies and its Applications — 
The  Microwave  Gyrator —C.  L.  Ilogan. 
( Bell Sys. Tech. Jour. , vol. 31, pp. 1-31; 
January, 1952.) A new type of gyrator [see 
301 of 1951 (Tellegen and Klaus)] dependent 
on the Faraday rotation of the plane of polari-
zation of an em wave has been developed. 
Analysis of wave propagation through a ferro-
magnetic material with dielectric and magnetic 
loss gives a formula for the Faraday rotation 
which indicates that in materials such as fer-
rites large rotations are to be expected and 
should be independent of frequency. Results 
of measurements on a MnZn ferrite, which 
gave a rotation of about 120°/cm, were in 
very good agreement with theory. Gyrators 
constitute low-loss wide-band devices with 
many possible applications, including one-way 
transmission systems, microwave circulators, 
microwave switches, electrically controlled 
variable attenuators, and modulators. 

621.392.52:621.314.2  1234 
The Transformer Properties of Choke 

Filters—W. Taeger. (Funk u. Ton. vol. 5, 
pp. 526-535; October, 1951.) Certain low-pass 
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art angements, in  particular choke filters, 
function near the resonance point very much 
like transformers. The ratio M/R where M 
is the ratio of output voltage to input current 
on open circuit and R the actual load resist-
ance) represents the transformation ratio u of 
t he general quadripole and nearly corresponds 
to the mutual inductance of a transformer on 
open circuit. The ratio of output to input 
voltage of the choke filter, assuming losses are 
small, is u, the ratio of output to input current 
being 1/u, but the phase difference between 
output and input voltages is only 90°. Doherty's 
modulation circuit makes use of the trans-
former properties of choke filters. 

621.392.52 : 621.396.611.21  1235 
The Maximum Bandwidth of Narrow-Band 

Quartz-Lattice Filters—NV. Rave. (Arch. elekt. 
ebertragung, vol. 5, pp. 455-458; October, 
1951.) In filters comprising capacitors and 
trystals only, the highest attainable band-
width depends almost entirely on the proper-
ties of the crystals. Numerical calculations 
ate made for X-cut (frequency range 50-300 
kcps). AT-cut (frequency range 300 kcps-6 
mcps) and BT-cut crystals (frequencies over 6 
mcps). The highest value of relative bandwidth, 
obtained at 50 kcps, is 0.4 per cent. Between 

7 about 800 kcps and 6 mcps the bandwidth is 
<0.25 per cent; above 6 mcps and at 300 kcps 
the value is <0.125 per cent. By including 
inductances in all the lattice arms the band-
width  t lithe increased to about 10 per cent. 

621.392.52.012.3  1236 
Calculation Aids and Simple Formulae for 

the Approximate Determination of the Pa-
rameters of Two-Stage Band-Pass Filters — 
E. William. (Funk u. Ton, vol. 5, pp. 545-554; 
October, 1951.) Tables and charts, developed 
from approximation equations, are presented 
from which the required data can be read off 
to within about 1 per cent. 

621.392.54t  1237 
U.H.F. Oscillator Attenuator—F. Reggia. 

(F M-TV, vol. 11, pp. 16-17, 23; October, 
1951.) The construction, performance and 
-applications are described of a linear attenuat or 
in which an external magnetic field is used to 
alter the loss characteristics of a microwave-

, energy-dissipating material in a transmission 
I line. An attenuator using similar principles 
I has been described by Miller (337 of 1950). 

621.395.645 : 621.395.97  1238 
The Broadcasting-Network Amplifier Rack, 

Type 48, of the German Post Office —E. A. 
Pavel, H. v. Schau and \V. Schwenn. (Fern-
meldetech. Z., vol. 4, pp. 452-457; October, 
1951.) Description of the high-fidelity line 
equipment for program transmission on four 
incoming or outgoing lines. 

621.396.611.21  1239 
Quartz Crystal Vibrators as Circuit Ele-

ments —H. E. Pearson. (P.O. Elec. Eng. Jour., 
vol. 44, part 3, pp. 124-126; October, 1951.) 
Factors to be considered in the manufacture 
of quartz vibrators are discussed and values 
are given for the equivalent-circuit and other 
important parameters of types made by the 
British Post Office for operation in the range 
1 kcps-40 mcps. 

621.396.611.3  1240 
An Analysis of Triple-Tuned Coupled 

Circuits—N. W. Mather. (Paoc. I.R.E., vol. 
40, p. 82; January, 1952.) Correction to paper 
abstracted in 2745 of 1950. 

621.396.611.3.011.21  1241 
Input-Admittance  Characteristics  of  a 

Tuned Coupled Circuit —R. A. Martin and 
R. D. Teasdale. (Pitoc. I.R.E., vol. 40, pp. 
57-61; January, 1952.) A steady-state analysis 
for a high-Q prim ary and low-Q secondary, 

with emphasis on the phase variation of 
admittance with frequency.  Dimensionless 
curves of magnitude and phase illustrate the 
effect of varying the coupling and Q of the 
secondary. 

621.396.611.4  1242 
Representation of the Complete System of 

Natural Oscillations of Cylindrical Cavity 
Resonators with Horizontally Stratified Dielec-
tric —E. Ledinegg and P. Urban. (Ada Phys. 
austriaca, vol. 3, pp. 320-341; March, 1950.) 
Results previously obtained by Ledinegg (4 of 
1943) for cavities with homogeneous dielectric 
are shown to be valid also when the dielectric 
is stratified parallel to the base of the cylinder. 
Explicit expressions are derived for the possible 
field distributions. The calculation is made 
first for a "smooth" layer structure and is 
extended to incompletely smooth structures. 
Resonators of this type are of interest in 
measurement technique. 

621.396.611.4:538.566  1243 
Effect of Deformation of a Cylindrical 

Cavity Resonator on the Wave Numbers of the 
Eolo and Eon Modes —R. NItiller. (Z. Naturf., 
vol. 5a, pp. 332-334; June, 1950.) The magni-
tude of the effect is calculated and its signifi-
cance in relation to Essen and Gordon-Smith's 
measurements of the propagation velocity of 
cm waves (3488 of 1948) is discussed. 

621.396.615.17  1244 
Cathode-Coupled Pulse Generator —F. A. 

Benson and G. V. G. Lusher. (Wireless Eng., 
vol. 29, pp. 12-14; January, 1952.) Positive 
pulses of amplitude about 30 v, duration 
about 1 As and rise time slightly less than 
0.5 jts are derived from a square-wave input by 
means of a flip-flop arrangement incorporating 
a highly damped oscillatory circuit. 

621.396.645  1245 
Review of British Amplifiers: Part 1—Gen-

eral Constructional and Design Practices in the 
Better Amplifiers. Discussion of the Acoustical 
Amplifier —J. Moir. (FM- T V, vol. 11, pp. 30-
32, 40; October, 1951.) 

621.396.645  1246 
New  Miniature Intermediate-Frequency 

Amplifier— t Tech. Bull. Nat. Bur. Stand., vol. 
35, pp. 143-145; October, 1951.) Description 
of the National Bureau of Standards Model 
VI, a 7-tube amplifier for the frequency range 
20-100 mcps; construction is simplified by pro-
viding separate subassemblies for (a) all the 
inductors, (b) all the capacitors and (c) all the 
tube shields. 

621.396.645  1247 
The Series Amplifier—E. L. Crosby, Jr. 

(Radio and Telev. News, Radio-Electronic Eng. 
Section, vol. 46, pp. 12-13, 30; October, 1951.) 
Various amplifier units can be much reduced 
in size by the connection of tubes in series. 
The anode of the first tube is connected 
through its load to the cathode of the second, 
and so on. Coupling capacitors and also the 
decoupling elements can then be omitted. 

621.396.645.018.424 : 621.317.792  1248 
Wideband  Pre-amplifier —F.  Horner. 

(Wireless Eng., vol. 29, pp. 19-26; January, 
1952.) The amplifier was developed to increase 
the sensitivity of the aural-comparison method 
described by Thomas (169 of 1951). It is located 
at the antenna, away from the rest of the 
equipment, and operates unattended. Inter-
modulation between received signals is reduced 
by restricting the response to the required 
frequency band of 2.5-20 mcps by careful design 
of the final cathode-follower stage, and by 
making the voltage gain no greater than is 
necessary to achieve the desired sensitivity. 
The sensitivity is such that with a receiver of 
10 kcps bandwidth, and in the absence of 

atmospherics, a cw signal with a field strength 
of about 0.05 mv/m is intelligible in the presence 
of set noise only. 

621.396.645.029.3  1249 
A Tunable Shunt Selector-Rejector for 

Audio Amplifiers —O. G. Villard, Jr. (Rev. Sci. 
lusty., vol. 22, pp. 726-729; October, 1951.) 
Arrangements are described for adjusting the 
frequency response of an af amplifier for experi-
mental or other temporary purposes. An 
auxiliary tube with an appropriate RC feed-
back loop is shunted externally across the last 
voltage-amplifying tube of the amplifier. 
Design theory is discussed and illustrated by 
an example giving component values and meas-
ured performance. 

621.396.645.029.3  1250 
A Single-Ended Push-Pull Audio Amplifier 

—A. Peterson and D. B. Sinclair. (Paoc. I.R.E., 
vol. 40, pp. 7-11; January, 1952.) 1951 I.R.E. 
National  Convention  paper.  Describes  a 
circuit which provides a direct output to a 
grounded load, and avoids the need for close 
magnetic coupling between the halves of the 
primary of an output transformer. Practical 
circuits and the application of negative feed-
back are discussed. 

621.396.645.211:621.385.3  1251 
High-Frequency Characteristics of Resist-

ance-Coupled Triode Amplifiers —J. W. Sauber. 
(Paoc. I.R.E., vol. 40, pp. 48-49; January, 
1952.) A semigraphical method of calculating 
the steady-state hf response, taking account of 
interelect rode capacitances. 

621.396.645.35  1252 
The Automatic Compensation of Zero-

Drift Errors in Direct-Coupled Feedback 
Systems —R.  G.  Lex:  F.  A.  Summerlin. 
(Proc. 1EE, Part II, vol. 98, pp. 641-642; 
October, 1951.) Discussion on 1867 of 1951 and 
author's reply. 

621.396.822  1253 
Note on Resistance Fluctuations and the 

Flicker Effect —M. Surdin. (Physica, 's Gray., 
vol. 17, pp. 548-550; May, 1951. In French.) 
Published experimental results on resistance 
fluctuations and flicker effect are reviewed. 
Macfarlane's theory (4087 of 1947) that 
flicker effect is due to fluctuations of potential 
barrier is shown to be compatible with van 
der Ziel's theory (3035 of 1950) that in oxide 
cathodes the effect is due to fluctuations of 
conductivity of the oxide layer, the mechanism 
involved being identical with that responsible 
for resistance fluctuations. 

621.318.4  1254 
Bauelemente der Nachrichtentechnik. Ten 

3: Spulen [Book Review[ —H. Nottebrock. 
Publishers: Schick & Schott, Berlin, 1950, 264 
pp., 12 DM. (Arch. dela. Obertragung, vol. 5' 
p. 485; October, 1951.) Gives practical infor-
mation on coils (including transformers) for 
telecommunication applications. 

621.396.615  1255 
Theory and Design of Valve Oscillators. 

[Book Reviewl —H. A. Thomas. Publishers: 
Chapman & Hall, London, 2nd ed., 317 pp., 
36s. (Electrician, vol. 147, p. 1207; October 19, 
1951.) Five additional chapters have been 
included on uhf, vm, RC, crystal, and magne-
tron oscillators, and a certain amount of 
rearrangement  of  the  original  important 
matter on frequency stabilization has taken 
place. 

GENERAL PHYSICS 

519.24  1256 
The Best Method of Correcting for the 

Uncertainty involved in the Discrete, Discon-
tinuous Nature of the Data in the Analysis of 
an Experiment —P. Vernotte. (Comp,. Rend. 
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Acad. Sci. (Paris), vol. 233, pp. 735-736; 
October I, 1951.) 

534.111  1257 
The Alternating-Current-Maintained Pen-

dulum —N. Minorsky. (Comp, Rend. Acad. 
Sci. (Paris), vol. 233, pp. 728-729; October 1, 
1951.) The differential equations are developed 
and solved for the system comprising a pendu-
lum carrying a piece of iron in the field of a 
coil carrying ac. The excitation of the pendulum 
is of nonlinear parametric type (1338 of 1951), 
no rational relation existing between the 
respective frequencies of the ac and the pendu-
lum oscillations. 

534.213.4  1258 
Some Remarks on the Coupling of Two 

Ducts —A. E. Heins. (Jour. Math. Phys., vol. 
30, pp. 164-169; October, 1951.) A mathe-
matical treatment of the propagation of 
waves in two channels presenting different 
boundary conditions and coupled end to end. 

535.361.2  1259 
Scattering of Electromagnetic Waves from 

Two Concentric Spheres —A. L. Aden and 
M. Kerker. (Jour. App!. Phys., vol. 22, pp. 
1242-1246; October, 1951.) "A solution is given 
for the problem of the scattering of plane 
electromagnetic waves from a sphere with a 
concentric spherical shell. The solution is gen-
eral, and under appropriate conditions is re-
duced to the well-known solution for scattering 
from a single sphere." 

535.37+537.311.33  1260 
Radiationless Transitions of Electrons in 

Crystals—F. Stockmann. (Z. Phys., vol. 130, 
pp. 477-470; October 9, 1951.) A theory of 
radiationless transitions is advanced which de-
pends on the fact that the effective radius of 
the Coulomb field of an impurity center is 
equal to or greater than the free electron paths 
in valence crystals. Observations of lumines-
cence and inhibition in phosphors and of con-
duction in semi-conductors are adduced in sup-
port of the theory. 

535.43  1261 
Scattering of Plane Waves by Soft Obsta-

cles: Part 2—Scattering by Cylinders, Spher-
oids, and Disks —E. W. Montroll and R. W. 
Hart. (Jour. App!. Phys., vol. 22, pp. 1278-
1289; October, 1951.) "Approximate closed-
form analytical expressions are derived for the 
total and differential scattering cross sections 
of cylindrical, prolate-spheroidal, and disk-
shaped scatterers which subject scalar plane 
waves to only a small phase shift." Part 1: 
2139 of 1951. 

537, 538  1262 
General Solutions of the Equations of Elec-

trostatics and Magnetostatics —E.  Durand 
(Ccmtpf. Rend. Acad. Sci. (Paris), vol. 233, pp. 
1008-1010; October 29, 1951.) Solutions are 
derived directly from an identity which is the 
vector analogue of Green's scalar identity. 

537.221  1263 
Contact Potential Differences —I. F. Patai 

and M. A. Pomerantz. (Jour. Frank. Inst., vol. 
252, pp. 239-260; September, 1951.) A histori-
cal survey of the subject, an outline of funda-
mental theoretical aspects of contact between 
metals, and a description of methods of meas-
uring contact potentials. An extensive bibliog-
raphy is given. 

537.311.1  1264 
On Electrostatic Plasma Oscillations in 

Metals—J. A. Kok. (Physic°, 's Gray., vol. 17, 
pp. 543-547; May, 1951.) Equations derived 
for plasma oscillations in a gas are applicable 
to conditions in metals, provided Fermi-Dirac 
rather than Maxwell statistics are used. 

537.311.33 : 621.385.032.216  1265 
P-N  Transition  of  an  Oxide-Coated 

Cathode—Ishikawa, Sato, Okumura and Saski. 
(See 1472.) 

537.311.37  ,  1266 
A General Formula for the Conductivity of 

a Gas containing Free Electrons—L. G. II. 
Huxley. (Proc. Phys. Soc., vol. 64, pp. 844 - 
861; October I, 1951.) Electron drift in gases 
is discussed in terms of the method of free 
paths, for constant and alternating electric 
fields with and without applied magnetic field; 
free-path distortion due to the electric field is 
taken into account. Formulas are derived for 
the drift velocity of the centroid of the electron 
group; the current density and gas conduc-
tivity are found directly from the drift velocit y. 
The formulas are relevant to the theory of 
conduction in metals and semiconductors, 
the Hall effect and wave propagation in the 
ionosphere. 

537.56  1267 
Energy Losses of Charged Particles in a 

Very Strongly Ionized Medium (Ionic Plasma) 
—B. Kwal. (Jour. Phys. Radium, vol. 12, pp. 
805-810; October, 1951.) Theoretical discussion 
of processes in electronic discharges in gases; 
conditions are probably similar in a large 
part of interstellar space. 

537.58  1268 
Thermal Ion Source for Negative Ions — 

H. Hintenberger. (Hely. Phys. Ada, vol. 24, 
pp. 307-309; September 20, 1951. In German.) 

537.581-13:537.566  1269 
The Ionization in the Incandescent Gases 

of Jet-Propulsion Mechanisms—C.  Klein. 
(Ann.  Telecommun., vol. 6, pp. 287-289; 
October, 1951.) Anomalies observed in the 
guiding by radio of rockets with their engine 
working are attributed to thermal ionization 
of the incandescent gases ejected. The mecha-
nism of this ionization and its influence on the 
propagation of radio waves is investigated. As 
in the case of the ionosphere, the electron con-
centration N and the mean collision frequency 
determine the course of the phenomenon. The 
method used by Eggert Saha in 1920 for 
calculating N for stellar atmospheres is applied; 
values obtained are consistent with u.s.w. 
reflection but are very different from Goercke's 
experimental results (657 of April). Physico-
chemical study of the combustion process 
shows that in most cases Saha's formula is 
inapplicable because thermal equilibrium is not 
attained;  calculation  based  on  Saenger's 
theory that ionization is due to molecular 
collisions prior to the establishment of equi-
librium leads to results in better agreement. 

538.12+538.65  1270 
The Force and Torque acting on Magnet-

ized Bodies in a Magnetic Field—W. Dewing. 
(Ann. Phys. (Lpz.), vol. 9, pp. 363-372; Octo-
ber 15, 1951.) 

538.12+538.65  1271 
Magnetic Field and Torque for a Magnetic 

Ellipsoid in a Permeable Medium and an 
External Field —H. Diesselhorst. (Ann. Phys. 
(Lpz.), vol. 9, pp. 316-324; October 15, 1951.) 

538.221  1272 
The Mechanism of Discontinuities in Mag-

netization—T. Hofbauer and K. M. Koch. (Z. 
Phys., vol. 130, pp. 409 -414; October 9, 1951.) 
The effect of superposing on a main ac mag-
netizing field an auxiliary field of higher fre-
quency is investigated experimentally. For a 
given value of the main magnetizing field the 
effect of the auxiliary field is to increase the 
value of saturation magnetizarion and rema-
nence. The effect is related to that produced 
by hf biasing in magnetic sound recording. 

538.221  1273 
The Study of Ferromagnetic Resonance. 

us;ng the Complex-Premeability Diagram-
B. Pistoulet. (Comm. Rend. Acad. Sci. (Paris), 
vol. 233, pp. 1015-1017; October 29, 1951.) 

538.566  1274 
Wave Packets, the Poynting Vector, and 

Energy Flow: Part 4—Poynting and Mac-
donald Velocities in Dissipative Anisotropie 
Media —C. 0. Hines. (Jour. Geophys. Res., vol 
56, pp. 535-544; December, 1951.) It is found 
preferable to replace the Poynting vector by 
Macdonald's to obtain physically suitable 
results, but even then the direction obtained 
for the energy flow differs from that found b 

wave-packet methods, which probably give the 
better results. Part 3: 2697 of 1951. 

538.613  1275 
Correlation of the Faraday and Kerr Mag-

neto-optical  Effects  in  Transmission-Line 
Terms—C. II. Luhrs.  1.R.E., vol 
pp. 76-78; January, 1952.) The Faraday 
is derived from phase considerations and I. 
Kerr effect from impedance considerations. 

530.145  1270 
Quantum Mechanics of Particles and Wave 

Fields. [Book Reviewj —A. March. Publishers: 
J. Wiley & Sons, New York, 1951, 292, pp., 
$5.50. (Jour. Frank. Inst., vol. 252, p. 270; 
September, 1951.) "The book provides a text 
which may help clarify the latest conception:-
and mathematical formalism of the theory ot 
fields and particles." 

538  1277 
Modern Magnetism. [Book Reviewl—L. F 

Bates. Publishers: Cambridge University Pi 
London, 3rd ed., 506 pp., 30s. (Electrician. ' 
147, pp. 1207-1208; October 19, 1951.) "\It. 
fresh material is incorporated, including new 
In techniques developed during the last war and 
the very striking elaborations of the domain 
concept resulting from important work in 
America, England and France, and their bear-
ing on the interpretation of the hysteresis 
cycle." 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.621.396.822  1278 
Radio  Waves and  Astronomy-1i.  II. 

, Klinger. (Funk u. ion, vol. 5, pp. 474-485; 
September, 1951.) An outline of the methods ot 
radio astronomy and discussion of the rf radia-
tion from the sun, the galaxy and extra-
galactic sources. 

523.72+ 523.8541:621.396.822  1279 
New Data on the Radiation of Electromag-

netic Waves from the Aun and the Galaxy — 
G. G. Getmantsev. ( Uspekhi Fiz. Nauk, vol. 
44, pp. 527-557; August, 1951.) A review of 
recent publications on the subject, including 
many Russian papers. 

523.746"1951.07/.09"  1280 
Provisional Sunspot-Numbers for July to 

September,  1951 —M.-  Waldrucier.  (Jour. 
Geophys. Res., vol. 56, p. 604; December, 1951. 
Z. Mel., vol. 5, p. 349; November, 1951.) 

523.755  1281 
A New Radio Method for Measuring the 

Electron Density in the Solar Corona—K. E. 
Machin and F. G. Smith. (Nature (London). 
vol. 168, pp. 599-600; October 6, 1951.) The 
suggested method uses the "occultation" of 
the radiation from radio stars situated in direc-
tions near that of the sun. The solar radiation 
is prevented from masking the weaker radiation 
from the star by using an antenna system 
insensitive to sources subtending a compara-
tively large angle. The determination of the 
effective radius of the sun for this effect at a 
number of radio frequencies would allow the 
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distribution of electron density with height to 
be deduced, for densities as low as 10/cm'. 
Tests at frequencies of 210, 81.5 and 38 mcps, 
carried out during a period of abnormal sun-
spot radiation, gave no useful results. Antennas 
01 greater resolving power will be used in 

lilt Ilti eX PCI IM. Mt 5. 

523.78  1282 
Observation of the Annular Eclipse of the 

Sun, 1st September .951 —F. Boruion, L. J. 
I Blum, J F. Denisse, E. Leroux and J. L. Stein-
' bete. t(-onopt. Rend.  Sci. (Paris). v01 . 
233, pp. 917 -919; October 22, 1951.) Measure-
mentss ite repot tel ol t he intensity of radiation 
on wavelengths of 3.12 and 178 cm received 
totng t le• eclipse at a location close to Mar kala 
in the French Sudan. The obse mitems it 

3.12 cm confirm that the sun's radiation is 
i more intense at the limb.  The apparent 
diameter corresponding to radiation on 178 
in is 1.4 times the apparent optical diameter, 
and the corona' radiation on that wavelength 
,inst it toes hall t he t, 'tat adiat ion. 

523.8:021.306.8221 522 .92  1283 
A Diffraction Theory of the Scintillation of 

Stars on Optical and Radio Wavelengths 
• (.. G. Little. t Mon. Not. R. Aire Soc.., vol. III, 

p. 289 - 302;  1951.) The rebac   theory 01 
mtillation at optical wavelengths requires 

xcessive atmospheric density gradients, and 
its to explain the observed scintillation in 

.'ilor;  also the  physiological explanations 
ii.' insufficient to explain all the observations. 
l'he effects may be explained by Fresnel dif-
traction at a nonhom geneous atmospheric 
layer; this theory requires much smaller 
density gradients. A similar theory explains 

the observed intensity ducutations of radio 
w a ves trout discrete extraterrestrial sources. 

523.8 021.300.8221:535.42  1284 
The Diffraction of Radio Waves in Passing 

through  a Phase-changing  Ionosphere —A. 
Ilewisit.t Pro, . Roy. So,. A, vol 209. pp. 81-

; 0,:tober 8 1951.) Discussion 1t  ,lifirac-
t ion by the ionosphere ot waves (roan radio 
•-f at s, and the resultant field at the earth's sur-
face. It is assumed that the wave emerges from 
the ionosphere with constant amplitude but 

with lateral variations 01 phase. The cases of 
simple sinusoidal variation and random varia-
tion of phase are considered. Knowledge of the 

amplitude and phase variations at the ground 
enables the average magnitude of the phase 
•Ieviations produced by the ionosphere, and 
t heir lateral extent, to be calculated. Compari-
son ot results on different wavelengths enables 
an estimate to be made of the distance oh the 
effective diffracting screen frotn the plane of 
observation. Experimental results indicate that 
the ionospheric irregularities have a lateral 

• extent of the order of 5 km and cause phase 
deviations of 1 to 2 radians for radiation of 
wavelength 0.7 

523.852.32:621.396.822  1285 
Radio  Emission from the  Andromeda 

Nebula —R. H. Brown and C. Hazard. (Mon. 
Noi. R. Asir. Soc.,vol. II 1, pp. 357-367; 1951.) 

! Detailed account of work noted in 629 of 1951. 
The results indicate that extragalactic rf radia-

1 don accounts for about 1 per cent of the total 
! rf radiation reaching the earth. 

550.38"1951.04/.06- 1286 
International Data on Magnetic Disturb-

ances, Second Quarter, 1951 —J. Bartels and 
J. Veldkamp. Jour.Geophys. Res., vol. 56, pp. 

is 601-603; December, 1951.) 

55138'1951.07 .09"  1287 
Cheltenham M aryland] Three-Hour-Range 

Indices K for July to September, 1951 —R. K. 
Bodle. (Jour. Geophys. Res., vol. 56, p. 604; 
December, 1951.) 

550.385"1031.04 '.00 - 1288 
Principal  Magnetic  Storms (April-Sept. 

19511  flour. Geophys. Re,  vol. 56, pp. 605-
605, 1 lecember. 1951.) 

551.510.52:551.504.13  1280 
Electrical Conductivity of Air in the Tropo-

sphere --R. C. Callahan, S. C. Colon'''.  J. 
l'arziale and R. Patten. (Jour. Geoph,.  Res., 
vol. 56, pp. 545 -551; Decenite r. 19 ,I 1 Fair-
weather measurements tor  4 •parated 
areas in the U.S.A. indicate equalit ot positive-
ion and negative-ion conductivity throughout 
the 35,000-foot altitude range investigated. The 
results are in agreement with those calculated 
from a formula based on Thomson's theory of 
volume reeonibinal ion. 

551.510.535  1290 
The Absorption of Ultraviolet Solar Radia-

tion and the Temperature of the Upper At-
mosphere at a Height of about 100 Km—J. 

iCorapi. Rend .4i-dd. S. t. (Paris), vol. 
233, pp. 1048-1049; October 29, 1951.) The 
mean kinetic energy of oxygen atoms in the 
tippet at tme.pheie at t  instant of their crea-
C   bv photoloeee tattoo corresponds to a 
high i tti p, tat life  55 ti, ii I IfeR  fr0111  SO W  to 

about i,504l K l.a is.-. n Oil and  311) km  height. 

551.510.535  1291 
Some Phenomena of the Upper Atmosphere 

—S. Chapman. I P,os  rhyl. .Ss  vol. 64. pri. 
833 844; 0.:tiiber I, 1951.1 A review of recent 
progress in knowledge iii the height distribu-
tion of the temperat  and comet ut ion of the. 
atmospliete, and of wind. and tides in the upper 
atmosphere. Ionospheric phenomena observed 
near the magnetic equator are discussed, 
especially the abnormal intensification of elec-
tric current tiow. 

551.510.535  1202 
A Quick Method for Analysing Ionospheric 

Records —J. A. It  Idle. (Jour. Georti)5 Res , 
vol. 56, pp. 46.4 485; December, 1951 .1 A 
transparent swab* earn, s families of calculated 
117.1 curves (8 is virtual height and f the fre-
quency) for a series of values of layer thickness 
and  critical  frequency.  Experimental  h' 
records can then be matched with the calcu• 
Wed ones and the thickness pirameten. read 
ito t he scale. The method is applied to parabolic, 
linear, and swari--roat electron-distribution 
laws and provides a simple way of finding the 
total electron content in the Ft eltion. Allow. 
:awes for the effect of the Fi layer are simply 
M ade. 

551.510.535  1203 
An Unusual Ionospheric Disturbance ob-

served in Adelie Land  NI  Barre and K 
RAO ..r  • 1,1 ,1 re ,p1:5 , , vol. 6, pit Air,i 317 
October Des, mle I, 1950 1 See 2997 of 1951 

551.510.535  1204 
Some Regularities in the F2 Region of the 

Ionosphere —J. A. Ratcliffe. 'Jour. Geophys. 
Res , vol. 56, pp. 487-507; December, 1951.) 
Many ot the anomalies of foFt values vanish 
when the total electron content per unit 
column tn) is considered instead. Records from 
Watheroo, Iluancayo, and Alaska show that 
the value ut n at noon is closely related to the 
sun's zenith angle over the whole range of 
values. The diurnal change in a does not show 
the 'bite-out" seen on .4Ft curves, and the 
change in a with magnetic dip shows no equa-
torial minimum. 

551.510.535  1295 
The Effective Midday Recombination Co-

efficient of the F; layer calculated from the 
Values of Critical Frequency observed during 
the Mogel-Dellinger Effect on 19th Nov. 1949 
— W. Becker and W. Dieminger. (Z. Norm...I. 
vol. 5a, pp. 308-311; June, 1950.) The val m 
1.9X urie is found as a lower limit; this is of 

the same order as previously published night-
time values. The rate of production of charge 
carriers in the Fl layer at the start of the dis-
turbance was twice as great as normal. 

551.510.535: 537.56  1296 
'Isanomalies' of F, Ionization —O. Bur kard. 

(Jour. Geophys. R.6 , vol. 56, pp. 595-900; 
December, 1951. In German.) Discussion of 
the information which can be derived from sets 
of curves indicating places with corresponding 
Felaver variations. 

551.510.535 551.557  1297 
Winds in the Ionosphere--( Tech.  Bull. 

vat. Bar;  Shoal., vol. 35, pp. 178-179; De-

c..mber, 1951.) A short explanation is given of 
the method of observation in which pulse sig-
nals from a central transmitter are received, 
after reflection from the ionosphere, at three 
stations located at the corners of a right-
angled triangle. From records of the times at 
which fading of the signals occurs at the three 
stations, an estim ate is made of the direction 
and speed of the ionospheric regions responsible 
for the failing pattern of the received signals. 
The  N.B.S.  transmitter at  Sterling, Va., 
operates at 2.3 mere' and emits pulses of dura-
tion 0.1 ms. repetition rate 60 per second and 
peak power of 10 kw. Typical records of Iono-
spheric wind velocities obtained at Sterling, 
Va., and at Cambridge, England, show close 
correlation. indicating tlmt the ionospheric 
nimbi lv .ng to a is ',lid wide circulation sy!.-
Ictil. 

551.510.535: 551.557  1298 
Systematic  Ionospheric  Winds —C.  I 

Salzlea c.111 ,1 It t.ie/ noon.- (Jour.. Grophyl. 
Re,  '21  1)e.einbcr, 

.10  N,..f  f.1.-fr.,1 to in 
129; also, 

551.510.535 621.3.087.5  1209 
Spot-Frequency Ionospheric Recording — 

A Combination of Sweep- and Fixed-Frequency 
Techniques  II  W. Vs ills. 'Jour. Geophys. 
Res., viii. 56. pp 613 615; December, 1951.) A 
panoramic recorder is used hat instead of 
photograplung the complete 81 trace, only 
three melected to-qui-mai* are recorded. The 
cycle is repeated at intervals of 25 seconds and 
the photographis papet is moved on slightly 

after each frialuenk  in the cysle. The resulting 
record is a combination se three 8'1 records at 
different trequens iis. Changes in structure 
ith time are much ,,,,, easily observed than 
on .1 series of lull 8 r--cords. 

551.510.535 621.3 %11  1300 
Contribution to the Study of the Electron 

Distribution in the Ionosphere and of the Ab-
sorption of Short Waves —F. Argeni.', NI. 
Nlayot and K Rawer  Ann. (;eophys., vol. 6, 
pp. 242-285; October 1)ex-ember, 1950.) Based 
on a comprehensive survey of recently ob-
tained data on the temperature distribution 
and the dissociation of 02 in the atmosphere, 
a model for the D and E layers is proposed 
with parabolic distribution of temperature be-
low 100 km and a rapid decrease of ionizable 
molecules above that height. The frequency 
variation of absorption due to collisions is in-
vestigated; approximate formulas are obtained 
assuming a stratified structure with parabolic 
distribution of JO (where µ is the refractive 
index) for each layer and an exponential dis-
tribution of collision number. Special functions 
introduced in the theory are discussed and 
numerical values are tabulated. 

551.510.535:621.396.11  1301 
Group Velocities and Group Heights from 

the Magneto-ionic Theory —Shinn and Whale. 
1411.; 

551.510.535:621.396.11  1302 
Radio- Wave Propagation at Oblique In-

cidence including the Lorentz Polarization 
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Term —J. M. Kelso. (Paoc. I.R.E., vol. 40, 
pp. 87-97; January, 1952.) The true height of 
reflection, ray path„reflection coefficient, range 
and group path in the ionosphere, all of which 
depend only on the ionosphere, are first studied. 
Then, for both plane- and curved-earth geom-
etry, the ground range, group path, reflection 
coefficient as a function of ground range, and 
muf are examined. The ionosphere is considered 
as plane throughout the treatment, which has 
the following restrictions: all limitations on the 
use of the Chapman distribution hold; the 
earth's magnetic field is neglected; the angular 
operating frequency is assumed to be greater 
than the collision frequency; the absorption 
per vacuum wavelength is assumed to be small; 
ray theory is used. 

551.594.21  1303 
The Distribution of Electricity in Thunder-

clouds —D. J. Malan and B. F. J. Schonland. 
(Proc. Roy. Soc. A, vol. 209 pp. 158 -177; 
October 23, 1951.) Various independent meth-
ods of measuring the heights of origination of 
successive lightning strokes are discussed; the 
values obtained support the hypothesis of a 
columnar distribution of negative charge. 

551.594.222  1304 
Point-Discharge Currents and the Earth's 

Electric Field —W. C. A. Hutchinson. (Quart. 
Jour. R. Met. Soc., vol. 77, pp. 627-632; Oc-
tober, 1951.) Measurements are reported of the 
current flowing to earth through a point set 
up at a height of 12 m, and of the electric field 
near the ground. Point-discharge current of 
either sign increases with the square of the 
field; the relation tends to direct proportional-
ity for high values of field. The influence of 
local space charge on the field measurements is 
discussed. 

551.594.6  1305 
Recording of Atmospherics on Board the 

Commandant Charcot, 1950-1951 Cruise — 
R. Bureau and J. J. Vaury. (Compt. Rend. 
Acad. Sci. (Paris), vol. 233, pp. 1049-1051; 
October 29, 1951.) The third antarctic cruise 
of the Commandant Charcol was followed by 
one across the Pacific, during which further 
centers of atmospherics were located. The ap-
paratus was the same as that used on the second 
cruise [see 637 of 1951 (Bureau and Barre)). The 
whole of the Pacific west of 120° W seems to be 
a diffuse source of atmospherics. A typical 
recording for a 24-hour period on 18th-19th 
April 1951 shows the approximately linear rise 
of the level of atmospherics starting at sunset. 
Maximum activity for the Pacific centers oc-
curs at a later hour than for known continental 
centers, at 1700-1800 local time. 

LOCATION AND AIDS TO NAVIGATION 

621.396.9  1306 
Radar Technique —F. Michelssen. (Fre-

quenz, vol. 5, pp. 258-259; September, 1951.) 
A brief historical note of developments in 
Germany during the prewar and early war 
periods. 

621.396.9: 621.396.822  1307 
The Detection of Pulse Signals near the 

Noise Threshold —R. E. Spencer. (Jour. Brit., 
IRE, vol. 11, pp. 435-454; October, 1951.) Ex-
isting literature is surveyed, with emphasis on 
simpler and more intuitive physical considera-
tions and their application to radar. The discus-
sion is first in terms of a single pulse and then of 
repeated pulses Matching the IF response to 
the frequency spectrum of the pulse is con-
sidered. The probability that the presence of a 
signal can be distinguished is shown to be in-
dependent of the detector law provided that it 
gives a monotonic increase of output with in-
creased input. When signal and noise are of 
comparable magnitude, there is loss of per-
formance if filtration is incorrectly distributed 

between the IF and video-frequency stages. 
Methods of presentation are discussed and the 
main practical conclusions are summarized. 

621.396.93: 621.396.812  1308 
Disturbances caused by the Atmosphere in 

Aids to Navigation—E. Vassy. (Onde elect., vol. 
31, pp. 379-383; October, 1951.) Sources of 
error in direction-finding systems are discussed 
generally, including the effects of tilts and 
asymmetry in the higher ionized layers, and of 
lateral refraction and diffuse reflection in the 
troposphere. 

621.396.932.1/.2  1309 
The Requirements for Radio Aids at Sea--

F. J. Wylie. (Jour. Inst. Nov., vol. 4, pp. 327 - 
344; October, 1951.) Radio aids to navigation 
are required as alternatives to astronomical 
and terrestrial fixing when these cannot be 
used, and the accuracy required is that ob-
tained by the visual methods in good condi-
tions. The extent to which shipborne and shore-
based direction-finding equipment and loran, 
C01180i, Decca and radar systems satisfy the 
requirements is discussed. An account is given 
of the coverage obtained by existing systems, 
and possible lines of development are indicated. 

621.396.932.1  1310 
A New Shore-Based Radar Equipment —E. 

Fennessy. (Jour. Inst. Nov., vol. 4, pp. 345-
350; October, 1951.) A general description of 
the Decca harbor radar equipment, its per-
formance and applications. A method which 
has been developed for the radio transmission 
of information from the antenna and rf as-
sembly to a remote display unit might be 
adapted to provide displays in vessels in the 
service area of the radar equipment. 

621.396.933  1311 
Hyberbolic Navigation Systems in Ger-

many —E. Roessler. (Efektrofech. Z., vol. 72, 
pp. 567-572; October 1, 1951.) Discussion of 
various systems, particularly Decca and its ad-
vantages over the single-frequency system. By 
a suitable linking of three hyperbola systems, 
both coarse and fine navigation facilities can be 
provided for an area greater than Germany, 
using only four frequencies. 

621.396.933  1312 
Long-Range Radar for Controlling Aircraft: 

Part 1—The Operation of London Radar —D. 
\V. Watkins. (Jour. Inst. Nov., vol. 4, pp. 402-
409; October, 1951. Discussion, pp. 413-414.) 
An account of early experiments, operational 
trials, the services at present available, with an 
outline of future developments. Part 2: 1313 
below. 

621.396.933  1313 
Long-Range Radar for Controlling Aircraft: 

Part 2—Traffic Control at the Royal Aircraft 
Establishment—G. G. Harris. (Jour. Inst. 
Nov., vol. 4, pp. 409-413; October, 1951. Dis-
cussion, pp. 413-414.) Description of the radar 
control system at Farnborough, which is de-
signed primarily for speed and flexibility. The 
approach control is the dominating control and 
extends in stages over the local or visual con-
trol as weather conditions deteriorate, provid-
ing talk-down facilities in the extreme case. 
Part I: 1312 above. 

621.396.933  1314 
Radio Aids to Airways Navigation. The 

Australian Visual Aural Radio Range System -
11.  and F. B. Partridge. (Jour. Inst. 
Eng. (Aust.), vol. 23, pp. 167-181; September, 
1951.) The basic aid adopted for use in Aus-
tralia consists of a visual aural radio range 
(V. A. R.) in conjunction with distance-meas-
uring equipment. The V. A. R., operating at 
about 120 mcps, is an adaptation of the 
American p-9 system (1158 of 1951) and pro-
vides four ranges, two with revival and two 
with aural presentation. A description is given 

of the general principles and ground equip-
ment, and t he radiation patterns are considered 
in detail. The airborne equipment is also de-
scribed. 

621.396.933  1315 
Modern Radio Aids to Civil Aviation —The 

D.M.E. Project of the Department of Civil 
Aviation - J.  I I. Gerrand.  (Flax.  I. k 
(Aust.), vol.  12, pp. 275 -282; Septet', ' 
1951.) "The history of the Australian D. NI 
project is reviewed and the main technical 
features of the equipment are briefly described. 
The choice of beacon sites is discussed toget hem 
with the proposed program of installation test-
ing." 

621.396.933(98)  1316 
Radar as an Aid to Air Navigation in the 

Arctic - - K. It. Greenaway. (Jour. Inst. Nov., 
vol. 4, pp. 399- 401; October, 19514 Summary 
of paper read at meeting of Canadian I nstit ute 
of Navigation, Montreal, September 1950. The 
use of radar for the determination of drift and 
groundspeeds, and for pin-pointing, is dis-
cussed. The special difficulties encountered in 
the Arctic are considered. It is concluded that 
search radar ranks next in importance to 
astronomical navigation for flights in the 
Arctic. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

534.321.9.001.8:621.315.615/.617:539.5  1317 
Mechanical Properties of Polymers at Ultra-

sonic Frequencies —NV. P. Mason and II. J. 
McSkini in. (Bell Sys. Tech. Jour., vol. 31, pp. 
122-171; January. 1952.) Different types of 
measurement methods are described for deter-
mining the reaction of polymer materials, in 
solid or liquid form or in solution, to longi-
tudinal and shear waves over a wide range of 
frequencies. The relaxation frequencies are 
determined by a dispersion in the velocity, 
attenuation constants or characteristic im-
pedance of the material. The various types of 
relaxation observed are explained by certain 
motions of the polymer chain or molecule 
which determine the tougliness,impact strength 
and elasticity of the material. 

535.37  1318 
A Striking Difference in the Activation 

Susceptibility of Potassium- and Sodium-
• Halide Phosphors —P. Pringsheim. (Ado Phys. 
austriaca, vol. 3, pp. 396-404; March, 1950.) 

535.37  1319 
Size Effects in the Luminescence of ZnS 

Phosphors—G. C. Wallick. (Phys. Rev., vol. 
84, p. 375; October 15, 1951.) Thermolurnines-
cence measurements for crystals of 9ZnS.CdS-
Cu and Zns-Ag were made by saturation ex-
citation at - 160°C followed by a uniform in-
crease of temperature to I00°C at a rate of 2° 
per minute. Evidence is given of many more 
shallow traps in small crystals (average di-
ameter 5.5µ) than in large ones (average di-
ameter 14µ). The decay of phosphorescence 
with time was, however, found to be essent 
independent of crystal size. 

535.371.07  1310 
A Fluorescent Cadmium-Iodide Screen 

under the Influence of Visible and Ultraviolet 
Radiation, Cathode Rays, ji Rays and X Rays— 
S. Sclilivitch. (Comm. Rend. Acad. Sci. (Paris), 
vol. 233, pp. 1023-1024; October 29, 1951.) A 
strongly luminescent phosphor is prepared by 
mixing lead nitrate and cadmium iodide. When 
used in a cr tube, the screen is luminescent for 
voltages over 600 v, the spectrum being in the 
region where the eye is highly sensitive. 

537.311.33:538.214  1321 
Magnetism of Free Charge-Carriers in 

Semiconductors— W. Kanzig and N. Nlaikuti 
(Ilelv. Phys. Acta, vol. 24, pp. 329-331; Sep-

June ' 
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tembet 20, 1951. In Get man.) Measurements 
ot the magnetic susceptibility x of grey semi-
conducting tin indicate an increase of x with 
ising temiwrature proportional to the number 
ot I rce charge-carriers. 

537.311.33:538.221  1322 
Resistivity of Ferrites of Zinc, Nickel, Co-

balt, Magnesium and Copper as a Function of 
Temperature -L.  Bocliii 01.  kc, ,,,ipt.  nrm.t. 
t.a,i 5,-i. (Paris), vol. 233, ply 736-738; Oc-
t obey, 1951.) Measurements on sintereil fee rite 
disks over the temperature range 100° 700nC 

reported anil examined in relation to the 
elect I onic  lll i l -oniluctors. 

537.311.33:546.28  1323 
A. C. Characteristics of Si p-fl Junction -S. 

M  11.0 ovaina, NI. Slidiuva, W. 
T. Yam.  to and M. Kikuchi. (Jour. 
Phys., vol. 22, p. 1290; tktober, 1951.) 

t alibi; are given for the conductance and 
sitsc.,ptarice  t-ri junctions in the frequency 
ugi 200 cps to 100 kcps, and for ti,, resistance 

.111ki  i.tp.ICItattie,  at vali0114  tte.111 , 11cleM, 

11111 0 it IIIS of blaS volt age. 

537.311.33:546.289 1324 
The Effects of Pressure and Temperature 

on the Resistance of p-n Junctions in Ger-
manium  J. Bat'leen and G L. 

ai sou  l'hy ,. Rec., vol. 84, pp. 129 132; 
1951.) Accoi ding to Shockley's 

t heoi v 370 of lo50), t he toy% -voltage tesistance 

it a  unit IOU IS pt oport tonal lii exp b. a k 
,‘ tics y El; is the energy gat). 
I he C11.1111te wit h preSSU M (it t he Ch.11.1Clet1+1iCS 

pinction in a Ge single crystal indicate a 
sistance change ot 12.5 per cent, cortesp,inil-
ne ti a change ot Eu ot about 3.1 +10 icy, tor 
oiessure change 01 10,000 lb 'in.' Analysis of 

made at tempi-IM MO' bet U. ,11 

th.S̀  .ind 20.5°C gives values of Eu averaging 
.ilhuit 0.72 ev; these values are in agreement 
•% itt, those obtained from the change in in-
insic resistivity with temperature MIA pre-
tire. 

537.311.33:021.396.822  1325 
A Theory of Electrical Fluctuations in 

Semiconductors -NI.  Sulam.  tJour.  Ph) , 
R.1.111on, vol, 12, pp. 777-783; October, 1951 
When a contant current is passed t lit ough .1 
,,- 1111 0 ,11.1th Thit  111.1111ellt or through a metal, 
setniconilit, tor contact, the magnitude of the 
observed fluctuations across the terminals is 
greato by some powers of 10 than that to be 
i•xpected from the thernial or shot effect. An 
explanatory theory is advanced based on the 
fluctuations ot the number of conduction elec-
trons in the case of filaments, and on the num-
ber of donor centers in the barrier layer in the 
case of metal/semiconductor contacts. 

538.221  1326 
The Frequency Dependence of Magnetic 

After-Effect in Powder Cores  Einsele and 
F. Baur. Z. uhgew. Phy;., vol. 3, pp. 373-376; 
October, 1951.) The complex permeability of a 
powder core is determined from the results of a 
series of bridge measurementsat frequencies be-
tween 30 cps and 100 kcps on a coil surrounding 
the core. After subtracting the effect of eddy 
currents (determined by extrapolation of Q 
measurements), the extent of the magnetic 
after-effect alone on the complex permeability 
is determined. The after-effect has different 
characteristics at low and high frequencies. It is 
not connected with the increase of permeability 
with temperature. Core losses at small field 
strengths and at frequencies up to 100 kcps are 
largely dependent on the after-effect. 

538.221  1327 
Ferromagnetic Resonance in Cobalt Ferrite 

at  High  Temperature -T.  Okamura,  V. 
Torizuka and V. Kojima. (Phys. Rev., vol. 84, 
p. 372; October 15, 1951.) 

538.221  1328 
Low-Frequency Dispersion in Ni- and Co-

Ferrites -K. Kamiyoshi. (Phys. Rev., vol. 84, 
po. 374-375; October IS, 1051.) 

538.221  1329 
The Magnetic Properties of a-Ferric Oxide 

- -W. P. Osmond. (Proc. Phys. Soe., vol. 64, 
pp. 931-932; October I, 1951.) Discussion and 
reconciliation of contending views advanced by 
Chevallier and Snoek (2731 of 1951) and Neel 
(31rd of 1949). 

538.221:538.24  1330 
The Value of the Spontaneous Magnetiza-

tion of Binary Nickel Alloys as • Function of 
Temperature-J. J. Went. (Phy ,ica, 's Gras., 
vol I ;, pp. 596 602; Juti., 1951.) 

538.221:538.652  1331 
Linear Magnetostriction of Homogeneous 

Nickel Alloys -J. J. Went. t  s (;,ay., 
v.01. 17, pp, 98 -116; February, 1951.) Tlw mag-
netostriction was measured as a function of 
alloy cotnposition, induction, and tempera-
ture; a comprehensive table of results is given 

and discussed. 

538.24  1332 
The Magnetization of Steels in Weak Mag-

netic Fields: Effects of Time, St  , Shocks, 
Transverse Magnetic Fields -L. 1 Iiboutrv. 
t•Dis•  rhY ,• trans', vol.  h. pp.  731-829; 
S,•ptember, October, 1951 1 Full t rem mem 
also 2230 .,f 19511. 

538.240  1331 
The Temperature Dependence of the Mag-

netic Viscosity of Ferromagnetic Metals  I: F. 
Kutitsvna  -0o1;it R.-'vi  t  I  I  

vol 70, pis 214 21s., .1,11v 11. 19:;1 In Rio.sian 

530.234  1334 
Notes on the Metallization of Surfaces by 

Evaporation in Vacuum  I. Dunoyer.  
Rend .1, a.1  . vol. 2.11, pp. 919 921; 

(ktobet 22, 1,)‘,1 I ),..tails .ire given of (a) pre-
t scat !mitt ot t surtvcc  choice of metal for 
heater, and  ) a met hi.1 of increasing ti, hard-
ness of t lie ilepioUt , iii relat ion to t  ion 

ot Al 01'. 

546.23: 548.55 : 537.311.33  1335 
Electrical Properties of Selenium: Part 2-

Microcrystalline Selenium -II. NN  II- lb -lu 
.Jour.  Phys., vol. 22, lip. 121.; 1278; 
October, 1951.) The electrical properties ot 
s,denium have been studied in their depend-
ence on history of preparation, i.e., as functions 
of initial temiwrature of the liquid selenium, 
quench procedure, nth leatiiin procedure, tem-

perature ot cryst  Ion, and time ot crystal-
liz4ttion. Single crystals and also a micro-
crystalline matrix of these crystals were in-
vestigated. The effect of the addition of small 
quantities of sulphur, oxygen and iodine was 
determined. The frequency dependence of 
resistivity was also studied. Carrier densities 
and effective mobilities are estimated from 
data on thermoelectric power and resistivity. 
The results obtained, and their relation to other 

observations and to theories of semiconductors, 
di.;,- 11A5ed. Part 1: 698 of April. 

546.23.03  1336 
Studies on Selenium and its Alloys: Report 

1-Physical Properties of Selenium -T. Sato 
and H. Kaneko. t Tech. 120. Tohoku 
vol. 14, pp. 45-54; 1950.) Includes measure-
ments of expansion coefficient, density, specific 
heat, melting and boiling points, dependence of 
electrical resistance on heat treatment, and 
resistance at high temperature. 

546.28:537.534.9:621.314.6  1337 
Properties of Ionic Bombarded Silicon -

R. S. (thl. k Bell Sys. Tech. Jour., vol. 31, pp. 
104-121; January, 1952.) The change of the 

rectifying properties of Si was studied as a func-
tion of ion velocity, intensity of bombarding 
current, lengt Ii of t' • of bombardment, kind 
of gas (H, lie, N, Ar), and the temperature of 
the specimen during bombardment. It was 
found that Si contaminated with B to the 
point where it shows little rectification can be 
modified by bombardment to make its rectify-
ing properties better than those of most un-
bombarded materials. 

546.280:537.312.67  1338 
The Electrical Conductivity of Liquid Ger-

manium  R. W. Keyes. (Phys. tier., vol. 84, 
lip. 3(i7-368; October 15, 1951.) The resistivity 
01 liquid Gt near the melting point was found 
to be 60). 11 CIII (alM ,t1t 1115 that of solid Ge 
at the melting point), with a positive tempera-
ture coeftiiii lit 01 about 1 or 2 parts in 104 per 

Trtrie opunrti.ty of t he Ge was stated to be over 
I   

546.321.85:621.3.011.5 13 

Difference between the Dielectric 30Con-
stants of Free and Clamped KH,PO, Crystals - 
11. Itaunigartni r. !lel:.  :hiss, vol. 24, 
pp. 320-329; S-ptendwr 20, 1951. In German.) 
Measurements  in  the  temperature  range 
-155° to - 120°C confirm the Curie- Weiss 
linear relation between the reciprocal of the 
dielectric ci•ti•tant and the temperature, both 
for a crystal effectively clamped by exciting it 
at its 201st hartnottic k 10 m(-w%) and for a free 
crystal excited at its fundamental frequency 
of 1 kept. The graph for the free crystal is dis-
placed about 4', toward higher temperatures, 
relative to that for the clamped crystal. The 
results are in complete agreement with Mftllera 
the,,ty. 

546.431.824-31  1340 
Ferroelectricity V1TSUS Antiferroelectricity 

in Barium Titanato -M. II. Cohen. (Phys. 
tier  vol. 85, p. 369; 0‘ tobcr IS, 1951.) Dis-
cussion of an ant 'trawled ric state leads to the 
conclutdon that the ferroelectric properties of 
BaTiOs cannot be explained by the simple 
ilitxde-dipole interaction male! suggested by 
Slater (2188 (ii 1050). 

546.431.824-31  1341 
Theory of Barium Titanate: Part 2-A. F. 

Devonshire. t Phii. Mat . vii. 42. PP- 1065-
1079; October, 1951.) The theory given in part 
I (663 of 1950) is extended, and expressions are 
obtained for the piezoelectric constants, the 
elastic coefficients for constant field and the 
dielectric constants for constant strain in terms 
of other physical constants of the material. 
These quantities are plotted as functions of 
temperature, and comparison is made with 
tubes found experimentally. The relations be-
t run t he constants of the ceramic and those of 
the single crystal are discussed briefly. 

546.431.824-31:621.3.011.5  1342 
Is the Ferroelectric Transition of Barium 

Titanate at 120'C of the First or the Second 
Kind? - W. K.-Inzig and N. Maikoff. (Heir. 
Phys. Ada, vol. 24, pp. 343-356;September 20, 
1931. In German.) Investigation of the effect 
of a biasing field on the permittivity of single-
domain BaTiOs crystals in the range 20°-
180°C confirms Devonshire's theory (663 of 
1950). The transition at 120°C appears to be an 
adiabatic transition of the first kind. 

546.817.221:621.314.63 43  
The Rectifying Properties of Lead Sulphide 

-I. I. Adrianiva and I. L. Sok askaya. 
Trkh. Frs., vol. 21, pp. 713-714; June, 1951.) 
According to modern theory, contact rectifica-
tion takes place when the metal is positive with 
respect to the semiconductor. Experiments with 
PbS and a tungsten point indicated that if t 
applied voltage is increased up to 1-1.5 v the 
rectified current changes its direction. Also, if 
the rectifying contact is placed in vacuum, 
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the current decreases and then changes its sign. 
An explanation of the phenomena is advanced. 

546.824-31:621.315.612.4  1344 
Electric and Thermoelectric Properties of 

Partially Reduced (Blue) Titanium Dioxide — 
B. I. Boltaks, F. I. Vase ll i ll and A. E. Salunina. 
(Zh. Tekh. Fig., vol. 21, pp. 532-546; May, 
1951.) Experiments were conducted for deter-
mining, within a wide range of temperatures, 
the specific conductivity and thermoelectric 
emf of samples of TiO2 at various degrees of 
reduction. The results obtained are explained 
from the standpoint of modern theories on the 
conductivity of semiconductors. 

546.-31:621.315.612.4  1345 
Dielectric Properties of VaTious Prepara-

tions of Titanium Dioxide —I. N. Belyaev, N. 
S. Novosil'tsev, A. L. Khodakov and M. S. 
Sh aman. (Zh. Tekh. Fiz., vol. 21, pp. 547-
551; May, 1951.) The effect of impurities on 
the dielectric properties of TiO2 has been 
studied on six different samples. The results 
obtained are shown in curves and tables. 

548.0:537.228.1  1346 
Growing Piezoelectric Crystals —H. Mo-

saner and M. Wurl. (Arch. elekt. Obertragung, 
vol. 5, pp. 463-467; October, 1951.) An ex-
amination is made of factors influencing the 
development of single crystals of commonly 
used types, grown from an aqueous solution 
whose temperature is reduced under controlled 
conditions. A constant rate of growth of only 
a few millimeters per clay is desirable. The 
temperature reduction must be determined in 
relation to the rate of growth to give the re-
quired size. 

548.0: 538.114  1347 
Interatomic Distances and Ferromagnetism 

in Spinels —R S. Weisz. (Phys. Rev., vol. 84, 
p. 379; October 15, 1951.) Discussion with 
particular reference to the hypothesis that spin 
interaction is inversely proportional to the 
distance from a metal ion to a nearest neighbor 
(i.e., an oxygen ion) and thence to another 
metal ion. 

621.315.612.6:537.311  1348 
Breakdown and Electric Conductivity of 

Glass —K. J. Keller. (Physica, 's Gray., vol. 17, 
pp. 511-530; May, 1951.) 

621.315.616  1349 
Synthetic  Materials —P.  Domin. (Fern-

meldetech. Z., vol. 4, pp. 461-467; October, 
1951.) Review of various plastics and their 
derivation. Mechanical and electrical properties 
are tabulated. 

621.396.611.21:549.514.51  1350 
Frequency Shift of Piezoelectric Oscilla-

tions of Quartz under High Pressure —A. 
Michels and J. P. Perez. (Phyvita, 's Gray., 
vol. 17, pp. 563-564; May, 1951.) Measure-
ments are reported on two quartz resonators, 
an AT cut with frequency 942 kcps and a BT 
cut with frequency 6.04 mcps at atmospheric 
pressure. The slope of the frequency/pressure 
curve is positive for the AT and negative for the 
BT cut. 

666.1  1351 
Technical Control in Glass Manufacture — 

J. II. Partridge and E. Preston. (GEC Jour., 
vol. 18, pp. 212-220; October, 1951.) Descrip-
tions are given of an automatic method of 
controlling the temperature of a large glass-
melting tank furnace, a photoelectric pyrom-
eter for measuring accurately the tempera-
ture of glass as it is fed to machines, and an 
instrument for measuring the diameter of glass 
tubing during the drawing process. The results 
of applying these controls are demonstrated. 

MATHE MATICS 

517.6:621.396.611.1  1352 
The Impulse Integral, a Counterpart of the 

Duhamel Step Integral -R. Lueg, M. Nish.' 
and W. Reichardt. (Ann. Phys. (Liu ), vol. 9, 
pp. 307-315; October 15, 1951.) If a time-
variable disturbing force acts on a linear sys-
tern and G is one of the system parameters, the 
f unction G(t), representing the time dependence 
of G under the action of the disturbing force, 
may be represented by the Duhamel integral. 
It may also be represented in a much simpler 
way by an expression whose integrand differs 
from the Duliamel integral in that the effect 
of the step function (unit step) is replaced by 
the effect of a delta function (needle impulse). 
Hence the term impulse integral. It is the 
simplest form of many possible expressions, and 
leads, under stated conditions, to a multiplica-
tion law for finding Fourier components. 

517.9  1353 
On a Relaxation Method for Eigenvalue 

Problems —S. II. Crandall. (Jour. Math. Phys., 
vol. 30, pp. 140-145; October, 1951.) 

517.9  1354 
The Application of Relaxation Methods to 

the Solution of Differential Equations in Three 
Dimensions: Part 1—Boundary Value Po-
tential Problems —D. N. de G. Allen and S. C. 
It. Dennis. (Quart. Jour. Mech. A ppl. Math., 
vol. 4, part 2, pp. 199-208; June, 19.51.) 

518.5  1355 
The Logarithmic-Complex-Number Plane 

and the Complex-Number Calculator — W. de 
Beauclair. (Z. Ver. Disc/s. big., vol. 93, pp. 
955-957; October 21, 1951.) The complex-
number plane with rectangular- and polar-
coordinate network can be so transformed that 
multiplication and division of complex num-
bers reduce to simple addition and subtraction. 
This forms the basis of a simple calculator. 

681.142  1356 
The Binac —A. A. Auerbach, J. P. Eckert, 

Jr., R F. Shaw, J. R. Weiner and L. D. Wilson. 
(Pitoc. I.R.E., vol. 40, pp. 12-20; January, 
1952.) A comprehensive description of a high-
speed electronic digital computer. The Binac 
consists of a main computing section, input-
output equipment, and a mercury delay line of 
512-word capacity. It is a combination of a few 
basic circuits, classified as diode matrices, 
switching gates, and reshaping gates; the latter 
allow a "pulse-envelope" representation of in-
formation. Crystal diodes are used in switching 
and gating. Crystal gates are used with electric 
delay lines to form a serial binary adder. Input 
data are supplied to the memory from a key-
board or magnetic tape through a synchronizer, 
which is also used to transfer data from the 
memory to magnetic tape or an electric type-
writer. 

681.142  1357 
Logical  Description  of  some  Digital-

Computer Adders and Counters —H. J. Gray, 
Jr. (Paoc. I.R.E., vol. 40, pp. 29-33; January, 
1952.) Ds..scription of some of the circuits in-
corporated in the EDVAC computer. 

681.142:517.942.9  1358 
A Three-Dimensional Electrical Potential 

Analyser —S. C. Redshaw. (Brit. Jour. App!. 
Phys., vol. 2, pp. 291-295; October, 1951.) A 
resistance network is used in an electrical-
analogue method of solving problems involving 
the three-dimensional form of Laplace's equa-
tion. 

681.142: 621.392.5  1359 
Magnetostriction Storage Systems for a 

High-Speed  Digital  Computer —Millership, 
Robbins and De Barr. (See 1200.) 

517.63  1360 
Die zweidimensionale Laplace-Transforma-

tion, eine Einfilhrung in ihre Anwendung zur 
Losung von Randwertproblemen nebst label-
len von Korrespondenzen (The Two-Dimen-
sional Laplace Transformation, an Introduction 
to its Application in the Solution of Boundary 
Problems, with Tables of Transforms). [Book 
Review] -D. Voelker and G. Doetsch. Pub-
lislwrs:  Birkha user,  Basle,  1950, 259 pp., 
bound, 43 Swiss francs; paper-covered, 39 
Swiss francs. (Z. angew. Phys., vol. 3, p. 398; 
October, 1951.) "The book is written just as 
the scientific pract icing engineer requires it." 

519.2  1361 
Introduction to the Theory of Probability 

and Statistics. [Book Reviewj N. Arley and 
K. R. Buck Publishers: Chapman St Hall, 
London, 1950, 236 pp., 32s. (Bearna Jour., vol. 
58, p. 340; October, 1951.) "The treatment 
given to the subject matter is clear and con-
cise, wisely illustrated with actual fully worked 
examples, many of a numerical nature." 

MEASURE MENTS AND TEST GEAR 

389.6  1352 
Recent Developments and Techniques in 

the Maintenance of Standards —M. M. Post-
gate. (Nature (Loud.), vol. 168, pp. 594- 597; 
October 6, 1951.) Report of a symposium at 
the National Physical Laboratory, 21st-22nd 
May 1951. Most of the staniardizing labora-
tories of Europe, the Commonwealth, and 
North America were represented and also 
many research and industrial organizations in 
Britain. An outline is given of the various sub-
jects discussed. The full proceedings are to be 
published shortly by JI M. Stationery Office 

529.78  1363 
A Precision Radio Time-Signal System — 

D. W. R. NIcKilley and B. E. Bourne. (Canad. 
Jour. Tech., vol. 29, pp. 428 -434; October, 
1951.) Accurate "s?conds" pulses are pro-luced 
from a 100-kcps qu .irtz-crystal frequency stand-
ard , coied , and radiated from a 220-mcps trans-
mitter with lin--of-sight coverage. The average 
error in the interval between two pulses is 10-7  
sec. at the source, or 10-6  sec. as observed at dis-
tant stations. The system has been used for 
continuous automatic time recording at the 
various stations of a meteor-observation twt . • work. 

621.317.31:621.396.645  1364 
Reduction of Measuring Time of Low-

Current Amplifiers without Reduction of Sensi-
tivity —J. Thiel). (Compt. Rend. Acad. Sci., 
Paris), vol. 233, pp. 785-787; October 8, 1951.) 
The time constant of the amplifier input circuit 
is reduced by eliminating stray capacitance as-
sociated with a high inpitt resistance; this is 
done by immersing the resistor in an appropri-
ate electrostatic field. In one experimental ar-
rangement the resistor was inserted through a 
pair of parallel plates of which one was earthed 

while the other was connected to a negative 
feedback circuit. Measuring time is so short 
that drift effects are eliminated. Some numeri-
cal results obtained with different values of 
input resistance are tabulated. 

621.317.329: 621.392.26  1365 
Determination of Aperture Parameters 

Electrolytic-Tank Measurements —S. B. Cohn 
(Paoc. 1.R.E., vol. 40, p. 33; January, 1952 
Correction to paper noted in 725 of April. 

621 .317 .333.4.015.7:621.315.2  1366 
Pulse Location of Line Irregularities 

Beguin. (Cables F."," Transmissi in (Paris), v, 
pp. 315-324; October, 1951.) See also 3091 
1950 (Beguin and Maitgard). 

621.317.355.3+ 538.569.4  1367 
A New Abac for determining Dielectric 

Constant and Absorption at Centimetre Wave-
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lengths —S. lc Montagne!. and J. Le Hot. 
,Compt. Reed. Acad. Sci. (Paris), vol. 233. OP. 
1017 1019; 0.1011er 20, 1951.1 A method differ-

) ine from those of Benoit (935 of 1950) and 
Rotterts and von M otel (178 of 1947) is pre-

- s,-nted for the graphical solution of the equa-
) t on Z =s  tan ha which is involved in the de-
. tei initiation of dielectric constants by the 
in.-t hod of standing waves in waveguides. 

621.317.335.3 -4- 538.56C.41: 533.1  1368 
11.H.F. Measurements of Dielectric Con-

stants and Absorption Coefficients of Gases 
and Vapours —.. Gennaoui. ( fleiv. Phys. Acta, 
01. 24, pp, 333-334; Smtember 20, 1951. In 
Tench.) Short outline of n cavity-resonator 
met hod of measurement, details of which are to 
be published later. 

621.317.335.3.029.63  1360 
The Coaxial Line as a Measurement In-

strument in the Decimetre- Wave Band —II. 
!alt.:m.1,0 and II. Falkenliagen (Ann. Phys. 
I pe ), vol. 9, pp. 341-356; 0.-tober IS, 1951.) 
l'iteory and experimental determination of 

permittivit y and  perrneabilit y of 
'timer lats. 

021.317.335.3.029.64  1370 
Measurement of the Electrical Properties 

of Highly Absorbing Dielectrics on Centimetre 
Waves by the Infinite Layer' Method -N. V. 
11eitsandrov. (7.h. tekh. Fis., vol. 21, in,. 647 
l; June, 1951.) The dielectric under test is 

, it oduced into a cylindrical waveguide in 
tt loch II, waves are propagated. Atemming no 

ion from the far end, the dielectric con-
,t ant and loss angle can be calculated trom the 
i•tat but ion of the field in front of the th elect ric. 
I 11,1[0 ,01y of the met boll is given. ‘‘  experi-

ment al I eSUII.S. 

621.317.335.3.029.64:546.21 7 1371 
The Refractive Indices and Dielectric Con-

stants of Air and its Principal Constituents at 
24000 Mcs -1... Essen and K. D. Froome. 
!'roc. Phvc. Soc., vol. 64, pp. 862- 815; Oc.tober 
1, 1051.) Full account of work noted in 1707 of 
1051. 

621.317.336.020.64  1372 
Waveguide  Measurement  Sections  for 

Centimetre Waves  0  Macek. (I:error's:title--
tech. 2 , vol. 4, pp. 436-437; 0:totter, 1951.) 
Short account of two ilii-moile slotted cylin-
drical waveguide sections for impedance meas-
urement at wavelengths of 5 and 3 2 cm. 

621.317.34.002:021.307.24  1373 
Measurement of Differences of Group 

Propagation Time on a Non-looped Line —J. 
St.•1: and J. Iltis. (Cables t::r• Trans. (Paris), vol. 
5, pp. 337-346; October, 1951.) Two AM waves 
are simultaneously applied to the cable, one of 
fixed frequency 100 kcps modulated at 10 kcps. 
thcot her varying from 250 kcps to 10.5 mcpsand 
modulated at 50 kcps. The 10-kciis !undulation 
isobtained by division from the 50-kcpsmodula-
tion, so that there is a constant though un-
known phase relation between them. The two 
carriers are separately demodulated at the re-
ceiving end, and the phases, after multiplica-
tion of the 10-kcps frequency, compared. The 
choice of frequencies is based on minimum re-
quirements for the transmission of  high-
definition television signals. The equipment, 
details of which are given, has an accuracy to 
within ± 0.02 ras for group-propagation time 
measurements, the sensitivity being 0.005 as. 

621.317.35  1374 
Harmonic Analysis of Waves up to Eleventh 

Harmonic (Odd Harmonics only) —P. Kemp. 
(Electronic Eng., vol. 23, pp. 390 393; October, 
1951.) Grouping of s.leoted or linates in the 
wave equations is applied, as in earlier analysis 
(465 of 1943), to ob:ain the co:Ificients of the 
sum and difference compon mts. Tables are 

given by which a straightforward quantitative 
analysis of a wave can be effected. Numerical 
calculations are made for a square wave. 

621.317.725  1375 
'Stromdammung' —a New 'German) Term 

for rating Voltmeters —E. Meyer. (Funk u. 
Ti,,, vol. 5, pp. 514-517; October, 1951.) The 
German word suggested for "ohtns per volt" is 
"Stromdilmmung," (literally, "current reduc-
tion"), defined as the ratio of total meter re-
sistance to voltage for full-scale deflection. 

621.317.725  1376 
Highly  Stable  V-T  Voltmeter —M.  G. 

Scroggie. (E/caronicr, vol. 24, pp. 142, 224; 
December, 1951.) See 1041 of May. 

621.317.76  1377 
The Secondary-Standard U.H.F. Generator 

of the Compagnie generale de T.S.F. — M. 
Denis and II. Fovet.  Radionect., vol. 6, 
pp. 336-350; October, 1951. Onde flea., vol. 31, 
pp. 384-395; October, 1931.) A 3.750-mcps 
quartz-crystal-controlled frequency is multi-
plied to 270 milts (Fs) and applied to a Type-
N M 14 klystron multiplier. No dulation Is 
applied to the klystron multiplier at a frequency 
Fs 3, so t hat integral multiples pF0/3 are avail-
able where 246 p$ 48. Further subdivision is 
attained by interpolation, using a standard 
variable-frequency oscillator The normal range 
of 2,160 -4,320 km-ps can be extended to 0.6-
30 kittens by frequency-multiplication methods. 
Accuracy is within about 5 parts in 10, but 
can be improved to 1 part in 10". Auxiliary 
equipment available enables the meter to be 
used for calibrating wavemetrrs, for frequency 
measurement. and for estimation of the depth 

of parasitic modulation. 

021.317.761  1378 
Navy Primary Standard Frequency Meter 

—J. M. Carroll. (Elearamict, vol 24, pp. 172, 
192; December, 1951.) Description of the  S. 
Navy model-LA M equipment for frequency 
measurements front 15 kepis to 27 mcps with 
accuracy to within 1 cps in 10 mcps. This 
equipment is used by frequency-measurement 
units at large naval radio stations on shore. 
The output of a high-grade crystal oscillator 
at 100 kcps is divided down to 9, 10 and 11 
kept:. and harmonics of these three frequencies 
are generated. The difference frequency be-
tween the carrier to be measured and the 
nearest harmonic of each of the three frequen-
cies is found in turn, using a calibrated af 
interpolation oscillator. A triple check of each 
measurement is thus obtained. Additional 
equipment using a 50-kcps crystal to provide 
check points for a very stable vfo extends the 
measurement range to 160 mcps. 

621.317.79:621.306.611.21.012.8 1379 
Quartz-Crystal  Measurement at  10 to 

180  Mc 's—E.  A.  Gerber. (Pitoc.  I.R.E., 
vol. 40, pp. 36-40; January, 1952.) A method is 
described for measuring the equivalent pa-
rameters of the main and spurious modes. The 
crystal is connected between the anode and 
cathode of an amplifier tube, and the voltage 
across it is recorded as a function of frequency. 
The required parameters can then be derived. 

621.317.79:621.306.67.029.64  1380 
Automatic Antenna Wave-Front Plotter — 

R. M. Barrett and M. II. Barnes. (Electronics, 
vol. 25, pp. 120-125; January, 1952.) Descrip-
tion of equipment which scans a plane, 30X36 
inches, in front of a microwave antenna and 
plots either phase or amplitude contours. 

621.317.792:621.396.645.01 8.424  1181 
Widebrand  Pre-amplifier -Horner.  (See 

1248.) 

621.396.615.11:534.844.1  1382 
Equipment  for Acoustic Measurements: 

Part 2—A Portable Tone Source Developed 

for Use in Room Acoustics —C. G. Mayo and 
I). G. Beadle. (Electrorsic Ent., vol. 23, pp. 
368-373; October, 1951.) Description of a 
unit which provides an adjustable af output up 
to 20 db above 1 mw into a 600-0 load. The 
effective incremental capacitance of the tuning 
capacitor in the variable oscillator is dependent 
on the circuit gain. This is varied by a signal 
from a transitron oscillator to effect a 10 per 
cent warble at 7cps, with n.gligible amplitude 
modulation. A synchront us motor and gear-
box effect a frequency sweep of 20 cps-20 kcps 
in 4, 8, 16 or 32 minutes. Detailed circuit 
diagrams and performance curves are shown. 

621.395.615.12.029.51 .62:621.314.26  1383 
Wide-Band Converter for Signal Generator 

- -D. M. 11111. (12.1ecteoisi,s, vol. 24, pp. 118-121; 
December, 1951.) FM and AM signals are 
provided over the whole frequency range 100 
kcps-216 melts by a vhf signal generator oper-
ating in conjunction with a wide-band con-
verter 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

531.766  1384 
Self-Adjusting Timer for Bullet Photog-

raphy- -J. Buttock. I Rat. .St  22, 
pp.  743-745; October,  1951.) A reference 
voltage is produced proportional to the time 
interval taken for the bullet to travel a given 
distance; this voltage is used to measure off 
second interval equal to the first and immedi-
ately following it. at the end of which the 
light source is flashed. The system is useful 
where the velocity of the bullet is not known 
in advance. 

538.569.2.047  1385 
The Dielectric Behaviour of some Types of 

Human Tissuis at Microwave Frequencies 
II F. Cook. (Iirst. Jour. App:. Phy'.. vol. 2, 
pp 295-300; October, 1951.) Measurements of 
the complex dielectric constant were made 
over the wavelength range 6.3-17 cm, using a 
coaxial-line method described by Roberts and 
von Ilippel (178 of 1947). Results arc discussed 
in relation to dielectric theory. 

621-52:621.389  1386 
An Electronic Process-Controller —J. R. 

Bounily and S. A. Bergen (Proc. IRE, Part 
vol. 98, pp. 609 -615:October. 1951. Discusalon, 
pp.  615-618.)  Fundamental  principles of 
process control are discussed, and a method 
of converting the physical quantities into dc 
is described. Details are glven of an electrical 
controller which operates an electro-pneumatic 
relay mounted on the control tube. 

621.365  1387 
A Review of Progress in Electric Furnaces 

— D. M. Dovey and I. Jenkins. (GEC Jour., 
vol. IS, pp. 194-211; October, 1931.) Descrip-
tions are given of both well-known and novel 
types of furnace operat  by rf, arc and 
resistor heating. 

621.384.6  1388 
The Linear  Electron Accelerator as a 

Pulsed Neutron Source —B. T. Feld. (Nacle-
,taicc, vol. 9, pp. 51-57; October, 1951.) 

621.385.833  1389 
Study of Low-Power Electrostatic [elec-

tron] Lenses: the Second Approximation — 
F. Bertein. (Jour. Phys. Radium, vol. 12, 
pp. 25A-31A; October, 1951.) Continuation of 
work noted in 3082 of 1951. 

621.385.833  1300 
An Independent  Electrostatic [electron] 

Lens with Minimum Ellip thal Astigmatism — 
E. Regenstreit. • four. Phys. Radium, vol. 12. 
pp. 760-761; July/September, 1951.) 

621.385.833  1391 
Theory  of  the  Elliptical  Electrostatic 
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the current decreases and then changes its sign. 
An explanation of the phenomena is advanced. 

546.824-31:621.315.612.4  1344 
Electric and Thermoelectric Properties of 

Partially Reduced (Blue) Titanium Dioxide — 
B. I. Bo!take, F. 1. Vasenin and A. E. Salunina. 
(Zh. Tekh. Fits., vol. 21, pp. 532-546; May, 
1951.) Experiments were conducted for deter-
mining, within a wide range of temperatures, 
the specific conductivity and thermoelectric 
emf of samples of TiO2 at various degrees of 
reduction. The results obtained are explained 
from the standpoint of modern theories on the 
conductivity of semiconductors. 

546.-31:621.315.612.4  1345 
Dielectric Properties of Various Prepara-

tions of Titanium Dioxide —I.  Belyaev, N. 
S. Novosil'tsev, A. L. Khodakov and M. S. 
Shul man. (Zh. Tekh. Fiz., vol. 21, pp. 547-
551; May, 1951.) The effect of impurities on 
the dielectric properties of TiO2 has been 
studied on six different samples. The results 
obtained are shown in curves and tables. 

548.0:537.228.1  1346 
Growing Piezoelectric Crystals—H. Mo-

saner and M. Wurl. (Arch. dela. Obertragung, 
vol. 5, pp. 463-467; October, 1951.) An ex-
amination is made of factors influencing the 
development of single crystals of commonly 
used types, grown from an aqueous solution 
whose temperature is reduced under controlled 
conditions. A constant rate of growth of only 
a few millimeters per day is desirable. The 
temperature reduction must be determined in 
relation to the rate of growth to give the re-
quired size. 

548.0: 538.114  1347 
Interatomic Distances and Ferromagnetism 

in Spinels —R. S. Weis. (Phys. Rev., vol. 84, 
p. 379; October 15, 1951.) Discussion with 
particular reference to the hypothesis that spin 
interaction is inversely proportional to the 
distance from a metal ion to a nearest neighbor 
(i.e., an oxygen ion) and thence to another 
metal ion. 

621.315.612.6:537.311  1348 
Breakdown and Electric Conductivity of 

Glass —K. J. Keller. (Phyvica,'s Gray., vol. 17, 
pp. 511-530; May, 1951.) 

621.315.616  1349 
Synthetic Materials —P. Domin. (Fern-

meldelech. Z., vol. 4, pp. 461-467; October, 
1951.) Review of various plastics and their 
derivation. Mechanical and electrical properties 
are tabulated. 

621.396.611.21:549.514.51  1350 
Frequency Shift of Piezoelectric Oscilla-

tions of Quartz under High Pressure—A. 
Michels and J. P. P6rez. (Physi,a, 's Gray., 
vol. 17, pp. 563-564; May, 1951.) Measure-
ments are reported on two quartz resonators, 
an AT cut with frequency 942 kcps and a BT 
cut with frequency 6.04 mcps at atmospheric 
pressure. The slope of the frequency/pressure 
curve is positive for the AT and negative for the 
BT cut. 

666.1  1351 
Technical Control in Glass Manufacture— 

J. H. Partridge and E. Preston. (GEC Jour., 
vol. 18, pp. 212-220; October, 1951.) Descrip-
tions are given of an automatic method of 
controlling the temperature of a large glass-
melting tank furnace, a photoelectric pyrom-
eter for measuring accurately the tempera-
ture of glass as it is fed to machines, and an 
instrument for measuring the diameter of glass 
tubing during the drawing process. The results 
of applying these controls are demonstrated. 

MATHEMATICS 

S17.6:621.396.611.1  1352 
The Impulse Integral, a Counterpart of the 

Duhamel Step Integral —R. Lueg, M. Plisler 
and W. Reichardt. (Ann. Phys. (Lire ), vol. 9, 
pp. 307-315; October 15, 1951.) If a time-
variable disturbing force acts on a linear sys-
tem and G is one of the system parameters, the 
function G(t), representing the time dependence 
of G under the action of the disturbing force, 
may be represented by the Duhamel integral. 
It may also be represented in a much simpler 
way by an expression whose integrand differs 
from the Duhatnel integral in that the effect 
of the step function (unit step) is replaced by 
the effect of a delta function (needle impulse). 
Hence the term impulse integral. It is the 
simplest form of many possible expressions, and 
leads, under stated conditions, to a multiplica-
tion law for finding Fourier components. 

517.9  1353 
On a Relaxation Method for Eigenvalue 

Problems—S. I I. Crandall. (Jour. Math. Phys., 
vol. 30, pp. 140-145; October, 1951.) 

517.9  1354 
The Application of Relaxation Methods to 

the Solution of Differential Equations in Three 
Dimensions: Part 1—Boundary Value Po-
tential Problems--D. N. de G. Allen and S. C. 
R. Dennis. (Quart. Jour. Mech. A ppl. Math., 
vol. 4, part 2, pp. 199-208; June, 1951.) 

518.5  1355 
The Logarithmic-Complex-Number Plane 

and the Complex-Number Calculator—W. de 
Beauclair. (Z. Ver. Dtsch. lug., vol. 93, pp. 
955-957; October 21, 1951.) The complex. 
number plane with rectangular- and polar-
coordinate network can be so transformed that 
multiplication and division of complex num-
bers reduce to simple addition and subtraction. 
This forms the basis of a simple calculator. 

681.142  1356 
The Binac —A. A. Auerbach, J. P. Eckert, 

Jr., R. F. Shaw, J. R. Weiner and L. D. Wilson. 
(Pitoc. I.R.E., vol. 40, pp. 12-29; January, 
1952.) A comprehensive description of a high-
speed electronic digital computer. The Binac 
consists of a main computing section, input-
output equipment, and a mercury delay line of 
512-word capacity. It is a combination of a few 
basic circuits, classified as diode matrices, 
switching gates, and reshaping gates; the latter 
allow a "pulse-envelope" representation of in-
formation. Crystal diodes are used in switching 
and gating. Crystal gates are used with electric 
delay lines to form a serial binary adder. Input 
data are supplied to the memory from a key-
board or magnetic tape through a synchronizer, 
which is also used to transfer data from the 
memory to magnetic tape or an electric type-
writer. 

681.142  1357 
Logical  Description  of  some  Digital-

Computer Adders and Counters—H. J. Gray, 
Jr. (Paoc. I.R.E., vol. 40, pp. 29-33; January, 
1952.) Dascription of some of the circuits in-
corporated in the EDVAC computer. 

681.142:517.942.9  1358 
A Three-Dimensional Electrical Potential 

Analyser—S. C. Redshaw. (Brit. Jour. A ppl. 
Phys., vol. 2, pp. 291-295; October, 1951.) A 
resistance network is used in an electrical-
analogue method of solving problems involving 
the three-dimensional form of Laplace's equa-
tion. 

681.142:621.392.5  1359 
Magnetostriction Storage Systems for a 

High-Speed  Digital  Computer—I\ lillership, 
Robbins and De Barr. (See 1200.) 

517.63  1360 
Die zweidimensionale Laplace-Transforma-

tion, eine Einfilhrung in ihre Anwendung zur 
Ltisung von Randwertproblemen nebst Tabel - 
len von Korrespondenzen (The Two-Dimen-
sional Laplace Transformation, an Introduction 
to its Application in the Solution of Boundary 
Problems, with Tables of Transforms). [Book 
Review] —D. Voelker and G. Doetsch. Pub-
fishy: s: Birklifluser, Basle, 1950, 259 pp, 
bound, 43 Swiss francs; paper-covered, 39 
Swiss francs. (Z. angett. Phys., vol. 3, p. 398; 
October, 1951.) "The book is written just as 
the scientific practicing engineer requires it." 

519.2  1361 
Introduction to the Theory of Probability 

and Statistics. [Book Reviewj —N. Arley and 
K. R. Buck Publishers: Chapman & Hall, 
London, 1950, 236 pp., 32s. (Beama Jour., vol. 
58, p. 340; October, 1951.) "The treatment 
given to the subject matter is clear and con-
cise, wisely illustrated with actual fully worked 
examples, many of a numerical nature." 

MEASUREMENTS AND TEST GEAR 

389.6  1352 
Recent Developments and Techniques in 

the Maintenance of Standards—M. M. Post-
gate. (Nature (Lond.), vol. 168. pp. 594-597; 
October 6, 1951.) Report of a symposium at 
the National Physical Laboratory, 21st-22nd 
May 1951. Most of the standardizing labora-
tories of Europe, the Commonwealth, and 
North America were represented and also 
many research and industrial organizations in 
Britain. An outline is given of the various sub-
jects discussed. The full proceedings are to be 
published shortly by 11. M. Stationery Office 

529.78  1363 
A Precision Radio Time-Signal System— 

D. W. R. McKi.tley and B. E. Bourne. (Gonad. 
Jour. Tech., vol. 29, pp. 428-434; October, 
1951.) Accurate "s •conds" pulses are produced 
from a 100-kcps quartz-crystal frequency stand-
ard , coded ,and radiated from a 220-mcps trans-
mitter with li n̂-of-sight coverage. The average 
error in the interval between two pulses is 10-,  
sec. at the source, or 10-4  sec. as observed at dis-
tant stations. The system has been used for 
continuous automatic time recording at the 
various stations of a meteor-observation net-
' Work. 

621.317.31:621.396.645  1364 
Reduction of Measuring Time of Low-

Current Amplifiers without Reduction of Sensi-
tivity —J. Tale!). (Compt. Rend. Acad. .Si., 
Paris), vol. 233, pp. 785-787; October 8,1951.) 
The time constant of the amplifier input circuit 
is reduced by eliminating stray capacitance as-
sociated with a high inplit resistance; this is 
done by immersing the resistor in an appropri-
ate electrostatic field. In one experimental ar-
rangement the resistor was inserted through a 
pair of parallel plates of which one was earthed 
while the other was connected to a negative 
feedback circuit. Measuring time is so short 
that drift effects are eliminated. Some numeri-
cal results obtained with different values of 
input resistance are tabulated. 

621.317.329 : 621.392.26  1365 
Determination of Aperture Parameters by 

Electrolytic-Tank Measurements—S. B. Cohn. 
(Psoc. I.R.E., vol. 40, p. 33; January, 1952.) 
Correction to paper noted in 725 of April. 

621 .317 .333.4.015.7:621.315.2  1366 
Pulse Location of Line Irregularities—C 

Beguin. (Cables lg. Transmissi ot (Paris), vol. 5 
pp. 315-324; October, 1951.) See also 3091 01 
1950 (13t,guin and Maugard). 

621.317.355.3+ 538.569.4  1367 
A New Abac for determining Dielectric 

Constant and Absorption at Centimetre Wave-
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lengths -S  le Montagnir and J. I e Bot. 
s (-swam Rends Acad. Sei tParial, vol. 233, pp, 
11)17  1019; OA ober 20,1051 1.N met hot differ-
ing 17,111 those of Benoit (9.15 of 10510 and 
Wthert a and von Ilippel (178 of 19471 is pre-

! s. riled tor the graphical aollit   of the equa-
l!Ism 7 -  tan As which is involved in the tie-
'I imitation ol dielectric constants by the 

s m I hod ol standing w AV. ,' In 5i.i ve oai.lelk. 

621.317.335.3 4 53S.56t.41: 533.1  1368 
U.H.F. Measurements of Dielectric Con-

stants and Absorption Coefficients of Gases 
and Vapours - X. t.ennaoui.  /Iffy. Phyt .t, 

24, pp, 3 1.1 4.44; S•ptember 20, 19k I. In 
.5  11  N!1,11 I  111111111̀  Of  .1 

h. , nicasuienient,  Ali. 01 is iii  Ii Att. ti 

i.11. t 

621.317.335.3.020.63  1369 
The Coaxial Line as a Measurement In-

strument in the Decimetre- Wave Band -11. 
hilion.xel and 11 hallsenliagen (AI as. Phys. 
I pr ). vol 0, pp 141 350; O.-lobe( IS, 1931 
I 11INII N  .1 m1  rap-timental determination of 
suiplet  permitt wily and  permeability of 
.41,5t Cita'. 

4521.317.335.3.020.M  1370 
Measurement of the Electrical Properties 

of Highly Absorbing Dielectrics on Centimetre 

Waves by the 'Infinite Layer' Method -N V. 
Zit lek• 2- 11  VOI  21, pp. ol7 

Imp-, 1951 1 The dielectric under test is 
.,tit.shiced into a cyltmltical nays-guide in 
ts hi, it II wavrs are propag.itca  ssiiniing no 
tls's twit tiom the far ens, the slielect r it' soil-

-I .1111 .111.11411118.111ftlf CAtt hi' C.11.'1113tril 11 0111 the 
I  ibui ion ,st the field in front 'tit he tlielec tile. 

meth,,,,, it  IVST4.  5511)1 w rf I• 

111 , 111 ,1 IC111111'. 

621.317.335.3.020.64:546.21 7 1371 
The Refractive Indices and Dielectric Con-

stants of Air and its Principal Constituents at 
24000 Mc 's -I.  Essen and K  I is 

Pat , , yol es4, pp 802 iGc ,1 3ih,-r 
1, 1931  Full account of wI k noted in 1707 of 
1931 

021.317.336.020.64  1372 
Waveguide  Measurement  Sections  for 

Centimetre Waves  41  Macek  St ers 
if A 1  vol 4. pp 416 437, 0 lober, 1951 1 
Short account nil tuo  slotte,1 cylin-
drical wavegurie arsstions for impedance meas-

urement at wavelengths of 5 and 3 2,in 

621.317.34.002:621.307.24  1373 
Measurement of  Differences of  Group 

Propagation Time on a Non-looped Line-- J. 
St..1: and J I his. ,CiiNes  Trait,. ,l'atis1, vol. 
5, pp. 337- 346; 0:totter, 1051.) Two AM waves 
art' simultaneously applied to the cable, one of 
fixed frequency 100 kens modulated at 10 keen, 
t he ot her varying f rom 250 kcps to 10.5 mcps and 
tnodulated at 50 kcps. The 10-kcps modulation 
Is obt tuned by division from the 50-kcpsmodula-
tion, so that there is a constant though un-
known phase relation between them. The two 
carriers are separately demodulated at the re-
ceiving end, and the phases, after multiplica-
tion of the 10-kcps frequency, compared. The 
choice of frequencies is based on minimum re-
quirements for the transmission of  high-
definition television signals. The equipment, 
details of which are given, has an accuracy to 
within ±0.02 sis for group-propagation time 
measurements, the sensitivity bring 0.005 us. 

621.317.35  1374 
Harmonic Analysis of Waves up to Eleventh 

Harmonic (Odd Harmonics only) -1' Kemp. 
sElectroosi. Etz , vol. 23, pp. 390 393; artober, 
1951.) Grouping of s-leaed or linates in the 
wave equations is applied, as in earlier analysis 
(465 of 1943), to ob:ain the co7fEcients of the 
sum and difference componnits. Tables are 

given by which a straightforward quantitative 
analysis of a wave can be effected. Numerical 
calculations are made for ri square wove. 

621.317.725  1375 
'Stromdlimmung' -• New 'German' Term 

for rating Voltmetere-F  Meyer. (rusk u. 
Toe, vol 5, pp 514 -517; 0.-tober, 1951 ) The 

German word stagy-stet for "(Myna per volt • is 
•Stromdammung,  (literally. *current revlue-
tin e', define, as the ratio of total meter re-
sistance to voltage for full-scale deflection. 

621.317.725  1376 
Highly  Stable  V-T  Voltmeter -NI.  G. 

Scrogoc  vol  24, pp  142, 224: 
1.,“1  1041 

621.317.76  1377 
The Secondary-Standard U. H.F. Cs  for 

of the Com mune generale de T.S.F.  5.1 
Denis Anil III F ovet. t I•a Ni  vol 6, 
pp 3.16 -350,41,1011er. 1051  lad, Red vol. 31. 
pp  .1S4 393; 0:totwr, 1931 1 A 3 7X0 mcps 
quarts-crystal-controllerl frequency is multi-
plied to 270 mt-pa (Fel and applied to a T ype-
XN1 14 klystron multiplier  No dulation is 
applied to the klystron multiplier at a frequency 
F.  t hat integral iii ill I l'!r* PEO'l ere avml-
able whet,- 24Sp is Flirt het •iihdivisien is 
attained by interpolation, using a standard 
vim, _iIsle -I reullir fl'  owillattlf The normal range 
of 2,160 4,110 km its can be extended to 0 6-
301(111,115 Iii Ir.- pi-tie r- multi plication met hods.. 
'Set ii!.” r is within about S parts in 101, but 

can be Improved to 1 part in 106 Auxiliary. 
equipment available enables the meter to be 
ii•rd for calibrating wavemeters„ for frequency 
meaeun-ment. and for estimation of the depth 
of parasitic modulation. 

621.317.761  1378 
Navy Primary Standard Frequency Meter 
J 5.1 Carroll ( Elti Ironies, vol 24, pp 172, 

102. December, 1951 1 Description of the l• 
Navy models1..NNI equipment for frequency 
measurements from 15 kepis to 27 merle with 
accuracy to within 1 cps in 10 Tcps This 
equipment is tin-A by frequency•measurement 
units at large tuval radio stations on shore 
The output of a high-grade crystal oactllatoe 
at 100 kepi is divided down to 9, 10 and II 
kciw, and harmonics of these three frequencies 
are generated. The difference frequen.y 
twerti the carrier to be me.utured and the 
nears-to harmonic of each of the three frequen-
cies is found in turn, using • calibrated af 
interpolation oscillator. A triple check of each 
measurement  is thus obtained.  Additional 
equig  •tit using a 50-kcps crystal to provide 
check points (or a very stable vio extends the 
measurement range to 160 mcps. 

621.317.70:621-306.611.21.012.8 1370 
Quartz-Crystal  Measurement  at  10 to 

180  Mc s-E.  Gerber.  kl'wr. w. It  . 

vol  40. pp. 36-40; January, 1952 1 A method us 

described for measuring the equivalent pa-
rameters of the main and spurious modes. The 
crystal is connected between the anode and 
cathode of an amplifier tube, and the voltage 
acroies it is recorded as a function of frequency. 
The required parameters can then be derived 

621.317.70:621.306.67.020.64  1380 
Automatic Antenna Wave-Front Plotter -

R. NI. Barrett and M. II Har ms. Electronics, 
vol. 25, pp. 120-125; January, 1952.) Descrip-
tion nut equipment which  -ans a plane, 30X36 
inches. in front of a microwave antenna and 
plots either phase or amplitude contours_ 

621.317.702: 621.306.645.018.424  1381 
Widebrand  Pre-amplifier -Horner.  '.See 

1248.1 

621.396.615.11:534.844.1  1382 
Equipment  for Acoustic Measurements: 

Part 2-A Portable Tone Source Developed 

for Use in Room Acoustics -C. G. Mayo and 
I). G. Beadle. (Electronic Ens., vol. 23, lip. 
368-373; October, 1931.) Description of a 
unit which provides an adjustable af output up 
to 20 db above 1 mw into a 600-11 load. The 
effect ive incremental capacitance of the tuning 
capacitor in the variable oscillator is dependent 
on the circuit gain. This is varied by a signal 
from it transition oscillator to effect a 10 per 
cent warble at 7ctio, with !I-eligible amplitude 

modulation. A synchroni na motor and gear-
box effect a frequency waver of 20 cps-20 ke pa 

in 4, 8, 16 or 32 minutes. Detailed circuit 
diagrams and performance curves are shown. 

621.305.615 12.029.51 .62:621.314.26  138.3 
Wide-Band Convener for Signal Generator 

- I) M. 11iIl.t k.lectroao. t, Yol 24. pp. 118-121; 
1)er-ember, 1951.) FM and AM signals are 
provided over the whole frequency range 100 
kiln -216 mei* by a yid signal generator oper-
ating in coniunction with a wide-band con-

OTHER APPLICATIONS 
AND ELECTRON 

331.766 
Self-Adjusting Toner for 

rapby  J Buil..  Rf1 

OF RADIO 
ICS 

1384 
Bullet Photos-
loin., vol. 22. 

pp  74 4 :45, (etotwr.  1951.) A reference 
vu41 ar is produced prOportiOrtal to the time 

taken for the bullet to travel a given 
distance, t hie voltage is used to measure, off 
a second interval equal to the first and iminesil-
ately following it, at tlw end of which the 
light soursse Is flashed. The system is useful 
where the vetoed y of the bullet is not known 
in advance 

538.560.2.047  1385 
The Dielectric Behaviour of 601314, Types of 

Human Timms* at Microwave Frequeocloo -
II F Cook. ilk  J ,N,.  pp: Pas , vol. 2, 

PP 295  100: Octolwt. 1951 / Nleasurements of 
the complex dielectric constant art.. made 
over the wavelengt h range 6.5 -17 cm, using a 
coastal line method described by Roberts and 
von Mope! (178 of 1947). Results are Its u '-4 
in relation to dielectric theory. 

621-32:621 380 1386 
An Electronic Proceas-Controller--J. R. 

Itount‘ .01.1 S A. Bergen ,  Part II, 
vol. 9S, pp 609 615, 0.-t.arer. 1931. Discustion, 
pp.  615 618 1 Fundamental  principles  of 
process control are discussed, and a method 
of converting the physical quantities into dc 
is described I/etails .1f1. given of an electrical 
controller which operates an eectro-pnrumatic 

relay mounted on the control tube. 

621-365  13,87 
A Review of Progress in Electric Furnaces 

- D. M. li•syey and I. Jenkins. sGFA: Jour., 

roi- IS. PP. 194-211: October. 1951.) D ip-
I ns are given of both well-known and novel 
tapes of turnace .;--rat -.1 by rf, arc and 
resistor heating 

621.384.6  1388 
The  Linear  Elenron  Accelerator as • 

Pulsed Neutron Source -B. T. Feld. (Nat-le-
ss:.  1.-0*. Q. pp 51 -57; October, 1951.) 

621.185.8.33  1389 
Study of Low-Power Electrostatic [elec-

tron) Lenses: the Second Approximation - 
F. Bertem. (Jour.  Radians, vol. 12, 
pp. 25A-31A; Onober, 1951.) Continuation of 
work noted in 3082 of 1951. 

621.385.8..33  1300 
An  Independent  Electrostatic  (electron] 

Lens with Minimum Ellip thal Astigmatism -
E. Regenstreif. acne.. Phys. Radium, vol.  12 
pp. 760-761; July/September, 1951.) 

621385.8.33  1391 
Theory  of  the  Elliptical  Electrostatic 
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[plectron] Lens for Transgaussian Conditions — 
E. Regenstrelf.  (Cutups. Rend.  Acad. Sci. 
(Paris), vol. 233, pp. 854-856; October 15, 
1951.) The theory previously given (2973 of 
1951) for gaussian conditions is extended to 
cover transgaussian ray paths (2314 of 1950). 
See also Ann. Radioilect., vol. 6, pp. 299 -317; 
October, 1951. 

621.385.833  1392 
Some  Formulae  of  Electron  Optics — 

M. Bernard. (Jour. Phys. Radium, vol. 12, 
pp. 761-762; July/September, 1951.) Little 
used formulas of geometrical optics, due to 
Cotes and others, are found useful for calcula-
tions on electron lenses. 

621.385.833  1393 
Gaussian Components in the Electrostatic 

Lens formed by Two Coaxial Cylinders of 
Equal Diameter —P. Giivet and M. Bernard. 
(Compt. Rend. Acad. Sci. (Paris), vol. 233, 
pp. 788-790; October 8, 1951.) 

621.385.833  1394 
A New Mathematical Model of an Electron 

Lens —P. Grivct. (Compt. Rend. Acad. Sci. 
(Paris), vol. 233, pp. 921-923; October 22, 
1951.) A formula is developed which expresses 
the axial variation of the field more correctly 
than Glaser's formula (2205 of 1941) for cases 
where the decrease of the field is due to screen-
ing. 

621.385.833  1395 
On a Magnetic Electron-optical System 

Analogous to a Planoconcave Lens —I. L. 
Tsukkerman. (Zh. Tekh. Piz., vol. 21, pp. 599-
600; May, 1951.) 

621.385.833  1396 
Investigation of Field Distribution in Sym-

metrical Electron Lens - J.  R.  Shah and 
L. Jacob. (Jour. A ppl. Phys., vol. 22, pp. 1236-
1241; October, 1951.) 

621.387.4  1397 
Relative Sensitivities of Windowless and 

End- Window Counters — W. L. Graf, C. L. 
Comar and I. B. Whitney. (Nucleonics, vol. 9, 
pp. 22-27; October, 1951.) 

621.387.4:549.211  1398 
Some Aspects of the Counting Properties 

of Diamond —G. P. Freeman and H. A. Van 
der Velden. (Physica, 's Gray., vol. 17, pp. 
565-572; June, 1951.) 

621.387.424  1399 
Geiger Counters with Xenon-Oxygen Fill-

ing. -0. Riedel. (Z. Naturf., vol. 5a, pp. 331 - • 
332; June, 1950.) 

778.37: 621.383.001.8 : 535.61-15  1400 
The Performance of Image Convertors as 

High-Speed Shutters —R, C. Turnock. (Proc. 
IEE, Part II, vol. 98, pp. 635-641; October, 
1951.) Characteristics of two types of image 
converter are discussed and an explanation of 
their operation as shutters is suggested. See 
also 2250 of 1951 (I logan). 

621.38.001.8  1401 
Theory and Application of Industrial Elec-

tronics [Book Reviewi — J. NI. Cage. Publishers: 
McGraw-Hill, New York, 1951, 290 pp., 40s. 
6d. (Electronic Eng., vol. 23, pp. 409-410; 
October, 1951.) "One of the well-known... 
Electrical and Electronic Engineering series 
edited by Terman." 

PROPAGATION OF WAVES 

538.566.2  1402 

The Propagation of Electromagnetic Waves 
in an Atmospheric Duct —T.  Kahan and 
G. Eckart. (Z Naturf., vol. 5a, pp. 334-342; 
June, 1950.) see 1465 of 1951. 

621.396.11  1403 
A Geometric Interpretation of the 11- Wave 

and Coupling Factor in Ionospheric Long- Wave 
Theory —N.  Da vills. (Jour. Geophys.  Res., 
vol.  56,  pp.  611 612;  December,  1951.) 
Analysis shows that the II waves are simply 
the components of the normal mode along the 
principal axes of a system of rectangular 
coordinates in the complex plane. The coupling 
factor for the two normal modes of propagation 
corresponding to the cw solution of the 
Appleton-Hartree equations is found to repre-
sent the space rate of twist of the polarization 
axes. 

621.396.11  1404 
Spanish Method for the Prediction of 

Optimum Working Frequencies at Any Dis-
tance —R. Gea Sacasa. (Rey. Telecummuni-
caciOn (Madrid), vol. 7, pp. 3-13; September, 
1951.) Paper presented before the C.C.I.R., 
June 1951. See 2614, 2615, 2877 and 2878 of 
1950. 

621.396.11:551.510.535  1405 
Group Velocities and Group Heights from 

the Magneto-ionic Theory —D. II. Shinn and 
H. A. Whale. (Jour. Ai ms. Terr. Phys., vol. 1, 
pp. 85-105; 1952.) The group velocity in the 
ionosphere above southeastern England is cal-
culated for the ordinary and for the extraordi-
nary wave over a wide range of frequencies; 
results are presented in the form of curves. 
The number of values calculated is sufficient 
for group delays at vertical incidence to be 
computed. Corresponding values for various 
angles of dip are used to obtain the group-
height/frequency curves for various magnetic 
latitudes, for the ordinary ray incident verti-
cally on a layer with parabolic distribution of 
ionization. It is shown that estimates of layer 
thickness rfeglecting the magnetic field are 
correct for the magnetic equator but are too 
high for other latitudes by amounts rising to 
53 per cent at magnetic latitude 62°; estimates 
of height of maximum ionization neglecting 
the magnetic field are approximately correct. 
A new method of estimating these parameters 
is proposed. The effect of the field on oblique' 
incidence propagation is also discussed. 

621.396.11:551.510.535  1406 
Contribution to the Study of the Electron 

Distribution in the Ionosphere and of the 
Absorption of Short Waves —Argence, Nlayot 
and Rawer. (See 1300.) 

621.396.11:551.510.535  1407 
Radio- Wave Propagation at Oblique Inci-

dence including the Lorentz Polarization Term 
— Kelso. (See 1302.) 

621.396.11.029.6  1408 
Tropospheric  Propagation  beyond  the 

Horizon —J. Feinstein. (Jour. App!. Phys., 
vol. 22, pp. 1292-1293; October, 1951.) Recent 
calculations of the field strength of vhf waves, 
based on a smooth-earth diffraction theory, 
give results far below the observed values in 
the shadow region, even when refraction pro-
duced by the standard atmosphere is allowed 
for. But in these calculations the contribution 
made by partial reflections, caused by the 
gradient of refractive index in the atmosphere, 
has been neglected. A mathematical treatment 
which accounts for these reflections is outlined, 
and results deduced from it are shown graphi-
cally. 

621.396.11.029.62  1409 
The  Anomalous  Propagation  of Radio 

Waves in the 1-10- Metre Band —F. II. North-
over. (Jour. Al ms. Terr. Phys., vol. 2, pp. 
106-129; 1952.) Theory is developed according 
to which anomalous propagation in the 1-10-m 
band is satisfactorily accounted for by high-
level subsidence inversions. 

621.396.11.029.62:621.396.65  1410 
Metre- Wave Links beyond the Optical 

Range - L. Sacco. (Push. e Telecomunicazioni, 
vol. 19, pp. 465 471; October, 1951.) A com-
parison of various methods of estimating 
the performance of such links. Two main 
types of formulas are distinguished, (a) those 
based on diffraction at a sphere, and (b) 
those  based  on optical  diffraction at an 
edge. These formulas are assembled in an 
appendix.  Using data  obtained from  the 
Monte Cavo- Monte Serpeddi link, pairs of 
values of field strength and modified radius 
(RIO of the earth are calculated. The distribu-
tions of Rio for all methods of type (a) are 
such that very favorable atmospheric condi-
tions must be assumed, while those for methods 
of type (b) give much more probable results. 
Further evidence supporting this conclusion is 
adduced from results on the Grasse-Calenzana 
link, the attenuation calculated by type (b) 
met hods being in lunch closer agreement with 
measurements. 

621.396.11.029.64  1411 
Measurements of the Parameters Involved 

in the Theory of Radio Scattering in the 
Troposphere--C. M. Crain and J. R. Gerhardt. 
(Paoc. IR E., vol. 40, pp. 50-54; January, 
1952.) A brief discussion of the recording 
apparat us  used  for  measurements of the 
fluctuations of refractive index and tempera-
ture in the lower atmosphere, particularly over 
the height range of 10 inches to 50 feet above 
the ground, and discussion of the problem of 
atmospheric turbulence at such levels. Records 
of refractive index and temperature fluctua-

tions for various atmospheric conditions are 
given. 

621.396.812.029.64  1412 
Volume Integration of Scattered Radio 

Waves —A. II. Lagrone. (Pitoc. IR E., vol. 40, 
p. 54; January, 1952.) The general equation for 
radio scattering developed by Booker and 
Gordon (1757 of 1950) is extended to a volume-
integral  equation,  which  gives  the  total 
scattered-power density per unit cped at a 
receiver point relative to the power radiated 
per unit solid angle by an isotropic source. 
The propagation condit ions assumed are stated. 
See also 2525 of 1951 (Lagrone et al.). 

621.396.812.3.029.64  1413 
Selective Fading of Microwaves —A. B. 

Crawford and W. C. fakes, Jr. (Bell Sys. Tech. 
Jour., vol. 31, pp. 68 -90; January, 1952.) 
Propagation experiments over two line-of-sight 
paths 22.8 and 17 miles long were designed to 
reveal the processes which cause the (Aim: 
observed on clear calm nights. The incident 
wave fronts were explorrd with a narroN% - 
beam scanning antenna to determine the angl. 
of arrival of 24-kincps waves, and the trans-
mission characteristics were observed by a fre-
quency-sweep technique. It was conch! I.,! 
that severe fading is the result of mutt;, 
path transmission in which several component • 
may arrive at the receiver at angles up I., 
about 0.8° above the normal day-time and' ••• 
arrival and with path differences up to 
10 feet. 

621.396.812.3.029.64: 621.3.015.7  1414 
Propagation Studies at Microwave Fre-

quencies by means of Very Short Pulses -
0. E. DeLange. (Bell Sys. Tech. Jour., vol. 31, 
pp. 91-103; January, 1952.) Pulses of 4-kmcps 
radiation, of duration about 3 nips, were 
transmitted over a 22-mile path to determine 
the effects of the transmission medium on the 
propagation. The results indicate that during 
fading periods transmission by two or more 
paths oxurs, wit li path differences up to about 
7 feet. The resulting distortion of the pulses 
puts a lower limit on pulse leilgth and spacing 
in a pulse transmission system. 
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621.396.621  1415 
Radio without Valves —(Elec. Rev. (Lond.), 

vol. 149, pp. 599-600; September 21, 1951.) 
Ge triodes replace thermionic tubes in a simple 
experimental G. E. C. receiver which combines 
robustness with sufficient output to operate a 
loudspeaker. 

621.396.621  1416 
A General Theory for Frequency Discrimi-

nators containing Null Networks —J. L. Stew-
art. (Paoc. I.R.E., vol. 40, pp. 55-57; January, 
1952.) Generalized theory is presented which 
is applicable to the design of discriminators 
including null networks in which, neglecting 
second-order effects, coupling capacitors, and 
the like, a phase difference of a multiple of 
r radians is maintained at all frequencies. 

' 621.396.621.54  1417 
Tracking of Superheterodyne Receivers — 

t Radio Tech. Dig., Edn. franc., vol. 5, pp. 243-
270; 1951.) French adaptation of 482 of March 
;de Koe). 59 references. 

621.396.621.54: 621.3.015.7  1418 
Pulse  Response  of  A.M.  Receiver — 

R. Kitai. (Wireless Eng., vol. 29, pp. 15-18; 
January, 1952.) An analysis is made of the 
transient response of a simple superheterodyne 
eceiver with inductive coupling to an open-
f•nded antenna of effective height about 4 m. 
The magnitude of the response is shown to 
depend not only on the amplitude of the input 
pulses, but also on their duration in relation to 
the frequency to which the receiver is tuned; 
hence the receiver can be used to determine the 
duration of the pulses. 

621.396.822  1419 
Voltage Peaks of Fluctuation Noise —V. I. 

Bunimovich. (Zh. Tekh. Fiz., vol. 21, pp. 625-
636; June, 1951.) The question, as to how 
frequently a random value such as a fluctuation 
noise voltage exceeds a predetermined level, is 
discussed under the following headings: (a) 
average number of peaks; (6) peaks of the am-
plitude envelope; (c) average duration of 
-peaks; (d) average frequency and mean square 
frequency of the spectrum. 

621.396.822  1420 
Observed Groups of Peaks of Electrical 

Fluctuations—V. I. Bunimovich. (Zh. Tekh. 
Fiz., vol. 21, pp. 637-646; June, 1951.) In 1419 
above separate random peaks were considered. 
In the majority of cases peaks occur in groups, 
and only as such can be observed on the screen 
of an oscilloscope. Formulas are derived for 
determining the average number of peaks and 
groups of peaks, and the average duration of 
peaks. In the derivation of these formulas it 
is assumed that the fluctuations have passed 
through a narrow-band filter, i.e. that the 
envelope of the fluctuation process is approxi-
mately sinusoidal. 

621.396.828:621.396.619.13  1421 
Reduction of Interference in F.M. Re-

ceiver by Feedback across the Limiter —R. M. 
Wilmotte. (Paoc. I.R.E., vol. 40, pp. 34-36; 
January, 1952.) Vector analysis of the phase 
relations in a FM receiver with feedback 
across the limiter shows that interference from 
an unwanted signal, of intensity differing 
little from that of the wanted signal, can be 
substantially suppressed. 

STATIONS AND COMMUNICATION 
SYSTEMS 

• 517.512.2:621.39.001.11:621.396.67.012.71 
1422 

Fourier Analysis and Negative Frequencies 
—I. J. Shaw. (Wireless Eng., vol. 29, pp. 3-12; 
January, 1952.) The relation between the time 
function f (t), expressing a fluctuation, and the 

frequency components s (w) is examined; f (I) 
is given by an integral in which w ranges from 
- co to + 00. Neglect of the negative part of 
the spectrum leads in certain cases to errors in 
application of the modulation theorem of 
Fourier analysis. A graphical method is de-
veloped for obtaining the frequency spectrum 
of a finite wave train, in which the contribution 
of the negative frequencies is taken into 
account; simplification is achieved by intro-
ducing an auxiliary function with rectangular 
envelope. The method is applicable to the 
calculation of the polar diagram of antennas 
by Fourier analysis of the distribution of cur-
rent across the antenna aperture; negative 
angles then take the place of negative frequen-
cies. 

621.39.001.11  1423 
On the Definition of Information —E. Reich. 

(Jour. Math. Phys., vol. 30, pp. 156-161; 
October, 1951.) A definition of information is 
proposed which postulates an invariance under 
certain types of transformations. For a re-
stricted class of admissible definitions these 
postulates imply that Shannon's formulation 
is the only possible one. 

621.39.001.11  1424 
Prediction and Entropy of Printed English 

—C. E. Shannon. (Bell Sys. Tech. Jour., vol. 30, 
pp. 50-64; January, 1951.) A method of 
estimating the entropy and redundancy of a 
language is described, based on results of 
experiments in predicting the next letter of a 
text from knowledge of the preceding text, 
Some properties of an ideal predicting system 
are developed. 

621.39.001.11  1425 
The Concepts of Information and Trans-

mission-Channel Capacity in Communication 
Engineering —H. Weber. (Bull. schweiz. elek-
troiech. Ver., vol. 42, pp. 749-754; September 
12, 1951. In German.) A method is shown for 
calculating the quantity of information in a 
long text; the discussion is based on Shannon's 
method (1417) for deriving a text of reduced 
length which can be used for transmission and 
expanded to its original length at the receiver. 

621.395.44:621.315.052.63  1426 
British Developments and Applications of 

Carrier Current Principles for Operating Re-
quirements of Power Utilities —W. D. Good-
man. (GEC Jour., vol. 18, pp. 229-236; 
October, 1951.) A.I.E.E. Summer General 
Meeting paper. Details are given of wide band 
coupling equipment for carrier-current working 
over power lines; the advantages of interphase 
coupling over phase-to-ground coupling are 
explained. Ssb operation is used in order to 
reduce noise. Recent British types of communi-
cation and relaying equipment are described. 

621.396.619.13  1427 
Investigations of Frequency (-modulation 

systems with) Negative Feedback —J. Hacks. 
(Arch. elekt. CI bertragung, vol. 5, pp. 441-446; 
October, 1951.) A discussion of the use of 
negative feedback to reduce distortion in FM 
transmitters and receivers. By confining con-
sideration to small values of distortion the 
calculation can be simplified in comparison 
with earlier methods [see 3120 of 1939 (Chaffee) 
and 3548 of 1949 (Panter and Dite)] and phase 
shifts due to the finite group transmission 
time can be taken into account. The effect on 
the over-all distortion of nonlinearities in the 
feedback loop is examined. A circuit for 
equalizing the feedback over the modulation-
frequency range is described. With a feedback 
factor > 2 a significant improvement can be 
obtained in the effective selectivity of a FM 
receiver. 

621.396.65 +621.396.97  1428 
Bases of Calculation for the Design of 

Radio Communication Systems —H. Herzan. 
(Radio Tech. (Vienna), vol. 27, pp. 423-427; 
October, 1951.) The relative levels of signals 
and noise desirable for radio broadcasting, 
telephony and telegraphy systems are dis-
cussed. Graphs are reproduced showing noise 
spectra, ground-wave attenuation, antenna 
height factor, and space-wave absorption 
curves for medium and short waves. The use 
of a logarithmic distance/attenuation scale 
simplifies the application of the graphs. 

621.396.65.029.6  1429 
Nonlinear Crosstalk in Multichannel Sys-

tems during Transmission over U.S. W. F.M. 
Links, as compared with the Specifications for 
Cable Connections —E. Kettel. (Telefunken 
Zig., vol. 24, pp. 163-168; October, 1951.) 
Modulation in carrier-frequency systems is 
considered, and the distortion in an u.s.w. FM 
installation is expressed in terms of crosstalk. 
FM u.s.w. links do not at present equal the 
performance of carrier-frequency cables, but 
can bridge useful distances while complying 
with C.C.I.F. requirements. A comparison 
between FM and time modulation shows the 
superiority of the former for a large number of 
channels from the point of view of signal/noise 
ratio. 

621.396.65.029.62  1430 
V.H.F. Radio Multichannel Carrier Tele-

phone Circuits in Colombia —L. C. Simpson, 
H. J. B. Nevitt and E. J. Eriksen. (Ericsson 
Rev., vol. 28, pp. 62-72; 1951.) The main 
features are described of a triple link connecting 
Bogota and Medellin, distant 250 km apart. 
FM broadcasting equipment is used; the fre-
quency range is 70-88 mcps. 

621.396.65.029.63/.64  1431 
The Planning of Beam Links in the Deci-

metre and Centimetre Wavebands —K. 0. 
Schmidt. (Telefunken Zig., vol. 24, pp. 129-
139; October, 1951.) General considerations 
and expected future developments are enumer-
ated, and planning details for the FM wide-
band 15-cm television link between Hamburg 
and Cologne are briefly considered. This link 
is expected to be in experimental operation 
early in 1952. The importance of relay-station 
tower construction and suitable power supply 
arrangements, in this case mainly wind-driven 
generators, is stressed. 

621.396.65.029.63  1432 
The IDA 22 Beam-Link Equipment — 

G. Ulbricht. ( Telefunken Zig., vol. 24, pp. 143-
162; October, 1951.) A short survey of German 
wartime dm-wave links, which covered most 
of Europe and extended to North Africa, 
together with an account of the development of 
this new equipment. A 22-channel installation 
in experimental operation between Darmstadt 
and Frankfurt, with an intermediate relay 
station on the Feldberg, is described in detail. 
Pulse-phase modulation is used and the trans-
mission frequency lies between 1,900 and 2,100 
mcps. To avoid the effects of noise on the pulse 
flank, an auxiliary hf self-oscillator delivers a 
voltage low compared with the pulse voltage, 
but high compared with the noise voltage, to 
the transmitter. The pulse flank is thus modu-
lated at the self-oscillator frequency but this 
frequency is rejected by the receiver. Alterna-
tive equipment for the modulation circuits 
uses Ge diodes. A map showing the dm-wave 
network of the German Post Office in 1951 is 
also included. 

621.396.71  1433 
The New Italcable Radio Transmitting 

Station of Torrenova —M. Suppan. (Post e 
Telecomunicazioni,  vol.  19,  pp.  473 -481; 
October, 1951.) A general description covering 
the station lay-out and the equipment avail-
able. 
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621.396.97.029.62  1434 
The B.B.C. Scheme for V.H.F. Broadcast-

ing —(EIBC Quart.,  vol.  6, pp.  171-181; 
Autumn, 1951.) The technical reasons for the 
proposal to plan a vhf service are briefly out-
lined. Tests are described in which various 
forms of modulation and reception were com-
pared from the point of view of noise and inter-
ference suppression. Laboratory experiments 
indicated that the level of receiver hiss and 
impulsive noise was markedly lower with FM 
than with AM, either with or without a noise 
limiter. Similarly, a survey of the quality of 
reception of transmissions from actual stations 
gave approximately twice the range for FM 
as compared with AM for the same quality of 
service. On this basis a FM broadcasting serv-
ice has been planned for the United Kingdom; 
this is discussed with particular reference to 
common- and adjacent-channel interference 
and the requirements of suitable commercial 
receivers. 

SUBSIDIARY APPARATUS 

621-526  1435 
Harmonic Analysis of Nonlinear Servo-

mechanisms —J. Loeb. (Comp:. Rend. Acad. 
Sci. (Paris), vol. 233, pp. 733-735; October 1, 
1951.) Continuation of work noted in 502 of 
March. 

621.311.6:621.316.72.076.7  1436 
Superregulated Power Supplies—A. W. 

Vance and C. C. Shumard. (Electronics, vol. 24, 
pp. 109-113; December, 1951.) A description 
of apparatus giving supplies of 300 v at 20 a, 
75 vat 6 a and -500 v at 3 a, all regulated to 
within 0.001 per cent. Coarse regulation is 
obtained  in  stages  using  grid-controlled 
thyratrons, which precede fine regulators 
incorporating servo-stabilized dc amplifiers. A 
calibrator unit enables comparison of any 
voltage output with an appropriate reference 
voltage, and also direct measurement of hum 
on a cro. 

621.352  1437 
Small-Size High-Voltage Battery—P. Bris-

teau. (Jour. Phys. Radium, vol. 12, pp. 74A-
78A; October, 1951.) Method of manufacture 
and main factors affecting operation are given 
for a Zamboni-type battery for low-consump 
ion portable electronic apparatus. Diamete 
s 8 mm. length 60 mm. and voltage 200 v. 

621.396.68  1438 
Power  Supply.  The  U.D.C.  number 

621.396.68 and its subdivisions, used hitherto 
for power supply, have been cancelled and 
replaced by 621.311.6 and subdivisions, which 
will be used in future in "Abstracts and 
References." 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.24:621.315.212  1439 
Television Transmission Tests on Coaxial 

Cable —P. Breant and G. Fuchs. (Cables & 
Trans. (Paris), vol. 5, pp. 325-336; October, 
1951.) A brief description is given of the line 
and terminal equipment and of the equaliza-
tion measures adopted for the coaxial-cable 
circuit between Brive and Montpon. 455-line 
testa were made over a 73-km and a 36-km 
loop in this circuit. The conclusion is that 
low-definition image transmission is feasible 
over the standard French coaxial cables, pro-
vided the transmission system is as nearly as 
possible linear and the signal/noise ratio is of 
the order of 5 N. 

621.397.24:621.317.34.092  1440 
Measurement of Differences of Group 

Propagation Time on a Non-looped Line — 
Selz and Iltis. (See 1373.) 

621.397.3: 517.941.91  1441 
A Mathematical Analysis of an Equivalent 

Scanning  Circult —A.  B. MC Fa rlane  and 
J. R. W. Smith. (Jour. Brit. I.R.E., vol. 11, 
pp. 470-476; October, 1951.) A classical treat-
ment of the switched LCR circuit by means of 
differential equations, which shows the effects 
of changes of the Q-factor of the circuit and 
leads to the formulas usually quoted. Energy 
fluctuations of the system in the oscillatory 
and non-oscillatory states are examined and a 
numerical example is worked out. 

621.397.5  1442 
The Present Position of Television (in 

Germany1-11. K. Ibing. (Z. Ver. Disch. Jug., 
vol. 93, pp. 890-895; October 1, 1951.) Princi-
pal features of apparatus shown at the German 
Industries Exhibition, Berlin, 1951, are de-
scribed. 

621.397.5  1443 
Electrical and Photographic Compensation 

in Television Film Reproduction —P. J. Herbst, 
R. 0. Drew and S. W. Johnson. (Jour. Soc. 
Mot. Pict. Telev. Eng., vol. 57, pp. 289-307; 
October, 1951.) Defects in film reproduction 
due to limitations in existing television systems 
are discussed. Of available methods of compen-
sation, area masking as described by Yule 
(Jour. Phot. Soc. Amer., vol. 11, pp. 123-132; 
March, 1945)  is recommended. A circuit 
equivalent for the photographic mask is 
described. 

621.397.5:535.623  1444 
A New Technique for Improving the Sharp-

ness of Television Pictures—P. C. Goldmark 
and J. M. Hollywood. (Jour. Soc. Mot. Pict. 
Telev. Eng., vol. 57, pp. 382-396; October, 
1951.) See 828 of April. 

621.397.5 : 535.88 :679.5 : 535.317  1445 
Cast Plastic Lens —(Mod. Plast., vol. 29, 

pp. 188-189; September, 1951.) Description of 
the method of producing plastic lenses, up to 
22.5 inches in diameter, for the correcting ele-
ments of Schmidt large-screen projection sys-
tems. 

621.397.5(083.74)  1446 
Television Standards in Argentina—(Rec. 

telegr. Electronica (Buenos Aires), no. 468, 
pp. 589-590; September, 1951.) These differ 
from U. S. standards in two chief respects, the 
number of scanning lines, which is 625, and 
the number of frames per second, which is 25. 
The vision signals are broadcast on 175.25 
mcps, the sound on 179.75 mcps. 

621.397.5:535.6231(083.74)  1447 
Color Television —U.S.A. Standard —P. C. 

Goldmark, J. W. Christensen and J. J. Reeves. 
(Jour. Soc. Mot. Pict. Telev. Eng., vol. 57 
pp. 336-381; October, 1951.) See 831 of April. 

621.397.61.029.63  1448 
U.H.F.  Transmitter  uses  Beer-Barrel 

Cavity—W. H. Sayer, Jr. and E. Mehrbach. 
(Electronics, vol. 24, pp. 125-127; December, 
1951.) Describes a 700-mcps, 420-w experimen-
tal television transmitter incorporating an out-
put stage consisting of six Type-2C39A tubes 
in parallel used as grounded-grid amplifiers. 
The cathode-grid and anode-grid tuned circuits 
of the amplifier are coaxial-line cavities. The 
design is based on experience with a 600-mcps 
transmitter in daily use since March 1950. 
An illustration shows an assembly using 
eighteen tubes in parallel. 

621.397.61.029.63 +621.396.67:621.397.6 1449 
Ultrahigh Transmitter and Antenna Design 

and Application—R. G. Peters. (TV Eng. 
(N.Y.), vol. 2, pp. 14-17, 29; October, 1951.) 
Description of the R.C.A. TTU-IB and 
TTU-10A television transmitters, together 
with the antennas and associated equipment, 
for the frequency range 470-890 mcps. 

621.397.611.2  1450 
Television Camera Tubes: Part 1—Classifi-

cation and Method of Operation of Camera 
Bruining. (Tinschr. ned. Radioge-

:loot., vol. 16, pp. 299-225; September, 1951.) 
An outline of principles of operation, with 
individual descriptions of the orthicon, image 
orthicon,  vidicon,  iconoscope  and  image 
iconoscope. 

621.397.611.2  1451 
Television Camera Tubes: Part 2—Com-

parison of Characteristics of Camera Tubes— 
P. Schagen. (Tinsehr. ned. Radicgencot., vol. 
16, pp. 227-242; September, 1951. Discussion, 
p. 242.) The types of tube considered are the 
iconoscope, the image iconoscope, the orthicon 
and the image orthicon. Characteristics dis-
cussed include linearity, effective exposure 
time, generation of spurious signals, relative 
ease of operation, signal/noise ratio, spectral 
response, stability, depth of focus, possibility 
of black- level restoration, and sensitivity. 
For normal broadcasting operation, the rela-
tive sensitivities of the four types in the order 
given above are I, 75, 25 and 325. 

621.397.611.2  1452 
Television Camera Tubes: Part 3—Elec-

tronoptical Problems of the Image Iconoscope 
—J. C. Francken. (Tinschr. ned. Radiogenoot. 
vol. 16, pp. 243-256; September, 1951. Dis-
cussion, p. 257.) Problems involved in the 
scanning and image-forming processes are 
discussed. Use of a high-emission cathode 
such as that described in 773 of 1951 (Lemmens, 
Jansen and Loosjes) helps to reduce defocusing 
of the scanning spot due to the inclination of 
the scanning ray to the target. The electron-
image section using a long focusing coil is 
described; factors causing loss of definition of 
the electron image are mentioned and methods 
of reducing their adverse effects are discussed. 
By using a coil split into three sections and 
simultaneously varying the currents in these 
sections, it is possible to obtain continuous 
variation of magnification over a 1:2 range 
without rotating the image. 

621.397.62  1453 
Ultra-speed Theater Television Optics— 

L. T. Sachtleben and G. L. Allee. (Jour. Soc. 
Mot. Pict. Telev. Eng., vol. 57, pp. 425-433. 
Discussion, p. 433; November, 1951) The 
gilneral properties of a reflection system of the 
Schmidt type are discussed with reference to 
practical design considerations and application 
in the theatre. The relations between focal 
length, projection distance and screen illumina-
tion are demonstrated, and factors affecting 
resolving power and fine-detail contrast are 
examined. The design, mate(ial and application 
of the ogee correcting lens are also discussed. 

621.397.62  1454 
An Ultra-High-Frequency Television Con-

verter—B. F. Tyson. (Sylvania Technologist, 
vol. 4, pp. 78-80; October, 1951.) The design 
and performance are described of a simple, 
low-cost converter which enables transmissions 
in the band 475-890 mcps to be received on 
existing receivers designed for the band 174-
216 mcps. Factors discussed are conversion 
efficiency, noise figure, frequency stability and 
possible interference front harmonics of the 
local oscillator of the viii receiver. 

621.397.621.2:535.371.07  1455 
Aluminium-Backed Screens for Cathode-

Ray Tubes —R. W. Dudding. (Jour. Brit. 
IR E., vol. 11, pp. 455-462; October, 1951.) 
The ion-burn screen blemish associated with 
the electromagnetic cr tube can be prevented 
by depositing a thin Al layer on the back of the 
phosphor coating. The required characteristics 
of such layers, and methods of preparing them, 
are described. Further advantages of Al-
backed screens are the prevention of screen 
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voltage  saturation  effects,  and  improved 
brightness and contrast. 

621.397.7  1456 
The Holme Moss Television Transmitting 

Station —D. B. Weigall. (BBC Quart., vol. 6, 
pp.  182-192; Autumn,  1951.)  A general 
description is given of the site and layout of 
buildings and equipment of the North of 
England television station, and comparison is 
made with a similar station at Sutton Coldfield 
[626 (Ccrk), 834 (Nind and Leyton) and 854 
(Bevan and Page) of April]. The sources of 
power, vision and sound signals are described 
and also the methods of controlling the 

I transmitters and monitoring the program in the 
control room. The vision and sound trans-

t missions are combined before passing up the 
1 750-foot mast to the common antenna system. 

.1 radiated power of 45 kw is obtained on the 
vision frequency, the nominal carrier power of 
the sound transmitter being 12 kw. The cor-
responding powers of the standby transmitters 
are 5kw (peak white) and 21cw. A field-strength 

I map of the service area is given and also details 
of the antenna system, which is basically 

i similar to that at Sutton Coldfield. See also 
Wireless World, vol. 57,,,pp. 473-474; Novem-

1 ber, 1951. 

621.397.81  1457 
Fringe-Area  Performance  Predictions — 

E. A. Slusser. (TV Eng. (N.Y.), vol. 2, pp. 
18-19, 30 and 22-23, 29; October and Novem-
ber, 1951.) Based on data for effective trans-
mitted power, propagation losses, receiving-
antenna gain and height and receiver gain, 
nomograms are constructed for predicting the 
performance of television receivers in fringe 
arCPS. 

621.397.828  1458 
A Versatile TVI-less 40-Watt Transmitter 

—S. Fisher. (CQ, vol. 7, pp. 11-20; S2ptember, 
1951.) Precautions described against interfer-
ence with television reception by a 10-160-
mcps amateur transmitter include shielding 
and filtering at the transmitter and various 
trap and filter arrangements for connection to 
- the receiver. 

621.397.828:621.365.5  1459 
Curing R.F.-Heater Television Interference 

—P. S. Rand, J. J. Lamb and A. J. Riley. 
(Mod. Plast., vol. 29, pp. 101-110; September, 
1951.) A general survey of the problem, with 
a description of a sensitive wide-range wave-
meter for measuring the frequency of stray 
radiation. Methods of preventing leakage 
from heating sets are described; careful atten-
tion to the design of the cabinet is necessary. 
Alternatively a screened room may be used for 
the equipment, with filter circuits in the power 
leads. 

621.397.5  1460 
Bases Techniques de la Television. [Book 

Review) -11. Delaby. Publishers: Eyrolles, 
Paris, 340 pp. (Radio Tech. Dig., Ed. franc., 
vol. 5, pp. 293-294; 1951.) Companion volume 
to "Principes Fondamentaux de Television" 
(1218 of 1949). Deals with all parts of the 
television transmission chain from the camera 
to the picture tube; recommended to radio 
engineers. 

TRANSMISSION 

621.396.61:621.397.97  1461 
Description of a 40-kW Broadcast Trans-

mitter—A. G. Robeer and B. Swets. (Commun. 
News, vol. 12, pp. 16-32; October, 1951.) 
Detailed description of a transmitter for six 
preset frequencies between 6 and 24 mcps, 
incorporating “instantuners” [click gear; 2941 
of 1949 (Verves01 for all tuning elements, 
continuously variable inductors, and triple 
contacts for heavy currents. 

621.396.619.13  1462 
On the Operating Conditions of Reactance 

Circuits for realizing Very Large Reactance 
Variations —H. Fricke. (Fernmeldetech. Z., vol. 
4, pp. 458-461; October, 1951.) A pentode 
rectance tube is operated about a point of zero 
slope on the la/ Vg characteristic. A suitable 
characteristic is obtained by applying a high 
screen voltage so that a space charge develops 
between screen and anode. With an EF14 
tube, frequency deviations of +11.7 per cent 
at 1.46 mcps and ±7.9 per cent at 27.5 mcps 
were obtained. 

621.396.619.14 +621.314.261: 621.385.029.64 
1463 

The Travelling- Wave Valve as a Microwave 
Phase Modulator and Frequency Shifter — 
W. J. Bray. (Proc. I EE, Part III, vol. 99, 
pp. 15-20; January, 1952.) The principles of 
operation are discussed. It is shown theoreti-
cally and confirmed by measurement that 
phase modulation of about + 2.5 radians can 
be achieved with a typical tube operating at 4 
kmcps, by injecting the modulating signal in 
series with the beam voltage. This principle 
when applied in a frequency shifter gives 
gain and power output only 6 db below those 
obtainable with the same tubes used as ampli-
fiers. Possible applications in the transmitters 
and repeaters of radio relay systems are out-
lined. 

621.396.619.232  1464 
High-Efficiency Grid Modulation —L. A. 

Moxon. (RSGB Bull., vol. 27, pp. 144-147 and 
193-196; October and November. 1951.) The 
Taylor and Terman- Woodyard grid-modula-
tion circuits are analyzed. The two systems 
share a common principle, the use of a quiescent 
tube to supply extra power during the positive 
half-cycle and at the same time to alter the 
load impedance seen by the power tube in such 
a way that the over-all efficiency is high except 
during the negative half-cycle, for which 
ordinary grid modulation is used. An impor-
tant difference between the systems is that in 
the Taylor circuit the quiescent tube has to 
supply all the power at the modulation peak, 
whereas, in the Terman- Woodyard system, 
impedance-inverting networks are used to 
bring about an equal sharing of the load 
between the two tubes. Experiments carried 
out with both systems indicate that the 
Terman- Woodyard circuit is not only prac-
ticable, but is in no way inferior to the Taylor 
circuit. Tested with a lamp load, the Terman-
Woodyard circuit gave the higher efficiency 
and also much better linearity. Circuit adjust-
ments are not unduly critical. 

TUBES AND THERMIONICS 

537.525:621.396.822  1465 
Determination of the Electron Temperature 

in Gas Discharges by Noise Measurements — 
K. S. Knol. (Philips Res. Rep., vol. 6, pp. 288-
302; August, 1951.) The electron temperatures 
of discharges in He, Ne, Ar and Xe, as deduced 
from measurements of available noise power 
and from experiments using a probe, agree with 
values deduced theoretically from the gas 
pressure and the radius of the discharge tube. 
Precautions necessary to match the discharge 
to the waveguide are described. 

537.525.92:537.533.7  1466 
Nullification of Space-Charge Effects in a 

Converging Electron Beam by a Magnetic 
Field —M. E. Hines. (Pa m. I.R.E., vol. 40, 
pp. 61-64; January, 1952.) Discussion of the 
conditions necessary for maintaining uniform 
convergence of a conical electron beam in the 
presence of space charge. Brillouin's focusing 
condition (3101 of 1945) is extended to conical 
flow. A converging magnetic field is found 
necessary. 

537.533  1467 
Theory of Electron Emission from a Metal 

in an Electric Field —A. E. Glauberman and 
I. I. Tal'yanski. (Compt. Rend. Acad. Sci. 
(URSS), vol. 78, pp. 661-664; June I, 1951.) 

621.383:546.289  1468 
A Photovoltaic Germanium Cell —B. J. 

Rothlein. (Sylvania Technologist, vol. 4, pp. 86-
88; October, 1951.) Practical determinations of 
the photovoltaic characteristics of expel imen-
tal cells are discussed. Factors affecting speed 
of response and sensitivity are shown to be 
related to the lifetime of the hole-electron 
pairs created. 

621.385.029.62/.63  1469 
Traveling-Wave Amplification by means of 

Coupled Transmission Lines —W. E. Mathews. 
(PRoc. I.R.E., vol. 40, p. 64; January, 1952.) 
Corrections to paper abstracted in 867 of 
April. 

621.385.029.62/.63:621.396.822  1470 
Traveling-Wave  Tube  Noise  Figure — 

D. A. Watkins. (Pa m. 1.R.E., vol. 40, pp. 65-
70; January, 1952.) The optimum positions of 
the traveling-wave-tube circuit entrance with 
respect to the space-charge noise waves, and 
the corresponding minimum noise figures, 
are depicted graphically as functions of the 
space charge and the circuit loss. The noise 
figure is reduced if the electron stream is 
accelerated through a short nonresonant gap 
placed at a noise-convection-current minimum. 
A similar reduction is given by two velocity 
jumps, a deceleration at a noise-current 
maximum followed by an acceleration at a 
noise-velocity maximum. Measurements taken 
on an experimental tube of this type agree with 
the theoretical predictions. 

621.385.032.216  1471 
The Electronic Temperature  of Oxide 

Cathodes:  Interpretation  of  Experimental 
Results —H. Dormont. (Jour. Phys. Radium, 
vol. 12, pp. 710-716; July/September, 1951.) 
Experiments reported by Champeix (2068 of 
1950) indicating a difference between thermo-
dynamic and electronic temperature are dis-
cussed. The results are consistent with the 
existence at the cathode surface of a potential 
barrier of step form; such a barrier would also 
account for the numerical value of the coeffi-
cient A in Richardson's equation. 

621.385.032.216: 537.311.33  1472 
P-N  Transition  of  an  Oxide-Coated 

Cathode —Y. Ishikawa, T. Sato, K. Okumura 
and T. Saski. (Phys. Rev., vol. 84, pp. 371-
372; October 15, 1951.) P-type conduction 
was found for a (BaSr)0 cathode in an oxygen 
atmosphere, as opposed to n-type conduction 
in vacuo. Hall effect and conductivity meas-
urements for a wide range of oxygen pressures 
show that (BaSr)0 has the characteristics of 
a semiconductor. 

621.385.032.42  1473 
The "Grip-O-Matic" Water Jacket for 

Large Water-Cooled Transmitting Valves — 
A. G. Robeer and W. L. Vervest. (Commun. 
News, vol. 12, pp. 10-14; October, 1951.) 
Description of a water jacket designed so that 
no tools are required for mounting or demount-
ing the tube. 

621.385.3  1474 
Theory and Calculation of the E. S. Pene-

tration Factor of Planar and Cylindrical Triode 
Valves, assuming Two-Dimensional Potential 
Distributions—M. Landsberg. (Z. angew. Math. 
Phys., vol. 2, pp. 375-393; September 15, 1951.) 
General formulas are  derived  using  the 
Weierstrass functions; the calculation leads to 
an infinite system of linear equations, which 
can be solved by using certain power series. 
The relation between the formulas deduced 
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here and approximations previously derived is 
shown. 

621.385.3:546.289  1475 
Transistors—The U.D.C. number 621.585.3: 

546.289 used hitherto for transistors will be 
replaced by 621.314.7. 

621.385.8:621.318.5721.001.8  1476 
Electron-Beam  Switches —F.  SchrOter. 

(Telefunken Zig., vol. 24, pp. 171-186; October, 
1951.) A well illustrated review of various 
types and their 'applications. 

621.385.831  1477 
An Experimental High-Transconductance 

Tube using Space-Charge Deflection of the 
Electron Beam —J.  T.  Wallmark.  (PRoc. 
IR E., vol. 40, pp. 41-48; January, 1952.) 
1951 I.R.E. National Convention paper. The 
tube uses a new principle, combining current-
density and deflection control; a conventional 
grid controls the space charge, which produces 
a displacement of the electron beam. Trans-
conductances of 25 millimhos have been ob-
tained with only 3 ma output current using an 
orbital-beam construction with one stage of 
electron multiplication. The measured equiva-
lent noise resistance is about 90012 and the 
gain-bandwidth product about 320 mcps. 

621.396.615.141.2  1478 
The Electron Theory of the Planar Magne-

tron—V. M. Lopukhin. (Zh. Tekh. Piz., vol. 21, 
pp. 505-515; May, 1951.) A theoretical inves-
tigation is presented of the interaction between 
the em field and the electron currents in a 
magnetron. The presence of the electron 
stream causes a rise in the resonance frequen-
cies. The necessary conditions for the excita-
tion of the magnetron are considered. 

621.396.615.141.2  1479 
The Electron Theory of a Centimetre- Wave 

Decelerator —V. A. Lopukhin. (Zh. Tekh. Fig., 
vol. 21, pp. 516-526; May, 1951.) The proper-
ties of a magnetron are considered for the 
limiting case when the spacing of the slots 
tends to equality with the slot width. This 
system, in the presence of an electron stream, 
acts as a complex filter with alternate pass and 
stop bands. Under certain conditions the 
direct wave passing through the system may 
be split up into three components, of which 
one will have an amplitude increasing expo-
nentially with co-ordinate a. Thus the system 
can be used for amplification of microwave 
signals. 

621.396.615.141.2  1480 
Self-Excitation of a Decelerating System — 

E, I. Vasirev and V. NI. Lopukhin. (Zh. 
Tekh. Fix., vol. 21, pp. 527-531; May, 1951.) 
The decelerating effect of the split-anode 
magnetron is considered; discussion is limited 
to the case of r-oscillations with the electron 
stream occupying the whole space between 
cathode and anode (Fig. I). An equation (6) 
is derived for determining the frequencies of 
oscillations. The solution of this equation 
gives the necessary conditions for the excitation 
of the system and also determines the variation 
of the frequencies depending on the parameters 
of the magnetron and of the electron stream. 

621.396.615.142.2:621.3.012.8  1481 
Equivalent Networks of Klystrons—S. Uda 

and J. Ikeuchi. (Tech. Rep. Tohoku Univ., 
vol. 14, pp. 117-129; 1950.) The induced cur-
rent due to an electron stream flowing through 
a gap is calculated, taking account of the 
voltage which appears across the gap. From 
this the internal admittance of a klystron is 
deduced and equivalent circuits are derived 
for double-cavity and reflex klystrons, which 
assist in explaining their operation and also in 
their design. 

621.396.615.142.2.029.64  1482 
Ground-Transmitter Klystron for Air Navi-

gation —V. Learned. (Electronics, vol. 25, pp. 
136-165; January, 1952.) Description of a tube 
for operation at 9.3 kmcps, with peak power 
of 7.5 kw and average power output of over 
200w. A permanent magnet is used for beam 
focusing. 

621.385  1483 
Radio Valve Data. (Book Review[ —Pub-

fishers: Julie & Sons, London, 1951, 80 pp., 
3s 6d. (Electronic Eng., vol. 23, p. 410; October, 
1951.) New edition of the Wireless World 
reference book giving the main characteristics 
of over 2,000 types of British and American 
tubes, and over 100 cr tubes. 

621.385.029.6  1484 
RundfunIcriThren. Band 1951, Eigenschaften 

und Anwendung der neuen UKW-RiShren 
(Broadcasting Valves. 1951 Volume. Properties 
and Application of New U.S. W.  Valves). 
[Book  Reviewl —L.  Rat heiser.  Publishers: 
Regeliens Verlag, Berlin 1951, 128 pp., 16 
DM. (Z. angew. Phys., vol. 3, p. 400; October, 
1951.) Details of receiver tubes and circuits; 
complementary to the earlier volume (1835 of 
1950). 

MISCELLANEOUS 

061.3  1485 
Fall Meeting, Cornell Uni-

versity, Ithaca, N. Y., October 8-10, 1951 — 
(Psoc. I.R.E., vol. 40, pp. 106-110; January, 
1952.) Summaries are given of 43 technical 
papers presented. 

621.39.001  1486 
Post Office Research —(Elearician, vol. 

147, pp. 1017-1019; October 5, 1951. Elec. 
Times, vol. 120, pp. 609-610; October 4, 1951.) 
A brief account of the work undertaken at the 
Dollis Hill Research Station. 


