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for MINIATURIZED COMPONENTS

from STOCK

MINIATURE AUDIO UNITS...RCOF CASE

MIL Pri. Imp. Sec. Imp. DCin Response Max. level List

Application Type Ohms Ohms Pri., MA =+ 2db. (Cyc.) dbm Price

Mike, pickup, line to grid TF1A10YY 50,200 CT, 500 CT* 50,000 0  50-10,000 + 5 $16.50
Mike to grid TF1A11YY 82 135,000 50 250-8,000 +21 16.00
Single plate to single grid TF1A15YY 15,000 60,000 0 50-10,000 + 6 13.50

Single’glate to single grid, TF1A15YY 15,000 60,000 4 200-10,000 +14 13.50
OC in Pri.

Single plate to P.P. grids TF1A15YY 15,000 95,000 CT 0 50-10,000 + 5 15.50

Single plate to P.P. grids, TF1A15YY 15,000 95,000 split 4 200-10,000 +11 16.00
0OC in Pri.

Single or P.P. plates to line TF1A13YY 20,000 CT 150/600 4 200-10,000 +21 16.50
Mixing and matching TF1A16YY 150/600 600 CT 0 50-10,000 + 8 15.50
82/41:1 input to grid TF1A10YY 150/600 1 meg. 0 200-3,000 (4db.) +10 16.50
10:1 single plate to single TF1A15YY 10,000 1 meg. 0 200-3,000 (4db.) +10 15.00
grid

Reactor TF1A20YY 300 Henries-0 DC, 50 Henries-3 Ma. DC, 6,000 Ohms. 12.00

L]

RCOF CASE
Length ...
Width ...
Height ..
Mounting ...
Screws

OB & 0 & 0 0 0 &6 0 6 0 &6 & 0 0 0 0 0 o0

SUBMINIATURE AUDIO UNITS...SM CASE

MIL Pri. Imp. Sec. Imp. DC in Response Max. level  List
Application Type Ohms Ohms Pri., MA == 2dh. (Cyc.) dbm Price

Input to grid TF1A10YY 50°* 62,500 0 150-10,000 - 413 $13.00
gingle plate to single grid, TF1A15YY 10,000 90,000 0 300-10,000 +13 13.00
:1

4
SM CASE

Single plate to line TF1A13YY 10,000°*** 200 3 300-10,000 +13 13.00
Single plate to low TF1A13YY 30,000 50 1 300-10,000 +15 13.00
impedance
Single plate to low TF1A13YY 100,000 60 .5 300-10,000 + 6 13.00
impedance
Reactor TF1A20YY 100 Henries-0 DC, 50 Henries-1 Ma. DC. 4,400 ohms. 11.00

Length

Wwidth ..
Height ....
Screw ...
Unit Weight ..

UTC ultra-miniature units are uncased types of extremely small size. They are made to customers' specifications
only, and represent the smallest production transformers in the world. The overall dimensions are ¥2 x %2 x ¥;,"
... Weight approximately .2 ounces. Typical special units of this size are noted below:

Type K-16949 100,000 ohms to 100 ohms...6 MW ... 100 to 5,000 cycles.

Type M-14878 20,000 ohms (1 Ma. DC) to 35 ohms...6 MW ...300 to 5,000 cycles.
Type M-14879 6 ohms to 10,000 ohms...6 MW... 300 to 5,000 cycles.

Type M-14880 30,000 ohms (.1 Ma. DC) to 3,000 ohms...6 MW...300 to 5,000 cycles.
Type M-14881 25,000 ohms (5 Ma. DC) to 1,000 ohms...6 MW...300 to 5,000 cycles.

* 200 ohm termination can be used for 150 ohms or 250 ohms, 500 ohm termination can be used for 600 ohms.

O
°
°

** can be used with higher source impedances, with corresponding reduction in frequency range. With 200 ohm source,
° secondary impedance becomes 250,000 ohms ... loaded response is —4 db. at 300 cycles.
°
)
°

***can be used for 500 ohm load . .. 25,000 ohm primary impedance ... 1.5 Ma. DC.

150 VARICK STREET ® NEW YORK 13, N. Y.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: "'ARLAB"
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3 Important Engineering Meetings

Saturday, April 11

Storrs, Conn.

The New England Radio Engineer-
ing Meeting is staged by, and is
intended primarily to meet the
needs of members of the North At-
lantic Region, Institute of Radio
Engineers. All engineers, scientists,
educators, industrialists, students,
and others interested in radio and
allied fields, are cordially invited
to take part in this one-day pro-
gram of technical papers and ex-
hibits of manufacturers’ products,
dealing with the broad field of
electronics and radio engineering.

Redgistration should be made in ad-
vance, on or before April 4, 1953.

Technical Papers have been ar-
ranged to cover every field of
radio, in two sessions, morning and
afternoon, starting at 10 A.M. and
ending at about 5 P.M. Briefly, the
subjects are:

Extraneous Disturbances in Servo-
mechanisms

Good Hearing in Auditoriums

Health Physics Survey at the Cos-
motron

Propagation Discoveries, Their Les-
sons

Compatible Color Television

TD-2 Microwave Radio Relay Sys-
tems

North Atlantic Region Meeting.

The Luncheon talk is: “Electronics,
A Challenger to Space and Time,"
by Daniel E. Noble.

49 Exhibitors will display a widé
line of the latest electronic prod-
ucts. On a sense, no small part of
the exhibit will be the campus of
the University of Connecticut, to
which this meeting and Show have
been moved after six years in Bos-
ton.

A detailed program can be ob-
tained by writing Mr. A. Millard,
Southern New England Telephone
Company, New Haven 6, Conn.

Television
Saturday, April 18
Cincinnati, Ohio

This meeting is jointly sponsored
by the Cincinnati Section of the
IRE, and the Professional Group on
Broadcast and TV Receivers. An-
nually, a Saturday Meeting, held
in the attractive Cincinnati Engi-
neering Club Building, the morn-
ing session is comprised of five
papers and the afternoon session
four papers. All are on Television,
and the afternoon papers feature
color television exclusively.

Due to the facilities available, the
exhibits are limited to television
components and test equipment.

Mr. ]. W. McRae, President of the
IRE will be the principal Banquet
Speaker.

Engineering Club Building, Cincinnati, Ohio

May 11, 12, 13

Wednesday, Thursday, Friday
Dayton, Ohio

Airborne Electronics

Now an annual event of national
interest, this meeting is jointly
sponsored by the Dayton Section
of*the IRE and the Professional
Group on Airborne Electronics.

The exhibits are extensive and oc-
cupy several floors of the Hotel
Biltmore. The meeting takes three
days and includes two luncheons
and a Banquet.

The technical sessions include as
subjects: Components, Propaga-
tion, Human Engineering, Elec-
tronic Instrumentation, Antennas,
Vacuum Tube, Microwave, Produc-
tion Techniques, Servo Analysis,
Dielectrics, Circuits, Communica-
tions, Analog Computers, Transis-
tors, Network Analysis, Naviga-
tion, Measurements, Reliability; in
fact every phase of radio-electron-
ics as it applies in aviation.

A detailed program may be
obtained from Mr. Peter R. Murphy,
121 Castle Drive, Dayton, Ohio.

IRE Meetings and Exhibits Speed Electronic Progress!

ProceepinGs oF tHe LR.E. April, 1953, Vol. 41, No. 4. Published momhlgoby the Institute of Radio Engineers, Inc., at 1 East 79 Street, New York

21, N.Y. Price per copy: members of the Institute of Radio Engineers $1
members in United States, Canada and U.S. Possessions $18.00; to non-mem
26, 1927, at the post office at Menasha, Wisconsin, under the
in the act of February 28, 1925, embodied in Paragraph 4, Section

; non-members $2.25. Yearly subscription price: to members $9.00; to non-.
bers in foreign countries $19.00. Entered as second class matter, October
act of March 3, 1879. Acceptance for mailing at a special rate of postage is provided for
412, P. L. and R., authorized October 26, 1927,

Table of Contents will be found following page 64A



Meetings
'|with Exhibits ]

® As a service both to Members I\
and the industry, we will en- 3
deavor to record in this column

each month those meetings of “

IRE, its sections and professional
groups which include exhibits.
| : ’
April 11, 1953
NEREM—New England Radio
Engineering Meeting, University ‘

of Connecticut, Storre, Conn.
Exhibits: H. W, Sundius, The South-

%m % 7 W ern New England Tel. Co., 227
W” W Church St., New Haven, Conn,
. g . A
whe ovibecal Put in
Spring Technical Conference of
HAM M A RLU N n CAPAc ITU Rs the Cincinnati Section, Cincin.

nati, Ohio
Consider these facts about Hammarlund Ca- Exhibits: R. H. Lehman, The Baldwin
pacitors when selecting components for your Co., 1801 Gilbert Ave.. Cincinnati
electronic equipment: 2, Ohio
® Plates are of brass, and soldered, not a
staked, to their supports to insure perfect con- May 11, 12 & 13, 1953

tact and prevent loosening. National Conference on Airborne

® Precision soldering fixtures and assembly Electronies Hotel Biltmore, Day-
jigs used during fabrication assure uniformity ‘ ton, Ohio.

of plate spacing. Exhibits: Paul Clark, 120 West Sec-

& Rotor cnql stator assemblies are nickel- ‘ ond St., Dayton 2, Ohio.
plated to minimize corrosion. o +
® Rotor contact springs are beryllium cop-
per or phosphor bronze, and nickel or silver August 19, 20, 21, 1953
v plated, for positive contact. 1953 Western Electronics Show
“3J” These are some of the features that make and Convention, Civic Auditori-
Hammarlund Capacitors your best choice for um, San Francisco, Calif.
use in quality electronic equipment. Exhibits: Heckert Parker, 1355 Mar-

ket St., San Francisco 3, Calif.
A
September 21, 22, 23, 24 & 25, 1953
Eighth National Instrument Con-

ference and Exhibit. Hotel Sher-
man. Chicago, Ill.

Exhibits: Richard Rimbach, 921
Ridge Ave., Pittsburgh 12, Pa.
A
September 28, 29 & 30, 1953

National Electronic Conference
Hotel Sherman, Chicago.

Exhibits: Orville Thompson, c/o De-
Forrest’s Training Inc., 2735 N. S
Ashland Ave., Chicago 14, Il

HAMMARLUND

HAMMARLUND MANUFACTURING CO., INC,
460 WEST 34th ST. « NEW YORK 1, N. Y.

2A PROCEEDINGS OF THE LR.E. April, 1953



miniature molded

CAPACITORS

EW processing {levelopments now make it
N possible for every Prokar miniature
molded capacitor to be used at temperatures
up to 125°C without jvoltage derating!

An exclusive Spragud' solid dielectric and a
mineral-filled phenolic jacket assure stable
performance from —$5°C to +125°C.

Ten mold sizes—ran;ging upwards from the
.175" dia. x 78" long junit pictured actual size
at left—give you maximum space economy

in miniaturized equiJments. Originally
developed for militaﬁ:y uses, the moderate
prices of these miniature capacitors make them
well worth your invetigation also for use

in dependable commeErcial electronic
equipment. Write today for Engineering
Bulletin 205F to the $prague Electric Company,
235Marshall St., Noréh Adams, Massachusetts.

L| WORLD'S LARGEST CAPACITOR MANUFACTURER

EXPORT FOR THE AMERICAS: SPRAGUE ELECTRIC INTERNATIONAL LTD., NORTH ADAMS, MASS. CABLE: SPREXINT

PROCEEDINGS OF TIHE I.RE. April, 1953
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A Transistor of point-contact type. Two hair-thin
wires control current flow in germanium metal.

It’s helping to win
the Battle of the Watts .

When you keep down the power needed to send voices
by telephone you keep down the special equipment
needed to supply that power. A great new power
saver for telephony is the Transistor, invented at
Bell Telephone Laboratories, and now entering tele-
phone service for the first time.

Tiny, simple and rugged, the Transistor can do
many of the things the vacuum tube can do, but it
is not a vacuum tube. It works on an entirely new
principle and uses much less power than even the
smallest tubes. This will mean smaller and cheaper
power equipment, and the use of Transistors at many
points in the telephone system where other equip- ‘
ment has not been able to do the job as economically.

It’s another example of how Bell Telephone Lab-
oratories makes basic discoveries, then applies them
to improve telephone service while helping to keep
its cost down.

TRANSISTOR FACTS

Created by Bell scientists. First announced
in 1948.

Has no glass bulb, requires no filament cur-
rent or warm-up period. Operates instantly

Laboratories engineer examines Transistor oscillator. It is
used in Englewood, New Jersey, where 10,000 subscribers : hen idl
can personally dial distant cities. Transistors generate the when called upon. Uses no energy when 1dle.

signals which carry the dialed numbers to other towns and <

cities. Other uses are in prospect.

LN

& BELL TELEPHONE LABORATORIES

O

Improving telephone service for America provides careers for creative men in scientific and technical fields.



WRITE FOR FREE SAMPLES AND
CATALOG ON YOUR FIRM’S
LETTERHEAD

MOLDED MICA

THE ELECTRO MOTIVE MFG. CO., INC.

PROCEEDINGS OF THE I.RE.
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St.,, New York, N. Y. — Sole Agent for Jobbers
and Distributors in U. S. and Canada.
E

_~+" Capacitors shown 2V,
times actual size

I

-

CM-15 El Menco Capacitors range from 2 to 420
mmf. at 500 vDCw . . . measure only 9/32” x 15"
x 3/16” .. . but they’re

PRETESTED at 1000V!

ALL fixed mica El Menco Capacitors are factory-tested at double
their working roltage. So, you can be sure they'll stand up. They
also meet all significant JAN-C-5 specifications. This means that
you can specify them with confidence for all military or civilian
electronic applications.

Our Type CM-15 silvered mica capacitors reach 525 mmf. at 300
vDCw. Our other types — silvered and regular — provide capaci-
ties up to 10,000 mmf. Want samples for testing? The Electro
Motive Manufacturing Co., Inc., Willimantic, Conn.

Jobbers and distributors are requested to write for
information to Arco Electronics, Inc., 103 Lafayette

NCo.... ......

CAPACITORS

Foreign and Electronic Manufacturers Get Information Direct from our Export Dept. at Willimantic, Conn.

WILLIMANTIC, CONNECTICUT

5a



i~ TAPE-WOUND CORES

JUST NAME

RANGE OF MATERIALS

Depending upon the specific
properties required by the applica-
tion, Arnold Tape-Wound Cores
are available made of DELTAMAX
.. . 4-79 MO-PERMALLOY . ..
SUPERMALLOY ... MUMETAL
...4750 ELECTRICAL METAL...
or SILECTRON' (grain-oriented
silicon steel).

RANGE OF SIZES

Practically any size Tape-Wound
Core can be supplied, from a frac-
tion of a gram to several hundred
pounds in weight. Toroidal cores
are made in twenty-two standard
sizes with protective nylon cases.
Special sizes of toroidal cores—and
all cut cores, square or rectangular

YOUR REQUIREMENTS!

cores—are manufactured to meet
your individual requirements.

RANGE OF TYPES

In each of the magnetic materials
named. Arnold Tape-Wound Cores
are produced in the following
standard tape thicknesses: .012",
.008”,.004", .002”, .001", .0005",
or .00025", as required.

Applieitions

Let us help with your problems
of cores for Magnetic Amplifiers,
Pulse Transformers, Current
Transformers, Wide-Band Trans-
formers, Non-Linear Retard Coils,
Peaking Strips, Reactors, etc.

Address: ENG. DEPT. P

wWeaD 4613

THE ARNOLD [NGINEERING (JOMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
General Office & Plant: Marengo, lllinois
~ DISTRICT SALES OFFICES
An not”, 2
New York: Empire State Bldg.

Los Angeles: 3450 Wilshire Blvd.

PROCEEDINGS OF THE ILR.E.
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Pressed and
Extruded Shapes to
Close Tolerances

Engineered Steatite by General Ceramics
offers the designer and engineer both excel-
lent electrical and mechanical advantages
and the economies of standard catalog body
types. Offers low loss factor, zero moisture
absorption, high surface and volume resis-
tivity, high tensile and great compressive
strength. Steatite insulators can be produced
to countless sizes and shapes for practically
all requirements.

FOR UHF CIRCUITS,
GPECIAL 6-C STE

Generol
Steotite
service. An
on with ex

¢. Recom .
fo:;z on specific opplico
m

without obligofion.

£D-10-
"STEAT\TE-BOND
METAL" (OMB\NAT\ONS

b

Steotite bonded t° meLolprl
the Solder-Seol metho A
duces @ permonem he Fiater
s:ol Also t'ewm‘mem:‘:re !
-A ¢ing s'eoh!e w
" ;::'if:r:ol mechomcol strength
ce

is required.

ofi
tions

Standard Shapes
AV AILABLE:

PILLAR INSULATORS
LEAD-IN BUSHINGS
ENTRANCE BUSHINGS
COAXIAL CABLE
INSULATORS
LEAD-IN INSULATORS
SPREADER INSULATORS
STRAIN INSULATORS
(OIL FORMS
SUPPORT BARS
COUPLING INSULATORS

USTOM DESIGNS
10 SPECIFICATION —

i on
speciol steotite mwlolo'rs: )
br: produced in ony u:'md-

5ing, €

e by pres¥! i e
t::? costing  ©f .mochsum:?e
E:perienced engmee'r. !
ovoiloble for consuitotion-

IF YOU HAVE A PROBLEM —

For complete information on General Ceramics Steatite
Insulators, request the new illustrated catalog; for engineering
assistance on specific problems, contact a General Ceramics Sales Engineer.

¢/
223{ CERAMICS and STEATITE CORP.

Perth Amboy 4-5100
GENERAL OFFICES and PLANT: KEASBEY, NEW JERSEY

LAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERYIOUS GRAPHITE AND FERRAMIC MAGNETIC CORES

PROCEEDINGS OF THE |.R.E. April, 1953 7



FOR DEPENDABLE
ELECTRICAL CONTROL

Again and again, these rugged, vitreous-enameled wire-wound

Ohmite resistors have demonstrated their ability to provide

unfailing performance and long life under the most difficult
service conditions.

Ohmite also offers the most complete line of wire-wound

resistors on the market . . . fixed, tapped, adjustable, non-induc-

tive, and precision units—in more than 60 wattage sizes

ranging from 1’ to 20” in length, in 18 types of terminals and

in a wide range of resistance values. Investigate Ohmite
resistors for your product.

Write on company letterhead for complete catalog.

Ohmite vitreous.

enomeled resistors

ore ovoiloble from
stock or promptly

OHMITE"
wide range of
sizes and types.

Ohmite Manufacturing Co., 4860 Flournoy St., Chicage 44, linnus

8A PROCEEDINGS OF THE I.R.E.
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Microwave power

Microwave power
transmitted with

—p ==p —> negligible atten-

vation.

Microwave power
\ this direction at-
tenvated more
than 20 DB.

Improves stability of source,
(By isolation).

Eliminates reflection from loads.

Eliminates reflection from detector with
essentially no loss in sensitivity.

Eliminates pulling due to wavemeter.

Gives good broad-band match.

Adduhonal fre-
quency ranges will
soon be available.

DIRECTIONAL
SMISSION LINE

ow avarlable for higher frequencies

The Uniline section is a new development
specifically designed for use in test measure-
ments particularly where the impedance of
the load is variable. For example, one of the
several possible applications for the Uniline
is as a replacement for the loss-type attenu-
ator commonly used for isolation between
source and load. In this instance, very sub-
stantial isolation is provided with negligible
loss in transmitted power. Up to 100 times
as much power is available for test purposes
when the Uniline is used. The Uniline is a
truly non-reciprocal transmission line ele-
ment, not a directional coupler.

TYPICAL CHARACTERISTICS:
Frequency range: 8800-9600 megacycles.

9600-10,400 megacycles.

Wave guide size: 2''x1''x6'2"’

Attenuation in forward direction: Less than
1 DB.

Attenuation in reverse direction: 20 DB
(approx.)

Voltage standing wave ratio: 1.3:1 (or less)
either direction.

Finished with standard flat flange unless
specified.

Write for descriptive bulletin which gives
theoretical and operational details.

April, 1953
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WORLD'S
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The art of cutting jewels is a thing of consummate skill and delicate touch.

Gem cutting requires great accuracy.

But even gem cutting is not so precise or exacting as crystal processing by
Midland’s methods. As a result, you get the finest quality and highest
accuracy scientific skill can produce in a frequency control crystal.

Midland Crystal Processing operations in many respects exceed the
requirements of gem-cutting. Raw quartz is selected with regard to high
electrical quality . . . proceeds through slicing, lapping, etching; and the final
plating and sealing corresponds to setting a jewel. And at every step
Midland’s critical inspection and test procedures are applied, including
precise angular control by X-ray.

Your Midland crystal is a gem of stability, accuracy, high output, long life.
Whatever may be your requirements for better crystal performance,
you'll get them in fullest measure from Midland.

Wt o ol e, eonwentinal, o spusalied

Whaw tbluaa o b0 opmetly niglit,
l%ltd
MANUFACTURING COMPANY, INC.
3155 Fiberglas Road ® Kansas City, Kansas

LARGEST PRODUCER OF QUARTZ CRYSTALS
PROCEEDINGS OF THE LR.E. April, 1953



:;or gxce//énce n erformance

PYRAMID

subminiature

“GLASSEAL”
CAPACITORS

For the most demanding applications,
where top-quality and minimum-size
considerations are the most vital fac-

° tors, Pyramid “Glasseal” capacitors
are the popular choice.

Power Factor vs. Temperature Curve

This attractive new catalog PG-3, incorporating
complete engineering data, styles, sizes, and
capacitance and voltage ranges is now available.

POWER PACTOR — PER CINT

% Capacitance Change vs. Temperature

o -
TemPERATURE ‘C

These graphs show typical performance characteristict
of the Pyramid "Glasseal X" type. which is designec
for 125°C. operation. Full information on all “Glasseal’
capacitors is provided in new catalog PG-3.

Visit Booth 2 - 310 I.R_E. Convention

For your free copy. please address letterhead request to Department F1

PYRAMID ELECTRIC COMPANY

VA4 MIINCARN DAIIICE\TADN

A Bl % e e e o fas 4



o TRIODES

2C39A

J\ A awsoo0a3  9oTh
3W5000F3  ¢op
3WI10000A3  p501H
3X2500A3 250TL
3X2500F3 304TH

\ 3X3000A1 3041l

3X3000F1 450TH

¢ ocn 450TL
5T 592/3-200A3
35T 750TL
3516 10007
75TH 15007
7571 20007
100TH
TETRODES
4-65A 4W20000A
4.125A 4X150A
4-250A 4X1500
4-400A 4X150G
4-1000A 4X500A
4PR6OA 4XS00F

(XL

PENTODE

4E27A/5-1258

RECTIFIERS

2-01C RX21A
2-25A 250R

2-50A 253

2-1500 866A
2-240A 872A
2-2000A 8020 {100R)
KY21 A

AIR SYSTEM SOCKETS

4-400A /4000 B
4-400A /4006* g
4-1000A /4000 (‘—"'
.4-1000A /4006°* N e
4X150A /4000 N

4X150A 1 4006*
*Replacement Chimneys

VACUUM

SWITCH =)
12V Coil ACCESSORIES
24V Coil

HR Heat dissipating connectors
Preformed Contact Finger Stock

VARIABLE
VACUUM
VACUUM CAPACITORS
PUMP VVC60-20
HV-1 VVC2-60-20
VYVC4-60-20

[+]8 IR '

DIFFUSION )

PUMP r'

S

Pum g

VT ” ION GAUGE
Pump Ports 100 |G ion gauge

VACUUM CAPACITORS

V€6-20 VC€25-20
VC6-32 VC25-32
v€12-20 VC€50-20
(v€12-32 VC50-32

follow the leaders to

4-125A

The radial-beam power
tetrode that made trans-
mitting screen-grid
tubes popular. This
tube will take a plate
input of 500 watts for
CW or 380 watcs for
fone. Driving power is
less than two watts, A
pair of these tetrodes
make an ideal high
power fone or CW fi-
nal for the amatcur.

4501

Often referred to as the
workhorse of modern
communication sys-
tems, this dependable
triode has a plate dis-
sipation rating of 450
wates. It is widely used
as an amplifier, oscil-
lator or modulator.

VV(60-20

This is but one type in
the Eimac line of vari-
able and fixed vacuum
capacitors for plate
tank circuits. It is vari-
able over a runge of 10
mmfd (0 60 mmfd.
Maximum rf voltage is
20 kv. at 40 amperes.

EITEL-McCULLOUGH, INC.

SAN BRUNDO,

EXPORT AGENTS: FRAZAR & HANSEN » 301 CLAY STREET +» SAN FRANCISCO 1), CALIFORNIA

@ Complete technical data
available on request.

CALIFORNIA

PROCEEDINGS OF THE I.RE. April, 1953

4X150A )

This small external Y
anode radial-becam
power tetrode operates
cfficiencly at all fre-
quencics into the UHF
range with a driving
power of only a few
wates, Its smali size and
ruggedness make it
ideal for compact
equipment such as mo-
bile.

3K20000L
(A-F-K)

These Klystrons, the
latest development in
UHF television trans-
mitting, have a power
output of 5000 watts.
The three versions of
the Klystron will cover
the e¢ntire UHF range
-—470-890 mc. These
water and air cooled
Klystrons have a power
gain of 20 db.

2(39A

This small, rugged tri-
ode is designed for use
as a power amplifier,
oscillator or frequency
multiplics 10 frequen-
cies above 2500 mc. It
is particularly suitable
for compact fixed or
mobile equipment,

et




HUGHES
SETS NEW STANDARDS OF
DIODE CONDUCTANCE

hermetically
sealed A
n glass \

for
electrical
stability

HUGHES NOW OFFERS for commer-
cial application eight new RTMA
germanium diode types equivalent
in every respect to Hughes regular
subminiature types—and in addi-
tion carrying forward current
minima of 10 ma. and 20 ma. at
“+1 volt!

THESE HIGH-CONDUCTANCE HuctHEs
DiobEs, a product of Hughes pio-
neer research in semiconductors,
provide better combinations of
high peak inverse voltage, high
back resistance and low forward
resistance than have ever before
been available in production quan-
tities. Volume orders for these new
types can be filled from stock.

HUGHES GERMANIUM DIODES
have proved consistently able to
meet exacting requirements in air-
borne electronic equipment for
navigation, fire control. and guided
missiles. Besides having the advan-
tages of germanium diodes over
vacuum tubes, HUGHES DiODES
alone are

each HUMIDITY-CYCLED

**Formerly 1N69A.

HUGHES GERMANIUM DIODE ELECTRICAL SPECIFICATIONS AT 25° C. each TEMPERATURE-CYCLED
Test |Maximum|Minimum Maximum each JAN SHOCK-TESTED
RTMA Peak Inverse | Forward Inverse 3
Description Type Inverse | Working | Current Current HUGHE§ DioDEs are alsq suPPl'ed
Voltage®| Voltage | @ +1 v (ma) to special customer specifications,
(oits) | (voits) | (ma) including high temperature elec-
High | 0.500@ —150v trical requirements.
Peak 0.625 @ —100 v
High  0005@ —5v; _0050@ —50v |  Address
Back 0,005 @—5v. 0050 @ —50v o iries to
Resistance [~ 005 @ =5V " 0050 @ 0w | Lrduiries
m 0008 @ —5v; Dept. PR
gh
Back
Resistance
i SEMICONDUCTOR
ac
Resistance SALES DEPARTMENT
General
i H U G H ES
JAN A
T o e o sl .
pes TN125T 56 30 30 ]| 70010@ =10y Adrcraft Company
*That voltage ot which dynamic resistance is zero under specified conditions, Each Hughes Diode is Culver C"'ty;

subjected to a voltage rising linearly at 90 voits per second.

alifornia
tFormerly 1N70A. $Formerly 1N81A, N ™ in r#d. Calif v
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Selected stock. Always free
from defects ond surface
blemishes.

Moisture ond fungus proof
coatings, varnish or lacquer
smoothly applied. No wrinkles
or unsightly heavy deposits,

C.T.C. standard terminals. Types
for all applications. Silver-
plated, cadmium plated, elec-
tro finned, hot tinned or goid
plated as required.

Precisely located, clearly
defined imprinting: rubber
stamped, silk-screened, en- y
graved or hot stamped. 4

Rivefing or stoking of ter-
minals, brackets and other com-
ponents accomplished without
radial cracks or splitting of
rivet shanks, and without dam-
aging the finish,

Cleanly cut or punched edges
and holes. No signs of delami-
nation.

Little details on terminal boards
...make the big difference in quality

C.T.C. is constantly supplying
special terminal boards to the top
names in electronics. These boards
are built to strict government speci-
fications, are fabricated of certified
materials to fit the job. Among the
specifications involved are: MIL-P-
3115A, MIL-P-15037, MIL-P-15035,
MIL-P-15047, MIL-P-997A.

Our Custom Engineering Service
is well-equipped to fill these specifi-
cations for you. We are thoroughly
familiar with the JAN and MIL-
approved materials and finishes in
accepted usage by government agen-
cies and the armed forces. This,
combined with assembly know-how
developed over many years of sup-
plying electronic components and
equipment to the government, en-
ables us to meet your needs for

14A

quality above and beyond the basic
government standards.

Boards can be made of cloth,
paper, nylon or glass laminates
(phenolic, melamine or silicone
resin), and can be lacquered or var-
nished to specifications: JAN-C-173,
MIL-V-173 and JAN-T-152. Letter-
ing and numbering is done by rubber
stamping, silk screening, hot stamp-

CAMBRIDGE

custom or stand

THERMIONIC
CORPORATION S

.. tM guksranteed components

PROCEEDINGS OF THE 1L.R.E.

ing, engraving. Inks used in rubber
stamping contain anti-fungus and
fluorescent additives.

For complete information write:
Cambridge Thermionic Corporation,
456 Concord Avenue, Cambridge 38,
Mass. West Coast manufacturers,
contact: E.V.Roberts, 5068 W.Wash.
Blvd., Los Angeles, or 988 Market
St., San Francisco, Cal.

April, 1953
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FORM

**Miniature” I-T-E precision

wire-wound resistor—
1%" long x %¢” 00,

10

“Meter multiplier” — 97%"
long, ferrule type—houses
four [-T-E precision resistors
wound on hobbins of the same
material as the encapsula-
tion. This assures uniform
low coefficient of
throughout the resistor resulting in a true hermetic seal,
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New electronic equipment designs often
require special types of precision wire-
wound resistors. A wide range of special
types and ratings, built to exact cus-
tomer specifications, is being produced
by I-T-E in quantity.

|-T-E precision wire-wound resistors can he
specially engineered to your requirements

Expanded I-T-E design and engi-
neering facilities, and advanced produc-
tion and testing techniques, are all com-
bined to provide individually tested
units guaranteed to perform within
narrowly defined limits.

Here’s what I-T-E offers you:

SIZE

Resistance values up to 500,000 ohms can
be produced in a body as small as 14"’ long
X 3’" OD—with emphasis on close accu-
racy, low temperature-coefficient, and high
stability.

1-T-E also produces multiple-tapped
units in cylindrical and card forms—or in
any required special form. Number and
spacing of taps are available to specification.

RESISTANCE

Special resistors are obtainable in toler-
ances down to £ 0.05%. I-T-E units sur-
pass MIL-R-93A specifications.

Tiny plastic bobbins are used to obtain
higher resistance values than ceramic-core
resistors in the same size body.

Matiched pairs can be supplied in any
ratio—with ratio tolerance to within
+ 0.05%. (Unity ratio to within + 0.005%.)

FREQUENCY

Proper selection of wire and balanced wind-
ing techniques limit reactance within nar-
row ranges.

TEMPERATURE COEFFICIENT

I-T-E selects low temperature-coefficient
resistance wire. Test procedures determine
temperature coefficient of a precision wire-
wound resistor to within + 2 parts/
million/degree C. In matched pairs, TC
of one resistor can be matched to TC of the
other within + 5 parts/million/degree C.

Rigid testing of each resistor makes it
possible to guarantee TC of an entire lot.

STABILITY

Accelerated aging of finished resistors ob-
tains stability as low as 0.005%. Hermetic
sealing protects against the destructive
effects of salt water immersion and
high humidity.

WHAT ARE YOUR REQUIREMENTS ?

I-T-E engineering and production facilities offer you
much more than a standard line of precision wire-
wound resistors and other wire-wound components.
If your problem is special, write us outlining your
requirements. Resistor Division, I-T-E Circuit Breaker
Co., 1924 Hamilton St., Philadelphia 30, Pa.

PRECISION WIRE-WOUND RESISTORS

PROCEEDINGS OF THE I.R.E. April, 1753
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keeping communications ON THE BEAM

\\[jnooucrs]

JK STABILIZED
JKO-2 OVEN

CRYSTALS FOR THE CRITICAL

The JKO-2 oven provides the fast warm up
needed for two way mobile communication —
such as used in railroads, taxis, ete.

Unit holds two JK H-17 type crystals, is com-
pact, light weight. Crystals sealed against dirt

and moisture. A stabilized heat unit, one of
many JK products made to serve every need.

Yhoasds wit? be On Tome

$,takes split second timing to maintain safe, ‘‘on the dot"

roud schedules, and the traffic control involved is highly

Jidated. Today, railroads rely on radio to help keep

do:led and traffic moving. JK Crystals in railroad

f t n equlpmem helps keep your train on time,

b
ed Bnywhere between

4 lbothsfrequency and
s'th@ &bedm’’ on allo-
d tdge, Y

g i

! [ A'J_'ION MONITOR

THE JAMES KNIGHTS COMPANY
SANDWICH  ILLINOIS
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TUNG-SOL'S
STATISTICAL
QUALITY
CONTROL
METHODS
produce
tubes of
vnsurpassed

reliability

i ﬂ.l 4 s

(,_) *_}'* ‘;‘f" t';
TRl

Tung-Sol makes All-Glass Sealed Beam
Lamps, Miniature-Lamps, Signal Flashers, Pic-
ture Tubes, Radio, TV and Special Purpose
Electron Tubes.

TUNG-SOL ELECTRIC INC.
Newark 4, N. J.
Sales Offices: Atlanta, Chicaga, Culver City {Las Angeles),
Dallas, Denver, Detroit, Newark, Seattle




For Transistor

Applications

MERCURY
BATTERY
TYPE No,
TR-120

Mallory Mercury Batteries provide
a constant voltage power supply

Mallory Mercury Batteries are especially well suited
for transistor power requirements. Theyv deliver con-
stant voltage and constant current...an absolute
necessity for the best performance of transistor circuits.
In addition, thev will not deteriorate or lose their
energy during long periods of storage...even under
the most adverse climatic conditions. Their high ratio
of energy to size and weight permits miniaturization of

electronic equipment.

New transistor hearing aids are a good example of the
substantial size reduction and operating economy that
can be accomplished by using Mallory Mercury Bat-
teries and tinv new Mallory Capacitors.

If vou are designing equipment around transistor cir-
cuits, our engineers will be glad to work with you in

selecting a power supply to meet your requirements.
Multi-cell packs and stacks are available for applica-
tions requiring greater capacity or higher voltages than
provided by a single cell. Various combinations can be
built for virtually any capacity or space requirement.
Write us today for more information.

Use Mallory Mercury Batteries
for applications where:

« Constant voltage or current is required l
o Size and weight are important

o Long storage periods are involved l
« Battery leakage cannot be tolerated ‘

« Wide temperature and pressure ranges
are encountered

o Severe impact and shock are expected

MALLORY

SERVING INDUSTRY WITH THESE PRODUCTS:

Electromechanical — Resistors * Switches * Television Tuners * Vibrators
Electrochemical —Capacitors ¢ Rectifiers * Mercury Batteries
Metallurgical—Contacts » Special Metals and Ceramics* Welding Materials

P. R. MALLORY & CO. INC., BATTERY DIVISION, NORTH TARRYTOWN, N.Y.
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Series
595 -P D.C.

ruese New GUARDIAN RELAYS erovioe

MORE POWER FOR ANY COMMUNICATIONS SYSTEM

Analyze the power increasing, space and weight saving features of Guardian’s
latest Series 595-P and 695-P Communications Relays . .. features that have
created an increased demand for these already popular favorites: (1). New, im-
proved field piece has enlarged end adjacent to the armature which reduces
magnetic reluctance of the hinge gap. (2). Armature pivots on a stainless steel
pin bearing, resulting in minimum friction and maximum utilization of avail-
able power. (3). Magnetic circuit efficiency is assured by use of the correct
combination of winding to core size for sensitive or power types.

The Series 595-P D.C. will carry up to 4 pole, double throw contact combinations.
Weight of unit (double pole, double throw)—2.5 ounces. The Series 695-P D.C. will
carry up to 6 pole, double throw contact combinations. Weight of unit (double pole,
double throw)—3.5 ounces. Both the 595-P and the 695-P are available hermetically
sealed to meet Government specifications MIL-R-6106.

GUARDIANRYJELECTRIC

1628-D W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LEINEC OF RELAYS SERVINCG AMERICAN NOUSTRY

.PROCEEDINGS OF THE I.R.E. April, 1953
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For / App'icaﬁons
Triplett 630A Has No Counterpart

with a Mirror-Scale

(oAt

with %% resistors

Iry This Volt-0hm-Mil-Ammeter
at your distributor’s
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VOLUME PRODUCTION is available for

your extruded ceramics at AMERICAN
LAVA CORPORATION. Several batteries of presses from
10-ton to 100-ton capacity assure the right press for the job.
Ceramics of uniform cross section up to 8'2" diameter can
be extruded, sawed and machined to intricate shapes.
These pictures show part of our extrusion equipment and
typical AlSiMag ceramics made from extruded material.
Send us your blue prints or sample: let us show you what
we can do for you.

5187 Y EAR OF CERAMIC LEADERSHIP

AMERICAN LAVA CORPORATION

NOTE NW’"'"'ZL;:NY CHATTANOOGA 5, TENNESSEE
ND, OHIO ond SYRACESE:

CLEVELA

OFFICES: METROPOLITAN AREA: 671 Broad St., Newark, N. J., Mitchell 2-8159 « SYRACUSE, N. Y.
PHILADELPHIA, 1649 N, Brood St., Stevenson 4.2823 « CLEVELAND, 5012 Euclid Ave., Express 1-64685
CHICAGO, 228 N. LaSalie St,, Central 6-1721 * ST LOUIS, 1123 Washington Ave., Garfield 4959
SOUTHWEST: John A, Green Ca., 6815 Oriale Dr., Dallas 9, Dixan 9918 ¢« NEW ENGLAND, 1374
Mass. Ave., Cambridge, Mass,, Kirkland 7-4498 « LOS ANGELES, 5603 N. Huntingtan Dr,, Copital 1-9114




Oscilloscope records are easily read

when prints are made with the Fairchild-Polaroid® Oscilloscope Camera

There are three good reasons why oscilloscope traces can be read quickly and easily when they
are photographed by Fairchild’s adaptation of the Polaroid camera:
1 The trace reads normally—left to right—instead of reverse.

2 Reduction is exactly half life-size for easy measurement of values, especially when
a grid is used.

3 Each print records two images, especially handy for before-and-after work.

Operation is as easy as 1-2-3. In two minutes or less you can set up the camera, snap the shutter,
and pull the tab. Then you wait one minute more and remove the finished print. No focusing
and no special training are required.

Important note—Delivery of Fairchild-Polaroid Oscilloscope Cameras can be had in just a few
weeks. Write today for prices and information.

For still or continuous-motion
recording on 35-mm film or paper
Use the FAIRCHILD OSCILLO-RECORD CAMERA

Speed is continuously variable through an exclusive electronic con-
trol. Film is sprocket-driven so there is no slippage. There are no
belts or pulleys. Top-of-scope mounting eliminates need for tripod
and keeps scope controls easily accessible. Provision for three film
lengths—100, 400, or 1,000 feet. Delivery in about four months.

24A

® Full information about the Fairchild-Polaroid and Oscillo-
Record Cameras awaits your request. Write today to Foirchild } L
Comera and Instrument Corporation, Robbins Lone, Syosset, /

Long Islond, New York, Deportment 120-19C.
O/S’CILLOSCOPE RECORDING CAMERRAS
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ERIE

WG VOLTAGE
DISC 'CERAMI

P o

-

SPECIFICATIONS
Capacitance . . . Within stated tolerance at 1 KC, 1 to 5
volts RMS, and 25°C.
Standard Capacitance Tolerances ... + 5%, +10%,
+209%, guaranteed minimum valve. {+5%, and in
some cases +10%, not available on Hi-K items.)

Standard Voltage Ratings, D. C. Working ... 1000,
1500, 2000, 3000, 5000, 6000.

Dielectric Strength Test . . . Two times rated working
voltage, with megohm series resistance.
Life Test . . . 1.5 times rated working voltage at 85°C.

for 1000 hours.
Insulation Resistance . .. 10,000 megohms minimum.

Temperature Characteristic and Power Factor . . .
One of four, depending on capacitance value and rating.
Mo ximum
Characteristic Power Foctor

P100 thry N1400 01% Exact conformance per Erie GP1

Ceramicons, Bulletin 312.

J

ERIE Disc Ceramicons have proven to be an
ideal adaptation for high voltage application.
Inherent construction simplicity means greatest
economy yet for comparable voltage and
capacitance values.

They are amazingly easy to install in small
spaces . . . they simplify soldering and wiring
operations, and speed up the assembly line.
Erie Disc Ceramicons consist of round flat
dielectrics with fired on silver plates and
leads of No. 22 tinned copper wire firmly
soldered to silver electrodes.

The Ceramicons are phenolic dipped and
vacuum wax impregnated for moisture seal.
They are identified by the Erie trademark and

HE-K—IZA 2% | Exact conformance per Erie Disc
:::ﬁ:;g ;g‘: { Ceramicons, Bulletin 438,

T
-

B

are marked with nominal capacitance and
rated voltage.

Rated D.C. Voltage Capacitance Range, MMF

1000 6 —10,000
1500 5 — 6,400
2000 3.5— 5,100
3000 6 — 3,250
5000 6 — 520
6000 5 — 340

Write for Bulletin 440. Erie Standard 500
volt ‘By-pass and Coupling Disc Ceramicons
are described in Bulletin 438. For Tempera-

ture Compensating Disc Ceramicons see Erie
Bulletin 439.

ERIE components are stocked by leading electronic distributors everywhere.

ERIE RESISTOR CORPORATION

.. . ELECTRONICS DIVISION

PROCELDINGS OF THE I.RE.

Ipril, 195

Main Offices: ERIE, PA.

Sales Offices: Cliffside, N.J. = Philadelphia, Pa.  Buffalo, N. Y. = Chicago, Nl
Detroit, Mich, + Cincinnati, Ohio + Los Angeles, Calif.

Factories: ERIE, PA, + LONDON, ENGLAND + TORONTO, CANADA



Speer makes it easy for you
to choose the right Carbon resistor!

Speer fixed carbhon resistors arc made and
color-coded in compliance with RTMA and
Jan-R-11 standards. This helps your employees
to avoid errors—to use the right resistor for the

circuit every time. 4. Uniformly thick protective covering over the

Speer resistors are made better — are the right cntire length, which eliminates low-voltage
resistors for cvery circuit. By using very high breakdown between resistive element and
pressure to create an inseparable bond between ndjaccnt. con(.luctor — makes for minimum
the protective phenolic shell and the carbon change in .rc.smt:mce.\.vhen subjected to ad-
core, Speer gives its resistors thesc important verse humidity conditions.

advantages: All shipments of Speer resistors are given nu-

1. More efficient heat transfer. merous tests for resistance ruting, and are
backed by a minimum resistance change when
cxposed to an accelerated ten-day humidity test.
Speer manufactures a complete line of 4, 1 and

2. Greater ability to sustain overloads for long
periods of time.

3. Uniform diameter resistive element for the 2 watt resistors in all standard values from 10
entire length of the resistor, which eliminates ohms to 20 megohms. Nonstandard values are
weak points and potential burn-outs. available for special applications.

Write today for
your free copy of Speer
Resistor’s new

complete catalog

SPEER RESISTOR DIVISION
(a)

SPEER CARBON COMPANY
mm St. Marys, Pennsylvania

"RESISTOR | Other Divisions: Jeffers Electronics

, International Graphite & Electrode
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When it comes to
making a Za/Saviy
In space...

Fay

tackpole cup cores with their self-shielding
characteristic can be mounted close to the chassis
or any other metal part for maxinum 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

STACKPOLE CARBON COMPANY
St. Marys, Pa.

"3

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
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electronic wire and cables
for standard and special applications

Whether your particular requirements are for standard or special
application, choose LEN Z for the finest in precision-manufactured

electronic wire and cable.

+ GOVERNMENT PURPOSE RADIO AND
INSTRUMENT HOOK-UP WIRE,

plastic or braided type, conforming to Government
Specification JAN-C-76, etc., for radio and instruments.
Solid or flexible conductors, in a variety of sizes and
colors.

RADIO AND INSTRUMENT HOOK-UP WIRE,

Underwriters Approved, for 80° C., 90° C. and 105° C.
temperature requirements. Plastic insulated, with or
without braids.

RF CIRCUIT HOOK-UP AND LEAD WIRE

for VHF and UHF, AM, FM and TV high frequency cir-
cuits. LENZ Low-Loss RF wire, solid or stranded tinned

. copper conductors, braided, with color-coded insula-
tion, waxed impregnation.

o7 ———

SHIELDED MULTIPLE CONDUCTOR CABLES

Conductors: Multiple—2 to 7 or more of flexible tinned
copper. Insulation: extruded color-coded plastic.Closely
braided tinned copper shield. For: Auto radio, indoor
PA systems and sound recording equipment.

S
R KRR XL

S S S
SHIELDED COTTON BRAIDED CABLES

PPN

Conductors: Multiple—2 to 7 or more of flexible tinned
copper. Insulation: extruded color-coded plastic. Cable
concentrically formed. Closely braided tinned copper
shield plus’brown overall cotton braid.

I

SPECIAL HARNESSES,

cords and cables, conforming to Government and civilian
requirements.

SHIELDED JACKETED MICROPHONE CABLE

Conductors: Multiple—2 to 7 or more conductors of
stranded tinned copper. Insgulation: extruded color-
coded plastic. Closely braided tinned copper shield.
Tough, durable jacket overall,

JACKETED MICROPHONE CABLE

Conductors: Extra-flextble tinned copper. Polythene
insulation. Shield: #36 tinned copper, closely braided,
with tough durable jacket overall. Capacity per foot:
29MMF.

TINNED COPPER SHIELDING AND
BONDING BRAIDS

Construction: #34 tinned copper braid, flattened to
various widths. Bonding Braids conforming to Federal
Spec. QQ-B-S75 or Air Force Spec. 94-40229.

PA AND INTERCOMMUNICATION CABLE

Conductors: #22 stranded tinned copper. Insulation:
textile or plastic insulated conductors. Cable formed of
Twisted Pairs, color-coded. Cotton brald or plastic
jacket overall. Furnished in 2, 5§, 7, 13 and 25 paired, or
to specific requirements.

Lenz Electric Manufacturing Co.

1751 N. Western Ave., Chicago 47, lllinois

Our 48th Year in Business

cords, cable and wire for radio « p. a. « test instruments « component parts

28a
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‘YT FHL 40 SHNIAHII0dd

£c61 ‘nady

AY ¥4

INTERCHANGEABILITY CHART

" (¢2) GERMANIUM DIODE

FEAK CONT. | PEAK CONT.
MINIMUM INVERSE REVERS 2 MAXIMUM MINIMUM INVERSE REVERSE MAXIMUM
TYPE & G.E. FORWARD CUR.  VOLTAGE  VOLTAGE REVERSE CUR. {ana) ‘ TYPE & G.E. FORWARD CUR.  VOLTAGE  VOLTAGE REVERSE CUR. (asa)
MER, REPLACEMENT @ HIV. (MA) (VOLTS)  (VOLTS) @ —S0V. OTHER ) _FEMARKS MEFR, REPLACEMENT @ +IV.(MA) _ (VOLTS) vours) @ -30v. OTHER REMARKS
N34 {SK) 5.0 60 800.  s0@ -lov. 1N65 {GE) o 25 Bs 70 250
IN48 40 70 833 R | “INgs ®) 5.0 0 60 800 50 @ —10V.
IN34A (5) 5.0 60 560 0@ —-10v 1N48 4.0 85 70 833
IN52 40 70 150 - TING7 (R) 40 100 80 50 5@ -5V,
TN35 (5K} 7.5 50 10 @ —10v.| Motched poirs; IN63 40 125 100 50
Gaa 4.0 70 150 - See Note 1 || TTN&B (R) 3.0 120 100 625 @ —100V.
IN38 (SK) 3.0 100 6@ —av. \ IN7S 2.5 25 100 50
625 @ —100V. ‘ NG9 (GE) 50 75 80 850 50 @_—10v.
1N70 3.0 125 oo 300 25 @ —10v. [[TINn7oteer 30 125 100 300 25@ —1lov.
TN3BA {5} 40 120 100 , 5@ —? » NS Neme
N63 40 125 100 50 00 @ ~oow i 080 +V. 2 S0
TN39 (5K} 1.5 225 200 200 @ — 100V. felBdeR 1S0@ V. i, S0\ =103 =
800 @ —200V. || IN74 (GE) 150 @ +1.8V. 75 - 50 @ —10V. Quad, See Note 3
IN75 2.5 123 100 50 1575 TGE], 25 125 100 50
TN40 (5) 1275 @ +1.5V. 75 25 0@ —10v. Quad, See Note 2 | CK70S R} — S Some a3 IN66
1N73 150 @ +1.7v. 75 50 @ —10V. Quad; See Note 3 || CK706 (R) 50 40 200 @ —10V. See Note 7
IN41 (S) None e — ==l 0000 INe4 .05 @ +0.25v. 20 25@ —1.3V.  SeeNoteS
1N42 (5) 1275 @ +1.5V. 120 50 6@ —3v. Quad, See Note 2 | CK707 (R} 35 100 80 100 8@ -5v.
625 @ —100V. " Ns2 a0 8 70 150
IN73 150 @ +1.7v. 75 50 @ —10V. Quad; See Note 3 | _CK708 (R) i H— ___ SomeosIN6B
IN43 (WE) 5.0 80 850 T 206@ -5V, |, CK709 (R) 60 Quad, See Note 8
IN69 5.0 75 60 850 50 @ —10v. — ___WN73  1so@4r17v. 75 0@ -10Y.  Quad;See Note 3
IN44 (WE) T 30 s 1000 v T CK710 {R) 3@ +0.5V. 10 s 200 @ —.6V. See Note 9
1N70 3.0 125 100 300 25 @ —10v. . G7a o See Note &
TINas (we) 3.0 75 = a0 S s =R CK711 (R) 80 30 Quod. See Note 10
IN65 2.5 85 70 250 | CIN73 5@ 17V, 75 —— __50@ —10v. Quad; See Note 3
TN46 (WE) 3.0 ) 1500 B o CK712 (R) 2.0 225 200 800 @ —200V.
IN4B 40 85 70 833 IN7S 28 125 100 30
IN47 (WE) 30 715 10 4@ -3, T &« 21 @ +20V. 75 75 250 @ —40V.
IN70 3.0 125 100 300 25@ - 10V || INS2 40 000 85 70__ 150
1N48 (GE) - 40 85 70 833 INBL(GE) - 30 o 40 IS T X . VST /A —
aNs 68 25 50 a0 1667 o - Nz UHF Mixer
IN52 (GE ——— 10— - G7A os@4sv. 800 @ -5 See Note &
——— o = % — = — CK715(R) Frequency Mult,
N34 (5K) o ;g ;; :g o ;g (@;: i :g‘: | —- G7E 08@ +.5V. =) B Frequency Mult.
TNS4A (5) S0 75 50 oo 7@ —1ov. — R INFVICE), ___ 1000 _ 100 B
INS2 0 85 70 150 1N92 (GE) 1000 200 Diffused Junction
NS5 (5K) 3.0 170 150 g 300 @ —100V. T _Ine3(cE __tooo 300 LOGLTD
| 800 @ —150V. || Tinva (ol — 1000 400
IN7S 25 125 100 50 T en(ce B — - B Tronsistor
TN55A (s) 40 170 150 500 @ —150V. | Gl11A (GE) = Transistor
IN63 40 125 100 50 | -
TN56 {SK) 150 50 40 300 @ —30V. T NOTE 1 Forword resistances matched within 10% ot +1V.
i _INe9 5.0 75 60 NOTE  2: Four diodes in Tube shell with forward resistances bolanced within +2.5% ot +1.5V. Forward resistances of each pair
IN56A (S) 15.0 50 40 matched within 3 ohms.
IN69 50 75 &0 NOTE  3: Four diodes in hermetically sealed tube shell. Forward resistonces matched within 6.7 chms for IN73 and 13.4 ohms for IN74
INS7 {SK) 40 90 0 s00@ -7sv. at 15 Ma. Forward resistances of eath pair matched within 2 ohms for IN73 and 6.7 ohms for IN74 at 15 Ma.
IN52 40 85 70 150 | NOTE 4: Tested with 1.8V. RMS input at 40 Mc, 70% modulated ot 400 cycles. Minimum output is 1.8V. peak-to-peck acrass 4700
| - — — _ | ohms shunted by 5 MMF,
pRESIEL) M ::g :;g "gg &5 L0 PIE% NOTE  5: Tested with 0.1V. RMS, 44 Mc input 1o lost LF. grid. Minimum output is 100 axa through 3600 chms shnted by S MMFD.
INSTA S) s T — YT,y T,T — 1| NOTE 6&: Maximum conversion loss is 10db meosured at 900 Mc with 0.7 Mw LO. level and d-c forward bias from 0 0.25V.,
IN63 4.0 125 100 50 250 ohm source. . I .
NGO (5K 30 25 — S Note 4 NOTE  7: Tested with 0.1V, RMS, 50 Mc input fo last LF. grid. Minimum output is 330 asa through 5100 ohms shunted by 5 MMFD.
1N64 05 @ +0.25V. 20 25 @ —13v See Note S NOTE 38: Fm(r'd?odn n vvbohxhclll -gm cor:::d resistances matched within 2.5%,. At — 10V. diodes are maiched 2.5% or ol have @
(AL LA k- S SE— .8 - resistonce greater than 1.0 meg ohm.
IN61 {K) 5.0 V40 130 ;gg 8 - :gg; NOTE  9: Typical noise temperature ratio of 2.
I o 5 - o . | NOTE 10: Four diodes in tube shell. Each pair of diodes is shunted by 10,000 chms center-tapped and the ceater tap of resistor and
.I—N_SSW ———————— B ) - o - | 5 diodes tonnected by o mlcrogmm.eler, With 0 .lo 4+3V. de apphe; vnbu.lun(e (u”;n' Iu'ml is 5 MA. - . s
IN64 (GE) 05 @ 40.25V. 20 256G 13V, Sec Note 5 | or o free file card copy of this data wrg;;agf::-r#.?“mc Co., Section 5243, Electronics Park,
— —— — el




NEW PRODUCTS

&NEWS and

April 1953

Millimicrosecond
Pulse Generator

Electrical and Physical Instrument
Corp., 42-19 27th St., long lIsland City,
announces the Model 100 millimicrosecond
pulse generator, which utilizes a new meth-
ad of pulse shaping. Square pulses of rise
time of 1 millimicrosecond, (0.001 usec.)
with a comparable decay time and of width
which can be varied from 2 millimicro-
seconds to several microseconds are gen-
erated. The maximum pulse amplitude is
100 volts into low impedance cables (such
as 50 ohms) for a pulsed power output of
200 watts; outputs up to 800 watts are also
available. The output amplitude can be at-
tenuated a total of 84 db in one db steps
to cover the range of 100 volts to 0.000
volt. A polarity switch on the front panel
allows the selection of either positive or
negative pulses. Two or more pulse out-
puts, cach of which can be individually
attenuated and delayed are available in
some mudels. The repetition rate is 60 pps
with control for a single pulse operation
available. Pulse widths are: 2.0 millimicro-
seconds 2.0X107?%, 5.0 millimicroseconds
5.0X107%, 7.5 millimicroseconds 7.5 X102,
10 millimicroscconds 1078, 25 millimicro-
seconds 2.5X 1078, 50 millimicroscconds
5X 10°8, 45 microsccond 10-7, Other values
of pulse widths are available upon request,
and instructions for obtaining any pulse
width desired from 2 millimicroseconds to
several microseconds are included with the
unit.

Transformer Catalog

Peerless Electrical Product Div., Altec
Lansing Corp., has just released its new
15-page transformer catalog and price list
containing 92 items. This catalog lists
many new items including the new line of
20-20 plus transformers, and also describes
facilities for the design and manufacture of
Class A, B, and H transformers, which are
built 1o meet JAN-T27 and MIL-T 27
specifications. Catalogs and price lists may
be obtained by writing to I’cerless Electri-
cal Products Div., Altec Lansing Corp.,
9356 Santa Monica Blvd., Beverly Hills,
Calif., or 161 6th Ave., New York 13, N. Y.

30a

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

The Panel on Electron Tubes of the
Research and Development Board is
sponsoring a symposium on Ceramic-
To-Metal Scals at the Rutgers Uni-
versity School of Ceramics on April
21, 1953.

For further information contact
Harry J. Sullivan at 346 Broadway,
New York, N.Y., REctor 2-8000.

Time Calibrator

The Type 190 Low-Frequency Time
Calibrator, a synchronous-motor driven
device furnishing pulses at intervals of
0.01, 0.1, or 1.0 second, is now available
from Owen Laboratories, Pasadena, Calif,

-~
r‘l:.' IRtavrncy
¥ Catrany ro

—
"t

A~

It is intended for use with oscilloscopes
and various types of recording equipment
in electrical, mechanical, and biological
investigations. ’ulse amplitude is about
1.5 volts. Size is 53 X33 X3 inches, and the
price is $48 postpaid.

Sharp-Cutoff Pentode

Tube Dept., Radio Corp. of America,
Harrison, N. J., has a new type 5654, i
“premium” version of the miniature sharp-
cutoff pentode 6AKS for use as a broad-
band RF or IF amplifier in maobile and air-
craft receivers. It is constructed and
processed to meet military requirements,

- -— -

< wam

Featured in the 5654 is a compact
structure especially designed to provide in-
creased mount strength against shock and
vibration, and a pure-tungsten heater to
give long life under conditions of on-off
switching.

PROCEEDINGS OF THE I.R.E.

Elapsed Time Indicator

R. W. Cramer Co., Centerbrook 35,
Conn., has a new type ET time totalizer,
used to measure and indicate elapsed time
intervals wherever very precise measure-
ment of time is required.

Two models are available: Onc has
scale divisions of 0.01 second and a total
range of 50 seconds, and the other has divi-
sions of 0.01 minute and a total range of 50
minutes. Accuracy for either is better than
0.02 of of 1 per cent.

Prime feature of the new time totalizer
is a unique differential clutch mechanism
that insures high accuracy and positive
clutching throughout the life of the device.
Instead of the conventional friction or
face plate clutch, the motor is here
permanently connected to the sun gear of
a differential gear system. One of the dif-
ferential members is connected to the
pointer system, while the other goes to a
free gear.

Forms of this time totalizer are avail-
able to meet the most exacting military
specifications with regard to shock, vibra-
tion, temperature, etc.

For complete details write for Bulletin
690.

Tube Bottoming Machine

Kahle Engineering Co., 1307 Scventh
St., North Bergen, N. J., has announced
the production of a completely automatic
tube bottoming machine.

This special-purpose machine, Model
2048, was designed and built to produce
miniature lamp bulbs for switchboard and
telephone use.

The machine, producing 4,000 units
per hour, eliminates older methods of lift-
ing the glass from one position to the next
by using a continuous conveyor principle.
Cut tubing of required length is dumped
into a rubber-lined hopper; the glass is then
indexed straight through the machine and
is not “jumped” or “bumped” in the proc-
ess. In machine Dhreakage and rejects are
consequently held to a minimum. In addi-
tion, Model 2048 can be used to produce
round or flat bottomed test tubes, vials,
and containers. (Continsued on page 444)
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Since Daven originated the first pie-type
wire wound resistor more than a generation ago,
it has pioneered many innovations in the pro-
duction of resistors.

Today, only Daven uses a stranded lead wire
to connect the resistance wire to the solder ter-
minal of the Super Davohm Precision Wire
Wound Resistor.

As a result, no matter how much strain,
stress, heat or pressure is applied to the solder
terminal, no accompanying shock is put upon
the fine resistance wire itself, but is absorbed by
the heavy lead wire without adversely affecting
the resistor in any way.

Therefore, Super Davohm Resistors are sub-
stantially more rugged than conventional resis-
tors and are able to withstand unusual vibration,
rough treatment and abnormal shocks.

This exclusive Daven feature, plus the many
other quality aspects of Super Davohm Precision
Wire Wound Resistors, makes Daven the leader
in the resistor field.

The Super Davohm line includes resistors
made in accordance with MIL-R-93A specifica-
tions, as well as sub-miniature units to give you
the most complete selection of resistors availa-
ble anywhere. Deliveries can be made to meet
your requirements.

Write for assistance with your problems,
and ask for a copy of Daven’s complete, new
brochure on Super Davohm Precision Wire
Wound Resistors.

~DAVEN-

195 CENTRAL AVENUE, NEWARK 4, N. J.




BPL i
STATICON

INDUSTRIAL TELEVISION
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2
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Standard or portable type cameras designed with

New ‘‘STATICON’ TUBE ... GPL Remote Conrtrol optional

A SPECIAL SERVICE
For Users of

INDUSTRIAL
TV

GPL announces a special
engineering service for
firms studying industrial
TV. You are invited to
submit your problems to
GPL engineers for a sur-
vey of camera type needed,
lenses, monitors, remote
control, and complete in-
stallation for maximum
economy and efficiency.

R4 24 b4

STANDARD STATICON

A very compact camera, de-
signed for fixed installation
and continuous duty under
minimum light conditions.
Separate control monitor and
sync generator at master con-
trol point. Standard TV re-
ceivers can be used as optional
monitors. Available with re-
mote control of pan and tilt,
lens change, focus and iris ad-
justment,.

PORTABLE STATICON

For field use, multiple set-
ups . . . hand-held or tripod-
mounted. Packaged as one unit
with built-in sync generator,
monitor and transmitter in
camera housing. Standard TV
receivers as added monitors.
Rugged but compact for reli-
ability in portable uses.

Specifications for both cameras

available on request

Write, wire or phone

General Precision Lahoratory

INCORPORATED

PLEASANTVILLE

PROCEEDINGS OF THE [.RE.

NEW YORK — ——
Cable address: Prelab

Export Department:

13 East 40th St., New York City

Cable address: Arlab

TV Comera Chains o TV Film Chains e TV Field ond Studio Equipment e Theatre TV Equipment

April, 1953



GHUGIBLE first name in special purpose steels
53 goars of Fine | strelimaking PERMANENT ALNICO MAGNETS

CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA.
STAINLESS*REX HIGH SPEED*TOOL*ALLOY*MACHINERY *SPECIAL PURPOSE STEELS
PROCEEDINGS OF THE LR.E.
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. . . with a rheostat or other resistance POWERSTAT type 10 is rated:

ACTUAL SIZE

type controls. You will find POWER- IMRUT-RI208Volts RO0RC el gz
STAT type 10 the ideal source of vari- OUTPUT: 0-120 Volts, 0132 Volts, {
125 A , 150/165 Volt.
able a-c voltage control of 50-100-150 Amperer °
1 A
i' watt Iouds. P%?Egi;:gsosy.pe 10 weighs only 1 POUND,
® EFFICIENCY of type 10 is high . . . does not control by dissipating power in the wasteful

AT
| AP

form of heat as does a resistance type control.

SPACE REQUIREMENT of type 10 is only 24 by 3% inches. Not only is it compact but since
it does not produce heat there is no ventilation problem,

CONSTRUCTION of type 10 is rugged for long life and dependable service,

ADAPTABILITY  of type 10 to any load within its rating is possible without tailoring as is
necessary with a resistance type control. ]

RATING of type 10 is conservative with the rated output current available at any
brush setting.

MOUNTING of type 10 is simple by means of a single hole in the panel. It is locked in
position by a keying arrangement.

OPERATION of type 10 is smooth, stepless and silent. . '

PRICE of type 10 is low . . . comparable to any other type of a-c voltage control
apparatus of equal capacity and characteristics.

A comparison of POWERSTAT type 10 with a POWERSTAT type 10 is a small, compact auto- h

rheostat or other resistance type controls re- transformer of toroidal core design with a “ .
veals that it is the logical answer to any vari- movable brush-tap. Rotation of the tap de- ‘ i
able a-¢ voltage control problem involving livers any output voltage from zero to, or
loads up to 150 watts. above, line voltage. It is tapped to allow

Additional information on POWER. - VAL

compensation for a 10 per cent drop in line

q q e “““"in 7
STAT type 10 is available by writing 8Ig Niitngysy
1104 Mae Avenue, Bristol, Cann.

me SUPERIOR ELECTRIC col >EY |

BRISTOL, CONNECTICUT :D/_;"'
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(iiodss all hens

zm PICTURE TUBE

*with Internal Magnetic Focus

' Saves parts, circuitry, labor in set manufacture!
. Gives needle-sharp over-all image!

. Permanently pre-focussed for best viewing!

COMPARE (left) the bulky parts needed for a standard tube with (right) the clean simplicity of an i-m-f tube ready to install!

The external ion-trap magnet on this standard tube,
is an extra cost item for the TV manufacturer and re-
quires special adjustment. The focus coil and compli-
cated mounting also mean extra cost. They take up space,
add weight, consume assembly and adjustment time.
Get rid of all three parts with G. E.’s new i-m-f tube!

N this 75th anniversary year, General Electric

takes pride in announcing its i-m-f picture tube
as the latestin a long series of significant G-E “firsts”.
To the many advantages given by internal, factory-
adjusted ion-trap and focus magnets, can be added
radically improved design in important tube details.
One example of this is the new, precision-made
metal “lens’ that greatly narrows the electron beam,

GENERAL

Now, no hard-to-adjust external ion-trap magnet! No
focus coil, or external focus magnet, with cumbersome
bracket! Instead, an i-m-f tube calls for just two parts
when installed, both of them compact: (1) a close-
fitting steel shunt band that is easily slipped on and
(2) a small centering device to position the picture.

assuring clean, sharp picture definition over the
entire TV screen area. Now 90°-sweep tubes can
have good detail across the whole face! You can ex-
pect production soon in 21" size. Other i-m-f types
will be added rapidly. Television manufacturers
and television designers will be sent full informa-
tion on request. Twbe Department, General Electric
Company, Schenectady 5, New York.

5 ELECTRIC

162-1A2



TRANSFORMERS
MEET MIL-T-27 GRADE 1 CLASS A
SPECIFICATIONS WITH
IN-PLANT TESTING FACILITIES

GRAMER /oomiteaty Seated

EXACT

TEMPERATURE and IMMERSION CYCLING ELECTRICAL

FIVE (5) CONTROLLED MEASUREMENTS
: CYCLES
== E—— INSULATION
i OF 15 MINUTES RESISTANCE .
B measured !
Step 1. Oven 185° F. °¢<U"°'e'y E> ‘
[+]
Step 2. Room Temperature 2,000,000 -
Megohms

Step 3. Cold Chamber
—67° F.

Step 4. Room Temperature

Step S. Saturated Salt Bath
Total Immersion

TEMPERATURE

RISE — x
TEST C> : "

5 B
|

x
| l

® 0 0 00 0000000000000 000600000006060000

= .. 3ig MOISTURE RESISTANCE

£z0 95
| 93% LRk

959% R H—
o Transformers withstand 10 humidity cycles
shown at left and are subjected to a 15 min-
70 vte vibration test, 10 to 55 cycles per second.
60 [ T\ I Some specifications require DC polarizing
J \ / \ voltage applied from terminals to case dur-
50 . h . 2 . in humidi
& ing the entire time units are in humidity
40 1 ‘ & cabinet.
20 / \ < GRAMER TRANSFORMERS CAN TAKE IT!
= - N
20 \, ’ .
10 r : HUMIDITY ‘
CABINET
(o]
~-10 — ‘
HOURS 4 8 12 6 20 24

H PULASKI ROAD - cHICAGO 39, 1tLinots  EEREN
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REDUCE SET-BUILDING COSTS..

L A

““BUILT-IN EYELETS SPEED
PRODUCTION...SAVE DOLLARS!"

“ANOTHER
IMPROVED PART
BY SYLVANIA“

with this New Sylvania
Integral Eyelet Socket

You'll speed up radio and television set assembly
and pare down costs with this new Sylvania socket!

The eyelets are formed into the saddle and actually
function as rivets. Just 2 simple operations and these
sockets are firmly secured to the chassis. You save
rivet costs, save time, and get a sturdy, durable,

top-quality job.
Made with 3 types of bases ‘\'
These new Sylvania sockets are now available with

7-pin, octal, or 9-pin bases. Insulators are either
general-purpose or low-loss phenolic.

. . . . RADIO TUBES: TELEVISION PICTURE TUBES: ELECTRONIC PRODUCTS: ELECTRONIC
For prices and full information about this latest TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIEN TUBING, WIRING DEVICES;

Sylvania quality part, write today to: Sylvania Elec- UIGHT BULBS; PHOTOLAMPS; TELEVISION SETS
tric Products Inc., Dept. 3A-4504, 1740 Broadway,
New York 19, N. Y.
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You Name The Height
Your Antenna Must Reach...

TRUSCON TOWER ENGINEERS

I
will get it up there. .. to stay: £

® Whether your needs call for a
medium-sized 300 foot tower, a
lofty 1200-plus foot giant, or any
size in between, Truscon engineers
have the answer . . . or can get it
to you fast. Truscon has designed
and built many hundreds of radio
towers now serving in all kinds
of climate and all types of topo-
graphy. Truscon builds ’em for
you tall or small . . . guyed or
self-supporting . . . tapered or uni-
form in cross-section . . . for AM,
FM, TV, and Microwave trans-
mission. You just name the height
your antenna must reach; then
write, wire or ’phone your nearest
Truscon district office or “tower
headquarters” in Youngstown to
get your tower program going
as soon as defense require-
ments permit.

TRUSCON STEEL
DIVISION

REPUBLIC STEEL CORPORATION
1072 ALBERT ST,
YOUNGSTOWN 1, OHIO

PROCEEDINGS OF THE LR.E. April, 1953

38a



'!\ [1-.' v
A

e . L
| B

St

—out of sight, but in the picture

Whenever vou turn on television you are
using a little-scen, but essential, material
called Synthane.

Synthane is a laminated plastic of mul-
tiple virtues. which recommend it for
many jobs in television.

Svnthane is an excellent insulator. lam-
inable with metal, hence, a good base for
space-reducing “‘printed” circuits.
Synthane is notable for low power facior,
low moisture absorption. and case of fab-
rication. three properties desirable for
radio and television insulation. Synthane

Syithase-one of induilinfs unsen ceseitials ESYNI;F[ANE

EEDINGS (F 11 1

plays a supporting part in many behind-
the-screen and behind-the-camera
applications.

Synthane is also light in weight. strong,
vibration absorbing. chemically resistant
high in dielectric strength. dimensionally
stable, heat resistant to about 300°F.

There may be a place for Synthane in
your product. To find out more about
the possibilities of Synthane for your pur-
pose. write for the complete Synthane
Catalog. Synthane Corporation,12 River
Road, Oaks, Pennsylvania.

S
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E
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Synthane in Television . ..

A-—Television comero ports

B—Television receiver printed
circuits—metal foil on Synthone
sheets

C—Channel selector switch
insulotion

April, 1953
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Qarching

. Jor more effective

automatic control instrumentss
® NEWEST

Ketay’s knowledge and experience will be helpful.
KETAY PRODUCT -

It was gained in developing and designing dozens of the precision control
instruments that are today’s military standards.

Take Ketay’s Size 23 Synchro, for instance. This single development is

an integral component in the controlling of the Skysweeper. .. the
Army’s latest automatic antiaircraft gun. Ketay’s mass production
SYNCHRO CONTROL techniques are making such controls economically practical.
TYPE-D- 14450 .
26/118 VAC-400 CYCLES .
KETAY MFG. CORP. '.
NEW YORK, N.Y. .

Our instrument engineers, with more than 25 years of specialization
in this field, could well put an end to your search for more

effective automatic controls. There’s no obligation, of course.
Why not write for more information to Dept. A.
SUBMINIATURE TYPE
JIOIA2D SYNCHRO

CONTROL TRANSFORMER
Ketay Part No. D—14450
Voltage rating

11.8v/0.4 v per deg.
Operating frequency

} 6 Z a‘ ‘MANUFACTURING CORP.
400 cps i .
Input power 0.4 w max. . AT
Input current 140 ma max. . Ao
Input impedance —{ LS !
61 /77° ohms Y
Secondary voltage IS8S8S

New York, N.Y,

232 *1v

Total null voltage 40 mv max.

Fundamental Component of
Null voltage

Time Phase Shift

Moment of Inertia

Hawthorne, Calif.
Executive Offices: 555 Broadway, New York 12, N. Y.
-&-
30 mv max.
o

DEVELOPMENT
8.8 X 10-5 slug in2 . MANUFACTURE P A
Frictional Torque .05 oz. in. : of precision instruments
Electrical Accuracy —max. 10’ .
WHEN USED AS A 9 ® SYNCHROS o SERVOS e RESOLVERS
CONTROL TRANSMITTER s
Voltage rating  26/11.8 v.a.c. P
Input power 0.4 w max.
Input current

65 ma max.
Input impedance

® MAGNETIC AMPLIFIERS o AUTOMATIC CONTROL SYSTEMS
©® ELECTRONIC EQUIPMENT
Time phase shift
40A

475 /77° ohms
Output voltage 11.8 v = 0.3 v

7.3°

P’ROCEEDINGS OF THE I.R.E
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- She S taredtired of Dwalit ’ |

Professional engineers and technicians
everywhere constantly rely on the accuracy
of calibration and long dependability of

HICKOK instruments.

In electronic instruments, HICKOK pioneer-
ing leadership has been acknowledged for
over 42 years.

Model 292X
SIGNAL GENERATOR

Frequency Coverage:

125 KC to 220 MC THE HICKOK ELECTRICAL INSTRUMENT COMPANY
CalibriediOutput: 4 10514 Dupont Avenve » Cleveland 8, Ohio

Less thon 1 microvolt,

up to 100,000
microvolits.

41a
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Everything you need to mount, house, fasten, connect,

monitor your equipment.

'FOR YOUR SMALLER UNITS .

Take

Ist 2n

Prepunched Terminal
Mounting Cards come
in all sizes needed for

START WITH
ALDEN MINIATURE
TERMINALS

Here’s a beautiful

f an new little Terminal

; m %’ that really puts sol~

}r@ dering on a produc-

U tion basis; taking a edc
minimum of space Packages: miniature
and material. Ratchet holds leads firmly for solder- 7-pin ?"}d 9-pin units,
ing, no wrap-around or pliering necessary. Unique or l!-pm .?‘“d 20'1""‘
punch press configuration gives rapid heat transfer, plug-in units. Card is
taking less time and solder. Designed for Govt. natural  phenolic  Vi¢”
Miniaturization contracts. Staked in Alden Pre- thick prepunched on
punched Terminal Cards, allow patterns for any /A" centers with .101”
circuit. holes for taking the
Miniature Terminals,

Held

Pre-punched  Terminal
Mounting Card ready-cut to size
you require. Stake in Alden Miniature
Terminals to mount your circuitry.

3 d Attach Minjature Terminals,
r Alden Card-mounting  Tube
Sockets and Mounting Brackets, which
mount in the prepunched holes.

&)

Mounting
Brackets stake
to the Pree
| punched Card,
mount Card to
Package Base
and Lid,

Alden Card - mounting
Tube Sockets for mini-
ature 7, miniature 9
and octal tubes, are
complete with studs
and eyelets for easy
mounting on Pre-
punched Cards.

for soldering

o o !

Snap in

B

No pliers—No twisting

2nd

Wires—Buss bars easily accessible {
PEL PR m READY MADE to fit various
— — — Ratchet holds ready made Chassis sizes.

leads firml
Both sides can be used Y

Snip off loops desired to by-pass.

O © O 0O QO

JUMPER
STRIP

Stake under Terminals for common circuits. Loops
match prepunched holes in Terminal Cards. Snip
off loops desired to by-pass.

TO OBTAIN COMPLETE

Tiny Sensing Elements specifically designed to spot
trouble instantly in any unit.

Here are tiny components to isolate trouble instantly by providing
visual tell-tales for cach unit.

“PAN-i-LITE’” MIN. INDICATOR LIGHT

So compact you can use it in places never before possible.
Glows like a red-hot poker. Push-mounts in .348” drill hole.
Bulbs replace from front. Tiny spares are unbreakable, easily
kept available, taped in recess of equipment. Alden #86L,
ruby, sapphire, pearl, emerald.

MINIATURE TEST POINT JACK

Here are tiny insulated Test Point Jacks that make possible
checking critical plate or circuit voltages from the front of your
equipment panel—without pulling out equipment or digging
into the chassis. Takes a minimum of space, has low capaci-
tance to ground, long life beryllium copper contacts. Available
in black, red, blue, green, tan and brown phenolic conforming
to MIL-P 14B- CGF; also nylon in black, red, orange, blue,
yellow, white, green. Alden #110BCS.

ALDEN ‘‘FUSE-LITE”

Q Fuse Blows — Lite Glows.

~= Signals immediately blown fuse. Lite visible from any angle.
- To replace fuse simply unscrew the 1-pc. Lite-lens unit. Mounts
/7/' W easily by standard production techniques, in absolute minimum

of space. 110V Alden #440-4FH. 28V #440.6FH.

Free Samples Sent Upon Request

Lay out circuitry with Pre-
punched Terminal Mounting
Card in lengths up to 3’.

Organize circuitry in compact vertical
planes. Use both sides of Prepunched
Card to stake in Alden Miniature Ter-
minals to your circuitry layout. Vertical
position gives ready accessibility; there
is no ‘‘underneath” in Alden design.

e FOR YOUR LARGER UNITS .

3 d Attach Miniature Terminals,
r Card-mounting Tube Sockets
and Mounting Brackets, which

% fit any of the prepunched holes.

Alden Card-
mounting Tube
Sockets, ready-
made in variety
of sizes, com-
plete with studs
and eyelets for
easy mounting
on Prepunched
Cards.

DETAILS

Get one point of check of all incoming and outgoing
leads thru ALDEN BACK CONNECTORS

462-1

SINGLE CHECK POINT

Here for the first time is a slide-in connector that brings all incoming and outgoing
leads to a central check point in orderly rows, every lead equally accessible and
color coded.

Color coding Generous
3 - " q/ bell-mouthing
- -

Avoid conventional
rats nest wiring

. A" Accessible
" Permit direct Floating uncongested
efficient wiring clip action solder terminals

STRAIGHT-THROUGH CIRCUITRY
Wiring is kept in orderly planes, avoid-
ing rat’s nest of conventional back plate
wiring. Connections between Terminal
Mounting Cards are through Back Con-
nectors so that all circuitry is controlled
at this central point. Incompatible volt<
ages safely isolated and separated.

EASY INSERTION AND REMOVAL
Mating tolerances permit easy insertion
and removal without demanding crit-
ical alignment tolerances. Assure proper
contact, with safety shielding of dan-
gerous voltages. Leads can be attached
above, below or out of the back for
most direct and efficient interconnects.

Ready-made Alden Back Connectors meet all conceivable necds, for
slide-in chassis replaccable iii 30 scconds with spare.




or your

ectronic Equipmen

All designed — all tooled — production immediately available
— no procurement problems. Apply ALDEN Standards wholly or in part,

ALDEN
PLUG-IN PACKAGES

4,.h After mounting your circuits
on Terminal Cards, use Alden

Standard Plug-in Bases, Housings,

Bails for packaging. q
l'\l @

HOUSINGS or

LIDS to match.

S

Min. 7 & 9-pin
BASES avail-
able, also II-
pin & 20-pin.
BAILS &

ALDEN
PLUG-IN PACKAGES
Using standard Alden Plug-in Pack-
aging Components you can mount a
tremendous variety of circuits on
chassis or in racks.

@

See description
on opposite page.

4fh Fit Prepunched Cards

carrying completed cir-
cuitry into Standard Alden Basic
Chassis Body.

Prepunched to your specs.
Easy accessibility at sides,
front for completing wiring.

(S oy
SERV-A-UNIT LOCK

pulls in or ejects chassis.

SEND FOR FREE

Your design and production men have always wanted
these advantages:

3. Experimental circuitry can be set up with production components, cutting
down debugging time.

2. Allows technicians, rather than engineer, to debug, by taking out unit,

3. Given the circuitry, nothing further to design—make up from standard Alden
components.

P S

. Optimum circuit layout using standard terminal card.
. Absolute minimum requirements of labor, materials,. space.

. The various sub-assemblies can be built concurrently on separate assembly lines,

N O own

. No tooling costs—no delays—no procurement headaches.
8. Fewer prints—smaller parts inventory.

9. Can subcontract assemblies.

SEND FOR FREE

This 226-page Handbook describes fully the Alden System of Plug-in Unit Construction and the
hundreds of components rcady-made and completely tooled to meet your cvery requirement.
It’s a gold-mine for those designing electronic control equipment that is practical in manu-

facture; dependable in operation.

REQUEST YOUR COPY TODAY — SENT FREE!

BASIC CHASSIS

with spares provides 30-second servic- N
mg for your unitized circuitry.

“"ALDEN HANDBOOK"”

226-PAGE

HOUSE PLUG-IN UNITS IN
ALDEN BASIC UNI-RACKS
o ° . a
‘bl ‘e " S e ®
Alden 20" Rack F Y ° -
Mounting Socket . e - o ® oo °'
with extended ears . -
that mount side by r 4 8 17
side and in multiple
rows on U-Channels FOUR SIZES
56 atsen 0 | ]l - OF CHASSIS
Plug-in Units ilius- 2 . MOUNT
- trated, in 103 x plel ¢ I IN ANY
19” rack mounting o e .
panel. « « -0 COMBINATION
@ - IN ALDEN
UNI-RACKS

STACKED
Mounting all equipment in
Alden Uni-Racks provides a
uniform system easy to handle
and ship. Can be installed
and interconnected as fast as
unloaded.

ALDEN UNIT CABLE

interconnects between Uni-
racks or other major cir=
cuitry divisions. Quick,
sure, coded means of iso-
lating and restoring (with
spare) inter-division
circuits;

Your customers and sales force will welcome these

advantages:

The big objection to electronic equipment—from the user’s point of view—is
that if it goes out of order he fecls helpless. But you have a perfect answer when
your equipment is made to Alden Standards of Plug-in Unit Construction because
they assure DEPENDABLE OPERATION, as follows—
30-SECOND REPLACEMENT OF INOPERATIVE UNITS by plugging in avail-
able coded spares.

TROUBLE INSTANTLY INDICATED AND LOCATED by monitoring elements
assigned to each functional unit,

TECHNICAL PERSONNEL NOT REQUIRED to maintain in operation, due to
obvious color coding and fool-proof non-interchangeability of mating components,
TOOLESS MAINTENANCE made possible by patented Alden fasteners and plug-
in locking and ejecting devices.

AIRMAIL SERVICE—

Compact functional units practical to send airmail to factory for needed overhaul,
UNI-RACK FIELD HANDLING UNIT—groups functional units into stacking
cabinets not exceeding one- or two-man handling capacity—go easily through
windows, doors.

CONNECT AS FAST AS UNLOADED, by coded non-interchangeable unit cables
plugged in between Uni-racks.

HANDBOOK




IF YOU WORK WITH ELECTRICAL
OR ELECTRONIC CIRCUITS...

oTAC

WAS MADE
TO HELP YOU...

A color film with schematic animation
and supporting narration... to help you
select connectors engineered to your re-
quirements and operating conditions.
Disconnect system? Number of con-
tacts? Voltage? Amperage? These and
other factors are covered in this helpful
film. In addition you’ll learn how the
printed Cannon Plug Guide (below)
leads you to the right connector for any
job. Request your free showing today.

CANNON PLUG GUIDE
. .. An easy-to-follow graphic ald.

CURRENT CAPACITY
and its relation to contact spacing.

SPACING AND NUMBER
of contacts involves many factors.

CANNON ELECTRIC

since 1915
Main office and plant, Cannon Electric Company, Los
Angeles 31, California. Factories in Los Angeles, New
Haven, Toronto. Representatives in principal cities.

MODERN TALKING PICTURE SERVICE, INC. Lo [hbrds

~Contact, a 30-minute, 16mm 45 Rockefeller Plaza, New York 20, N. Y.

Kodachrome sound picture,

costs you nothing except 2-way NAME.
transportation charges. You
furnish sound projector. 24- FIRM

page printed Plug Guide will
be furnished for each person
viewing film. Yo avoid delay re-
quest your booking for the film
on coupon today.

DATE TO BE SHOWN
ALTERNATE DATES
ADDRESS. —

CITY Z0NE___STATE
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News—New Products

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

(Continued from page 30A4)

Microwave Classes for
Signal Corps by GE

A series of month long classes is being
conducted by General Electric Co., to
instruct Signal Corps technicians on the
installation, operation, and maintenance of
microwave relay communications equip-
ment. The company is producing the
equipment for the Signal Corps at its
Syracuse, N. Y. plant.

Assisting GE instructor (right rear)
Gus Kandaris is J. N. Craver, chief radio
engineer for the Signal Corps plant engi-
neering agency, who attended the class to
further familiarize himself with the GE
equipment.

Junction Transistors

The Receiving Tube Div.,, Raytheon
Manufacturing Co., 55 Chapel St., New-
ton 58, Mass., announces the immediate
availability of two P-N-P Germanium
Junction Transistors types CK721 and
CK722. Although CK722 may be had in
production quantities, CK721 will be
limited in quantity until April, 1953,

a
o

AN\
"

Types CK721 and CK722 are described
in data shects now available from Ray-
theon’s Technical Information Service. or
from sales offices in New York City,
Chicago and L.os Angeles. Both tvpes have
noise factors averaging 22 dh at 1,000 cps.
Type CK721 has an average power gain of
38 db while CK722 averages 30 db. The
units require a volume of 0.03 cubic inches
and leads may be soldered or welded into
the circuit, or cut for insertion into stand-

ard subminiature sockets.
(Continued on page 454)
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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. afflliation.

(Continued from page 444)

IF Transformers

Radio Industries, Inc., 5225 N. Ravens-
wood Ave.,Chicago 40, I1l.,announces a new
Series “A” design of the “Rl-trans” inter-
mediate  frequency
transformers, manu-
factured and in use
since 1946.

It is available in

two  constructions.
One with long, termi-
nal lugs for conven-
tional wiring and sol-
dering, the other, for
use with the new
printed circuit chas-
sis, employing short
terminal lugs for pres-
sure-fitting into the
lug slot openings.

The transformers utilize silvered mica
capacitors, with capacity accurately main-
tained, having zero temperature coefh-
cient; perm tuned, top and bottom, and
bandwidth maintained throughout the
required core adjustment, reinforced one-
piece terminal lugs; interchangeable, uni-
versal snap-clip mounting; unform opera-
tion through wide variations of tempera-
ture and humidity, and availability with
one or two internal diode capacitors. Size
of the can encasing the new “RI-trans” is
1 inch square; standard height is 2 inches,
but shorter and longer heights are avail-
able as required.

Static Detector

Keithley Instruments, 3868 Carnegie
Ave., Cleveland 15, Ohio, has an improved
Model 2005 Static Detector which clips
onto a Keithley vacuum tube electrom-
eter, providing a convenient and highly
sensitive combination for detecting and
locating static charges.

The new electrometer accessory con-
sists primarily of two concentric, telescop-
(Continued on page 534)
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the world’s

most widely used
Electronic Supply
Guide

ALLIED’S
236-PAGE 1953
CATALOG

Simplify and speed the purchasing of all your

electronic supplies and equipment. Send your orders to us
at ALLIED —the reliable one-supply-source for all

your electronic needs. Depend on us for the world’s largest
stocks of special-purpose electron tubes, test instruments,
audio equipment, electronic parts (transformers,

capacitors, controls, etc.) and accessories—everything for
industrial and communications application, for research,
development, maintenance and production. We make
immediate shipment from complete quality lines that are
always in stock. Send today for your FREE copy of the 1953
ALLIED Catalog—the complete, up-to-date guide to

the world’s largest stocks of Electronic Supplies for
Industrial and Broadcast use.

One complete
dependable source for
everything in
electronics




To avoid trouble with yours,

Call On MALLORY

If your mobile radio equipment is going to operate properly, under all sorts
of conditions, the power circuit must be carefully designed. Experienced
engineering must go into the design and selection of each element so the vibra-
tor characteristics are in balance with the transformer and buffer capacitor.

These are some of the reasons vibrators can’t be selected simply by size and
rating alone if yvou are going to get long, trouble-free performance.

I
W ¢ have worked with leading manufacturers of electronic equipment on their :
vibrator power supply problems since we introduced the first commercial | In addition to s ly
. . . . . . o supply-
vibrator over 20 years ago. Our experience includes supplyving more vibrators | PP

for original equipment than all other makes combined. ing vibrators, Mallory is

L . . equipped to design and
To avoid vibrator power supply troubles . . . call on Mallory in the design

stage. Our engineers are thoroughly qualified by experience to study vour
specifications to be sure the power eircuit will give maximum performance.

manufacture (‘nmplete
power supply units . . .

" . . . to your exact require-
Our engincers will be glad to diseuss your vibrator power supply problems.

. ments . . . to meet vour
Write or call us today. 2

production schedules.

Expect more...Get more from MAI.LORY l

Parts distributors in all major cities stock Mallory standard components for your convenience

P.R.MALLORY & CO.Inc. SERVING INDUSTRY WITH THESE PRODUCTS:
Electromechanical —Resistors * Switches * Television Tuners * Vibrators
A L L o R Electrochemical—Capacitors « Rectifiers * Mercury Dry Batteries

Metallurgical —Contacts*Special Metals and Ceramics » Welding Materials

MALLORY & INDIANAPOLIS 6, INDIANA
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| M@ary relay...This!

New CLARE Type T

High Frequency Impulse Relay will

follow 2500 cycles per second with

life measured in billions of operations!

specifications .. ..

HANICAL

SIZE:
WEIGHT:
MOUNTING:

COVER:

CONTACTS:
Type:
Material:
Gop:
Pressure:

COIL:
Type:
Wire:

1-15/16 in. diameter x 2-3/16 in. overall.
5 aunces.

Equipped with mica-filled bakelite plug,
to fit a standard B-pin octal socket.

Removable dust-tight cover.

Form A {s.p.s.t., normally open)
Platinum-iridium

0.0005 inch

30 grams, min. {Coil energized with
50 ampere-turns)

Single winding, bobbin-wound
Heavy formex

COIL DISSIPATION: 0.5 watt (estimated max.)
CONTACT RATING: 0.05 amp., max. 50 volts a¢,

non-inductive. (estimated}

CONTACT BOUNCE: None

OPERATION:
Pull-in ® 15 ampere-turns
Drop-out * 12 ampere-turns
Pull-in time © 120 microseconds
® 100 microseconds

Drop-ovt time

RATE: Will follow 2500 cycles per second; aperiodic
to 1000 cycles per second.

UFE EXPECTANCY: 5 x 10° operations with zero

contact current.

DIELECTRIC STRENGTH: 500 voits, rms.

TYPICAL APPLICATIONS

Coil inductance ® 0.3 hy (contacts open)
Coil inductance ¢ 0.35 hy (contacts closed)
Coil resistance ¢ 135 ohms
Pull-in current ® 10 to 12 ma.
Drop-out current ¢ 8 to 10 ma.
Normal coil current o 40 ma.
Contact current o 0.075 ma.

LIFE EXPECTANCY: Following a 1 x 10% opera-
tion run-in period, a life of 5 x 10° operations

with a .075 ma. contact load aver a 6-month
period without readjustment.

L=

o

View of Clare
Type T

High Frequency
Impulse Relay
with dust cover
removed

Exterior view of relay
ready for mounting

Originally designed for use in an analog computer, the new
Crare Type T High Frequency Impulse Relay is now available for
other applications which require a highly sensitive relay completely
free from contact bounce and capable of a prodigious number of
operations at extremely high speeds.

Its pull-in time of 120 microseconds and drop-out time of 100
microseconds enable this relay to follow up to 2500 cycles per
second; aperiodic to 1000 cycles per second.

In a typical application, it has a life expectaney, following a
run-in period of 1 x 106 operations, of 5 x 10% operations with a
0.75 ma contact load over a 6-month period without readjustment.

To achieve its high-speed, no-bhounce, and other unusual charac-
teristics, this relay is built to extremely close tolerances, with a
high degree of precision, under conditions of utmost cleanliness.
This necessitated the development of techniques never before em-
ployed in the manufacture of relays.

Even before this first public announcement of the availability of
this truly remarkable relay, its fame has spread. Already dozens of
inquiries and sample orders have bheen received from laboratories
and development organizations which had learned of its existence
through the manufacturer who first applied it in a well-known
computer. 1t may provide the answer to one of your problems.

For full information on this new relay or for consultation on any
relay problem, we invite you to contact your nearest CLARE sales
engineer or write to C. P. Clare & Co., 4719 West Sunnyside Avenue,
Chicago 30, llinois. In Canada: Canadian Line Materials Ltd.,
Toronto 13, Ontario. Cable address: CLARELAY.

WRITE FOR BULLETIN 117

CLARLE RIELNS

FIRST IN THE INDUSTRIAL FIELD




“Radio” is a way of Thinking!

Just as “communication” needed to
break its earthbound bonds of wire
and take to the air, so industry is
seeking and finding in radio controls
new ‘“tools” ranging from servo-
mechanisms to electronic computors.

THIS IS NO DREAM

Radio engineers are making the “bright
new world” which was the dream of men
in World War II. Just as radio engineers
bridged the lost silence of the sea by ship
radio communications in the 1900s, so these
same thinkers, as radio physicists unleash-
ed the “radiation” power of the atom, and
will harness it to industry. They have
brought the picture of the world under
your control by a knob in your home tele-
vision — and have beaten the monotony of
endless counting by the electronic computer.

TAKING THE GUESSWORK OUT

Such progress is no “happy accident.” Men
do not “discover” television — they “en-
gineer” it. A good example is the inevita-
bility of color television. From “fission” to
“computation” the job is done by an enor-
mous process of information exchange —
the methodical and brilliant teaming to-
gether of engineering thinking to solve a
problem. In radio this work has been done
deliberately by a growing engineering so-
ciety, through its meetings and published
proceedings, which unleash the minds of
men.

In 1952 “Proceedings of the I-R-E” published 1,792 text pages, exclusive
of product news and departmental features. This is the word-count equiva-
lent of seven 500 page textbooks on radio-electronics for engineers, and
exceeds the contents of the next two contemporary publications put to-
gether. This “high” in genuine reader service was logically matched by
advertising worth half a million dollars, by firms investing in the engineers’
reading interest.

“Proceedings of the I-R-E”

Published by the

INSTITUTE OF RADIO ENGINEERS

Advertising Dept. 1475 Broadway
New York 36, N. Y., BRyant 9-7550

Communications

. Television .

Electronics
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Leagues Abead in Lug Seals

HERMETIC SEALS
with

Attiched Lugs

... embodying the newest,
most advanced features
for every applz’mtz’on

HERMETIC nas designed a complete
series of hermetic seals with attached
lugs as an associated line of the self-lug WRITE .
tubing seals. This series is characterized detailing your
by innovations of particular interest to
design engineers:

problem for immediate
attention, and ask for
FREE copy of HERMETIC's
informative 32-page bro-
chure, the most complete
presentation ever of-
fered on hermetic seals.

® Lugs are affixed by HERMETIC's new
positive method and are guaranteed to
be secure.

® Lugs are available for every tubular
seal and bathtub condenser seal cur-
rently used in industry.

® Lugsare available flat or bent through
any angle desired; with pierced holes,
or notched for wrap around connection.

® Solder-Lug Feed-Throughs, parts
1503-04-05-06, are also available in
this series. bq ;

H‘“M(nc Headt!

HERMETIC SEAL PRC

29 South Sixth Street « Newarl
FIRST AND FOREMOST IN ML
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FUNCTION=FITTED

CAPACITOR

lnpréghante

ey

Aerovox offers the widest choice of function-fitted*
impregnants. Examples:

For minimum size and average operating conditions, : ’

there are several wax impregnating compounds. - -
For minimum weight and size yet providing maximum EMN@TT"N
reliability, there is Hyvol D. EITTED

For marked stability and reliability over wide tempera-
ture ranges, there is Hyvol M.

For utmost dependability under severe operating condi-

tions, there is Aerolene. %
For extreme stability, plastic film dielectrics are avail- Aerovox engineers are always ready to
able. study yo:r circuif!'y, associated compo-
For heavy-duty AC operation, there is synthetic Hyvol F. ;::’sw‘,’;;, '?}‘:i?:::n;le;?::;?l?:; ’:8\':
Tell us what that capacitor is expected to do ings in component costs, along with the
N 7 . best choice of capacitors. Let us tell
We'll select the impregnant best fitted to that function. about it. = Vi

A EROVOXZ CORPORATION
NEW BEDFORD, MASS.

I-h-OZ DIVISION WILKOR owvision

OLEAN, N.Y. CLEVELAND, OHIO
Export: 41 E. 42nd St New York 17, N. Y. @ Coble: AEROCAP, N.Y. ® In Canado: AEROVOX CANADA (TD., Memilten, Ont. JOBBER ADORESS: 740 Belleville Ave. New Bedferd, Mass
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These 9 parts
are replaced

by this
Centralab Printed
Electronic Circuit

For scores of applications — Centralab Printed Electronic Circuits
assure 6 tremendous SAVINGS in design, production and performance

e e

Fewer pieces to buy
or inventory |

3 Fewer connections min
imize wiring errors

1 25% 1o 80% fewer 1 \2

soldered connections

R . S@s
1;43—{‘ ] “H | V"‘é* \ef.
Nz

P 2
i
Improved circuit stobil-
ity from uniform PEC's

47l_ower instollotion cost |

5 Less weight, less spoce
— with fewer ports =

“‘opens-up’’ chossis

ANY way you look at them, Centralab Printed Electronic
Circuits mean more money in your pocket. No other
modern electronic development offers you six such tremen-
dous time and cost-saving advantages for low-power applica-
tions,

Pioncered and completely developed by Centralab, these
resistor-capacitor combinations in complete or partial circuits
arc extremely economical to use. Many times, the first cost of
PEC’s is less than the components they replace.

Another Centralab first!
NEW PENDET

— o complete pentode detector
and audio coupler circuit that
replaces 9 ports . . . eliminates
9 soldered connections.

Talk about compactness—this new
Pendet really has it! You get 4 re-
sistors and 5 capacitors screened and
fired to a single Ceramic-X plate. It
replaces 9 conventional components.
Only 9 connections are required in-

stead of the usual 18.

Think what this terrific PEC
“*package’’ can do in simplifying in-
stallation and cutting manufacturing
costs of ac, dc and portable receiv-
ers. Get complete information on
this new PC-160 Pendet NOW
Check No. 42-149 in coupon

Pendet couples the combinotion
detector and first oudio pentode
tube to the oudio output tube.
Plote is only 1-5/16” x 7/8” x
11/64” thick. Leads ore 2-1/2”
long. Capacitors are 450 vdcw,
800 vdc test. Resistors ore 1/5
wott.

As for versatility — there are more than 30 standard cir-
cuits already tooled for you. There is a tremendously wide
range of sizes and capacities available to you.

If you have a special circuit problem, we'll even design
custom plates at nominal cost where volume warrants. No
wonder 25,000.000 PEC's are in wuse today! No wonder
scores of manufacturers say it's good business to specify and
use Centralab Printed Electronic Circuits. Send coupon for

Centralab

A Division of Globe-Union Inc.
Milwaukee ¥, Wisconsin
In Canada, 635 Queen Street East, Toronto, Ontario

CENTRALAB, A Division of Glabe-Union Inc.
920-D E. Keefe Ave., Milwaukee 1, Wisconsin

Please send the following bulletins: [J 42-149, [J PEC guide
No. 2. I'd also like a copy of Centralab’s new Electronic
Components Catalog No. 28.

Position

e State.....

PROCEEDINGS OF THE I.R.E.
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RADIO FREQUENCY
CONTROL UNITS

Partial List of Units Manufactured

Bulova Temperature
Type Frequency Range Tol. Range
70A 6000 KC to 15000 KC .005% —55°C to +90°C
70C 350 KC to 1100 KC 03% —40°Cto +70°C
70D 200 KC to 500 KC .01% —40°C to +70°C
71E 90 KCto 110 KC .02% —40°Cto +70°C

FOR THE F’RST TIME EVER . . the high-precision

production techniques of fine watchmaking is now being applied to
the manufacture of radio frequency control units by Bulova.

Inquiries invited on crystals
for your special application

Quartz Crystal Division

BULOVA WATCH COMPANY, INC.

630 FIFTH AVENUE, NEW YORK, N. Y. CIRCLE 5-7700

§2a PROCEEDINGS OF THE L.R.BE. April, 1953



News—New Products

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

(Continued from page 45A4)

ing tubes and a center aluminum rod.
When clipped over the HI terminal of the
electrometer, the tubes act as a shield for
the rod, limiting sensitivity to a narrow
cone along their axis.

Qualitative results are obtained by not-
ing the deflection of the meter pointer.
Sensitivity can be varied by extending or
lowering the inner tube. With the tube
lowered to maximum sensitivity, a charged
pocket comb throws the pointer off scale
from a distance of ten feet.

Uses for the Electrometer and Static
Detector include virtually every applica-
tion where electrostatic charges are un-
desirable and an instrument of extreme
sensitivity is needed.

Servo Tester

The 101-A Servo Tester designed for
the rapid field maintenance and produc-
tion testing of servo systems is available
from Industrial Control Co., Wyandanch,
L. I., N. Y. The transient response of the
loop under test is shown on a 3-inch
cathode-ray screen, and viewed through a
mask onto which has been previously
drawn the response specified by the manu-
facturer. The operator adjusts the servo
loop to match the two traces; if this is not
possible, the loop is declared inoperative
and returned to a laboratory area or main-
tenance depot for repairs.

A standard Servo Test receptacle is in-
stalled on the equipment to be checked,
and wired into the data system in accord-
ance with simple instructions. A single
cable connects this plug to the 101-A. Thus
the test can be performed in a very short
time.

The 101-A complements the earlier
100-A, designed especially for laboratory
servo evaluation. It can be rack mounted
into complex servo equipments, where a
stand-by checking means is necessary. It
can be used with dc and carrier frequency
servos, and operates from the 117 volt 60
or 400 cps line.

For further information, contact G. M.
Attura, or phone Midland 3-7548,

(Continued on page 55A4)
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Meet the Redheads...
tops for tape recording

See how the latest additions to the Brush family of magnetic
recording components can improve your tape recorders!

The BK-1090 record-reproduce head has the standard track
width designed for dual track recording on % inch tape. It pro-
vides unusually high resolution and uniformity over an extended
frequency range. Cast resin construction assures dimensional
stability, minimizes moisture absorption, and affords freedom from
microphonics. Its balanced magnetic construction, precision
lapped gap, Mu-metal housing, and single-hole mounting provide
important design advantages.

The BK-1110 erase head has the same basic construction as the
companion record-reproduce unit. Its outstanding feature is its
efficient erasing at low power consumption —less than ¥ voltampere.

Investigate these new ‘‘Redheads’ for your magnetic recording.
Your inquiries will receive the attention of capable engineers. Write
Brush Electronics Company, Department F-4, 3405 Perkins Avenue,
Cleveland 14, Ohio.

Sormerly
INDUSTRIAL AND RESEARCH INSTRUMENTS
PIEZOELECTRIC MATERIALS o ACOUSTIC DEVICES
MAGNETIC RECORDING EQUIPMENT

ULTRASONIC EQUIPMENT

COMPANY

The Brush Development Co.
Brush Electronics Company
is an operating unit of
Clevite Corporation.

53a



‘packaged’
high frequency
ower
supplies
Jor ground

installutions

American Electric supplies these
complete, “packaged unit” power
supplies for all high frequency
requirements. Noted for their
rugged, reliable performance, the
amazingly low maintenance factor
of American Electric alternators
results from a unique and exclusive
design principle: a rotating
inductor without coils; without
springs, slip rings or brushes!
Nothing to wear out, nothing to
service...as maintenance-free as

its two scaled ball bearings!

Semi-portable, skid-mounted
missile launching power supply
completely weather protected.

Q0Q
1. ] b

The No. 90281
High Voltage Power Supply

The No. 90281 high voltage power supply
has a d.c. output 0of 700 valls, with maximum
current of 250 mo. In odditian, AC filoment
power of 6.3 volts ot 4 omperes is also
ovailable so thot this power supply is on
ideal unit for use with tronsmitters, such os
the Millen No. 90800, as well os general
labaraotary purposes.

The power supply uses twa No. 816 recti-
fiers and hos o two sectian x filter with 10
henry General Electric chokes and a 2-2.10
mfd. bonk of 1000 voit Generol Electric
Pyronol copacitors. The panel is standord
8%" x 19" rack mounting.

Portable,
caster-mounted 400 cycle instol-
lation for praduction test equip-
ment

Stationary instollotion, vee
belt drive, resilient mounted far

loboratory h.f. test eguipment.

Variable
frequency
installation
for research
test work.

JAMES MILLEN
MFG. CO., INC.

MAIN OFFICE AND FACTORY 'B..
MALDEN o
MASSACHUSETTS

Manufacturers Also
of Minioture A.C.
(All Frequencies)

Electric Drive Motors,
Blowers and Fans

%

Correct Power Supply for Every Installation

Portable, semi-portable or stationary
types, open models or completely enclosed
for weather protection. Caster or pneu-
matic tire mounts, skid mounts and resil-
ient rubber mounts on stationary types.

Wide Frequency Ranges

Fixed Frequencies from 250 cycles to 2400
cycles (up to 4000 cycles in the lower ratings).
Vorioble Frequencies from 380 cycles to 1200
cycles and 1200 cycles to 2400 cycles.
Excellent Voltage Regulation: Standard
+ 1% to as low as .5% depending vpon
choice of drive. Electronic regulators or mag-
netic amplifier regulators supplied.
Motor Drives—Common shaft, direct connected,
Vee belt or positive, no-slip timing belt types.
Variable speed on variable frequency models.
Low Harmonic Content

Less than 2% on single phase.

less than 1% on three phase.
Exceedingly low harmonic content results
directly from alternator design without vse of
filters.
Output Ranges

single phase—500 watts to 15 KVA

three phase—500 watts to 30 KVA
{outputs up to 75 KYA available in other alter.
nator designs.)

WHATEVER YOUR GROUND POWER
SUPPLY REQUIREMENTS
Ask American Electric for quotation

NOW! Ask for Details!

American Electric Auxiliary Airborne
MISSILE POWER SUPPLIES

4811 Telegraph Road,
Los Angetes 22,

MERICAN

Californla

TRADE MARK
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News—New Products

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

(Continued from page 534)

Miniature Power Supply

The Airpax Products Company, Middle
River, Baltimore 20, Nd., has released the
first of a series of miniaturized dc to dc
power supplies using their high-frequency
vibrator, 450 cps in illustration.

The total weight of the new item,
Model A-1220, is 1 pound 14 ounces. Vi-

brator and power supply are hermetically |

sealed, vibrator attaches with snap fasten-
ers. Qutput of 150 volts, 100 ma, is filtered
to 1 per cent peak ripple. Three standard
units of 6, 12, and 26.5 vdc input are
offered. On special order output power up
to 20 watts, output voltages up to 300
volts, and input between 4 and 100 vdc
can be furnished.

Unit is designed to mcet severe military
standards of vibration, shock, temperature
range, humidity, and altitude.

Hermetically-Sealed
Accelerometer

The G. M. Giannini Co., Inc., 117 .
Colorado St., P.O. Box N, Pasadena 1
Calif., and LZast Orange, N. J., announces
a new, long-life accelerometer, Model
24132. Smallness and compactness are
noteworthy features of this instrument
which utilizes a potentiometer resistance
and is hermetically sealed in an inert gas.
It has low, natural frequency and in most
cases a large output requiring no amplify-
ing unit.
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Model 24132 is obtainable in resistance

ranges from 1,000 to 20,000 ohms and for |

any accelerometer measurement up to 300
with special adaptations possible. PPoten-
tiometer element safely carries current up
to 10 ma. The 24132 has good resolution
with 0.25 per cent minimum offered on the
standard instrument, is a 1 per cent instru-
ment in performance and has a good life
expectancy under vibration. Optimum
operation between —354°C and +71°C s ob-
tained. Damping is 0.5+0.075 of critical
for a 7.5G instrument as a typical case. A
special shipping stop may be obtained for
increasing instrument life, and the instru-
ment is magnetically damped. Designed
for applications in computing, telemetering
and aircraft and missile control.

(Continued on page 1144)
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stack spacers

A COMPLETE LINE OF VIBRATORS

Designed for Use in Standard Vibrator-Operated
Auto Radio Receivers. Built with Precision Con-
struction, featuring Ceramic Stack Spacers for

nel longer Lasting life. Backed by more than 22
years of experience in Vibrator Design, Devel-
opment, and Manufacturing.

oDE ﬁ,Rl‘“RE

VA VA

A" Battery Eliminators, DC-AC Inverters, Auto Radio Vibrators

See youn Jobben or wnite factory

American Teeevision & Ranio Co.
Luality Products Scnce 1937
SAINT PAUL 1, MINNESOTA—U. S. A,
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~ BLECTROSTATIC
- VOLTNBTER

.
WARL W NN

; VOLTS .
o \
S gy
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This instrument permits voltage
readings on AC or DC circuits of
very high resistance. The only cur-
: rent drawn is the very small leak-
age current and a very low
capacitance current on AC circuits.
Very useful for the many high vol-
tage—low current circuits employed
in nuclear research. Available with

full scale voltages ranging between

\ les 7
42 megocy¢ et in 100) .
RANGE: | O cycle ':' £ cryatal GECUFBEY (short term: 1 PO 300 and 3500 volts. Special lab-
G2 [ . o .
ACCURACY: | *! °°‘:' & 10%, 60 cps, 260 wolts s oratory instrument available with
. 7 volts, — f nce .
POWER REQUIREMENTS: " - ately 1 volt rms. (50 ohm {mPS ° full scale reading of 150 volts. Full
Approx

INPUT REO‘"REMENTS: sty variable

onds continuov
E:
DISPLAY TIM

d scale capacitance ranges from 8
0.02, 0.2 ond 2 secon s

|

|

|

|

| 1 to 5 sec
|
|
|

.002,

TIME BASE: | 000002 0.0002, 0"  a1" wide x 167 deep mmfds for the 3500 volt mof:IeI to
NSIONS: Approximotely 32 hig - 100 mmfds for the 150 volt instru-

IME : ", V" % . . .
° pANELS: | Two 83" X 197 0ne ud‘ range to 160 me. ment.Magnetic damping. 2% dial.

: ten . e
ACCESSORIES: | Available soon 10 exhe S Write for complete specifications.
8. Richm! d

PRICE: \ 51990.00, F.O.
| tice
without notice.
d Specificoﬁom subject 1o change
Prices an

l ____________-—-—

M7 Please Request Bulletin 204

Benkeley Scientific

FERRANTI ELECTRIC, INC.
30 Rockefeller Plazo © New York 20, N. Y.

l FERRANTI, LTD., Hollinwood, England
"DIRECT READING DIGITAL PRESENTATION OF INFORMATION'’ FERRANTI ELECTRIC, LTD., Toronto, Canada

division of BECKMAN INSTRUMEN'TS INC.
2200 WRIGHT AVENUE « RICHMOND, CALIFORNIA

564 PROCEEDINGS OF TIHE LR.E. April, 1953



DISCAPS

Designed for AC Line
By-Pass Applications

Underwriters® Laboratories specify that a ceramic ca-
pacitor used in AC line by-pass applications must
withstand a 1500 volt AC 60 cycle one minute test.

RMC has developed Type UL DISCAPS for this or any
application where a steady or intermittent higher
voltage may occur. Capacities between .001 MFD and
.02 MFD are now in production.

The use of Type UL Discaps will effect considerable
cost savings over any other type of capacitor accept-

able to the Underwriters’ Laboratories.

NEW

HIGH VOLTAGE DISCAPS DESIGNED FOR
90° DEFLECTION YOKES
Designed especially for 90° deflection
yokes, these RMC DISCAPS are rated
at 2000, 3000, 4000, and 5000 volts

eve|opmen's DC.

The voltage safety factor required

in this application is insured when
'he DISCAPS are used. Now available |

in any capacity between 15 MMF |

and 240 MMF, their smaller size |/

jcal
and lo initial cost offer defi-
R M c Te C h n ' c a nite pr::t:clﬁ(l)rll eosesond overall
bo a'orles savings.

SEND FOR SAMPLES AND TECHNICAL DATA

ke X RADIO MATERIALS CORPORATION
CONDENSERS GENERAL OFFICE: 3325 N. California Ave., Chicago 18, lil.

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.
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DISTRIBUTORS: Contact Jobber Sales Co., 146 Broadway, Paterson 1, N. J.
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Q ADJUSTABLE RESISTORS
FOR CRITICAL ELECTRONIC REQUIREMENTS

If your electronic circuits require a noiseless, adjustable re-
sistor with long life and permanent characteristics . . . if you need
a rheostat or potentiometer which is unaffected by heat, cold,
moisture, or hard use . . . the Allen-Bradley Type J Bradleyometer
is the logical answer.

It is not a film or paint type resistor. The molded resistor does
not become noisy with age. The carbon contact brush actually
improves with use. Type J Bradleyometers are available in
single, dual, and triple unit assemblies.

Allen-Bradley Co., 114 W. Greenfield Ave., Milwaukee 4, Wis.

ANY RESISTANCE- ADB
ROTATION CURVE W = <N
Prior to molding, the composition of A L L E N B R N D L E Y
the resistor ring may be varied to pro- V‘ - l

duce any resistance-rotation curve.

After molding, the resistance is per- FIXED & ADJUSTABLE RADI RESISTORS

manently fixed. There are no soldered
connections. Shaft, faceplate, and Sold exclusively to monvfocturers 7 >QUALITY <
other ferrous parts are stainless steel. e
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Have you heard the latest...
IN BACKGROUND MUSIC?

An atmosphere to relax and enjoy-—or
the stimulation to work, to think, to
play or buy — these are the benefits
of background music. And background
music is now practical anywhere, even
beyond the reach of present wired
services.

With the announcement of the new
AMPEX 450, magnetic tape, musical
wonder of a coming era, has become
the ideal medium for background mu-
sic. Hourly cost drops to a new low;
quality rises to an all-time high. A wide
variety of music for every purpose is
now available on pre-recorded tape
(see your Ampex distributor). Tape
recordings eliminate needle scratch
and their fidelity is permanent. They
last for any conceivable number of
plays.

On the AMPEX 450, up to eight hours
of unrepeated music is available from
one 14-inch reel of tape, and fully
automatic repetition is available. The
troubles and complexities of record
changers are eliminated. And the
AMPEX requires no standby attention
from an operator.

AMPEX background music has a place in your business.

For further information, write to Dept. GI1218A THE NEW AMPEX 450
* 8 hours of uninterrupted music
(rest periods as desired)
3 * Usable on land, sea or air
< * No standby operator required
\ ® Lowest cost per hour )
MAGNETIC RECORDERS AMPEX ELECTRIC CORPORATION
J 934 CHARTER STREET + REDWOOD CITY, CALIF,
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Up-to-date news of every British development

WIRELESS WORLD. Britain’s chief technical magazine in
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
Corporation, and the British Post Office. Regular features
include an Abstracts and References Section compiled by the
Radio Research Organisation of the Department of Scientific
and Industrial Research.

Published monthly, $7.00 a year.

MAIL THIS ORDER TODAY

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

Please forward. ...~~~
NAME
ADDRESS

CITY - ZONE

for 12 months. Payment is being made*

STATE

*Payment can be made by Bankers’ Draft or International Money Order.
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Bring your
tough problems to us at

ELECTRONIC TRANSFORMER CO.

If standard, mass-produced transformers won’t do for
your product or application, consider this . . .

Since 1938 we've concentrated exclusively in the spe-
cialized field of CUSTOM-DESIGNED and CUSTOM-BUILT
Transformers for government and industry,

Our engineering staff can solve your transformer prob-
lems by assimilating your circuvitry in Electronic Trans-
former Co.’s fully equipped laboratory.

Why not write or phone us regarding your special
requirements . . . today!

TRANSFORMERS » REACTORS « RESONANT FILTERS
ELECTRONIC TRANSFORMER COMPANY

209 WEST 2Sth STREET ¢ NEW YORK 1, N, Y,
Telephone: WAtkins 4-0880
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NEW

5 KW at
900 M(C
GL-6182

"Custom-tailored” for military communica-
tions and medium-power TV transmitters!

Compact. Only 8 5/16" high!

One tube handles all militory ond TV fre-
quencies, 200 to 900 mc.

Tetrode design assures low drive requirement.

Modern ceramic construction and ring-seal
design.

Quickly installed or removed. Spring-finger
electrical contacts; convenient, firm-grip han-
dle. Tube weighs only 2 pounds!

U-H-F DESIGNERS: this 5-kw tetrode is the
power tube you've been waiting for! Provides
ample r-f for your new medium-power trans-
mitter, efficiently, with economy—takes up
minimum space, is lightweight and easy to
plug in. A tube that maintenance-conscious,
operators will welcome! . . . Military commu-
nications and radar—industrial dielectric heat-
ing—u-h-f TV—these are leading applications.
Get ratings and the full tube story in special
G-E Bulletin ETD-726. Write Tube Department,
General Electric Company, Schenectady 5, N. Y.

- 2240

W,
77 { \\\“.
77 Il7l7 119 \*‘,‘.
= VEARS OF u!(vm(n‘,‘(."

R z*
“‘ FROGRESS L‘,_

-‘“.
Drivend hpniersa %y

GENERAL ELECTRIC
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Now you see it...now you

T s 1s How 11's DONE . . .

The etched surface on the faceplate
of the metal-shell picture tube (right)
diffuses the reflection from the lighted
match —while the untreated faceplate of
the other tube “mirrors” it.

Here is the answer to an awkward
problem . . . and RCA metal-shell kine-
scopes solve it simply. They suppress
bothersome reflections from room lights
and other bright objects. And they re-
produce clear, graphic pictures over the
entire faceplate area.

®

Give your TV line a powerful new sales
lift. Make your sets “reflection-free”—
with RCA metal-shell kinescopes.

For technical data or design help,
write RCA Commercial Engineering,
Section 47DR. Or just call your nearest
RCA Field Office:

(EAST) Humboldt 5-3900, 415 S. 5th St.,
Harrison, N. J.

(MIDWEST ) Whitehall 4-2900, 589 E. Illinois St.,
Chicago, Il

(WEST) Madison 9-3671, 420 S. San Pedro St.,
Los Angeles, Cal,

PROCEEDINGS OF TIIE ILRE.

RCA Metal-Shell Kinescopes

RCA-21AP4 RCA-21MP4
(magnetic- ( electrostatic-
focus type) focus type)

—the picture tubes with the face-
plates that suppress annoying
room reflections

RADIO CORPORATION of AMERICA

ELECTRON TUBES

HARRISON, N. J.
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]bhn Tasker Henderson

DiIrRECTOR, 1953-1954

J. T. Henderson was born on December 9, 1905,
in Montreal, Canada. He received the B3.S. and
M.S. degrees in engineering physics at McGill Uni-
versity in 1927 and 1928, respectively, and the
Ph.D. degree from the University of London in
1932. He carried out ionospheric experiments dur-
ing the total solar eclipse in Canada in 1932, and
studied further in Munich, Germany until 1933.

In 1933 Dr. Henderson joined the staff of the
National Research Council of Canada in Ottawa.
As head of the radio section he participated in
direction-finding experiments on atmospherics in
Ontario and Manitoba which gave rise to the de-
velopment of a shortwave cathode-ray direction
finder, widely used by the Royal Canadian Navy
during World War II.

In 1939 Dr. Henderson represented Canada at
the first official disclosure of British radar to the
Commonwealth countries. He returned to Ottawa
to start similar work at the Council, directed the
development of radar equipment for the Armed
Services, and contributed in organizing the radar
division of Research Enterprises Limited, a Crown
company for quantity manufacture of the Coun-

cil’s wartime developments. From 1942-1946 Dr.
Henderson served as an officer in the Royal Cana-
dian Air Force, where he was concerned with the
installation and operation of the early warning
radar chain in Nova Scotia, Newfoundland, and
Labrador. He later served overseas.

Returning to the National Research Council,
Dr. Henderson was the Canadian Delegation’s sci-
entific advisor to the United Nations Atomic
Energy Commission. Back in Ottawa, he headed a
group studying the application of radar to sur-
veying, and succeeded in evolving methods now
used extensively in northern Canada by the
Dominion Geodetic Survey and Royal Canadian
Air Force. In 1949 he took charge of the Council’s
electricity laboratory to expand its scope and set
up new absolute electrical standards for Canada,
in conformity with international agreements.

Dr. Henderson joined the Institute in 1928 as
an Associate, became a Senior Member in 1947,
and was elected Fellow in 1951. A member of the
IRE Ottawa Section, he was Vice-Chairman in
1949-1950 and Chairman in 1950-1951. He is
Director of IRE Region 8.

April
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The Engineer: Expert or Citizen?

ARTHUR V. LOUGHREN

| The activities and position of the engineer in a modern community have steadily become
wider and more important. It has been found that the engineer is valuable in the civic sense

{ Doth as an informed citizen and as one who is specially qualified to carry out an approved proj-

|

ect. This dual function of the engineer is capably analyzed in the following guest editorial by a
leading engineer who is a Fellow and Director of the Institute, and who is also Director of Re-
search of the Hazeltine Corporation.—The Editor.

When the tool of specialization first became im-
portant in man's affairs it brought with it the con-
cept of the specialist or expert, as distinct from the
nonexpert, or perhaps we should say citizen. It
became apparent that to make best use of experts
they should be consulted in that capacity with re-
spect only to questions which fell clearly within
the field of their expertness. Their views on other
questions were valuable, but no more so than the
views of any other citizen.

The questions with respect to which the views
of experts are particularly helpful are questions of
such nature as, “how do we best accomplish this
result?” It is implied here that the result to be
achieved has been stated already and that the ex-
pert is consulted to find how best or most readily
to achieve it. The result (the end desired) is a
matter which in a democratic society should be
selected by the majority vote of the citizens. There
are no experts on such questions as, “are techni-
color movies more pleasing than steak dinners?”
Broadly, then, the collective voice of the citizens
should choose the ends to be sought, and the ad-
vice of experts should be obtained in selecting the
means by which to achieve those ends.

Many of our politically troublesome problems
would be simple if we could get, case by case, a
popular verdict on the end to be sought, and then
separately get the advice of recognized experts on
the means best calculated to achieve that end.
Practically, however, the questions presented for
solution often contain means and ends intermixed.

.*._ _

In this kind of circumstance a public decision for
a proposal may register correctly the public’s pref-
erence for one end as opposed to another, but may
accompany it with the prescription that an expen-
sive and otherwise undesirable method be used.
The special pleaders, those grinding their own per-
sonal axes or grinding for a fee the axes of others,
do their best to obtain decisions favorable to them
from the public by exploiting this kind of con-
fusion.

In this own field the engineer is always in the
position of the expert. In addition to having made
him an expert in that field, his training also has
impressed on him the importance of thinking
clearly, of discarding the irrelevant, of deciding
questions of means only with reference to their
effect on the cost of reaching the intended end; it
perhaps also has made him a better citizen, one
better qualified to separate questions of means
from question of ends in fields other than his own,
even though in these other fields he cannot play
properly the role of expert.

In the light of these considerations, one may ask,
“should the engineer take active interest in the
political life of his community, his state, his
nation?” Of course he should, and on two separate
planes. He should serve as expert with respect to
the questions where his expert knowledge is appro-
priate, and, even more importantly, he should
serve as a serious and intellectually able citizen
joining with his fellow citizens in selecting the
ends to be sought.

.
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Radio Progress During 19527

Introduction

HE SMALLER NUMBER of engineering gradu-
Tates from our colleges, partly resulting from pub-

lished fears of a predicted overabundance in the
immediate post World War II period, combined with a
greater-than-average increase in the need for engineers,
produced a serious shortage. Whereas, it was anticipated
that the termination of the war would release engineers
to civilian pursuits, the needs of the military in Korea
and the general rearmament program that is now in full
operation, delayed a return to a normal peacetime
economy. .

Despite the reduced number of graduates, a larger
proportion of engineers are required for production,
maintenance, and operation, services that previously
got along without them. In part, these assignments stem
from the increased emphasis placed on guaranteed re-
liability of electronic equipment when operated in an
unfavorable and hazardous environment.

Industrywide committees were set up to co-operate
with the users of equipment, both military and civilian,
to examine causes of failures and to recommend reme-
dies to assure trustworthy operation. The basic design
of tubes and their circuits, components, assemblies, in-
stallations, and maintenance are all significant elements
in this search for predictable reliability.

The transistor is emerging from the laboratory with
admirable promptness. Much has been done on methods
of producing junction transistors in commercial quan-
tities. Most of the output is going to the armed services,
who are responsible for the contracts under which the
production techniques are being developed.

The Federal Communication Commission in the
United States resumed the licensing of television broad-
casting stations, which was interrupted in 1948. Many
licenses were issued for operation in the band from 470
to 890 mc and one of these uhf stations went on the air
using an existing experimental transmitter. The prob-
lems of adapting standard vhf television receivers for
operation in this higher frequency band received much
attention in anticipation of the early installation of
many such transmitters throughout the country in
places already being served by vhf stations.

The reception of weak but steady uhf waves at dis-
tances greatly exceeding those predicted by accepted
propagation theories presented another of the unex-
pected challenges that have characterized this field over
the years.

* Decimal classification: R090.1. Original manuscript received by
the Institute, January 26, 1953. This report was prepared by the
1952 Annual Review Committee of The Institute of Radio Engineers.

Electrpn Tubes and
Semiconductors

Small High-Vacuum Tubes

Diodes: The transit-time spread due to difference in
initial velocity in a planar diode was calculated for the
normal diode and for the diode with reflected beam.

(1) J. T. Wallmark, “Influence of initial velocities on electron

transit time in diodes,” Jour. Appl. Phys., vol. 23, pp. 1096~
1099; October, 1952.

The anode current of a saturated diode is very sensi-
tive to changes in filament current. The time response of
the diode is important in incremental ammeters and
servomechanisms where the diode is used as an element
responsive to current changes of small amplitude. The
factors determining the time response for small changes
in filament voltage or current were investigated and pro-
cedures were described for calculating and for measuring
its value.

(2) F. M. Hibberd, “The transient behaviour of thermionic fila-
ments with temperature limited emission,” Jour. Sci. Instr.,
vol. 29, pp. 280-283; September, 1952.

Triodes and Tetrodes: With regard to triodes and
tetrodes of the conventional negative-grid type, the
development effort continued to be directed toward the
attainment of higher power in the vhf and uhf regions
with the requirements of television transmission the
principal objectives.

Three papers on developmental tubes discussed spe-
cific features enabling improved performance at the
desired frequencies. Power outputs ranged from a few
watts to 50 kw.

(3) D. C. Roger, “Triode amplifiers for operation from 100 to 420
megacycles,” Elec. Commun., vol. 29, pp. 12-19; March, 1952.
Also Jour. Brit. I.R.E., vol. 11, p. 569; December, 1951.

(4) P. T. Smith, “Some new uhf power tubes,” RCA Rev., vol. 13,
pp. 224-238; June, 1952,

(5) R. H. Rheaume, “A coaxial power triode for 50 kw output up
505110 mc,” Proc. I.LR.E., vol. 40, pp. 1033-1037; September,

952.

Methods were derived for more accurate calculation
of the characteristics of planar triodes under conditions
of a nonuniform field along the cathode due to the finite
pitch and diameter of the grid wires.

(6) W. Dahlke, “Grid effective-potential and cathode-current
density of a plane triode under conditions of ‘Inselbildung’,”
Telefunken Zeitung, vol. 24, pp. 213-223; December, 1951,

(7) W. Dahlke, “Calculations of characteristics families for the
planar triode with a negative control grid of round parallel
wires of finite thickness and pitch,” Telefunken-Zeitung, vol. 25,
pp. 83-92; June, 1952,

Three papers dealt with more general problems: one on
the use of thoriated filaments, another on the magnetic

effects of filament current, and the third on evaporation
cooling.
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(8) R. B. Ayer, “Use of thoriated tungsten filaments in high power
trar125mitting tubes,” Proc. L.LR.E., vol. 40, pp. 591-594; May,
1952,

(9) A. M. Hardie, “Magnetron effect in high power valves,” Wire-
less Eng., vol. 29, pp. 232-245; September, 1952,
(10) C. Beurtheret, “Evaporation-cooled power tubes,” Electronics,
vol. 25, pp. 106~107; March, 1952,

A theory of microwave amplifier tube design was
derived including parasitic capacitances and ohmic
losses in the leads. The maximum-frequency limit for
amplification was calculated to occur when the useful
electrode areas are so chosen that the useful capacitance
equals the parasitic capacitance.

(11) G. Diemer and K. Rodenhuis, “Optimum geometry of micro-
wave amplifier valves,” Philips Res. Rep., vol. 7, pp. 36-44;
February, 1952,

A high-g, tube was developed based on the new princi-
ple of the space-charge deflection of a beam. The beam
can fall either or both of two anodes, depending on the
amount of beam deflection, which is in turn determined
by the action of a conventional grid. The advantages
found are high g. without increase of noise level.

(12) J.T. Wallmark, “An experimental high-transconductance tube
using space-charge deflection of the electron beam,” Proc.
L.R.E., vol. 40, pp. 41-48; January, 1952.

Tube Reliability: Tube failures in computing equip-
ment represent a major problem in their field. The com-
mon causes of tube failures were discussed, with the
conclusion that low plate current and defective cathodes
accounted for about two-thirds of all tube failures in
service.

(13) J. A. Goetz and A. W. Brooke, “Electron tube experience in
computing equipment,” Elec. Eng., vol. 71, pp. 154-157; Febru-
ary, 1952,

A definition of tube reliability was proposed and the
steps currently being taken to improve reliability were
enumerated. Improvements in mechanical design and
in manufacturing techniques were described. Methods
of testing including vibration, resonance, shock, fatigue,
and life were described.

(14) E. G. Rowe, “Technique of Trustworthy Valves,” Jour. Brit*
I.R.E., vol. 11, pp. 525-540; November, 1951. See also: Elec*
Commun., vol. 28, pp. 257-275, December, 1951; Proc. I.R.E.
vol. 40, pp. 1166-1177, October, 1952; and Wireless World,
vol. 58, pp. 105-108, March, 1952,

It was urged that specifications for reliable tubes
should define the tube so that tubes manufactured in
accordance with such specifications will give the equip-
ment designer and users of equipment the utmost in re-
liability.

(15) C. R. Knight and K. C. Harding, “General considerations in
regard to specifications for reliable tubes,” Proc. I.R.E., vol.
40, pp. 1207-1210; October, 1952.

Continued emphasis was placed on the problems in-
volved in producing reliable tubes for military use.

(16) M. A. Acheson, “Tube reliability from the tube manufacturer’s
viewpoint,” Sylv. Tech., vol. 5, pp. 34-35; April, 1952,
Cathodes : Shifts in the characteristic parameters were
observed in oxide-coated-cathode tubes. Studies showed
that these shifts were due to cathode interface resistance
and to changes in contact potential.
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(17) W. B. Bartley and J. E. White, “Characteristic shifts in oxide
cathode tubes,” Elec. Eng., vol. 71, p. 496; June, 1952,

A study was reported of decay and recovery of the
pulsed emission of cathodes of BaO on nickel. Decay
was found to be a function of aging, duty cycle, voltage,
and cathode temperature.

(18) R. M. Matheson and L. S. Nergaard, “The decay and recovery
of the pulsed emission of oxide-coated cathodes,” Jour. A ppl.
Phys., vol. 23, pp. 869-875; August, 1952,

A study of continuous and pulsed emission on oxide-
coated cathodes with different base metals was made at
low cathode temperatures and showed essentially the
same results at cathode temperatures below 650°K.
Base metals were a factor in life and initial performance.

(19) F. A. Horak, “Correlation of dc and microsecond pulsed emis-
sion from oxide coated cathodes,” Jour. Appl. Phys., vol. 23,
pp. 346~349; March, 1952.

Measurements of the conductivity of a (BaSrCa)O
emitter over a range from room temperature to 1,100°K
indicated the existence of two conduction mechanisms
at high and low temperatures. The results were in agree-
ment with the Loosjes-Vink pore-conduction hy-
pothesis.

(20) R. C. Hughes and P. P. Coppola, “Conductivity of oxide
emitters,” Phys. Rev., vol. 88, pp. 364-368; October 15, 1952,

Calculations were made of the conditions under which
pore conduction will modify the total conductivity of an
oxide-coated cathode.

(21) E. B. Hensley, “On the electrical properties of porous semi-
lc)onductors,” Jour. Appl. Phys., vol. 23, pp. 1122-1129; Octo-
er, 1952,

A study made of thermoelectric power, electrical con-
ductivity, and thermionic emission on BaO and
(BaSr)O oxide-coated cathodes showed results not ex-
plainable by simple semiconductor theory, but in good
agreement with the pore-conduction hypothesis.

(22) J. R. Young, “Electrical conductivity and thermoelectric
power of (BaSr)O and BaO,” Jour. Appl. Phys., vol. 23, pp.
1129-1138; October, 1952,

A tube was constructed in which crystal size of the
cathode coating could be measured by X-ray diffraction
methods through thin mica windows. The relation of
crystal size of barium-strontium oxide to the thermionic
emission was studied over a range of temperatures.

(23) E. Yamaka, “A study of the oxide-coated cathode by X-ray
diffraction method (I),” Jour. Appl. Phys., vol. 23, pp. 937-
940; September, 1952,
An extensive review of the practice and theory of
oxide-coated cathodes was published in book form.

(24) G. Herrman and S. Wagener, “The Oxide-Coated Cathode,”
vol. 1, Manufacture, vol. 2, Physics, Chapman and Hall,
London; 1951,

A study of the effects of impurities in the nickel base
metal of an oxide-coated cathode showed both the dc
and pulsed emission to be affected. The impurities
studied were Mn, Al, Mg, and W. It was reported that
all of the impurities caused interface layers that, with
the exception of W, were detrimental to emission.
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(25) H. A. Poehler, “The influence of the core material on the
thermionic emission of oxide cathodes,” Proc. I.R.E., vol. 40,
pp. 190-196; February, 1952,

A new dispenser-type cathode known as the L cathode
was compared with three common types of cemitters.
The efficiency of the L cathode was between that of the
oxide cathode and thoriated tungsten. The principal ad-
vantages of this cathode were stated to be the accuracy
of machined surfaces and spacings obtainable for micro-
wave tubes.

(26) G. A. Espersen, “The L-cathode structure,” Proc. I.R.E., vol.
40, pp. 284-289; March, 1952,

Changes in cathode emission were observed in oxide
cathodes when tubes were subjected to impactshock.
The effect was attributed to a gas evolution from various
clements during impact.

(27) D.O. Holland, 1. E. Levy, and H. J. Davis, “Loss of thermionic
emission in oxide-coated cathode tubes due to mechanical
shock,” Proc. 1.R.E., vol. 40, pp. 587-590; May, 1952.

Emission from cathodes continues indefinitely, but
formation of a resistive barrier between the cathode and
the coating causes a feedback and an apparent drop in
the emissivity. Life studies showed that the resistance
builds up to saturation value of about 40 ohm-square-
centimeters. Detection of this resistance was achieved
by measurement of the mutual conductance at two fre-
quencies.

One author supported Eisenstein’s chemical theory—
resistive film formed at the interface by the formation
of compounds of barium and core impurities deliberately
introduced—which he felt explained the growth of
cathode resistance. He favored this theory as being
more probable and containing fewer inconsistencies than
Raudorf’s mechanical theory—shrinking of coating
away from the core, leaving contact between the coating
and the core only at minute discrete spots.

Methods were suggested of compensating for cathode
resistance in design of circuits from audio to high radio
frequencies.

(28) C. C. Eaglesfield, “Valve cathode life,” Wireless World, vol. 57,
pp. 505-506; December, 1951.

Other investigations by the British PPost Office sup-
port Eisenstein’s theory.

Another cause of oxide-cathode deterioration is
poisoning attacks by residual gases. A method was de-
veloped of making a triode or pentode measure its own
residual gas pressure.

(29) “Oxide cathode life,” Wireless World, vol. 58, p. 76; Feb., 1952.

Noise measurements at high and low frequencies
showed that the effect of space charge on flicker noise
exceeds that for shot noise. Results reported were that
the flicker-noise reduction factor had a value less than
the shot-noise reduction factor at all current levels.

(30) T. B. Tomlinson, “Space charge reduction of low frequency
fluctuations in thermionic emitters,” Jour. Appl. Phys., vol. 23,

pp. 894-899; August, 1952.
Secondary Emission: Determinations were made of the
the secondary-emission threshold energy for various
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composite surfaces. Results indicated that secondaries
originate from the filled band of a compound rather than
from electron traps.

(31) H. Jacobs, J. Martin and F. Brand, “Secondary emission from
composite surfaces,” Phys. Rev., vol. 85, pp. 441-447; Febru-
ary, 1952,

Magnetrons

A number of papers, concerned with the theoretical
aspects of magnetrons, considered such topics as space-
charge distribution, RF phase control, amplifiers, po-
tentials and instabilities.

(32) G. Hok, “A statistical approach to the space-charge distribu-
tion in a cut-off magnetron,” Jour. Appl. Phys., vol. 23, pp.
983-989; September, 1952,

(33) E. E. David, Jr., “RF phase control in pulsed magnetrons,”
Proc. 1.R.E., vol. 40, pp. 669-685; June, 1952.

(34) F. Liidi, “Theory of the magnetron amplifier,” Z. angew. Math.
Phys., vol. 3, pp. 119-128; March 15, 1952. (German)

(35) K. Fritz, “Potentials and electron paths in multisegment mag-
netrons,” Arch. Elek. (Uebertragung), vol. 6, pp. 211-215;
May, 1952.

(36) L. A. Harris, “Instabilities in the smooth-anode cylindrical
magunetron,” Jour. Appl. Phys., vol. 23, pp. 562-567; May-.
1952.

Theoretical and experimental studies were made of
resonant-injection systems for the frequency control
of magnetrons.

(37) L. L. Koros, “Frequency control of modulated magnetrons by
resonant injection system,” RCA Rev., vol. 13, pp. 47-57;
March, 1952,

(38) J.S. Donal, Jr. and K. K. N. Chang, “Analysis of the injection
locking of magnetrons used in amplitude-modulated transmit-
ters,” RCA Rev., vol. 13, pp. 239-257; June, 1952.

A number of papers described the design of magne-
trons operating at frequencies of 7,000 and 9,310 mc.

(39) H. K. Jenny, “7000-megacycle developmental magnetron for
frequency modulation,” RCA Rev., vol. 13, pp. 202-223; June,
1952

40) G. A. Espersen and B. Arfin, “A 3 cm beacon magnetron,”
Philips Tech. Rev., vol. 14, pp. 250-258; August-September,
1952. (Dutch)

A unique magnetron of the interdigital type, intended
for use with various external circuits as a local oscillator
operating from 0 to 1,000 mc, delivered a maximum
power output of 0.5 watt.

(41) D. A. Wilbur, P. H. Peters and H. W. A. Chalberg, “Tunable
miniature magnetron,” Electronics, vol. 25, pp. 104-109; Janu-
ary, 1952,

Various experimental studies were made on har-
monics, secondary emission, mode interaction, inverted
magnetrons, and conductance measurements.

(42) J. A. Klein, J. H. N. Loubser, A. H. Nethercot, Jr., and C. H.
Townes, “Magnetron harmonics at millimeter wavelengths,”
Rev. Sci. Instr., vol. 23, pp. 78-92; February, 1952

(43) F.W. Gundlach and K. Schérken, “The influence of secondary
emission on oscillation behaviour in cylindrical magnetrons,”
Z. a;tgew. Phys., vol. 3, pp. 416-424; November, 1951. (Ger-
man

(44) R. R. Moats, “Mode interactions in magnetrons,” Tele-Tech,
vol. 11, pp. 39-41; July, 1952.

(45) J. F. Hull, “Inverted magnetron,” Proc. I.R.E., vol. 40, pp.
1038-1041; September, 1952.

(46) M. Nowogrodzki, “Conductance measurements on operating
magnetron oscillators,” Proc. I.R.E., vol. 40, pp. 1239-1243;
October, 1952.

A review article appeared relative to the modulation
of cw magnetrons.
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(47) J. S. Donal, “Modulation of continuous-wave magnetrons,”
Advances in Electronics, vol. 4, Academic Press, New York,
N.Y.; 1952,

Further experiments were reported on cw magnetrons
having two and four segments.

(48) E. B. Callick, “Experimental study of low-power cw magne-
trons having few segments,” Proc. I.R.E., vol. 40, pp. 836~
843; July, 1952.

A new textbook on magnetrons covered the proper-
ties, design, operation, constructional technique, and
method of measurements.

(49) R. Latham, A. H. King, and L. Rushforth, “The Magnetron,”
Chapman and Hall, London; 1952,

Definitions of magnetron terms were completed by the
IRE Magnetron Task Group.

(50) “Standards on magnetrons; definitions of terms, 1952,” Proc.
I.R.E., vol. 40, pp. 562-563; May, 1952.

A review article traced the historical development of
magnetron theory and practice. Some of the construc-
tional details of various magnetrons were included.

(51) J. Verweel, “Magnetrons,” Philips Tech. Rev., vol. 14, pp. 50~
64; February, 1952. (Dutch)

Klystrons

With the dimensional limitations of negative-grid
tubes operating to reduce the power obtainable in the
uhf and higher regions, considerable work on klystron
development was reported.

In the design of high-powered oscillators, it was found
that an adverse effect, which was caused by the deflec-
tion of the electrons in the high-frequency field of the
input gap, could be reduced by giving the output gap a
suitable shape. An L. cathode simplified the structure as
well as supplying high current densities.

(52) B. B. van Iperen, “Velocity-modulation valves for 100 to 1,000
watts continuous output,” Philips Tech. Rev., vol. 13, pp. 209~
222; February, 1952,

Three methods of electron-beam focusing of cascade-
type klystron amplifier tubes were reported.

(53) V. Learned and C. Veronda, “Recent developments in high-
power klystron amplifiers,” Proc. LL.LR.E., vol. 40, pp. 465~
469; April, 1952,

Design concepts, tube structure, and tube characteris-
tics were presented for a pulsed klystron amplifier cover-
ing the range 960-1,215 mc.

(54) C. Veronda, “New pulse klystron amplifier for the 960~1,215
megacycle region,” Elec. Eng., vol. 71, pp. 686-689; August,
1952.

The application of klystrons in frequency-modulated
radio links was described.

(55) J. Cohn, “Operating klystrons in f-m microwave links,” Elec-
tronics, vol. 25, pp. 124-127; June, 1952.

(56) D. E. Lambert, “A coaxial-line velocity-modulated oscillator
for use in frequency-modulated radio links,” Proc. IEE (Lon-
don), paper 1337, TV Convention, 1952.

(57) A. H. Beck and A. B. Cutting, “Reflex klystrons for centi-
metre links,” Proc. IEE (London), paper 1343, TV Conven-
tion, 1952,

(58) A.F. Pearce and B. J. Mayo, “The design of a reflex-klystron
oscillator for frequency modulation at centimetre wave-
lengths,” Proc. IEE (London), paper 1301, TV Convention,
1952.
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Theoretical work continued on the space-charge ef-
fects in reflex klystrons and included modification of
electronic admittance by a bunching-effectiveness pa-
rameter.

(59) M. Chodorow and V. B. Westburg, “Space-charge effects in
reflex klystrons,” Proc. I.LR.E., vol. 39, pp. 1548-1555; De-
cember, 1951,

Fig. 1—This 200-pound electronic giant, the “klystron” tube de-
veloped by Varian Associates to G-E specifications, supplies
ower for the world’s most powerful television station, WHUM -

V, Reading, Pa. The tube, which has a power rating of 15,000
watts, is here being adjusted in its carrying rack by G-E engineer.

A number of review articles of interest appeared
tracing the historical development of the art of klystrons
as well as the progress of the past year.

(60) J. Racker and L. Perenic, “Microwave klystron oscillators,”
Radio and TV News, vol. 47, pp. 54-56; April, 1952 and pp.
64-66; May, 1952,

(61) R. H. Varian, “Recent developments in klystrons,” Electron-
ics, vol. 25, pp. 112-115; April, 1952.

Pulsed klystrons found applications in the uhf region.
Two papers describing tubes used for air navigation ap-

peared.

(62) V. Learned, “Power amplifier klystron for air navigation,”
Electronics, vol. 25, pp. 156-166; May, 1952.

(63) V. Learned, “Ground transmitter klystron for air navigation,”
Electronics, vol. 25, p. 136; January, 1952.

BT e ) S .
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Traveling-Wave Tubes

A number of papers considered the theoretical aspects
of traveling-wave tubes. The effect of thermal-velocity
spread on the gain and noise figure was computed and
found to be in good agreement with the empirical data.
A theory was developed for an internal-feedback oscil-
lator that neglects space-charge effects.

(64) D. A. Watkins, “Traveling-wave-tube noise figure,” Proc.
I.R.E., vol. 40, pp. 65-70; January, 1952,

(65) P. Parzen, “Effect of thermal-velocity spread on the noise fig-
ure in traveling-wave tubes,” Jour. Appl. Phys., vol. 23, pp.
394-406; April, 1952.

(66) E. M. T. Jones, “Internal feedback traveling-wave-tube oscil-
lator,” Proc. I.R.E., vol. 40, pp. 478-482; April, 1952.

(67) ]. Labus, “Optimum amplification in the helix traveling-wave

tube,” Arch. Elek. (Uebertragung), vol. 6, pp. 1-5; January,
1952. (German)

Theoretical and experimental studies of the traveling-
wave tube included its applications as a phase modula-
tor, frequency shifter, and phase shifter.

(68) W. J. Bray, “Traveling-wave valve as a microwave phase-
modulator and frequency-shifter,” Proc. IEE (London), Part
ITI, vol. 99, pp. 15-20; January, 1952,

(69) L. D. Olin, “Traveling-wave tube as a phase-shifter,” Bib. of

Tech. Reports, vol. 18, p. 95; October 17, 1952. PB111036.

The application of traveling-wave tubes in radio beam
links was reported in France.

(70) “Two traveling-wave valves for radio beam links,” Ann.
Télécomm., vol. 7, pp. 150-204; April, 1952,

(71) G. Goudet, “Traveling-wave valves in radio beam links,”
Ann. Télécomm., vol. 7, pp. 152-154; April, 1952.

(72) M. Kuhner and P. Lapostolla, “Two traveling-wave valves for
radio beam links: general results and technology,” Anmn.
Télécomm., vol. 7, pp. 155-168; April, 1952.

(73) P. Clostre and R. Wallauschek, “Two traveling-wave valves
for radio beam links: measurements and characteristics,” Ann.
Télécomm., vol. 7, pp. 169-172; April, 1952.

A number of papers were published relative to travel-
ing-wave-tube measurements and impedance matching
to coaxial lines and waveguides.

(74) P.Clostreand R. Wallauschek, “A generator for measurements
at U.H.F.,” Ann. Télécomm., vol. 7, pp. 196-204; April, 1952.

(75) P. Clostre and R. Wallauschek, “Impedance matching of
traveling-wave valves (Types M8 and M11) to coaxial lines,”
Ann. Télécomm., vol. 7, pp. 181-190; April, 1952.

(76) P. Chavance and L. Moutte, “Impedance matching of a
traveling-wave valve (Type M8) to a waveguide,” Ann.
Télécomm., vol. 7, pp. 191-195; April, 1952,

A unique traveling-wave tube without retarding line
employed a density-modulated beam that traverses a
path along which the direction of the electric field is
alternately positive and negative by using a cylindrical
waveguide divided into short cylinders, all the even-
numbered cylinders being connected at one terminal
and all the odd-numbered cylinders being connected at
the other terminal.

(77) H. Kleinwichter, “Traveling-wave valve without retarding
line,” Elektroteck Z., vol. 72, pp. 7114-717; December 15, 1951,
A tube combining the properties of a klystron and
distributed amplifier was described.
(78) T. G, Mihran, “The duplex traveling-wave klystron,” Proc.
I.R.E., vol. 40, pp. 308-315; March, 1952.
Some work on electron-gun structures indicated that
magnetic screening was necessary to reduce the dele-
terious effect of the magnetic field. Electron guns pro-
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ducing convergent beams made possible the use of lower
current densities and thus prolong life.

(79) ]. E. Pidquendar, “Electron guns for traveling-wave valves
(Types M8 and M11),” Ann. Télécomm., vol. 7, pp. 172-180;
Apri], 1952,

A developmental low-noise traveling-wave amplifier
for small signals was built for the 3,000-megacycle band
and gave 8.5 decibels noise factor and 15-decibels gain
under wide-frequency-band operation. An essential fac-
tor in this tube was a special “three-region” low-noise
gun controlling the electrical drift angle of the beam.

(80) R. W. Peter, “Low-noise traveling-wave amplifier,” RCA
Rev., vol. 13, pp. 334-368; September, 1952.

A low-noise low-voltage traveling-wave tube of im-
proved mechanical design was described. The theory of
noise reduction was given, along with operating char-
acteristics.

(81) J. H. Bryant, T. J. Marchese, and H. W. Cole, “Some recent
develo,Pments in traveling-wave tubes for communication pur-
poses,” Elec. Commun., vol. 29, pp. 229-233; September, 1952.

(82) A. G. Peifer, P. Parzan, and ]J. H. Bryant, “Low-noise travel-
ing-wave tube,” Elec. Commun., vol. 29, pp. 234-237; Septem-
ber, 1952.

Space-charge-wave theory was applied to the study
of space-charge-wave propagation in a cylindrical beam.

(83) P. Parzan, “Space-charge-wave propagation in a cylindrical
electron beam of finite lateral extension,” Elec. Commun., vol.
29, pp. 238-242; September, 1952.
A method of solving electron-beam problems was
described that took into account the thermal-velocity
spread by a method based on Liouville’s theorem.

(84) D. A. Watkins, “Effect of velocity distribution in a modulated
elgescztron stream,” Jour. Appl. Phys., vol. 23, pp. 568-573; May,
1952,
A comprehensive treatment of the theory of velocity-
modulation tubes was published.

(85) R. Warnecke and P. Guenard, “Les tubes a commande par
modulation de vitesse (Velocity-modulation tubes),” Gauthier-
Villars, Paris; 1951.

The performance of space-charge-wave amplifier
tubes was analyzed by considering them to be composed
of basic “regions” or “spaces.” A generalized electronic
theory for all regions was developed and the circuit
problem of individual regions discussed. A combination
of the electronic and circuit relations for each region
leads to equations describing the behavior of that region.

(86) R. G. E. Hutter, “Space-charge-wave amplifier tubes, basic
principles of operation,” Sylv. Tech., vol. 5, pp. 94-99; October,
1952.

Resnatrons

A resnatron amplifier using the reflex principle in the
output resonator was described as providing greater
bandwidth than theretofore possible with this type of
tube.

(87) G. I. Sheppard, M. Garbuny, and J. R. Hansen, “Reflex
resnatrons show promise for VHF-TV,” Electronics, vol. 25, pp.
116-119; September, 1952.

Video Camera Tubes

The most recently developed video camera tube, the
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vidicon, opened up new orbits of television in the indus-
trial fields and allowed simplified camera equipment. In
Europe, considerable interest was shown in the rather
complex image iconoscope type of pickup tube, for which
a number of refinements have been worked out. A new
monoscope based on secondary emission as a function
of the angle of incidence was developed.

(88) R. Barthélemy, “Television analyzer (camera),” Onde Elect.,
vol. 31, pp. 415-419; November, 1951.

(89) R. Theile, “Image iconoscope for improved TV film scanning,”
Tele-Tech, vol. 10, pp. 44-46, 114-115; November, 1951.

(90) R. Theile and F. H. Townsend, “Improvement in image
iconoscopes by pulsed biasing of the storage surface,” Proc.
I.LR.E,, vol. 40, pp. 146-154; February, 1952,

(91) J. E. Cope, L. W. Germany, and R. Theile, “Improvements in
design of image iconoscope type camera tubes,” Jour. Brit.
I.R.E., vol. 12, pp. 139-149; March, 1952.

(92) B. H. Vine, R. B. Janes, and F. S. Veith, “Performance of the
vidicon, a small developmental television camera tube,” RCA
Rev., vol. 13, pp. 3-10; March, 1952,

(93) J. E. I. Cairns, “A small high-velocity scanning television

pick-up tube,” Proc. IEE (London), part 1IIA, vol. 99, pp.

89-94. April—May, 1952.

R. D. Nixon, “The monoscope,” Proc. IEE (London), part

ITTA, vol. 99, pp. 132-135; April-May, 1952.

(95) R. Theile and H. McGhce, “An investigation into the use of
secondary-electron multipliers in image iconoscopes,” Proc.
IEsE (London), part IIIA, vol. 99, pp. 159-165; April-May,
1952.

(96) P. Schagen, H. Bruining, and J. C. Francken, “The image
iconoscope, a camera tube for television,” Philips Tech. Rev.,
vol. 13, pp. 119-133; November, 1951 (also abstract in Jour.
SMPTE, vol. 58, pp. 501-514; June, 1952).

(97) S. T. Smith, “A novel type of monoscope,” Proc. I.R.E., vol.
40, pp. 666-668; June, 1952.

($2)]

Fig. 2—Side view of portable television camera using Vidicon tube
and a built-in microphone for the narrator’s use. The camera per-
forms in conjunction with a battery-operated back-pack TV
transmitter having a range of one mile. This new equipment,
designed by RCA, permits “on-the-spot” pick-ups of special
events and remote viewing of industrial processes.

Cathode-Ray Tubes

The size of direct-view picture tubes was increased
steadily up to a 27-inch rectangular tube. Both all-
glass and metal-glass envelopes were used. Associated
with this trend was the development of wide-angle de-
flection. Work was continued on tube envelopes, deflec-
tion and focusing systems with a view of reducing the
amount of critical materials and production costs.

(98) C. S. Szegho and R. G. Pohl; “TV picture tubes with iron
envelopes.” TV Eng., vol. 2, pp. 8-9, 26-27; November, 1951.
(99) R. B. Mackenzie, “The modulation characteristic of cathode-
ray tubes in television,” Brit. Jour. Appl. Phys., vol. 3, pp.
54-58; February, 1952.
(100) C. S. Szegho, “Large flat-face cathode-ray tubes for radar,”
Tele-Tech, vol. 10, pp. 52-53, 94; January, 1952,
(101) W. H. Buchsbaum, “Electrostatic focus for picture tubes,”
Radio & TV News, vol. 47, pp. 62-63, 130; March, 1952.
(102) S. T. Smith, R. V. Talbot, and C. H. Smith, Jr., “Cathode-ray
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tube for recording high speed transients,” Proc. I.R.E., vol. 40,
pp. 297-302; March, 1952

(103) L. S. Allard, “Design factors in television cathode-ray tubes,”
{’grg; IEE (London), paper 1238, TV Convention, proof issue

(104) A. Y Bengley, K. A. Hoagland, and H. W. Grossbohlin, “Self-
ti%(fsuzsmg picture tube,” Electronics, vol. 25, pp. 107-109; June,

(105) G. N. Patchett, “Line eliminator,” Wireless World, vol. 58, pp-.
219-221; June, 1952,

(106) K. Schlesinger, “Internal electrostatic deflection yokes,” Elec-
tronics, vol. 25,‘})8. 105-109; July, 1952,

(107) C. S. Szegho, “Cathode-ray gicture tube with low focusing
voltage,” Proc. I.R.E., vol. 40, pp. 937-939; August, 1952,

(108) C. V. Bocciarelli, “Low-power deflection for wide-angle C-R
tubes,” Electronics, vol. 25, pp. 109-111; September, 1952,

(109) C. V. Fogelberg, E. W. Morse, S. L. Reiches, and D. P, Ingle,
“Using C-R tubes with internal pole pieces,” Electronics, vol.
25, pp. 102-105; October, 1952.

Color Television Tubes

Development of tri-color kinescopes was being carried
on along the various lines proposed in previous years.

(110) W. H. Buchsbaum, “The RCA tri-color tube,” Radio & TV
News, vol. 46, pp. 52-54, 120-125; November, 1951,

(111) J. H. Battison, “Analysis of latest Lawrence color-TV tube,”
Tele-Tech, vol. 10, pp. 38-39, 115; November, 1951.

(112) W. P. O’'Brien, “New Lawrence tri-color tube shown,” Elec-
tronics, vol. 24, p[i‘. 146, 148; November, 1951,

(113) ;Laviggrllce Color Tube,” Sci. Am., vol. 185, pp. 33-34; Novem-

er, .

(114) D. G. Fink, “Phosphor-strip tri-color tubes,” Electronics, vol.
24, pp. 89-91; December, 1951.

(115) H. R. Lubcke, “Color television reproducers,” Jour. Soc. Mot.
Pic. and Telev. Eng., pp- 22-27; January, 1952,

(116) E. G. Ramberg, “Elimination of moiré effects in tri-color kine-
scopes,” Proc. I.R.E., vol. 40, pp. 916-923; August, 1952,

(117) “Eidophor projector for theatre ’IPV," Tele-Tech, vol. 11, pp. 57,
112-113; August, 1952,

(118) “What is eidophor?,” Radio & TV News, vol. 48, pp. 94, 96;
August, 1952,

(119) Aaron Nadell, “The eidophor projector,” Radio-Electronics,
vol. 13, pp. 34-36; October, 1952,

Storage Tubes

Storage tubes found numerous applications for scan
conversions and for computer memory systems. In
addition to new developments, a comprehensive study
of the basic principles was published.

(120) B. Kazan and M. Knoll, “Fundamental processes in charge
controlled storage tubes,” RCA Rev., vol. 12, pp. 702-753;
December, 1951.

(121) V. K. Zworykin and E. G. Ramberg, “Standards conversion of
i(;l;;ision signals,” Electronics, vol. 25, pp. 86-91; January,

(122) W, E. Mutter, “Improved cathode-ray tube for application in
XVIII.xlaT;s?emory system,” Elec. Eng., vol. 71, pp. 352-356;

pril, .

(123) F. C. Williams, T. Kilburn, C. N. W. Litting, D. B. G. Ed-
wards, and G. R. Hoffman, “Recent advances in cathode-ray
tube storage,” Proc. IEE (London), paper 1359, TV Conven-
tion, proof issue, 1952.

(124) M. Knoll and B. Kazan, “Storage Tubes and Their Basic
Principles,” John Wiley and Sons, Inc., New York, N. Y.,
Chapman & Hall Ltd., London; 1952.

Electron Optics

The quest for simple electron-lens designs led to
an attack from various directions: theoretical analyses,
development of devices for study of electron trajectories,
and new lens configurations.

(125) L. Marton, M. M. Morgan, D. C. Schubert, J. R. Shah, and
J. A. Simpson, “Electron-optical bench,” Jour. Res. Nat. Bur.
Stand., vol. 47, pp. 461-464; December, 1951.

(126) J. C. Burfoot, “Numerical ray-tracing in electron lenses,”
Brit. Jour- Appl. Phys., vol. 3, pp. 22-24; January, 1952,
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(127) P. Grivet et M. Bernard, “Théérie de la lentille électrostatique
constituée par deux cylindres coaxiaux,” Ann. Radioelec., vol.
7, pp. 3-9; January, 1952.

(128) M. 8 Piétri, “Les tubes 2 faisceau électronique laminaire, leur
principle et quelques-unes de leurs applications,” Vide, vol. 7,
pp. 1113-1122; January, 1952,

(129) G.H. Vineyard, “Simulation of trajectories of charged particles
in maggt;;tic fields,” Jour. Appl. Phys., vol. 23, pp. 35-39; Janu-
ary, 1952.

(130) P.'Schagen, H. Bruining and J. C. Francken, “A simple electro-
static electron-optical system with only one voltage,” Philips
Res. Rep., vol. 7, pp. 119-130; April, 1952.

(131) M. Schiekel, “Electron optical velocity filters,” Optik, vol. 9,
pp. 145-153; April, 1952.

(132) C. T. Allison and F. G. Blackler, “A univoltage electrostatic
lens for television cathode-ray tubes,” Proc. IEE (London),

per 1333, TV convention, 1952.

(133) J. A. Hutton, “The focusing of cathode-ray tubes for television
receivers,” Jour. Brit. I.R.E., vol. 12, pp. 295-304; May, 1952,

(134) K. Jekelius, “Principles of permanent-magnet focusing sys-
tems for cathode-ray tubes,” Fernmeldetech. Z., vol. 5, pp. 320~
326; July, 1952,

(135) K.F.Sander, C. W. Oatley, and J. G. Yates, “Factors aflecting
the design of an automatic electron-trajectory tracer,” Proc.
IEE (London), part 111, vol. 99, pp. 169-179; July, 1952.

(136) H. Poritsky and R. P. Jerrard, “An integrable case of electron
motion in electric and magnetic field,” Jour. Appl. Phys., vel.
23, pp. 928-930; August, 1952.

(137) D. W. Shipley, “Calculation of spherical aberration for the
electrostatic electron lens,” Sylv. Tech., vol. 5, pp. 87-93; Octo-
ber, 1952.

Phototubes

Great interest developed in multiplier phototubes.
Their use in scintillation counters became the pre-
dominant means for particle counting. Photoconductiv-
ity in various semiconductors was studied.

(138) L. Dunkelman and C. Lock, “Ultraviolet spectral sensitivity
characteristics of photomultipliers having quartz and glass
envelopes,” Jour. Opt. Soc. Amer., vol. 41, pp. 802-804;
November, 1951.

(139) J. A. Jenkins and R.A.Chippendale, “Theapplication of image
converters to high speed photography,” Jour. Brit. I.R.E., vol.
11, pp. 505-517; November, 1951.

(140) B. F Kolomiets, “Industrial types of photo-resistors,” Elec-
trichestvo, vol. 11, pp. 44-51; November, 1951.

(141) L. Reiffel, C. A. Stone and A. R. Brauner, “Fatigue effects in
scintillation counters,” Nucleonics, vol. 9, pp. 13-15; Decem-
ber, 1951.

(142) R. H. Warring, “Light sensitive cells; differentiation between
photoelectric types,” Elec. Rev. (London), vol. 149, pp. 1198-
1200; December 14, 1951.

(143) T. N. K. Godfrey, “Satellite pulses from photomultipliers,”
Phys. Rev., vol. 84, pp. 1248-1249; December 15, 1951.

(144) V. Schwetzoff, S. Robin, and B. Vodar, “Electron-multiplier
photocell for the ultraviolet down to 1450 A, Compt. Rend.
Acad. Sci. (Paris) vol. 243, pp. 426-428; January 21, 1952,

(145) W. C. Dunlap, Jr., “Germanium photocells,” Gen. Elec. Rev.,
vol. 55, pp. 2?—31; March, 1952.

(146) A. F. Gibson, “Single contact lead telluride photocells,” Proc.
Phys. Soc. (London), vol. 65B, pp. 196-214; March, 1952,

(147) A.F. Gibson, “Lead sulphide rectifier photocells,” Proc. Phys.
Soc. (London), vol. 65B, pp. 214-216; March, 1952.

(148) J. 1. Pantchechnikoff, “Large area germanium photocell,”
Rev. Sci. Instr., vol. 23, p. 135; March, 1952.

(149) R. W. Engstrom, R. G. Stoudenheimer, and A. M. Glover,
“Production testing of multiplier phototubes,” Nucleonics,
vol. 10, pp. 58-62; April, 1952.

(150) P. H. Keck, “Photoconductivity in vacuum coated selenium
films,” Jour. Opt. Soc. Amer., vol. 42, pp. 221-225; April, 1952,

(151) E. A. Taft and M. H. Hebb, “Note on quenching of photo-
conductivity in cadmium sulfide,” Jour. Opt. Soc. Amer., vol.
42, pp. 249-251; April, 1952.

(152) Edward P. Clancy, “Polarization effects in photomultiplier
tubes,” Jour. Opt. Soc. Amer., vol. 42, p. 352; May, 1952.

(153) ]. F. Raffle and E. J. Robbins, “Non-linear amplification in
EMI photomultipliers,” Proc. Phys. Soc. (London), B, vol. 65,
pp. 320-324; May, 1952.

(154) R. K. Swank and W. L. Buck, “Observations on pulse-height
resolution and photosensitivity,” Nucleonics, vol. 10, pp. 51-
53; May, 1952,

(155) R. F. Post, “Performance of pulsed photomultipliers,” Nu-
cleonics, vol. 10, pp. 46-50; May, 1952.

(156) R. Wilson, “The fundamental limit of sensitivity of photom-
eters,” Rev. Sci. Instr., vol. 23, pp. 217-223; May, 1952,
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(157) C. J. Milner and B. N. Watts, “Lead sulphide photo-cells,”
Research (London), vol. 5, pp. 267-273; June, 1952.

(158) D. W. Mueller, G. Best, J. Jackson, and J. Singletary, “After-
pulsing in photomultipliers,” Nucleonics, vol. 10, pp. 53-55;
June, 1952,

(159) E. S. Rittner and F. Grace, “Impedance measurements on
PbS photoconductive cells,” Phys. Rev., vol. 86, pp. 955-958;
June, 1952,

(160) E. H. Gilmore and R. H. Knipe, “A method for spectral cali-
bration of photomultipliers at low intensity levels,” Jour. Opt.
Soc. Amer., vol. 43, pp. 481-483; July, 1952,

(161) J. A. Jenkins and R. A. Chippendale, “Some new image con-
verter tubes and their applications,” Electronic Eng., vol. 24,
pp. 302-307; July, 1952,

(162) E. F. Kingsbury and R. S. Ohl, “Photoelectric properties of
ionically bombarded silicon,” Bell Sys. Tech. Jour., vol. 31, pp.
802-815; July, 1952.

(163) ]. 1. Pantchechnikoff, S. Lasof, J. Kurshan, and A. R. Moore,
“Use of flying spot scanner to study photosensitive surfaces,”
Rev. Sci. Instr., vol. 23, pp. 465-467; September, 1952.

(164) G. A. Morton, “The scintillation counter,” Advances in Elec-
tronics, vol. 1V, Academic Press Inc.,, New York, N. Y., pp.
69-107; 1952.

Gas Tubes

The cathode spot of mercury-pool cathodes was stud-
ied. Previous work was reviewed and an analysis was
made of pool-surface and spot temperatures and of the
current density in the cathode spot. It is concluded that
the highest temperature found for the cathode spot is
much too low for thermionic emission and that norelation
can exist between the spot temperature and the mecha-
nism of electron emission. Current densities of the order
of 10* to 107 a/cm?, much higher than the generally ac-
cepted value of about 4,000 a/cm? for cathode spots,
have recently been measured. The difference appears
to be due only to the difference in time, after spot ini-
tiation, at which the current density was measured.
There is a continuous decrease of current density and an
increase in spot area with life of the spot.

(165) H. v. Bertele, “Pool surface and cathode spot temperature of
mercury cathodes as a problem in heat conduction,” Brit. Jour.
Appl. Phys., vol. 3, pp. 127-132; April, 1952.

(166) H. v. Bertele, “Current densities of free-moving cathode spots
on mercury,” Brit. Jour. Appl. Phys., vol. 3, pp. 358-360; No-
vember, 1952,

Techniques of gaseous breakdown processes were ex-
plored and the results indicate their complexity. Three
cathode and two anode mechanisms were analyzed and
compared. Proper modern methods of discharge analy-
sis were indicated.

(167) L. B. Loeb, “Secondary processes active in the electrical break-
down of gases,” Brit. Jour. Appl. Phys., vol. 3, pp. 341-349;
November, 1952. .

New measurements of the drift velocity of electrons
in argon as a function of electric field, gas pressure, and
impurity content (principally nitrogen) of the gas were
made.

(168) L. Colli and U. Facchini, “Drift velocity of electrons in argon,”
Rev. Sci. Instr., vol. 23, p. 39; January, 1952.

A description of high-frequency gas-discharge break-
down is given describing the similarities and differences
between these discharges and the more familiar dc type.
High-frequency discharge breakdown is controlled by
the process of electron diffusion and besides the theory
of its behavior, the physical limitations ot tube size,
gas pressure, and frequency for this type of breakdown
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are given. The particular case of hydrogen is cited. The

effects of superimposing a weak steady electric field and

a magnetic field on the ac field are also described.

(169) S. C. Brown, “High-frequency gas-discharge breakdown,”
Proc. I.R.E., vol. 39, p. 1493; December, 1951.

A new cold-cathode high-voltage rectifier was de-
scribed. Both theory and extensive experimental data
were included. The operation of the tube is based on an
improved type of electron trapping similar to that oc-
curring in a cylindrical magnetron in a cutoff condition,
but augmented due to the use of end plates on the
cathode. Mercury vapor was used. This tube appears to
offer for the first time a practical cold-cathode rectifier
for voltages up to 14 kv and currents up to 1 ma.

(170) E.G. Linde, J. H. Coleman, and E. G. Apgar, “A high-voltage
cold-cathode rectifier,” Proc. I.R.E., vol. 40, pp. 818-827;
July, 1952,

Factors involved in the use of thyratrons at increased
values of peak current and for short-time pulse switch-
ing continued to reccive attention. The initial conduc-
tion interval was shown to depend on tube construction
and on circuit elements.

(171) J. B. Woodford, Jr. and E. M. Williams, “The initial conduc-
tion interval in high speed thyratrons,” Jour. Appl. Phys., vol.
23, pp. 722-724; July, 1952.

The “plasmatron,” a new type of continuously con-
trollable gas tube, was described and its operation ana-
lyzed. This tube utilizes an independently generated gas
discharge plasma as a conductor between a hot cathode
and an anode. Continuous modulation of the anode cur-
rent can be effected by varying either the conductivity
or effective cross section of the plasma.

Applications were reported to include motor drive,
direct loudspeaker drive, high-efficiency rectification
and inversion, and many others that require low-im-
pedance operation.

(172) E. O. Johnson and W. M. Webster, “The plastmatron, a con-
tinuously controllable gas-discharge developmental tube,”
Proc. I.R.E,, vol. 40, pp. 645-659; June, 1952.

The special characteristics of some of the new minia-
ture high-stability glow-discharge voltage-regulator
tubes were studied in detail.

(173) F. A. Benson, “The characteristics of some miniature high-
stability glow-discharge voltage-regulator tubes,” Jour. Sci.
Instr., vol. 28, pp. 239-341; November, 1951.

(174) H. Bache and F. A. Benson, “A note on the temperature
coefficients of running voltage of glow discharge tubes,” Jour.
Sci. Instr., vol. 29, pp. 25-26; January, 1952.

(175) H. Bache and F. A. Benson, “Peak-noise characteristics of
glow-discharge voltage-regulator tubes,” Electronic Eng., vol.
24, pp. 278-279; June, 1952,

(176) H. Bache and F. A. Benson, “Mean-noise characteristics of
glow-discharge voltage-regulator tubes,” Electronic Eng., vol.
34, pp. 328-329; July, 1952,

Major design features of new types of cold-cathode
glow-discharge tubes were outlined and their useful

applications in diverse kinds of circuits were indicated.
(177) G. H. Hough and D. S. Ridler, “Some recently developed cold
cathode glow discharge tubes and associated circuits,” Elec-
tronic Eng., vol. 24; Part 1, pp. 152-157; April, 1952; Part 2,

pp. 230-235; May, 1952; Part 3, pp. 272-276; June, 1952,
New types of gas-filled cold-cathode counting tubes
were described. The first one differs from early deka-
trons in requiring only a single input pulse to move the
cathode glow a complete step. Tentative specifications
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were given for a developmental tube to operate at pulse

rates up to 20,000 per second.

(178) J. R. Acton, “The single-pulse dekatron,” Electronic Eng., vol.
24, pp. 48-51; February, 1952.

Another type of multicathode decade counter was de-

scribed.

(179) G. H. Hough, “The development of a multi-cathode decade
gas tube counter,” Proc. IEE (London), Part III, vol. 99, pp.
166-167; May, 1952.

The design of a ten-stage counting tube designated
6167 was described. This tube operates up to about two
thousand pulses per second and has the features which
permit performing this pulse counting function with a
minimum of circuit components and with a high degree
of reliability. Such a tube can be used for pulse count-
ing, frequency divisions, time measurements, and simi-
lar functions. The mechanism of discharge transfer
used in this design is reviewed and the details of con-
struction and operating characteristics, and factors
affecting life are described.

(180) D. S. Peck, “Ten stage cold cathode stepping tube,” Elec.
Eng., vol. 71, pp. 1136-1139; December, 1952.

Advances in the analysis of rectifier operation were
reported.

(181) R. E. Turkington, “Analysis of the 3-phase inverter with re-
sistive load,” Elec. Eng., vol. 70, p. 1076; December, 1951.

(182) L. D. Harris, “Servo characteristics of a rectifier driven
motor,” Elec. Eng., vol. 71, p. 76; January, 1952.

(183) C. R. Reiter and C. R. Ammerman, “Dc motor losses with
recstziﬁer operation,” Elec. Eng., vol. 71, p. 1025; November,
1952.

The two new ignitron-rectifier electric freight loco-
motives of 6,000 hp recently placed in service were
described. The ability of a rectifier locomotive to op-
erate at commercial frequencies higher than 25 cycles,
necessitated by the limitations of ac motor design, offers
the possibility of reducing electrification costs and
widening the field of application.

(184) C. C. Whitaker and W. M. Hutchinson, “Pennsylvania Rail-
road ignitron rectifier locomotive,” Elec. Eng., vol. 71, pp. 432~
437; May, 1952.

A simplified analysis of loss mechanisms in gas dis-
charges was presented.

(185) S. C. Brown, “Physics of some loss mechanisms in gas dis-
charges,” Elec. Eng., vol. 71, pp. 501-503; June, 1952.

A novel portable radiation detector of phosphor-
phototube type was described. It was reported as being
stable, having a very fast time constant, can be zeroed
and calibrated in a radiation field, operates from com-
mon flashlight cells, and covers the range from ap-
proximately 0.05 to 500 roentgens per hour in four
linear decades.

(186) Cole, Duffy, Hayes, Lusby, and Webb, “The phosphor-photo-
tube radiation detector,” Elec. Eng., vol. 71, pp. 935-939;
October, 1952.

The anode-glow mode in which all ionization and ex-
citation occur in a sheath close to the anode has been
found to occur at low current values and at pressures in
excess of 300 microns. The plasma potential approxi-
mates cathode potential and the tube drop occurs pri-
marily in the anode sheath. Analysis shows that in this
mode the anode current varies as the fourth power of
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the voltage excess above ionization potential. Axial and
radial plasma density distributions have been deter-
mined.

(187) W. M. Webster, E. O. Johnson, and L. Malter, “Studies of
externally heated hot cathode arcs part Il—the anode-glow
mode,” RCA Rev., vol. 13, p. 163; June, 1952.
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Fig. 3—(L to R)—Two-point contact transistors, junction transistor,
and photo transistor. Paper clip and rule show comparative sizes.
(Bell Telephone Laboralories).

Semiconductor Devices

The fourth year since the announcement of the trans-
istor saw development progress greatly intensified in
all areas of semiconductor technology. Perhaps in no
other field in recent years has effort been so accelerated,
with the result that so much has been learned about the
physics of semiconductor material and devices with
consequent improvement, modification, and develop-
ment that now the manufacture and application of
transistors has assumed a prominent position in any
discussion of semiconductor work.

General: Some of the broader aspects of the applica-
tion of transistors, as well as simplified discussion of the
mechanism of conduction in germanium, were pub-
lished.

(188) { W. McRae, “Transistors in our civilian economy,” Proc.
-R.E,, vol. 40, pp. 1285-1286; November, 1952.

(189) I. R. Obenchain, Jr. and W. J. Galloway, “Transistors and the
Military,” Proc. L.R.E., vol. 40, pp. 1287-1288; November,

(190) }.gi’z.']ordan, “The ABC’s of germanium,” Elec. Eng., vol. 71,
pp. 619-625; July, 1952,

Semiconductor Material: The properties of single-
crystal germanium allowed the prediction of charac-
teristics of junctions. The evaluation of fundamental
properties of silicon was continued; measurements on
single-crystal p-type silicon gave an electron mobility
to 1,200 cm?/volt-sec, and a value of 250 for holes in
n-type silicon. P-n junctions were made by varying the
rate of growth of a crystal from a melt containing two
opposite-type impurities whose segregation constants
vary:'at different rates with growth velocity. Vacuum
preparation of single-crystal germanium was performed.
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A new method of alloying and diffusing indium into
germanium to form p-n junctions was developed. Life-
time studies of injected carriers in germanium con-
tinued. The photoelectric and rectification properties of
silicon bombarded by various ions were studied.

(191) G. K. Teal, M. Sparks, and E. Beuhler, “Single crystal ger-
manium,” Proc. I.R.E,, vol. 40, pp. 906-908; August, 1952.

(192) J. R. Haynes and W. C. Westphal, “The drift mobilities of
?lgescztrons in silicon,” Phys. Rev., vol. 85, p. 680; February 15,

(193) R. N. Hall, “P-n junctions produced by growth rate varia-
tion,” Phys. Rev., vol. 88, p. 139; October 1, 1952,

(194) E. M. Conwell, “I’roperties of silicon and germanium,” PRroc.
I.R.E,, vol. 40, pp. 1327-1337; November, 1952.

(195) L. Roth and W. E. Taylor, “Preparation of germanium single
cr)svstals,” Proc. I.R.E., vol. 40, pp. 1338~1341; November,
1952,

(196) L. D. Armstrong, “P-n junctions by impurity introduction
through an intermediate metal layer,” Proc. I.R.E., vol. 40,
pp. 1431~1342; November, 1952.

(197) D. Navon, R. Bray, and H. Y. Fan, “Lifetime of injected car-
riers in germanium,” Proc. I.R.E., vol. 40, pp. 1342-1347;
November, 1952.

(198) L. B. Valdes, “Measurement of minority carrier lifetime in
gggmanium,” Proc. I.R.E., vol. 40, pp. 1420-1423; November,

(199) }ll é Ohl, “Properties of ionic bombarded silicon,” Bell Sys.
Tech. Jour., vol. 31, pp. 104-122; January, 1952.

Semiconductor Device Theory: Theory of alpha, the
current-multiplication factor, and of noise in junction
transistors and of current multiplication in point-con-
tact transistors was studied. A nonmathematical dis-
cussion including the energy-band structure in semi-
conductors was used to explain rectification and
transistor phenomena. A colloidal suspension of semi-
conductor materials in an electric field has a nonlinear
resistance characteristic which is claimed to have sur-
prisingly good frequency characteristics up into the
microwave region. The formation of transistor collector
was explained in terms of the more rapid diffusion of
lattice vacancies than donor impurities, which should
cause a p-n hook in n-type transistors but not in p-
type. The location of a p-n junction with a probe was
used as the basis for determining the diffusion constants
in germanium for arsenic, antimony, indium, and zinc.
The diffusion constants obtained for arsenic into ger-
manium using a capacitance method were found to be
several orders of magnitude smaller than those obtained
by probing for the location of a p-n junction. A theory
of contact noise was proposed based on temperature
fluctuations in the neighborhood of the contact. It was
found that noise in single crystals of germanium resides
in the behavior of minority carriers and is quantita-
tively related to lifetime and transit time of these car-
riers.

(200) W. R. Sittner, “Current multiplication in the type-A trans-
istor,” Proc. I.R.E., vol. 40, pp. 448-453; April, 1952,

(201) E. Billig, “The physics of transistors,” Bril. Jour. Appl. Phys.,
vol. 3, pp. 241-248; August, 1952,

(202) H. E. Hollman, “Dielectric and semiconductive suspensions,”
Tele-Tech, vol. 11, pp. 56-59; September, 1952,

(203) R. L. Longini, “Electric forming of n-germanium transistor
using donor-alloy contacts,” Phys. Rev., vol. 84, p. 1254; De-
cember 15, 1951.

(204) C. S. Fuller, “Diffusion of donor and acceptor elements into
germanium,” Phys. Rev., vol. 86, pp. 136-137; April 1, 1952,

(205) K. B. McAfee, W. Shockley, and M. Sparks, “Measurements
of diffusion in semiconductors by a capacitance method,”
Phys. Rev., vol. 86, pp. 137-138; April 1, 1952,

(206) R. L. Petritz, “A theory of contact noise,” Phys. Rev., vol. 87,
pp. 535-536; August 1, 1952,

(207) H. C. Montgomery, “Electrical noise in semiconductors,” Bell
Sys. Tech. Jour., vol. 31, pp. 950-976; September, 1952,
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Further theoretical work included treating as imper-
fections in a nearly perfect crystal the concepts of holes,
electrons, etc. A new class of unipolar transistors was
discussed, including the analog transistor. Two new
elements in the theoretical small-signal equivalent cir-
cuit resulted from a study of how junction-transistor
base thickness decreased as collector voltage increases.
A comprehensive treatment of the Hall effect and the
elimination of the effect of associated phenomena was
presented. A theoretical analysis of the variation of base
resistance with electrode spacing in point-contact trans-
istors was checked fairly well by experiment. Postula-
tion of traps in the germanium p layer near the point
electrode was used to explain several recovery-time
effects in germanium point-contact diodes. Matrix
methods for transistor circuit analysis were used for
theoretical work.

(208) W. Shockley, “Transistor electronics: imperfections, unipolar
and analog transistors,” Proc. 1.R.E., vol. 40, pp. 1289-1313;
November, 1952,

(209) J. M. Early, “Effects of space-charge layer widening in junc-
lt)ion trasnzsistors,” Proc. I.R.E., vol. 40, pp. 1401-1406; Novem-

er, 1952,

(210) O. Lindberg, “Hall effect,” Proc. 1.R.E., vol. 40, pp. 1414~
1419; November, 1952.

(211) E. L. Stecle, “Theory of alpha for p-n-p diffused junction
trasnzsistors,” Proc. 1.R.E., vol. 40, pp. 1424-1428; November,
1952.

(212) L. B. Valdes, “Effect of electrode spacing on the equivalent
base resistance of point-contact transistors,” Proc. I.R.E.,
vol. 40, pp. 1429-1434; November, 1952.

(213) R. L. Petritz, “On the theory of noise in p-n junctions and re-
lated devices,” Proc. 1.R.E., vol. 40, pp. 1440-1456; Novem-
ber, 1952.

(214) M. C. Waltz, “On some transients in the pulse response of
point-contact germanium diodes,” Proc. .R.E., vol. 40, pp.
1483-1487; November, 1952,

(215) J. Shekel, “Matrix representation of transistor circuits,” PRoc.
I.R.E., vol. 40, pp. 1493-1497; November, 1952.

Semiconductor Devices: Construction and characteris-
tics of junction diodes, transistors, and photocells were
reviewed. A simplified equivalent circuit of the
grounded-emitter-transistor amplifier was presented. Ex-
perimental evidence was reported that supports the p-n
hook mechanism in point-contact transistors. The use
of thermosetting resins for embedding point-contact
transistors resulted in a marked improvement in trans-
istor mechanical and electrical stability.

Analysis of impedance versus frequency on lead-
sulfide photoconductive cells offered an explanation in
terms of distributed capacitance, which was not by
itself evidence for or against a barrier picture. The cause
of electric breakdown in point-contact diodes was sug-
gested to be intrinsic conduction due to thermal gen-
eration and subsequent passage of minority carriers.
Characteristics and operation of point-contact and junc-
tion transistors were compared with respect to linear
and large-signal characteristics, reliability, life, tem-
perature effects, and electrical performance. Measure-
ments on developmental germanium photovoltaic cells
were carried out. Photocells were made from ionically
bombarded silicon with properties dependent on the
energy of bombarding particles and silicon temperature.
(216) J. S. Saby, “Germanium transistors,” Gen. Elec. Rev., vol. 55,

pp. 21-24; September, 1052,

(217) T. J. Ferguson, “The G-10 germanium rectifier,” Gen. Elec.
Rev., vol. 55, pp. 29-31; July, 1952.
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(218) J. A. Morton, “Present status of transistor development,”
Proc. 1.R.E., vol. 40, pp. 1314-1326; November, 1952. Also
Bell Sys. Tech. Jour., vol. 31, pp. 411-443; May, 1952.

(219) W. C. Dunlap, Jr., “Germanium photocells,” Gen. Elec. Rev.,
vol. 55, pp. 26-31; March, 1952.

(220) “The junction transistor,” Electronics, vol. 24, pp. 82-85;
November, 1951,

(221) F.J. Lingel, “Germanium power rectifier construction,” Elec-
tronics, vol. 25, p. 210; June, 1952.

(222) M. J. E. Golay, “The equivalent circuit of the transistor,”
Proc. I.R.E., vol. 40, p. 360; March, 1952.

(223) L. B. Valdes, “Transistor forming effects in n-type germa-
nium,” Proc. I.R.E., vol. 40, pp. 445-447; April, 1952,

(224) B. N. Slade, “A method of improving the electrical and me-
chanical stability of point-contact transistors,” RCA Rev., vol.
12, pp. 651-659; December, 1951,

(225) E. S. Rittner and F. Grace, “Impedance measurements on PbS
?goto%c)z|1dlxctive cells,” Phys. Rev., vol. 86, pp. 955-958; June

, 1952,

(226) E. Billig, “Effect of minority carriers on the breakdown of
point-contact rectifiers,” Phys. Rev., vol. 87, pp. 1060-1061;
September 15, 1952.

(227) J. A. Morton, “New transistors give improved performance,”
Electronics, vol. 25, pp. 100-103; August, 1952,

(228) B. J. Rothlein, “A photovoltaic germanium cell,” Sylv. Tech.,
pp. 86-88; October, 1951.

(229) E. F. Kingsbury and R. S. Ohl, “Photoelectric properties of
ionically bombarded silicon,” Bell Sys. Tech. Jour., vol. 31,
pp. 802-816; July 1952,

Silicon p-n junction diodes have been constructed
with rectification ratios as high as 10% at 1 volt, ability
to operate at ambient temperatures up to 300°C, and
other improved characteristics. Further work was done
on fused-contact p-n-p germanium transistors. The
equivalent circuit of the four-terminal p-n-p-n trans-
istor was derived, and the current gain analyzed when
the transistor is connected as a hook-collector trans-
istor. This work included a method of adjusting gain

- by external means. The theory was developed for a new

form of transistor of the field-effect type in which the
conductivity of a layer of semiconductor is modulated
by a transverse electric field. A device, the fieldistor,
with input impedance of about 10 megohms, low output
impedance, and a g of 1,000 micromhos was developed
whose control electrode was separated by a few microns
from the p-n junction. Operating frequency of conven-
tional junction transistors was increased by 10 times or
more on experimental models by adding a fourth elec-
trode to the base and biasing it so that the base re-
sistance is decreased by a substantial factor. A new pho-
toelectric device was proposed that would permit modu-
lation of a light beam by the change in absorption due
to injected carriers. A p-n junction photocell was de-
veloped with a sensitivityof 30 ma per lumen correspond-
ing to a quantum yield of approximately unity, and with
a frequency response flat into the 100-kc region.

(230) G. L. Pearson and B. Sawyer, “Silicon p-n junction diodes,”
Proc. I.R.E,, vol. 40, pp. 1348-1951; November, 1952.

(231) R. R. Law, C. W. Mueller, J. I. Pankove (Pantchechnikoff),
and L. D. Armstrong, “A developmental germanium p-n-p
junction transistor,” Proc. I.LR.E., vol. 40, pp. 1352-1357;

. November, 1952,

(232) ]. S. Saby, “Fused impurity p-n-p junction transistor,” Proc.
I.R.E., vol. 40, pp. 1358-1360; November, 1952.

(233) J.J. Ebers, “Four terminal p-n-p-n transistors,” Proc. .LR.E.,
vol. 40, pp. 1361-1364; November, 1952.

(234) W. Shockley, “A unipolar ‘field effect’ transistor,” Proc.
I.R.E., vol. 40, pp. 1365-1376; November, 1952.

(235) O. M. Stuetzer, “Junction fieldistors,” Proc. L.R.E., vol. 40,
pp. 1377-1381; November, 1952.

(236) R.L. Wallace, Jr., L. G. Schimpf, and E. Dickten, “A junction
transistor tetrode for high-frequency use,” Proc. [.R.E., val.
40, pp. 1395-1400; November, 1952.
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(237) K. Lehovec, “New photoelectric devices utilize carrier injec-
tion,” Proc. I.R.E., vol. 40, pp. 1407-1409; November, 1952,

(238) J. N. Shive, “Properties of m-1740 p-n junction photocell,”
Proc. LLR.E,, vol. 40, pp. 1410-1413; November, 1952,

Transistor Circuits: Application and circuit develop-
ment progressed rapidly with work on transistor ampli-
fiers, oscillators, modulators, and multivibrators. Sub-
stitution of transistors for vacuum tubes in a frequency-
shift converter for radio-teletype equipment was re-
ported. Maximizing power gain and efficiency of junc-
tion transistors in class-A and -B audio amplifiers was
analyzed.

A transistor audio oscillator with varistor stabiliza-
tion was developed for operation over a range of tem-
peratures and supply voltages. Transistor amplifier in-
stability due to variation in emitter and collector bias
currents was analyzed. Transistor noise was investigated
theoretically and experimentally for both junction and
point-contact types; noise was found to vary with col-
lector voltage and emitter current with the former and
to be relatively independent of those factors with the
latter type. Several theorems on noise spectra and noise
correlation were derived; the noise figure of transistors
can then be calculated for any desired external circuit
from equivalent noise generators of simple but arbitrary
configuration that have their noise spectra given.
Studies of temperature variation of transistor parame-
ters on two point-contact types showed that gain is
reduced by only 2 db up to approximately 60°C and
units at this temperature are satisfactory for many
small-signal applications. The control possibilitics of
transistors were discussed with reference to fairly large
units performing functions now handled by magnetic
amplifiers, amplidynes, and thyratrons. Numerous other
circuit applications were developed including transistor
binary counters, high-voltage low-current power sup-
plies, printed circuits applied to transistors, transistors
in airborne equipment, transistor trigger and switching
circuits and theory, and various phases of digital-
computer circuits.

(239) G. Raisbeck, “Transistor circuit design,” Electronics, vol. 24,
pp. 128-134; December, 1951.

(240) G. 8. Epstein, J. A. Bush, and B. Shellhorn, “Transistorizing
communication equipment,” Electronics, vol. 25, pp. 98-102;
May, 1952.

(241) R.F. Shea, “Transistor power amplifiers,” Electronics, vol. 25,
pp. 106-108; September, 1952,

(242) D. E. Thomas, “Low-drain transistor audio oscillator,” Proc.
I.R.E., vol. 40, pp. 1385-1395; November, 1952.

(243) R. F. Shea, “Transistor operation: stabilization of operating

points,” Proc. I.R.E., vol. 40, pp. 1435-1437; November, 1952,

(244) E. Keonjian and J. S. Schaffner, “An experimental investiga-

tion of transistor noise,” Proc. I.R.E., vol. 40, pp. 1456-1460;

November, 1952.

H. C. Montgomery, “Transistor noise in circuit application,”

Proc. I.R.E., vol. 40, pp. 1461-1471; November, 1952.

(246) A.Coblenzand H. L. Owens, “Variation of transistor parame-

ters with temperature,” Proc. 1.R.E., vol. 40, pp. 1472-1476;

November, 1952.

E. F. W. Alexanderson, “Control applications of the transis-

tor,” Proc. I.LR.E., vol. 40, pp. 1508-1511; November, 1952.

(248) G. W. Bryan, “A,Pplimtion of transistors to high-voltage low-
current supplies,” Proc. I.R.E., vol. 40, pp. 1521-1523; No-
vember, 1952.

(249) S. F. Danko and R. A. Gerhold, “Printed circuitry for transis-
Itors,” Proc. I.R.E., vol. 40, pp. 1524-1528; November, 1952,

(250) O. M. Stuetzer, “Transistors in airborne equipment,” Proc.
I.R.E., vol. 40, pp. 1529-1530; November, 1952.

(245)

(247)
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Test Methods: Transistor and semiconductor test
methods also received considerable attention. Oscillo-
scopic displays of famiilies of transistor characteristics
were developed, some of which permitted easy evalua-
tion of alpha and other parameters. Dynamic test
methods were developed to facilitate extensive ger-
manium-diode-testing programs; these included visual
I-E characteristics, recovery tests, and temperature
and humidity characteristic tests. Test procedures were
described which check selenium cells for forward and
reverse characteristics over a range of temperatures.

(251) M. L. Wood, “Transistor characteristic curve plotter,” IBM
Corp. Report, No. 06,071.402; August 19, 1952,

(252) N. Golden and R. Nielson, “Oscilloscopic display of transistor
static electrical characteristics,” Proc. I.R.E., vol. 40, pPp-
1437-1439; November, 1952.

(253) D.]J. Crawford and H. F. Heath, Jr., “Germanium diode test-
ing program,” IBM Corp. Report; March 6, 1952.

(254) C. A. Kotterman, “Production testing of selenium cells,” Elec-
tronics, vol. 25, pp. 272-284; March, 1952,

Fig. 4—Audio amplifier stage with four-junction transistors, de-
veloped at the David Sarnoff Research Center of RCA at Prince-
ton, New Jersey, provides sufficient amplification to operate a
loudspeaker.

Audio Techniques

Several historical summaries were presented and arc
of particular interest because they include the back-
ground of the early telephone applications of audio
techniques.

(255) M. J. Kelly, “Communication and electronics,” Elec. Eng., vol.
71, pp. 965-969; November, 1952,

(256) A. B. Clark, “The development of telephony in the United
States,” Commun. and Electronics, AIEE, no. 3, pp. 348-364;
November, 1952.

Mutual understanding between audio art and science
was furthered by a book. Several reviews and summaries
of principles appeared.
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(257) H. F. Olson, “Musical Engineering,” McGraw-Hill Book Co.,
New York, N. Y.; 1952,

(258) N. H. Crowhurst, “The prediction of audio frequency re-
sponse,” Electronic Eng. (London), vol. 23, pp. 440-443,
November, 1951; pp. 483-489, December, 1951; vol. 24, pp.
33-38, January, 1952; pp. 72-86, February, 1952.

(259) J. G. Miles, “Types of magnetic amplifiers—Survey,” Com-
mun. and Electronics, AIEE, no. 1, pp. 229-238; July, 1952,

(260) E. M. Vilichur, “Handbook of sound reproduction,” Audio
Eng., vol. 36, pp. 18-20; June 1952; pp. 15-18, 40, July, 1952;
pp. 20-21, 54-55, August, 1952; pp. 38-10, 51-54, September,
1952; pp. 36-37, 88-91, October, 1952; pp. 40-44, 74-75
November, 1952; pp. 20-22, 39-45, December, 1952,

Reports of specific audio-system applications and
equipment refinecments included the industrial applica-
tion of loudspeakers and the avoidance of “splatter.”

(261) S. C. Bartlett, “Loudspeaker systems in power plants,” Elec.
Eng., vol. 70, pp. 1057-1062; December, 1951.

(262) J. L. Reinartz, “Increased audio without splatter,” TRANS.
I.R.E., PGA-9, pp. 22-28, September—October, 1952.

(263) A. Peterson and D. B. Sinclair, “A single-ended push-pull
auglio amplifier,” Proc. I.LR.E., vol. 40, pp. 7-11; January,
1952.

(264) A. L. Hammond, “Neutralizing hum and regeneration,” Audio
Eng., vol. 36, pp. 22, 53-56; MaK, 1952,

(265) V. Brociner and G. Shirley, “The OTL (output-transformer-
less) amplifier,” Audio Eng., vol. 36, pp. 21-23, 45~46; June,
1952.

There were two reports on the perennial intermodula-
tion distortion measurement.

(266) P. J. Aubry, “Intermodulation testing,” Audio Eng., vol. 33,
pp. 22-23, 41-42; December, 1951.

(267) R. C. Hitchcock, “Intermodulation distortion,” Audio Eng.,
vol. 36, pp. 21-22, 56; October, 1952.

Sound Recording and Reproduction

Progress in disk recording was confined principally to
refinements of existing techniques and devices. In-
creased playing time without reduction of maximum
peak amplitude of the modulated groove was achieved
by extensive use of variable groove spacing, controlled
either manually or automatically. Automatic adjust-
ment of groove spacing to accommodate peak-to-peak
program amplitude was accomplished by means of a
control signal taken from a special level-monitoring
magnetic pickup head over which the master program
tape passes before reaching the pickup feeding the re-
cording cutter amplifier. The control signal was used
to regulate the speed of the motor driving the cutter
feed screw in such a way as to increase the groove spac-
ing above a set minimum at any given time propor-
tional to the peak-to-peak amplitude of the program
signal at that time. Playing time up to 65 minutes on
a single 12-inch disk at 33.3 rpm became possible by
use of this technique. Improved quality of cut was ac-
complished by extensive use of heated stylus cutters,
and reduction of cutter head bounce. A trend among
record producers to standardize on a 500-cycle turnover
frequency became noticeable, but no general agreement
on the shape of the response curve below turnover ap-
peared.

Processes for duplicating disk recordings were im-
proved by adoption of electrolytic cleaning and polish-
ing for masters and stampers, and a wider use of all-
nickel stampers. Some 45-rpm disks were duplicated by
injection molding in polystyrene.
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Much greater use of multiple recording at differing
speeds was made, producing novel effects such as arti-
ficial extension of instrumental range beyond the actual
acoustic range.

In reproduction}fromydisks, substantial general im-
provement in compliance and tracking of pickups was
accomplished, together with better damping and tran-
sient response. Use of diamond styli in reproduction was
substantially increased, in both professional and non-
professional applications. Considerable improvement in
signal-to-noise ratio in commercially available pre-
amplifiers for disk reproduction in custom installations
was noted, together with increased range and flexibility
of frequency response control, and reduction of tran-
sient and other distortions was apparent.

Further investigation of applications of mechanical
principles to sound recording problems was made.
(268) J. F. Doust, “The application of elementary mechanics to

sound recording,” Sound Recording and Reproduction, vol. 3,
pp. 198-201; December 1951.

In the field of magnetic recording on tape, further in-
vestigation of the mechanism of the magnetic recording
process was conducted, and considerable information on
the inherent characteristics of tape was developed. Im-
proved dynamic range and average signal-to-noise ratio
was achieved in tapes providing a greater maximum
signal amplitude capability for a given percentage dis-
tortion. Tape with 1.5 and 2.0 mil Milar bases became
available, giving greater freedom from humidity and
varying tension effects. Timing difficulties due to large
ratios of maximum-to-minimum tape tension in ma-
chines with constant torque take-up were reduced
through adoption of tape reels with larger hub diameter
than older types.

(269) P. E. Axon, “Mechanism of magnetic recording,” Wireless
World, pp. 47-50; February, 1952,

A new method of recording on magnetic tape anal-
ogous to variable-area optical sound-on-film recording
was reported. A new type of three-pole magnetic re-
cording head was described in which the normal gap
field was nonsymmetrically distorted, resulting in in-
creased resolution and an improved optimum bias ad-
justment. Further studies of wear of magnetic recording
and playback heads were made in an effort to establish
the general characteristics of normal wear in use. Fur-
ther work was done in development of mixed ferrites
for use in magnetic recording heads and in grinding and
polishing tape-bearing faces of ferrite heads.

Certain standards for disk and magnetic tape record-
ing were recommended for adoption internationally.
There was apparent agreement among various recom-
mendations on disk speeds and response curves. Con-
siderable agreement on tape speeds was also evident,
but lack of agreement on response curves for tape media
still existed. The problem of print-through in magnetic
tape was also given further study. There was some indi-
cation that the print-through effect was increased by
oxide carried over the tape edge in the slitting operation.
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(271) M. Camras, “New magnetic recording head,” Jour. Soc. Mot.
Pic. and Telev. Eng., vol. 58, pp. 61-60.

(272) British Standards Institution, CO (ACM) 4731-2-3.

Binaural recording and reproduction on both disk
and tape media was introduced, and binaux:al broad-
casting over paralleled AM and FM transmitters was
presented experimentally.

(273) B. Cook, “Recording binaural sound on disk,” Tele-Tech, vol.
11, pp. 48-50, 136-140; November, 1952. )

(274) O. Bixler, “A commercial binaural recorqer, Jour. Soc. Mot.
Pic. and Telev. Eng., vol. 59, pp. 109, 117; August, 1952,

In usage of magnetic recording, there was wide-
spread adoption of the medium for all steps in the pro-
duction of sound motion-picture film. Such usage pro-
vides immediate playback and lowered costs in most
intermediate editing operations. Two systems of mag-
netic recording for this purpose are in use. One system
employs a magnetic coating on sprocketed.ﬁlm, the
second uses standard i-inch magnetic tape with a syn-
chronizing signal recorded with the program r.naterial
taking the place of the sprocket holes to provide syn-
chronization with the picture film.

For editing and processing operations up to the final
release negative, use of a magnetic strip on sprocketed
film became almost universal practice. Such usage was
in three forms: as a full-width track on sprocketed
35-mm stock: as a strip of lesser width (magnestrip) on
clear stock, or stock for positive optical printing of a
parallel duplicate track for editing convenience; and on
clear stock with a visible editing track put on mechan-
ically with a ball-point pen head for similar reasons.

In the use of i-inch tape for recording sound track,
there was general informal agreement on the use of
14 kc as a carrier frequency in synchronizing control
tracks with 60-cycle modulation and an average carrier
level 20 to 30 db below the average program level in the
medium. Exception to the trend toward use of 60-cycle
modulated 14-kc carrier remained in the continued use
of a 60-cvcle control signal recorded in the tape medium
at an an.gle of 90 degrees to the program recording.

Devices to start and stop magnetic tape in syn-
chronism with motion picture film in projectors (auto-
matic framing devices) began to find acceptance in
major networks and film companies. Devices were ?lso
developed for applying visible numbers and frame lu}es
to i-inch magnetic recording tape to corresl—)ond with
footage and frame indications on sFandard. 35-mm mo-
tion-picture film. This permitted d.lrect cditing of such
tape without need for a parallel optical track for footage
and frame referencing.

A demonstration of recording and reproduction of
sight and sound on magnetic tapfe was made.: using a
speed of 100 inches per second with results improved
over those of last year but still marred by ghosts and
snow. The tape used was 1 inch wide and .bore 12
parallel magnetic tracks, ten carrying pictux:e informa-
tion, the remaining two carrying sync signals and
sound.
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Electroacoustics
Loudspeakers

An interesting development was the ionic loud-
speaker. Klein utilized an alternating ionic discharge in
a horn formed of quartz to obtain a faithful reproduc-
tion of sound without a moving membrane. Meager data
were given on efficiency; apparently the output was
found to be adequate for practical purposes. The chief
drawback seems to be the use of expensive quartz,
which is necessary because of the high temperatures and
voltages involved.

For the first time, a simple method was developed
for measuring the amplitude and phase at various points
on a vibrating loudspeaker cone. The cone is covered
with a light coat of conducting paint, and a capacitive
probe is brought near the point to be measured. The
varying capacitance is measured during movement to
give the amplitude and phase.

An outstanding paper on the use of loudspecakers in
speech reinforcment was that of Beranek and his co-
workers. It outlined methods for using speech-reinforce-
ment systems in large auditoriums. The principal sug-
gestion was that there be less use of reinforcement at
low frequencies, in order to prevent masking of the
higher frequencies by low-frequency reverberation.

(275)"S. Klein, “The ionic loudspeaker,” T'SF pour Tous, vol. 27, pp.
278-281; September, 1951; “The physical principles of the ionic
loudspeaker and microphone,” T'SF pour Tous, vol. 27, pp.
340-342; October, 1951.

(276) M. S. Corrington and M. C. Kidel, “Amplitude and phase
measurements on loudspeaker cones,” Proc. I.R.E., vol. 39,
pp. 1021-1034; September, 1951.

(277) L. L. Beranek, W. H. Radford, J. A. Kessley, and J. B. Wies-
ner, “Speech-reinforcement system evaluation,” Proc. I.R.E.,
vol. 39, pp. 1401-1408; November, 1951.

Sound Absorption and Room Acoustics

Progress was made in understanding the funda-
mental properties of acoustic materials and in relating
these properties to the random sound fields that occur
in enclosed spaces. Ingdrd and Bolt reported on a
method of measuring the acoustic impedance of an ab-
sorbing surface to waves of oblique incidence. The im-
pedance was found for materials for which it is in-
correct to assume a constant normal impedance. The
method consists of measuring, with a probe microphone,
the change in amplitude and phase of the pressure on a
flat area when it is changed from a hard surface to one
covered with the.acoustic material under test.

Lawhead and Rudnick applied the Sommerfeld theory
of propagation of radio waves over an absorbing surface
to the case of acoustic propagation. They were able to
measure the complex propagation constants of acoustic
materials.

The modern acoustic design of the legislative cham-
bers of the National Capitol was described by I’. E.
Sabine.

(278) U. Ingird and R. H. Bolt, “Free field method of measuring the
absorption coeflicient of acoustic materials,” Jour. Acous. Soc.
Amer., vol. 23, pp. 509-317; September, 1951.
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(279) R. B. Lawhead and I. Rudnick, “Measurements on an acoustic
wave propagated along a boundary,” Jour. Acous. Soc. Amer.,
vol. 23, pp. 541-546; “Acoustic wave propagation along a con-
stant normal impedance boundary,” Jour. Acous. Soc. Amer.,
vol. 23, pp. 546-550; September, 1951.

(280) P. E. Sabine, “Acoustics of the remodeled House and Senate
Chambers of the National Capitol,” Jour. Acous. Soc. Amer.,
vol. 24, pp. 121-125; January, 1952,

Noise and Ilearing

Noise reduction and prevention of hearing loss due
to excessive noise levels received much attention. A
considerably better understanding of the hearing mech-
anism has evolved in the past five years. Fletcher
developed a mathematical theory for the mechanics of
the inner car based on Békésy's experimental data, and
this now explains most of the dynamics of the hearing
mechanism.

Much data on the hearing mechanism are now being
obtained in terms of bands of noise instead of pure-tone
data. Pollack published equal-loudness contours for
broad-band noise and otuer data on the aural response
to broad-band excitation. Mintz and Tyzzer published
a loudness chart by which the loudness of broad-band
noise measured in octave bands can be quickly con-
verted into a single loudness figure.

(281) H. Fletcher, “On the dynamics of the cochlea,” Jour. Acous.
Soc. Amer., vol. 23, pp. 637-646; November, 1951.

(282) H. Fletcher, “Dynamics of the middle ear and its relation to
the acuity of hearing,” Jour. Acous. Soc. Amer., vol. 24, pp.
129-131; March, 1952.

(283) 1. Pollack, “On the threshold and loudness of repeated bursts
of noise,” Jour. Acous. Soc. Amer., vol. 23, pp. 646-650; No-
vember, 1951.

(284) 1. Pollack, “Sensitivity to differences in intensity between re-
peated bursts of noise,” Jour. Acous. Soc. Amer., vol. 23, pp.
650-654; November, 1951.

(285) I. Pollack, “On the measurement of the loudness of white
noise,” Jour. Acous. Soc. Amer., vol. 23, pp. 654-658; Novem-
ber, 1951.

(286) 1. Pollack, “Comfortable listening levels for pure tones in quiet
and noise,” Jour. Acous. Soc. Amer., vol. 24, pp. 158-163;
March, 1952.

(287) 1. Pollack, Jour. Acous. Soc. Amer., vol. 24, pp. 533-538; Sep-
tember, 1952.

(288) F. Mintz and F. G. Tyzzer, “Loudness chart for octave-band
data on complex sounds,” Jour. Acous. Soc. Amer., vol. 24, pp.
80-82; January, 1952,

Sound Instrumentation and Measurement

In Europe, there was considerable activity in the
development of sound spectrographs or “visible-
speech” apparatus. Edgarth developed a spectrograph
using sound film. Tamm and Putsching developed a
precise narrow-band filter using mechanical clements.
This filter uses coupled steel resonators, giving a 15-
cycle bandwidth. It is capable of resolving two com-
ponents 25 cycles apart that differ in level by 40 db.
The dynamic range is 65 db.

In the United States, LeBel and Dunbar announced
a high-speed level recorder operating electronically,
which uses improvements on Hunt’s early methods to
obtain writing speeds up to 10,000 db per second.

Several laboratories applied to accelerometers and
vibration pickups the reciprocity techniques of calibra-
tion formerly used for microphones (underwater and in
air). Harrison, Sykes, and Marcotte extended this
technique to 10,000 cps.
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(289) W. Kallenbach, “Further investigation of pitch recorders for
application to phonetic research,” Akus. Beihefle, vol. 1, pp.
37-42; 1951,

(290) B. H. Edgarth, “The sound film spectrograph,” IVA (Stock-
holm), vol. 22, no. 5, pp. 134-153; 1951.

(291) K. Tamm and l. Putsching, “A frequency analyzer with a
mechanical high frequency hlter,” Akus. Beihefte, vol. 1, pp.
43-48; 1951.

(292) C. ]J. LeBel and James Y. Dunbar, “Ultra speed recording for
acoustical measurements,” Jour. Acous. Soc. Amer., vol. 23,
pp. 559-563; September, 1951.

(293) M. Harrison, A. O. Sykes, and P. G. Marcotte, “Reciprocity
calibration of piezoelectric accelerometers,” Jour. Acous. Soc.
Amer., vol. 24, pp. 384-390; July, 1952,

Theory of Transducers

Hunt pointed out that correlation methods, which are
making important contributions to such diverse fields
as communication, information theory, and aerodynam-
ic turbulence, can be used to enhance the space reso-
lution of directional receivers. Since noise can be ex-
pected to come from all directions and the signal from
only one, a space correlation of the direction of arrival
of energy can give much information.

Bauer gave a valuable analysis of acoustic diaphragms
by considering them in analog form as a series of ideal
transformers, each of which corresponds to a particular
area of the diaphragm.

Stevenson published a number of equations for wave
propagation in horns.

(294) F. V. Hunt, “Perturbation and correlation methods for en-
hancing the space resolution of directional receivers,” Proc.
L.R.E., vol. 39, p. 840; July, 1951.

(295) B. B. Bauer, “Transformer analogs of diaphragms,” Jour.
Acous. Soc. Amer., vol. 23, pp. 680-683; November, 1951.

(296) A. F. Stevenson, “Exact and approximate equation for wave
propagation in acoustic horns,” Jour. Appl. Phys., vol. 22, pp.
1461-1463; December, 1951.

Ultrasonics

The field of ultrasonics has continued to be very ac-
tive, especially in Europe. A book on this subject has
been written by Vigoureux. Several scientists discovered
new methods of detecting an ultrasonic field, such as
the use of a starch plate in a dilute solution of iodine,
temperature-sensitive chromatic components, leucobases
of dyes, thermostimulable phosphors, temperature-
sensitive phosphors, and various types of Schlieren
equipment.

The use of ultrasonic equipment in pathological treat-
ments has developed to a greater extent in Europe than
in the United States. lHowever, the mechanism that
causes acoustic energy to be absorbed in tissue appears
to have been solved by an American scientist, W. J.
Fry.

Another application of ultrasonics has been the study
of details in aerodynamic fields. By this method much
more information can be obtained without disturbing
the field than by hot-wire techniques.

Also of interest to the electronic industry was the
announcement of a nondestructive method for testing
ceramic insulators by the use of ultrasonics.

(297) P. Vigoureux, “Ultrasonics,” John Wiley and Sons, Inc., New
York, N. Y.; 1951,
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(298) . J. Ernst and C. W. Hoffman, “New methods of ultra-
sonoscopy and ultrasonography,” Jour. Acous. Soc. Amer., vol.
24, pp. 207-211; March, 1952,

(299) G.S.Bennett, “New method for the visualization and measure-
ment of ultrasonic fields,” Jour. Acous. Soc. Amer., vol. 24, pp.
470-474; July, 1952,

(300) R. Hanel, “Making ultrasonic waves visible,” Radio Tech.
(Vienna), vol. 27, pp. 325-329; August, 1951.

(301) W. J. Fry, “Mechanism of acoustic absorption in tissue,” Jour.
Acous. Soc. Amer., vol. 24, pp. 412-415; July, 1952,

(302) M. Merle, “Use of ultrasonic waves for the study of an aero-
dynamic field,” Acustica, vol. 1, 263, pp. 104-108; 1951.

(303) H. Barthelt and A. Lutsch, “Nondestructive testing of ceramic
insulators by ultrasound,” Siemens Zeit., vol. 26, pp. 114-121;
April, 1952,

Video Techniques

A tutorial paper described the basic method of speci-
fying the performance of photographic materials and
discussed some of the variables which affect film per-
formance and the relations of these variables to video
recording. Video recording on film has been the subject
of considerable theoretical and experimental attack.
Work on video recording has not been restricted to
film. Advances were made in the experimental recording
of video information on tape.

(304) G. H. Gordon, “Video recording, film considerations,” Proc.
I.R.E., vol. 40, pp. 779-782; July, 1952,

(305) P. J. Herbst, R. O. Drew, and J. M. Brumbaugh, “Factors
affecting the quality of kinerecording,” SAMPTE Jour., vol. 58,
pp. 85-104; February, 1952,

(306) R. 1. Kuehin, “Improved photo-recording from cathode-ray
TV tubes,” Tele-Tech, vol. 11, pp. 48-49; February, 1952.

(307) P. Mandel, “An experimental system for slightly delayed pro-
jection of television pictures,” Proc. I.R.E., vol. 40, pp. 1177-
1184; October, 1952.

Fundamental investigations of gradation and resolu-
tion were reported.

(308) O. H. Schade, “Image gradation, graininess and sharpness in
television and motion picture systems,” SMPTE Jour., vol.
58, pt. II, pp. 181-222; March, 1952.

(309) L.C. Jestyand N. R. Phelp, “The evaluation of picture quality
with special reference to television systems,” Marconi Rev.,
pt. I, vol. 15, pp. 113-116; 3rd quarter, 1951; pt. II, vol. 15,
pp. 156-186; 4th quarter, 1951.

Picture quality and ways and means of improving it
have been the subject of concerted attacks by workers in
the field. One report described a relatively rapid method
of measuring resolution and localizing the sections of a
television system that degrade it. This measurement
utilized a special signal generator giving a picture con-
taining a white rectangle on a black background.

(310) R. K. Seigle, “Television streaking test set,” Electronics, vol.
24, pp. 96-99; November, 1951.

311) G. G. Gouriet, “A method of measuring TV picture detail,”
Elec. Eng., vol. 24, No. 293, pp. 308-311; July, 1952.

Some of the factors affecting interlacing were dis-
cussed in another paper.

(312) G. N. Patchett, “Faulty interlacing,” Wireless World, vol. 58,
pp. 250-254, 315-319; July and August, 1952,

The effective cross talk in the video channel intro-
duced from a second circuit was examined under condi-
tions where the effective intercoupling network had
four different loss-frequency characteristics.

(313) A. D.Fowler, “Observer reaction to video crosstalk,” SMPTE
Jour., vol. 57, pp. 416-424; November, 1951,

One of the elements in a picture monitor, the charac-
teristics of which contribute to resolution, is the picture
tube. The accurate measurement of spot dimensions
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under operating conditions is described in a report on
this subject. By means of a multiplier phototube and a
line-selector type of blanking circuit, oscillograms are
obtained showing the vertical distribution of light in-
tensity for single lines and for adjacent lines.
(314) J. Green, “Evaluating performance of TV picture tubes,”
Electronics, vol. 25, pp. 124-129; February, 1952,
Theoretical and experimental evaluation of the signal-
to-noise ratio in flying-spot scanners and a discussion of
the influencing factors were given in another report.
(315) A. ]. Baracket, “Signal-to-noise ratio in television flying spot
scanner,” Tele-Tech, vol. 10, pp. 42-44; December, 1951,
The measurement of amplitude linearity in a televi-
sion system often requires the disabling of line to line-
clamping circuits. A description was given of a method
of measurement using familiar laboratory equipment,
such as a square-wave generator and oscilloscope to-
gether with a gray-scale generator, for making the test
with the clamping operative.
(316) G. E. Hamilton and R. Ilowite, “Gray scale generator,” Elec-
tromics, vol. 25, pp. 143-145; November, 1952,
An examination of the possibilities of using informa-
tion theory in an attempt to reduce bandwidth require-
ments was made.

(317) C. W. Harrison, “Experiments with linear prediction in televi-
iIQOSnZ," Bell Sys. Tech. Jour., vol. 31, no. 4, pp. 764-783; July,

(318) E. R. Kretzmer, “Statistics of television signals,” Bell Sys.
Tech. Jour., vol. 31, no. 4, pp. 751-763; July, 1952, :

The interconnection of stations transmitting under
different standards is possible, using either the inter-
mediate-film method or storage-type tubes. The prob-
lems that remain in the latter method have been con-
siderably reduced by recent work.

(319) V. K. Zworykin and E. G. Ramberg, “Standards conversion of
TV signals,” Electronics, vol. 25, pp. 86-91; January, 1952,

A more complete description was given of a con-
tinuous motion-picture projector utilizing a system of
mirrors rotating in synchronism with the film to produce
an effective optical lap dissolve from one frame to an-
other. A servomechanism is used to minimize intensity
flicker.

(320) A. G. Jensen, R. E. Graham, and C. F. Mattke, “Continuous
motion picture projector for use in television film scanning,”
SMPTE Jour., vol. 58, pp. 1-21; January, 1952,

Improvements in techniques and equipment were
described for both the image orthicon and the image
iconoscope type pickup tubes.

(321) A. Reisz, “A new all-purpose television camera,” Tele-Tech,
vol. 11, pp. 38-40; April, 1952.

(322) R, Theile and F. H. Townsend, “Improvements in image
iconoscopes by pulsed biasing the storage surface,” I’roc.
I.R.E,, vol. 40, pp. 146-154; February, 1952.

Radio Transmitters
Television Broadcasting

Television broadcasting was initiated in Canada dur-
ing 1952, a station being placed in operation in Toronto
and one in Montreal.

(323) ].E. Hayes, “Television Facilities of the Canadian Broadcast-
ing Corp,” Presented at Soc. Mot. Pic. and Telev. Eng. Con-
vention; October 6, 1952,
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New and improved facilities were also made available
in the United States.

(324) J. R. Poppele, “The new WOR Studio and Transmitter Build-

mg, 60th Street and Columbus Avenue, N.Y.C.,” Presented at

R.E. National Convention, New York, N. Y.; March, 1952.

(325) J G. Leitch, “New Bulldmg and Technical Facilities at

wC AU, l’hlladelphla, Pa.” Presented at I.R.E. National Con-
vention, New York, N. Y.; March, 1952,

(326) C. L. Dodd, “The WFAA-TV plant, Dallas, Texas,” Presented

at I.LR.E. National Convention, New York, N. Y.; March,

1952,
(327) R. D. Chipp, “Television control room layout,” Tele-Teck, pp.
48-50; October, 1952,

Due mostly to the unfavorable economic situation,
therc was little activity abroad, except in France and
England.

In the United States, television played an important
part in providing coverage of the Democratic and Re-
publican national presidential conventions.

(328) R. D. Chipp, “Pool Master Control,” Presented at I.R.E.
Professional Group on Broadcast Transmission Systems Con-
ference, Philadelphia, Pa.; October 27, 1952.

The production of programs was enhanced due to the
steady evolution of production techniques, and the im-
provement of equipment generally.

(329) C. R. Paulson, “TV Production Techniques,” Presented at
I.R.E. Professional Group on Broadcast Transmissilns Sys-
tems Conference, given at Second Annual Prof. Group Broad-
cast Symposium, Philadelphia, Pa.; October 27, 1952.

L. L. Pourciau, “Television Camera Equipment of Advanced
Design” Presented at Soc. Mot. Pic. and Telev. Eng. Conven-
tion; October, 1952.

“Tele prompter,” Jour. Soc. Mol. Pic. and Telev. Eng.; June,
1

(330)

(331)

(332) F. F('>dor, “Filmcraft's Camera Control System,” Presented at
Soc. Mot. Pic. and Telev. Eng. Convention; October, 1952.

The development of flying spot scanners occupied the
attention of many engineers and equipment manufac-
turers during 1952.

(333) G. R. Tingley, R. D. Thompson, andJ H. Haines, “A Univer-
sal Scanner for Color Television.” Presented at I.R.E. Na-
tional Convention, New York, N. Y.; March, 1952.

(334) J. W. Wentworth, Flymg-Spot-Scanner Gamma-Correction

Circuits,” Presented at I.R.E. Professional Group on Broad-

cast Transmission Systems Conference, Philadelphia, Pa.;

October 27, 1952.

R. H. Hammans “Flying Spot Telecine Equipment and Its

Use at BBC,” Presented at Second Annual I.R.E. Prof. Group

Broadcast Symposxum October 27, 1952.

(336) J H. Haines, “Flying Spot Scanner Optics,” Presented at

I.R.E. Professional Group on Broadcast Transmission Sys-
tems Conference, Philadelphia, Pa.; October 27, 1952.

(337) R. E. Graham, “Flying Spot Scanner Design,” Presented at
I.R.E. Professional Group on Broadcast Transmission Sys-
tems Conference, Philadelphia, Pa.; October 27, 1952.

(335)

There was a considerable improvement in rear-of-
screen projection techniques for studio use, in the de-
velopment of new projection equipment, as well as in
the use of teletranscriptions or kinescope recordings.

(338) A. ]eukme “Rear Screen Projection,” Presented at IRE Pro-
fessional Group on Broadcast Transmission Systems Confer-
ence, Philadelphia, Pa.: October 27, 1952.

(339) W. E. Stewart, “New Professional Television Projector,”
Presented at, Soc. Mot. Pic. and Telev. Eng. Convention;
October, 1952

(340) R. E. Lovell, “Time-zone Delay of Television Programs by
Means of Kmescope Recording,” Presented at Soc. Mot. Pic.,
and Telev. Eng. Convention; October, 1952.

The use of image orthicon cameras for the televising

of motion picture film also came into use.

(341) R. D Chipp, “Film Projection Using Image Orthicon Cam-
eras,” Presented at Soc. Mot. Pic. and Telev. Eng. Convention;
October, 1952.
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Considerable advances were made in tue “shooting”
of live television shows on film.

(342) K. Freund, “Shooting Live Television Shows on Film,” Pre-
sented at Soc. Mot. Pic. and Telev. Eng. Convention; October,
1952,

Broadcasters were occupied with station planning
throughout the United States because of the lifting of
the “freeze” on construction permits by the Federal
Communication Commission, and many new stations
were planned throughout the country for 1953.

UHF Television

The Federal Communications Commission on April
14, 1952 issued its “Sixth Report and Order Concerning
the Television Broadcast Service,” suspending the
“freeze order” on construction of new stations in effect
since September 30, 1948. The Commission’s “Rules,
Regulations, and Engineering Standards” were amended
and an additional 70 channels, each 6 mc wide, in the
470-890 mc band were allocated for television stations.

(343) Federal Communications Commission, “Sixth Report and
Order” F.C.C. 52-294; adopted April 11, 1952, and released
April 14, 1952,

Of the more than 100 new station authorizations
issued by the FCC since the lifting of the freeze, the
majority were for stations in the uhf band but only a
very few were in operation at the end of the year. With
the demand for early completion of new uhf{ broadcast-
ing stations and for home receivers the television indus-
try activity in engineering development, product de-
sign, and manufacture of uhf equipment received great
impetus.

The first commercial uhf station, KPTV, in Portland,
Oregon was put in operation on Channel 27 with ap-
proximately 16-kw effective radiated power produced
by a 1-kw development model transmitter and high-gain
slot antenna. Beam tilting of the main lobe of ap-
proximately 2° down from the horizontal was employed
in the antenna system. Field testing of propagation and
coverage as well as the performance of receivers in this
new area has provided much valuable information.

(344) J. P. Taylor “UHF in Portland—how is it doing?,” Broadcast
News, special ed., pp. 2-23; October, 1952.

Progress in uhf transmitter development and design
covered a broad front, with particular design effort
being directed toward final product and manufacture
in the shortest possible time. Initial designs were limited
in power output to approximately 1, 5, and 10-12 kw,
being based on the use of tetrodes or klystron tubes for
the power output stage.

(345) V. Zeluff “Transmitters for uhf television,” Electronics, vol. 25,
pp. 102-104; July, 1952.

The types of tetrode tubes for approximately 1-kw
output were of low-loss ceramic-to-metal seal construc-
tion and with anode fin radiators for air cooling. These
types permitted the transmitter cavities to be designed
for full coverage of the 470-890-mc frequency band with
external tuning controls.

(346) Electronics, vol. 25, p. 244; June, 1952,
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Klystrons were of the three-cavity type and stagger
tuned to obtain the required bandwidth for each 6-mc
channel. The 5-kw klystron was designed for use with
external cavities and the 12-15-kw klystron with cavi-
ties integral with the tube.

(347) R. H. Varian “Recent developments in klystrons,” Electronics,
vol. 25, pp. 112-115; April, 1952.

(348) “High power uhf klystron,” Tele-Teck, vol. 11, pp. 60-61;
October, 1952,

Development work on both tubes and circuits, look-
ing toward improved methods for obtaining the desired
uhf power most efficiently, continued and included sys-
tems based on triode, tetrode, klystron, resnatron, mag-
netron, and traveling-wave types of tubes. Develop-
ment was started on a klystron tube capable of produc-
ing 75 kw over the 470-890 mc band.

(349) V. Learned and C. Varonda, “Recent developments in high-
power klystron amplifiers,” Proc. [.R.E. ,vol. 40, pp. 465-469;
April, 1952,

(350) D. B. Harris, “New uhf resnatron designs and applications,”
Electronics, vol. 24, pp. 86-89; October, 1951.

(351) D. B. Priest, “Coaxial tetrode as a TV amplifier at vhf and
uhr,” Tele-Tech, vol. 11, pp. 52-53 and 80-88; January, 1952.

(352) P. T. Smith, “Some new ultra-high frequency power tubes,”
RCA Rev., vol. XIII, pp. 224-238; June 1952.

(353) G. E. Sheppard, M. Garbuny, and J. R. Hansen, “Reflex
resnatron shows promise for uhf TV,” Electronics, vol. 25,
pp. 116-119; September, 1952.

(354) D. H. Priest, “Tetrodes improve harmonic generation at vhf
and uhf,” Tele-Tech, vol. 11, pp. 60-61, 118-120 and 123;
April, 1952.

(355) “A 75 kw klystron tube for uhf TV,” TV Digest, vol. 8,
p. 5; November 1, 1952.

Much progress was made in high-gain antennas,
transmission lines, sideband filters, and notch diplexers.
One slot-type antenna has a power gain varying from
24 to 27 depending on the frequency. Methods of pat-
tern testing and adjustment before erection were de-
veloped. New coaxial transmission lines were developed
and made available. A 50-ohm 3}-inch diameter line
with teflon insulators, permits a power rating of 24 kw
and a loss of 0.220-db feet at channel 14 and a 14-kw
power rating and loss of 0.406 db feet at channel 83.
For high towers where long lengths of line are required
and for higher powers, a 75-ohm 63}-inch diameter line
with teflon insulators was developed having a power
rating of 100 kw and loss of 0.102 db feet at channel
14 and 50-kw power rating and less of 0.210 db feet at
channel 83. For still higher power ratings and still
lower losses, copper-clad steel waveguides were devel-
oped. Further field measurements were made and work
continues on the effects of expected in coverage by
antenna-beam tilting and to verify the results obtained
by increasing antenna heights under different terrain
conditions. An important development for uhf antenna
systems was an improved combination of vestigial side-
band filter and constant-impedance notch diplexer,
called a “filterplexer,” having the necessary filter char-
acteristics and feeding both sound and picture trans-
mitters into a single transmission line.

(356) M. W. Scheldorf, “Broad band antenna element,” Tele-Tech,
vol. 11, pp. 50-51; January, 1952,

(357) O. O. Feit, “A new uhf television antenna TFU24B,” Broad-
casting News, pp. 8-23; March-April, 1952.

(358) E. H. Shively, “Pattern testing the TFU24B%UHF antenna,”
Broadcasting News, pp. 42-51; May-June, 1952.
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(359) O.O0. Feit, “New 3}" uhf ultra low loss coaxial line,” Broadcast-
ing News, pp. 30-35; September-October, 1951.

(360) J. Epstein, D. W. Peterson, and O. M. Woodward, Jr., “Some

types of omnidirectional high gain antennas for use at ultra-

high frequencies,” RCA Rev., vol. XIII, pp. 137-162; June,

1952,

]. Epstein and D. W. Peterson, “Broadcasting TV in the uhf

Band,” Electronics, vol. 25, pp. 102-109; November, 1952.

Federal Communication Commission, “Public Notice No.

74835”; April, 1952.

R. I. Brown, “WABD’s new television transmitter,” Tele-

Tech, vol. 11, pp. 53-55, 96; May, 1952.

J. S. Denal, Jr. and K. K. N. Chang, “An analysis of the in-

jection locking of magnetrons used in amplitude modulated

transmitters,” RCA Rev., vol. XIII, no. 2, pp. 239-257;

June, 1952.

(365) R. G. Peters, “Ultra-high transmitter and antenna design and
applications,” TV Eng., vol. 2, pp. 14-17, 29; October, 1951.

(366) P.Guenard, B. Epsztein, and P. Cahoun, “Klystron amplifica-
teurs de 5 kilowatts a large bande passante,” Ann. Radioelec.,
vol. 6, no. 24, pp. 109-113; April, 1951.

(367) W. H. Sayer, Jr., “UHF transmitter uses beer-barrel cavity,”
Electronics, vol. 24, pp. 125-127; December, 1951.

(368) Staff Written, “The Holme-Moss television transmitter,”
Elec. Eng. (London), vol. 23, pp. 434-435; November, 1951.

(369) D. B. Weigall, “Holme-Moss television transmitting station,”
BBC Quart., vol. 6, pp. 183-192; Autumn, 1951.

(370) Staff Written, “Kirk o'Shotts transmitting station,” Jour.
Telev. Soc., vol. 6, no. 9, p. 357; January—March, 1952.

(371) Staff Written, “Kirk o'Shotts television transmitting station,”
Engineer (London), vol. 193, pp. 371-373; March 14, 1952,

(372) W. Burkhardtmaier, “Development problems of the television

trazsnsmitter,” Telefunken Z. ,vol. 24, pp. 193-203; December,

1951.

H. de Waard, “Television broadcasting in Holland,” Jour.

Telev. Soc., vol. 6, no. 8, p. 299; October-December, 1951.

E. Demus, “Experimental television transmitter of the Ger-

man Postal Administration on the Gr. Feldberg (Tannus),”

Funk Technik (Berlin), vol. 7, no. 9, pp. 232-233; 1952,

P. A. T. Bevan and others, “Symposium of papers on the

Sutton Coldfield television station,” Proc. IEE (London),

vol. 98, pt. 3, pp. 416-470; November, 1951.

(361)
(362)
(363)
(364)

(373)
(379)

(375)

Microwave Communication

The demand for new microwave installations for ap-
proved services and for extension of facilities to other
services was of sufficient magnitude to require a review
of the entire allocation plan under the sponsorship of
the FCC. Considerable activity in this field was re-
ported from abroad.

(376) JTAC Report, “Radio Spectrum Conservation,” McGraw-
Hill Book Co., Inc., New York, N. Y.; 1952,

(377) D. N. Lapp and A. B. Hopple, “VHF-UHF turnpike radio
systems,” FN-TV, vol. 12, pp. 29-31, 34; June, 1952,

(378) Staff Written, “Microwave links Freeport mines,” Chem. Eng.,
vol. 48, p. 41; June, 1952,

(379) C. M. Backer, “Microwave system design for utilities,” Tele-
Tech, vol. 10, pp. 48-50, 84; December, 1951.

(380) L. Christensen, “Twenty-four channel microwave telephone
equipment of Danish manufacture,” Teleteknik, vol. 2, pp.
161-167; July, 1951,

(381) J. B. L. Foot, “1400-MC/s radiophone,” Wireless World, vol.
58, pp. 132-135; April, 1952.

(382) H. Keeling, “Gas pipeline radio system,” FM-TV, vol. 12,
pp. 17-21, 40; January, 1952.

(383) J. A. Craig, “Automatic radio repeater system,” Proc. LR.E.,
vol. 39, pp. 1524-1529; December, 1951.

(384) C. F. Hobbs, “Close channel spacing at vhf and higher fre-
quencies,” Proc. L.R.E., vol. 40, pp. 329-334; March, 1952.

(385) J. Peters, “Carrier-frequency systems free from linear distor-
tion,” Arch. elekt. (Uebertragung, vol. 5, pp. 509-515; Novem-
ber, 1951.

(386) P. Marzin, “Radio links, general technical consideration,”
Ann. Telecommun., vol. 6, pp. 363-380; December, 1951.

(387) L. Persson, “Radio links for power stations,” Ericsson Rev.,
no. 2, pp. 42-47; 1951,

(388) R. Siegert, “Transportable USW directional link equipment,”
Telefunken Z., vol. 24, pp. 204-212; December, 1951.

(389) K. O. Schmidt, “Planning radio links,” Fernmeldteck. Z., vol.
43, pp. 531-536; December, 1951.

(390) M. J. Dockes, “Frequency generation for radio relay systems,”
Echo_de_Recherches, no. 7, pp. 20-25; April, 1952.
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Common Carrier Radio Relay

The facilities for wide-band communication service
were expanded rapidly. Many new cities received serv-
ice for both television programs and multi-channel
telephone traffic. In Europe, multiplexed communica-
tions for toll service received considerable attention
with major emphasis on equipment of somewhat less
traffic-handling capacity than the newer United States
installations.

(391) J.G. Chaffee and J. B. Maggio, “Frequency-modulation ter-
minal equipment for transcontinental relay system,” Elec. Eng.,
vol. 70, pp. 880-883; October, 1951.

(392) B. R. Tupper and P. B. Patton, “Multiple-channel telephony
on VHF radio links,” Proc. I.R.E., vol. 40, pp. 913-916;
August, 1952,

(393) R. W. Friis and K. D. Smith, “An unattended broad-band
microwave repeater for the TD-2 radio relay system,” Elec.
Eng., vol, 70, pp. 976-981; November, 1951.

(394) P. Barkow, “Linearity limits of discriminators, particularly
for wide-band FM radio beam links,” Fernmeldteck. Z., vol. 5,
pp. 179-186; March-April, 1952.

(395) F. Ring, “Transmission characteristics of the V 60 carrier-
frequency equipment,” Fermmeldteck. Z., vol. 5, pp. 101-108
and 179-186; February, 1952.

(396) K. O. Schmidt, “Some data on two former multichannel beam
links from Athens to Rome and Crete,” Telefunken Z., vol. 25,
pp. 64-68; March, 1952.

(397) H. J. Friindt, “A 50 MC/S beam link with +500 KC/S fre-
quency swing,” Telefunken Z., vol. 25, pp. 510-519; March,

2

1952,

(398) E. Kniel and K. H. Baer, “The radio common-wave system of
the Siidwestfunk,” Tech. Hausmitt. Nordw. Disch. Rdfunks.,
vol. 4, pp. 47-51; March-April, 1952.

399) L. C. gimpson, H. J. B. Nevitt, and E. J. Eriksen, “VHF
radio multi-channel carrier telephone circuits in Colombia,”
Ericsson Rev., vol. 28, pp. 62-72; 1951.

(400) K. O. Schmidt, “The planning of beam links in the decimeter
and centimeter wave bands,” Telefunken Z., vol. 24, pp. 129-
139; October, 1951.

(401) G. Ulbricht, “The IDA-2 beam-link equipment,” Telefunken '

Z., vol. 24, pp. 143-162; October, 1951.

(402) Staff Written, “Radio telephone communication in the
Chamonix Valley,” Rev. des Postes, vol. 7, no. 9, pp. 18-23;
March-April, 1952. ]

(403) R. Rivere and M. Schwindenammer, “The equipments of the
Dijon-Strasbourg multi-channel radio link,” Onde Elec., pp.
163-173; April-May, 1952.

(404) H. Gutton, J. Fagot, and J. Hugon, “The equipment of the
Paris-Lille multi-channel radio link,” Onde Elec., pp. 174-180;
April-May, 1952.

Television Relaying

In addition to the relay facilities made available by
the common carriers, considerable progress was re-
ported on mobile equipment for use in remote pro-
gramming. This field received considerable attention in
foreign countries.

(405) A. H. Mumford, “Television radio relay links,” Jour. Telev-
Soc., vol. 6, pp. 290-299; October-December, 1951.

(406) J. H. Battison, “Microwaves: backbone of network televi-
vision,” Tele-Tech, vol. 11, pp. 62-63, 113; January, 1952,

(407) T. H. Bridgewater, “Paris-London television,” Elec. Eng.
(London), vol. XXIV, no. 295, pp. 410-412; September, 1952.

(408) Y. Angel and P. Riche, “The Paris-Lille television radio link,”
Onde Elec., pp. 152-157; April-May, 1952,

(409) J. Laplume, g Schirman, R. Fraticelli, and R. Jeannin, “The
Paris-Lille television radio link equipment,” Onde Elec., pp.
158-162; April-May, 1952.

International Broadcasting and Communication

Further progress in the utilization of single-sideband
transmission and multichannel operation was reported.
Efforts were mainly directed toward better utilization
of the spectrum.
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(410) L. M. Klenk, A. J. Munn, and J. Nedelka, “A multi-channel
single side-band radio transmitter,” Proc. I.R.E., vol. 40,
pp. 783-796; May, 1952.

(411) A. E. Kerwien, “Modulation equipment for modern single-
}idfba;)g% 2transmitters,” Proc. I.R.E,, vol. 40, pp. 797-803;

uly, .

(412) L. R. Kahn, “Single-sideband transmission by envelope elim-
ination and restoration,” Proc. I.R.E., vol. 40 pp. 803-806;
July, 1952,

(413) N.Lund, C. F. Rose, and L. G. Young, “Amplifiers for multi-
channel single-sideband radio transmitters,” Proc. I.R.E., vol.
40, pp. 790-796; July, 1952,

(414) D. J. Ambercrombie, “Parasitic oscillation in radio transmit-
ters,” Proc. I.R.E. (Australia), vol. 12, pp. 206-209; July, 1951.

(415) M. Suppan, “The new Italcable radio transmitting station of
Torrenova,” Poste e Telecommun., vol. 19, pp. 473-481; October,

1951.

(416) A. Gaillard, “Le Groupe H. F. D’Allouis—Issondun de la
Radio-Diffusion Francoise,” Onde Elec., 31st year, no. 296;
November, 1951.

(417) Veaux, “Progress and Development of Long Distance Radio
Links by the Administration of P.T.T.,” Rev. des P.T.T., vol.
7, pp. 34-42; January-February, 1952,

(418) J. R. Heck, “4.5 KW in 2 sq. ft.,” FM-TV, vol. 12, pp. 30-31,
34; August, 1952.

(419) W. A. Krause, “Portable radio telephone equipment for com-
munication between ship and shore,” Frequenz, vol. 6, pp.
146-149; May-June, 1952.

AM Broadcasting

Several new transmitters were described. The major
activity was reported by workers outside of the United
States with emphasis on remote control, automatic con-
trol, and unattended operation. Parallel operation of
transmitters is being extended for the purpose of trans-
mission continuity.

(420) M. H. Hutt, “AM transmitter design,” Radio and Telev., vol.
47, pp. 3-5, 29; January, 1952,
(421) M. H. Hutt, “New 5 KW AM transmitter,” Broadcast News,
no. 66, pp. 48-55; September—October, 1951.
(422) M. H. Hutt, “Mechanical design of a 10 KW radio trans-
rlr;i;ter,” Elec. Mfg., vol. 48, pp. 92-95, 266, 268; November,
1

(423) A. G. Robeer and B, Swets, “Description of a 40 KW broad-
cz;st transmitter,” Commun. News, vol. 12, pp. 16-32; October,
1951,

(424) A. Schweisthal, “Twin drive as active research for broadcast
transmitters,” Tech, Hausmitt. NordwDisch. Rdfunks., vol. 4,
pp. 42-45; March-April, 1952.

(425) A. Schweisthal and K. H. Baer, “The Ravensburg 2X20 KW
broadcast transmitter,” Tech, Hausmitt. NordwDisch. Rdfunks.,
vol. 4; March-April, 1952,

(426) A. Kolarz and E. Kniel, “Problems of automatic operation of
transmitting groups,” Tech. Hausmitt. NordwDisch. Rdfunks.,
vol. 4, pp. 59-62; March-April, 1952.

(427) Staff Written, “Broadcasting installations for the two pro-
grammes in Denmark,” Teletenik, (Copenhagen) vol. 2, pp.
207-249; October, 1951.

(428) Staff Written, “Unattended high power radio transmitter,”
Engineer, vol. 193, p. 146; March 21, 1952,

(429) Staff Written, “Remote control of BBC high power transmit-
ter,” Elec. Eng. (London), vol. 24, p. 229; May, 1952,

(430) F. A. Peachy, R. Toombs, and C. Gunn-Russell, “BBC new
automatic unattended technique,” Elec. Eng. (London), vol.
24, pp. 446-449; October, 1952,

FM Broadcasting

Circuit developments in FM transmitters were re-
ported. Very few new stations were erected in the
United States. The greatest interest in this field has
been in other countries.

(431) H. G. Stratman, “FM transmitter for 42 MCS,” Radio and
Telev., vol. 47, pp. 10-13, 31; June, 1952,

(432) J. Hacks, “Investigations of FM systems with negative feed-
back,” Arch. elekt. Ubertragung, vol. 5, pp. 441-446; October,

1951.

(433)_W. Mansfeld, “Realizability of the point of inflection of a
modulation characteristic for FM by means of reactance
_91ves,” Frequens, vol. 5, pp. 317-333; November-December,
1951.
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(434) R.Otto, “Frequency modulation by means of a capacitor with
controlled charging cycle,” Frequens, vol. 5, pp. 323-327;
November-December, 1951.

(435) E. Kettle, “New master oscillator of high frequency stability
for FM USW broadcast transmitters,” Telefunken Z., vol. 25,
pp. 60-64; March, 1952,

(436) E. Kettle, “New control transmitter of high frequency stability
for ultra-short wave, FM broadcast transmitters,” Telefunken
Z., vol. 25, pp. 60-64; March, 1952.

(437) E. Roessler, “Effect of the pilot transmitter,” Fernmeldtech. Z.,
vol. 5, pp. 97-100; March, 1952.

Television

The various panels of the National Television System
Committee (NTSC) in the United States made continued
progress towards the eventual development of a com-
patible color-television system. A number of manufac-
turers and networks began experimentally to transmit
NTSC color signals for limited field testing.

The research laboratories throughout the television
industry in the United States were busily engaged in
the development of experimental color equipment. The
recently developed color flying-spot scanners were al-
ready in limited use in research and development pro-
grams in the industry.

Of academic interest, was the release by NTSC of a
glossary of color-television terms, these working defini-
tions being widely circulated for the benefit of those
currently engaged in color work.

(438) B. D. Loughlin, “Recent improvements in band-shared simul-
taneous co%or television,” Proc. I.R.E., vol. 39, pts. I and II,
pp. 1264-1279; October, 1951.

(439) N. Marchand, H. R. Holloway, and M. Leifer, “Analysis of
dot-sequential color television,” Proc. L.R.E., vol. 39, pp.
1280-1287; October, 1951.

(440) P. C. Goldmark, J. W. Christensen, and J. J. Revees, “Color-
television—U. S. A. standard,” Proc. I.R.E., vol. 39, pp. 1288-
1313; October, 1951.

(441) R. B. Dome, “Spectrum utilization in color television,” Proc.
I.R.E,, vol. 39,‘Pp. 1323-1331; October, 1951,

(442) K. Mcllwain, “Requisite color bandwidth for simultaneous
color-television systems,” Proc. I.R.E., vol. 40, pp. 909-912;
August, 1952,

(443) E. G. Ramberg, “Elimination of moiré effects in tri-color
kinescopes,” Proc. 1.R.E., vol. 40, pp. 916-922; August, 1952,

(444) K. Schlesinger and L. W. Nero, “A phase indicator for color
television,” Electronics, vol. 25, p. 112; October, 1952,

(445) S. Applebaum, “Gamma Correction in Constant-Luminance
Color-Television Systems,” presented at IRE National Con-
vention, New York, N. Y.; March 4, 1952,

(446) D. C. Livingston, “Theory of symchronous demodulator as
used in NTSC color television receiver,” Sylv. Tech., vol. 5, pp.
60—-63; July, 1952.

(447) S. W. Moulton, “Colorimetric Measurements in Color Tele-
vision,” presented at the IRE National Convention, New
York, N. Y.; March 4, 1952,

(448) D. Richman, “Frame Synchronization for Color Television,”
presented at the IRE National Convention, New York, N. Y.;
March 4, 1952.

(449) F. J. Bingley, “Colorimetric Electronics,” presented at the
IRE National Convention, New York, N. Y.; March 4, 1952,

(450) J. Fisher, “The Generation of Compatbile Color Signals for
Research and Testing,” presented at the IRE National Con-
vention, New York, N. Y.; March 4, 1952.

(451) G. R. Tingley, R. D. Thompson, and J. H. Haines, “A Uni-
versal Scanner for Color Television,” presented at the IRE
National Convention, New York, N. Y.; March 4, 1952.

(452) W. F. Bailey, “Vestigial-Sideband Transmission of the Color
Subcarrier in NTSC Color Television,” presented at the IRE
National Convention, New York, N. Y.; March 4, 1952,

(453) “Definitions for color TV,” Electronics, vol. 25, p. 208; Nov.,
1952

(454) C.]J. Hirsch, W. F. Bailey, and B. D. Loughlin, “Principles of
NTSC compatible color television,” Electronics, vol. 25, pp.
88-95; Februar‘y, 1952,

(455) R. B. Dome, *“NTSC color-TV synchronizing signal,” Elec-
tronics, vol. 25, pp. 96-97; February, 1952.
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An important device, the Eidophor, was demon-
strated for large-screen theatre television. Further in-
terest in larger home television pictures led to active
development of the 27-inch wide-angle picture tube.

(456) E. Baumann, “The Fischer large-screen projection system,”
Jour. Brit. I.R.E., vol. 12, pp. 69-78; February, 1952.

(457) C. E. Torsch, “Ninety Degree Cathode-Ray Sweep System
Consuming Less Than ‘Fifty Degree’ Power,” IRE Fall Meet-
ing, Syracuse, N. Y.; October, 1952.

Improved methods of rapidly measuring phase and -
frequency response of television systems were discussed.
Better methods of reproducing moving-picture film for
television were demonstrated using flying-spot scanners
with steady motion of the film.

(458) E. D. Goodale, “Phase, Amplitude and Aperture Correction in
Television Systems,” IRE Convention, Cincinnati, Ohio;
April, 1952, '

(459) T. C. Nuttal, “The development of a high-quality 35 mm film
i%nng.'i,; Proc. IEE (London), pt. IIIA, pp. 136-144, 174~

A proposal for a “light” amplifier for television pic-
tures was discussed. Demonstrations were given of ex-
perimental television receivers using transistors.

(460) “Electronic light amplifiers for TV,” Tele-Teck, vol. 11, pp. 41,
110, 112; July, 1952.

(461) “Portable television receiver,” Sci. Newsletter, p. 392; Novem- -
ber 29, 1952.

Methods of obtaining stereoscopic television were
developed. Further work was done in improving syn-
chronization and interlace of television receivers.

(462) V. K. Zorykin and L. E, Flory, “Television in medicine and
biology,” Elec. En;., vol. 47, pp. 40-45; January, 1952.

(463) G. B. Townsend, “On overcoming the non-interlacing of tele-
vision receivers which are accurately synchronized,” Proc.
IEE (London), pt. 3A, I11A, vol. 99, pp. 645-650; 1952.

(464) A. W. Keen, “A Precision Synchronizing System for Large-
|Screen Television Equipment,” Institution of Electrical Engi-
neers, Paper 1344, 12 pp.; 1952.

(465) M. Marks, “Noise-immune sync. separator,” Electronics, vol.
25, pp. 124-127; April, 1952.

(466) G. N. Patchett, “Faulty interlacing,” Wireless World, vol.
LVIII, pp. 250-254; July, 1952,

A new sweep generator tunable over the whole uhf
and vhf band at fundamental frequency and with rela-
tively large output became commercially available.
Further studies of IF and video-amplifier characteristics
leading toward linear phase response were made.

(467) H. A. Finke and F. Blecher, “Wideband sweep generator for
VQI:SIF and UHF TV,” Tele-Tech, vol. 11, pp. 52-54; August,

(468) H. Kiehne and S. Mazur, “Phase-linear television receivers,”
Electronics, vol. 25, pp. 103-105; May, 1952,

To reduce the visibility of line structure on large
picture tubes, there was described a method of vertical
“spot stretching.” Improvements in gamma-control am-
plifier circuits were described while a useful multiple-
channel-output laboratory television source became
commercially available.

(469) G. N. Patchett, “Line eliminator,” Wireless World, vol. LVIII,
pp. 219-221; June, 1952,

(470) L. Lax and D. Weighton, “A Gamma-Control Circuit Using
Crystal Diodes,” Institution of Electrical Engineers, Paper
1308, 7 pp.; 1952. ’

(471) S. R. Patremio, “The Du-Mitter,” Radio Electronic Engineer-
ing, vol. 31, pp. 3-5; February, 1952.
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Receivers

The quantity of new material covering home-enter-
tainment receivers has been greatly reduced as a result
of conversion to defense orders.

The use of printed circuits has been extended to small
radio receivers and to sections of television receivers. A
major advance in assembly-line technique has been the
introduction of a dip-soldering process whereby several
hundred connections are soldered simultaneously.

(472) W. A. Tervell, “Printed circuit design methods and assembly
techniques,” Telev. Eng., vol. 3, pt. I, pp. 10-12; February,
1952; pt. 11, pp. 19, 29; March, 1952,

(473) W. H. Hannahs and N. Stein, “Printed unit assemblies for
TV,” Tele-Tech, vol. 11, pp. 38-40; June, 1952.

(474) E. Wavering, “Printed circuits for radio receivers,” Electronics,
vol. 25, pp. 140-142; November, 1952.

(475) “Plated circuit process for radio production,” Tele-Tech, vol. 11,
pp. 56-57; November, 1952,

Transistors are being used in the laboratory to replace
conventional tubes in television, in AM radio, in FM
radio, in personal and auto radios, and in phonograph
oscillators. The November, 1952 issue of the PROCEED-
INGs oF THE L.LR.E. is devoted to 48 articles on trans-
istors.

Some of these are continuously variable for complete
coverage of the uhf band and others are turret designs
with strips for both vhf and uhf channels. Many circuit
variations have been employed, some using harmonics
of the oscillator for frequency conversion and some
having double and others with single conversion with a
wide range of intermediate frequencies. Recent designs
trend toward the use of somewhat simpler and more
conventional circuitry with fundamental oscillator op-
eration and single conversion to the standard 41.25-mc
and 45.75-mc sound and picture intermediate frequen-
cies. With progress in receiving tube development for
uhf amplifier and oscillator application, circuit devel-
opment has been directed toward the addition of an
amplifier stage preceding the mixer.

(476) H. Hesse, “A new uhf television converter,” Tele-Tech, vol. 11,
pp. 36-39 and 114, 116, 118; March, 1952.

(477) T. Murakami, “A study of grounded-grid uhf amplifiers,"”
RCA Rev., vol. 12, pp. 682-701; December, 1951.

(478) Wen Yuan Pan, “Relative magnitudes of undesired responses
in uhf receivers,” RCA Rev., vol. 12, pp. 660-681; December,
1951,

(479) E.G. Hamer and L. J. Herbst, “Receivers for use at 460 mc/s,”
Wireless Eng., vol. 28, pp. 323-329; November, 1951.

(480) E. E. Harris and M. Cawein, “Concentric_lines tune uhf
channels,” Electronics, vol. 25, pp. 108-112; February, 1952.

(481) S. R. Scheiner and G. W. Carter, “Measuring uhf receiver
noise figures,” Electronics, vol. 25, pp. 128-129; March, 1952.

(482) H. F. Reith, “Performance and design of a compact uhf
tuner,” Tele-Tech, vol. 11, pp. 42-43, 76, 78, 80; August, 1952.

(483) H. A. Finke and S. Deutsch, “Combination uhf-vhf television
tuner,” Tele-Tech, vol. 11, pp. 58-59 and 176-180; September,
1952.

(484) W. B. Whalley, “Design considerations for uhf and vhf re-
ceivers,” Tele-Tech, vol. 11, pp. 36-38 and 104, 106, 108, 110;
November, 1952.

(485) “Tele-Tech’s guide to latest uhf receiving tubes,” Tele-Tech,
vol. 11, p. 92; November, 1952.

New items of measuring and test equipment for use
in the 470-890-mc television band were developed. Two
types of sweep frequency generators necessary for lab-
oratory development and production testing of uhf
television receivers appeared.
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(486) J. A. Cornell, and J. F. Sterner, “Sweep frequency generator
for uhf television band,” Tele-Teck. vol. 11, pp. 38-40, 86,
and 88; February, 1952,

(487) H. A. Finke and F. Blecher, “Wideband sweep generator for
vhf and uhf television,” Tele-Tech, vol. 11, pp. 52-54 and 75;
August, 1952,

Work on uhf receiving antennas for home installation
continued with emphasis on design simplification and
field measurements of directivity, bandwidth, and gain
over the uhf frequency band. Various types include
single and stacked fan dipoles; single and stacked
rhombics; stacked V; sheet, paraboloidal, and corner
reflectors; and Yagi arrays. For home antenna installa-
tions a 300-ohm transmission line with low losses (par-
ticularly when wet), has two parallel Copperweld 22-
gauge wires each centered by spiral polyethylene threads
in a polyethylene tube, the whole covered by a poly-
ethylene sheath.

Fig. 5—Dip-soldered radio chassis (L), compared with hand-
soldered counterpart. (General Electric Co.)

(488) E. O. Johnson and J. D. Callaghan, “Receiving antennas for

lllgg television,” Tele-Tech, vol. 10, pp. 38—41 and 82; December,
1.

(489) E.O. Johnson and J. D. Callaghan, “UHF receiving antennas,”
Electronics, vol. 25, pp. 132 and 134; January, 1952,

(490) “New uhf television transmission line,” Tele-Tech, vol. 11,
pp. 150 and 153; December, 1952.

The appearance of larger picture tubes with wide-
angle deflection has stimulated progress in the design
of sweep circuits.

(491) B. M. Cole, “Improved horizontal TV sweep circuits,” Tele-
Tech, vol. 11, pp. 92-93; September, 1952. .

(492) C. E. Torsch, “Ninety-Degree Cathode Ray Sweep System
Consuming Less than ‘Fifty-Degree’ Power,” presented at
IRE/RTMA Fall Meeting; October, 1952.

Activity has continued in the development of meth-
ods for improving picture sharpness that is directly
related to the receiver transient response. It has been
suggested that the receiver phase response be made
linear. The quadrature component affects the transient
response adversely and a method for reducing it by use
of a receiver with a step type of amplitude response has
been described.

(493) H. Kiehne and S, Mazur, “Phase-linear television receivers,”
Electronics, vol. 25, pp. 103-105; May, 1952,

(494) J. Ruston, “Improved TV system transient response,” Elec-
tronics, vol. 25, pp. 110-113; August, 1952.
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There is an increasing trend toward incorporating
circuits for cancellation of large noise peaks in the syn-
chronizing circuit. With ordinary limiting, large noise
peaks tend to make the sync separator inoperative for a
short time after their occurrence.

(495) M. Marks, “Noise-immune sync separator,” Electronics, vol.
25, pp. 124-127; April, 1952,

The problems of television interference continue to
receive attention. In Canada, where interference regu-
lations are more strict, the design of receivers is
especially difficult.

(496) W. B. Smith, Canadian Dept. of Transport, “Problems of tele-
vision interference,” presented at IRE/RTMA Fall Meeting;
October, 1952.

Progress was made in the reduction of oscillator radi-
ation, and most receivers now being sold are within the
limits of RTMA standard REC-129C. The selection of
sites for radiation measurements are discussed in an
IRE report.

(497) “Practical considerations in measuring vhf receiver oscillator
radiation,” supplement to 51 IRE 17S1,

(498) E.W. Chapin and W. K. Roberts, “Reducing TV receiver oscil-
lator radiation,” Electronics, vol. 25; pp. 116-120; July, 1952,

The IRE Subcommittee on Spurious Radiation is
working on a preliminary standard for sweep radiation
measurements. .

Although the industry has been preparing for uhf
for some time the feverish activity started when station
KPTV in Portland, Oregon began commercial uhf
broadcasting in September, 1952. Improving the noise
performance and noise-measurement technique of uhf
amplifiers continued to be a major objective. Noise fig-
ures for uhf tuners are 10-15 db higher than for vhf
tuners.

(499) S. R. Scheiner, and G. W. Carter, “Measuring UHF-TV re-
receiver noise figures,” Electronics, vol. 25, pp. 128-129; March,
1952,

(500) A. B. Glenn, “Study of noise reduction by feedback in ultra-
high frequency amplifiers,” presented at IRE/RTMA Fall
Meeting; October, 1952.

A multitude of new types of tuners and converters
were reported. These vary in complexity from a one-
channel converter to an 82-channel turret tuner, using
distributed or lumped elements, single or double con-
version, and a variety of mechanical designs.

(501) R. G. Peters, “Ultra-high tuner, converter and_receiver re-
search and design,” TV Eng., vol. 3, pp. 6-9; April, 1952,

(502) W. B. Whalley, “Design considerations for combination UHF
and VHF receivers,” Tele-Tech, vol. 11, pp. 36-38; November,
1952,

(503) N. Edwards, “UHF Conversion methods,” Radio and Telev.
News, vol. 47, pp. 56-58; June, 1952; vol. 48, pp. 47-49; July,
1952,

(504) E. E. Harries and M. Cawein, “Concentric lines tune UHF
channels,” Electronics, vol. 24, pp. 108-112; 1952,

Facsimile

A facsimile system to handle interoffice correspond-
ence in connection with television broadcasting systems
operations was placed in service. This system provides
a reproduction rate of 28 square inches per minute at
105-line definition over an 8-kc channel by vestigial-
sideband operation employing linear phase filters.
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The use of facsimile for terminal handling of regular
traffic in commercial telegraph systems continued to
increase with some 6,900 “Desk-Fax” units in operation
in United States cities, connecting patrons directly with
the nearest central office. In addition, this facility was
provided nearly 100 subscribers in London, England to
expedite the handling of cablegrams.

To speed communications within large commercial
organizations a similar system, “Intrafax,” has been
developed. This system employs the basic transmitter
and recorder units in a flexible arrangement adaptable
to the needs of each individual organization. Several
such private systems were placed in operation during
the year.

Further information has been made available on
Western Union's new high-speed facsimile system.

(505) “London inaugurates facsimile service,” Tele. and Tele. Ages
vol. 4, p. 21; April, 1952.

(506) H. H. Haglund, “Thirty-line concentrator for private facsimile
systems,” Western Union Tech. Rev., vol. 6, pp. 143-144;
October, 1952.

(507) C. R. Deibert, F. T. Turner, and R. H. Snider, “A high-speed
direct-scanning facsimile system,” Western Union Tech. Rev.,
vol. 6, pp. 37-46; April, 1952.

(508) D. M. Zabriskie, “A high-speed telefax recorder,” Western
Union Tech. Rev., vol. 6, pp. 48-55; April, 1952.

(509) L. G. Pollard, “A high-speed facsimile transmitter,” Western
Union Tech. Rev., vol. 6, pp. 56-60; April, 1952.

Recent developments in the graphic arts which may
have a significant effect upon progress in the field of
facsimile and which have already stimulated consider-
able research activity include zerography, and more
recently, ferrography and ferromagnetography. These
latter two involve the use of the familiar magnetic-
coated tape or sheet and means for rendering the mag-
netic image visible. All would seem to present bases for
the development of new facsimile recording and storage
techniques.

(510) R. B. Atkinson and S. G. Ellis, “Ferrography,” Jour. Frank.
Inst., vol. 252, pp. 373-381; November, 1951.

(511) T. M. Berry and J. P. Hanna, “Ferromagnetrography, high
speed printing with shaped magnetic fields,” Gen, Elec. Rev.,
vol. §5, no. 4, pp. 20-22, 61; July, 1952.

Industrial Electronics
Magnetic Amplifiers

In the last two years, a rapid growth of interest in
magnetic amplifiers has materialized among practicing
engineers.

(512) W. J. Dornhoefer and V. H. Krumnenacher, “Applying mag-
netic amplifiers,” Elec. Mfg., March, April, August, Sep-
tember, 1951. Reprints available.

(513) L. A. Finzi and G. F. Pitman, Jr., “A Critical Comparison of
Methods of Analysis of Magnetic Amplifiers,” presented at
National Electronics Conference; September 29, 1952,

A practical understanding of circuit operation and de-
sign procedure based on the relations between per-
formance and circuit parameters, while known to those
developing magnetic-amplifier techniques, had ap-
peared in the technical literature only by implication
prior to the publishing of the reference listed below.

(514) J. T. Carleton and W. F. Horton, “The Figure of Merit of
Magnetic Amplifiers,” AIEE Communication and Electronics;
September, 1952,
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Many groups are interested in the application of mag-
netic amplifiers to servomechanisms, and valuable ex-
perience was gained in circuit techniques.

(515) W. A. Geyger, “A New Type of Magnetic Servo Amplifier,”
AIEE Communications and Electronics; September, 1952.
(516) C. W. Lufey, A. E. Schmid, and P. W. Barnhart, “An im-
proved magnetic servo amplifier,” AIEE Communications
and Electronics; September, 1952.
Others recognized the applicability of magnetic am-
plifiers to the solution of difficult measurement problems.

(517) W. A. Geyger, “Magnetic Amplifiers of the Self-Balancing
Potentiometer Type,” AIEE Technical paper 52-271, pre-
sented, AIEE Fall General Meeting, New Orleans, La.;
October 15, 1952.

(518) G. M. E. Hinger, “A magnetic amplifier of high input im-
pedance,” Proc. NEC, (Chicago), vol‘? 7, p. 523; 1951,

The problem of stability, or drift, of amplifiers is
recognized as one of the most formidable. It is essen-
tially this problem that is dealt within measurements
and in detection of small signals. It seems to be widely
agreed that the limitations are imposed by the char-
acteristics of the receivers and that the stability of the
magnetic amplifier in practical circuitry is not appreci-
ably better than that of the vacuum tube.

Nonlinear Dielectrics

Notable progress has been made in the application of
nonlinear dielectrics to storage and low-frequency am-
plifiers.

Single barium titanate crystals of useful size are now
being grown in several university, industrial, and mili-
tary laboratories. Thin slabs of such single crystals have
been used for ferroelectric storage in digital computers.
It is estimated that for storage rates of 10% binary digits
per second using 20.5 mw read-in power, 2.8 mw read-
out power can be obtained. Simplicity of construction
and concentration of information are outstanding fea-
tures. \Work is continuing using polycrystalline ti-
tanates, with, however, less spectacular results.

(519) J. R. Anderson “Ferroelectric storage elements for digital
computers and switching systems,” Elec. Eng., vol. 71, pp.
916-922; October, 1952.

(520) W. N. Papian, “Ferromagnetic and Ferroelectric Memory
Devices,” Engineering Note E-470, Digital Computer Labora-
tory, M.I.T. Cambridge, Mass.; August, 1952.

(521) A. von Hiepel, “Piezoelectricity, Ferroelectricity and Crystal
Structure,” Report dated Mar. 1952, on O.N.R. contracts,
NS5-ori-07801, N5 ori-07858. Laboratory for Insulation Re-
search, M.I.T., Cambridge, Mass.

The analysis of low-frequency dielectric amplifiers
circuits has been attacked by several approximate
methods. In one, the curve of electric displacement
versus applied electric intensity is approximated by a
hyperbolic sine function; in another method, a power
series is used. With suitable simplifying assumptions,
solutions to the nonlinear differential equations have
been obtained, yielding useful relations for design pur-
poses.

Audio-frequency amplifiers have been built at the
Philco Corporation and at Carnegie Institute of Tech-
nology, the latter having achieved outputs of approxi-
mately 1 watt with efficiencies exceeding 25 per cent.
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(522) L. A. Pipes, “A mathematical analysis of a dielectric ampli-
fier,” Jour. Apfl. Phys. vol. 23, pp. 818-824; August, 1952.

(523) H. Urkovitz, “A ferroelectric amplifier,” Report No. 199M,
Philco Research Division; March, 1952.

(524) A. M. Vincent, “Dielectric amplifier fundamentals,” Electron-
ics, vol. 24, pp. 84-88; December, 1951,

In general, slow progress is being made in the search
for new nonlinear dielectric materials, such as the nic-
bates and zurconates, and in improving the titanatesin
an cffort to obtain more thermally stable dielectrics. A
possible new class of such dielectrics consisting of col-
loidal mixtures of dielectrics suspended in insulating
oils, or in gels, has been reported, with emphasis, how-
ever, on the sensitive rather than dielectric properties.

(525) H.E. Hollman, “Polaresistivity and polaristors,” Proc. I.R.E.,
vol. 40, pp. 538-545; May, 1952,

Electronic Computers
Large-Scale Machines

An increasing number of large-scale computers was
put into operation in the United States to speed up the
nation’s defense effort.

(526) C. R. Strang, “Computing machines in aircraft engineering,”
Rev. Electronic Digital Compulers, pp. 94-101; February, 1952

Large electronic digital computers received most at-
tention. The characteristics of completed machines and
their operating experience were the subjects of a Joint
AIEE-IRE Electronic Computer Conference held in
Philadelphia in December, 1951. This conference in-
cluded papers by the users of the machines as well as by

et b

Fig. 6—Mr. Arthur F. Dra
research for Remington

r, who is in charge of new products
and, shown at the microphone of the
UNIVAC on election night.

the designers. An example of the advanced state of
development, as compared with the period only several
years ago when most large-scale machines were in the
hands of their designers, is the Univac, a high-speed
serial ‘machine employing elaborate checking devices
and designed for both scientific and business applica-
tions. In addition, it is the first digital-computer system
with extensive input-output equipment, utilizing from
one to ten magnetic-tape units for high-speed input and
output transfers. There is an array of auxiliary equip-
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ment including keyboard-to-tape and punched-card-to-
tape converters and printing devices, all of which func-
tion independently of the central computer. The Univac
is the first computer to be manufactured on a production
basis and several have alrcady passed acceptance tests.

(527) ].P.Eckert, Jr., J. R. Weiner, H. F. Welsh, and H. F. Mitchell,
“The UNIVAC system,” Rev. Electronic Digital Compulers, pp.
6-15; February, 1952.

(528) J. L. McPherson and S. N. Alexander, “Performance of the
census UNIVAC,” Rev. Electronic Digital Compulers, pp. 16—
20; February, 1952.

Fig. 7—General Electric engincers Earl Theall, (kneeling) and

Bernard Geyer inspect parts of General Electric’'s new digital
computer, “OARAC,” developed by G.E. for the Air Force's
Research and Development Command. The central panel of the
OARAQC, used primarily for testing purposes, is flanked on either
side by rows of plug-in turrets containing most of the 1,400 tubes
and many of the 7,000 diodes used in this giant computer.

Several machines of the Institute for Advanced
Study type were put in operation. These are high-speed
parallel binary machines using Williams' electrostatic-
tube memories. The Ordvac, the first of these machines
to be put in operation, was delivered by the University
of Illinois to the Ballistic Research Laboratories of
Aberdeen Proving Grounds. A similar computer with
a photoelectric-tape reader and a high-speed punch was
completed at the University of Illinois.

(529) R. E. Meagher and J. P. Nash, “The Ordvac,” Rev. Electronic
Digital Camfulers, pp. 37-42; February, 1952,

(530) G. Estrin, “A description of the Electronic Computer at the
Institute for Advanced Studies,” presented Association for
Computing Machinery, Toronto; September 8, 1952.

(531) N. Metropolis, E. F, Klein, W. Orvedahl, J. R. Richardson,
H. H. Demuth, and J. B. Jackson, “Maniac,” presented Asso-
ciation for Computing Machinery, Toronto;September 8, 1952,

The Raydac, designed and constructed by the Ray-
theon Manufacturing Company, passed its acceptance
tests. It employs a serial acoustic memory, parallel
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arithmetic unit, and magnetic-tape input-output equip-
ment.

The Harvard University Mark IV, a serial decimal
machine employing magnetic-drum memory and mag-
netic-core shifting registers, was put in operation.

Another machine of considerable importance was
finished, an engineering prototype of the IBM type 701
calculator. This computer contains a large electrostatic
memory of the Williams type and is notable for its ex-
tensive input-output facilities. .

(532) M. M. Astrahan and N. Rochester, “The logical organization
of the new IBM scientific calculator,” Proc. Assoc. Compuling
Machinery, pp. 79-83; 1952,

The M.L.T. Whirlwind I computer, a very high-speed
calculator using an electrostatic storage tube of special
design, was used for scientific, engineering, and military
computation.

(533) R. R. Everett, “The Whirlwind I Computer,” Elec. Eng.,
vol. 71, pp. 681-686; August, 1952.

(534) N. H. Taylor, “Evaluation of the engineering aspects of Whirl-
wind 1,” Rev. Electronic Digital Compulers, pp. 75-83; Febru-
ary, 1952.

The National Bureau of Standards Eastern Auto-
matic Computer now has over two years of scheduled
operating experience on an extremely wide variety of
problems from all parts of government.

(535) S. N. Alexander, “The National Bureau of Standards Eastern
Automatic Computer,” Rev. Electronic Digital Compulers, pp.
84-89; February, 1952.

(536) R. J. Slutz, “Engineering experience with the SEAC,” Rev.
Electronic Digital Compulers, pp. 90-93; February, 1952.
Three variations of this type of machine, extensively
repackaged, are being constructed at the National

Bureau of Standards and elsewhere.

The National Bureau of Standards Western Auto-
matic Computer located at UCLA, a parallel machine
using Williams memory, was able to perform consider-
able useful computation while undergoing engineering
improvements.

The Edvac, a serial-binary machine using mercury-
acoustic delay-line memory and designed and con-
structed at the Moore School of Electrical Engineering
at the University of Pennsylvania, was put into regular
production service at the Aberdeen Proving Grounds.

A high degree of reliability was obtained with the
ERA 1101 computer, a large-scale machine employing
a magnetic-drum memory.

(537) F.C. Mullaney, “Design features of the ERA 1101 Computer,”
Rev. Electronic Digital Computers, pp. 43-48; February, 1952,

A background of operating experience with many
other large-scale digital computers became available.

(538) E. G. Andrews, “A review of the Bell Laboratories’ digital
computer development,” Rev. Electronic Digital Compulers, pp.
101-105; February, 1952,

(539) G.E. Poorte, “The operation and logic of the MARK III elec-
tronic calculator in view of operating experience,” Rev. Elec-
tronic Digital Compulters, pp. 50-55; February, 1952.

(540) G. G. Hoberg, “The Burroughs Laboratory computer,” Rev.
Electronic Digstal Computers, pp. 22-29; February, 1952.

(541) A. A. Auerbach, J. P. Eckert, Jr., F. R. Shaw, J. R. Weiner,
and L. D. Wilson, “The Binac,” Proc. I.R.E,, vol. 40, pp. 12-
29; January, 1952,

(542) J. W. Sheldon and L. Tatum, “The IBM card-programmed
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electronic calculator,” Rev. Electronic Digital Computers, pp.
30-36; February, 1952.

(543) F. C. Williams and T. Kilburn, “The University of Man-
chester computing machine,” Rev. Electronic Digital Com-
puters, pp. 57-61; February, 1952.

(549) B. W. Pollard, “The design, construction, and performance of
a large-scale general-purpose digital computer,” Rev. Electronic
Digital Computers, pp. 62—69; February, 1952,

(545) A. D. Booth, “The physical realization of an electronic digital
computer,” Elec. Eng. (L.ondon), vol. 24, pp. 442-445; October,
1952.

(546) T. Pearcey, “An automatic computer in Australia,” Mathe-
matical Tables and other Aid to Computation, vol. 6, pp. 167-
172; July, 1952,

Two excellent review articles appeared, one emphasiz-
ing applications, the other engineering developments.

(547) M. Rees, “Digital Computers—their nature and use,” Amer.
Sci., vol. 40, pp. 328-335; April, 1952.

(548) J. W. Forrester, “Digital computers: present and future
trends,” Rev. Electronic Digital Computers, pp. 109-113; Febru-
ary, 1952,

d and built by the RCA
Laboratories Division of the Radio Corporation of America, in
operation at the Naval Air Development Center at Johnsville,
Pennsylvania. The Typhoon has extreme flexibility of design, and
has been adapted to unusual uses.

Fig. 8—The Typhoon Computer, develo.

The Typhoon computer, developed and built by RCA
L.aboratories, was moved to the Naval Air Development
Center at Johnsville, Pennsylvania. It is believed to be
the largest and most accurate analog computing system
in use at the present time. It features new electronic
computing devices, such as the stabilized dc amplifier,
the step multiplier, and the time-division multiplier.

(549) E. A. Goldberg, “A high-accurac
Electronics, vol. 13, pp. 265-274;

time-division multiplier,”
ptember, 1952.
Although originally designed as a missile simulator,
Typhoon is currently employed for studying in three-
dimensional form the performance of a piloted aircraft
with associated maneuver autopilot. The fact that
Typhoon was readily adapted for this problem verifies
the flexibility of the design.

Commercial Digital Compulers of Moderate Price

Commercially available general-purpose electronic
digital computers of moderate price were the subjects
of a symposium held at the Pentagon in Washington,
D. C., on May 14, 1952. These are small serial machines

Radio Progress During 1952

475

having magnetic-drum memories, requiring less than
10-kw total power, and costing from $50,000 to $100,-
000.

(550) D. H. Jacobs, “The JAINCOMP-BI Computer,” presented
Symposium on Commercially Available General-Purpose Elec-
tronic Digital Computers of Moderate Price, Pentagon, Wash-
ington, D. C.; May 14, 1952,

(551) E. J. Quinby, “The MONROBOT Electronic Calculators,”
presented Symposium on Commercially Available Digital
Computers of Moderate Price, Pentagou, Washington, D. C.;
May 14, 1952,

(552) R. E. Sprague, “The CADAC,” presented Symposium on
Commercially Available Digital Computers of Moderate Price,
Pentagon, Washington, D. C.; May 14, 1952.

(553) J. Greig, “The Circle Computer,” presented Symposium on
Commercially Available Digital Computers of Moderate Price,
Pentagon, Washington, D. C.; May 14, 1952.

(554) A. Auerbach, “The Elecom 100,” presented Symposium on
Commercially Available Digital Computers of Moderate Price,
Pentagon, Washington, D. C.; May 14, 1952.

(555) L.P. Robinson, “Model 30-201 Electronic Digital Computer,”
presented Symposium on Commercially Available Digital
Computers of Moderate Price, Pentagon, Washington, D). C.;
May 14, 1952.

(556) G. B. Greene, “The Miniac,” presented Symposium on Com-
mercially Available Digital Computers of Moderate Price,
Pentagon, Washington, D. C.; May 14, 1952.

Special Computers

The Maddida and other digital differential analyzers
appeared and came into wide use. A magnetic-drum
memory and electronic digital techniques were used in
this small machine, providing greater flexibility and pre-
cision than conventional differential analyzers.

(557) J.F. Donan, “The serial-memory digital differential analyzer,”
Mathematical Tables and other Aids to Computation, vol. 6, pp.
102-112; April, 1952.

(558) R. E. Sprague, “Fundamental concepts of the digital differen-
tial analyzer method of computation,” Mathematical Tables
and other Aids to Computation, vol. 6, pp. +1-49; January, 1952.

The use of both digital and analog computers for
simulation and control is a subject of vital interest. A
mixture of analog and digital techniques is frequently
useful.

(559) H. H. Goode, “Simulation—its place in system design,” Proc.
I.R.E. vol. 39, pp. 1501-1506; December, 1951.

(560) B. M. Gordon and R. N. Nicola, “Special-purpose digital
data-processing computers,” Proc. Assoc. Computing Machin-
ery, pp. 33-45; 1952.

(561) M. J. Mendelson, “The quadratic arc computer,” Proc. Assoc.
Computing Machinery, pp. 53-59; 1952.

Many analog computers, varying widely in complex-

ity and application, were developed.

(562) E. A. Baldini and A. P. Fugill, “Power system analogue and
network computer,” Elec. Eng., vol. 71, p. 439; May, 1952.

(563) F.W. Bubb, Jr., “Circuit for generating polynomials and find-
ing their zeroes,” Proc. I.R.E., vol. 39, pp. 1556-1561; Decem-
ber, 1951.

(564) G. A. Korn, “The difference analyzer: a simple differential
equation solver,” Mathematical Tables and other Aids to Com-
gutalion, vol. 6, pp. 1-8; January, 1952.

(565) B. B. Young, “Advanced time scale analog computer,” Jour.
Frank. Inst., vol. 253, pp. 169-271; Fall, 1952.

Components and Techniques

The reliability of vaccum tubes for use in large-scale
computers is a subject of primary concern that has re-
ceived little attention in the literature. One important
study, based on 2,500,000 electron-tube sockets in the
field and a two-year program of defective-tube analysis,
was published.
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(566) J. A. Goetz and A. W. Brook, “Electron tube experience in
computing equipment,” Elec. Eng., vol. 71, pp. 154-157;
February, 1952.

The most important engineering problem continues
to be that of how to make the memory. The most widely
used high-speed memory at the present time is the
electrostatic storage tube. A number of important
papers reflecting a better understanding of the processes
involved appeared. Several of these described important
improvements in the Williams type of memory including
a cathode-ray tube specifically designed for the purpose.

(567) A. Robinson, “The testing of cathode ray tubes for use in the
Williams type storage system,” presented Association for
Computing Machinery, Toronto; September 9, 1952.

(568) A. J. Lephakis, “Electrostatic-tube storage system,” Proc.
I.R.E,, vol. 39, pp. 1413-1415; November, 1951.

(569) W. E. Mutter, “Improved cathode-ray tube for application in
Williams memory system,” Elec. Eng., vol. 71, pp. 352-356;
April, 1952.

(570) R.Schumann, “Improvement of Williams memory reliability,”
presented Association for Computing Machinery, Toronto;
September 9, 1952,

(571) B. Kazan and M. Knoll, “Fundamental processes in charge-
controlled storage tubes,” RCA Rev., vol. 12, pp. 702-753;
December, 1951.

Perhaps the most important technical development
for the digital computer field was the use of ferromag-
netic or ferroelectric materials with rectangular hystere-
sis loops for high-speed random-access memory. These
techniques offer the possibility of extremely reliable
large-capacity memories with access times of the order
of microseconds.

(572) J. A. Rajchmann, “Static magnetic matrix memory and
s;vitching circuits,” RCA Rev., vol. 13, pp. 183-201; June,
2

1952,

(573) W. N. Papian, “A coincident-current magnetic memory cell
for the storage of digital information,” Proc. I.R.E., vol. 40,
pp. 475-478; April, 1952,

(574) J. R. Anderson, “Ferroelectric storage for digital computers

we  and switching systems,” Elec. Eng., vol. 71, pp. 916-922;
October, 1952,

(575) 1. L. Auerbach, “A static magnetic memory system for the
ENIAC,” Proc. Assoc. Computing Machinery, 1952, pp. 213~
222,

Other memory techniques have been stimulated by the
development of new materials.

(576) A. E. DeBarr, R. Millership, P. F. Dorey, R. C. Robbins, and
P. D. Atkinson, “Digital storage using ferromagnetic ma-
terials,” Proc. Assoc. Computing Machinery, pp. 197-202; 1952.

(577) A. Wang, “Static magnetic memory—its applications to com-
puters and controlling systems,” Proc. Assoc. Computing
Machinery, pp. 207-212; 1952,

(578) N. B. Saunders, “Magnetic binaries in the logical design of
information handling machines,” Proc. Assoc. Computing
Machinery, pp. 223-229; 1952.

(579) T. F. Rogers and W. A. Anderson, “Some recent research on
ultrasonic propagation in solid media,” Proc. Assoc. Computing
Machinery, pp. 203-205; 1952,

(580) A. W. Holt, “A very rapid access memory using diodes and
capacitors,” presented, IRE National Convention, New
York, N. Y.; March 6, 1952.

(581) A. W. Holt, “Progress report on a very rapid access memory
using diodes and capacitors,” presented Association for Com-
puting Machinery, Toronto; September 9, 1952,

(582) J. Rabinow, “The notched disk memory,” Elec. Eng., vol. 71,
pp. 745-749; August, 1952,

(583) H.L. Daniels, “Boundary displacement recording,” Electronics,
vol. 25, pp. 116-120; April, 1952.

The point-contact transistor was reported as being
admirably suited for application in high-speed pulse
circuits.

(584) J. H. Felker, “The transistor as a digital computer com-
onent,” Rev. Electronic Digital Computers, pp. 105-108;
ebruary, 1952,
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(585) R. L. Trent, “Binary counter uses two transistors,” Electronics,
vol. 25, pp. 100-101; July, 1952,

Besides the transistor, many other new components for
arithmetic and control circuits were reported.

(586) F. A. Schwertz and B. Moffat, “Nonlinear switching ele-
ments,” Proc. Assoc. Computing Machinery, pp. 143-157; 1952,

(587) C. Isborn, “Ferroresonant flip-flops,” Electronics, vol. 25, pp.
121-123; April, 1952.

(588) R. A. Ramey, “The single core magnetic amplifier as a com-
puter element,” AIEE Technical Paper 52-293,

(589) B. O. Marshall, Jr., F. A. Schwertz, and B. Moffatt, “Optical
elements for computers,” Proc. Assoc. Computing Machinery,
pp. 159-163; 1952,

(590) N. Hardy, “The selenium rectifier—a non-linear and asym-
metric resistance element,” Proc. Assoc. Compuling Machinery,
pp. 165-172; 1952.

Other selected references to new techniques are listed.

(591) M. Rubinoff, “Further data on the design of Eccles-Jordan
flip-flops,” Elec. Eng., vol. 71, pp. 905-910; October, 1952.

(592) D. L. Johnston, “Standardized printed circuit units for digital
cgmputers," Proc. Assoc. Computing Machinery, pp. 135-141;
1952,

(593) H. J. Gray, Jr., “Logical description of some digital-computer
adders and counters,” Proc. I.R.E., vol. 40, pp. 29-33; Janu-
ary, 1952, )

(594) R. Weissman, “High-speed counter uses ternary notation,”
Electronics, vol. 25, pp. 118-121; October, 1952,

(595) {) Broomall and L. Reibman, “Sampling analog computer,”

roc. I.R.E., vol. 40, pp. 568-572; May, 1952,

(596) H. ]. Geisler, “R-f bursts actuate gas tube switch,” Electronics,

vol. 25, pp. 104-105; February, 1952,

Input-Output Equipment

Input-output equipment is a subject of increasing
importance and many commercial units became avail-
able. This equipment was the subject of the Joint AIEE-
IRE Computer Conference held in New York in Decem-
ber, too late in the year to be included in this report.

(597) J.J. Wild, “High-speed printer for computers and communica-
tions,” Electronics, vol. 25, pp. 116-120; May, 1952.

(598) J. Lindsmith, “A system for counting and recording-electrical
impulses in printed decimal form,” Proc. Assoc. Computing
Machinery, pp. 61-78; 1952,

(599) M. Miller, B. L. Waddell, and J. Patmore, “Digital to analog
converter,” Electronics, vol. 25, pp. 127-129; October, 1952,

Professional Activities

The IRE Professional Group on Electronic Com-
puters now includes over 1,000 members and has com-
menced publication of quarterly TRANSACTIONS.

A number of colleges and universities now offer one
or more graduate courses in the design and application
of electronic digital computers. These include Harvard
University, Massachusetts Institute of Technology,
University of Pennsylvania, Columbia University,
University of Illinois, University of California, Wayne
University, and University of Toronto.

Navigation Aids

Historical

The study of patent literature, generously supple-
mented by the reading of contemporary scientific arti-
cles, provides a systematic procedure for tracing the
distant roots of modern technical devices. An interesting
example is a report that traces the origins of displays
such as the plan position indicator (PPI).

(600) C. D. Tuska, “Pictorial radio,” Jour. Frank. Inst., vol. 253,
pp. 1-20 and 95-124; January and February, 1952, IRE Ab-
stract 2219.
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Present Trends

In some recent aircraft, electronic equipment repre-
sents 60 per cent of the cost. In guided missiles, the
figure may reach 75 per cent. Electronic equipment on
a modern fighter represents a larger investment than the
entire cost of a comparable World War II fighter.
General Ira Eaker therefore emphasizes the great im-
portance of designing a single well-planned electronic
system, instead of a jumbled assortment of individual
devices. In some cases it may be desirable to design the
airplane around the electronic equipment.

Recent descriptions of a fighter interceptor illustrate
current progress toward automatic operation. The pilot
gets the plane into the air and is vectored by ground
radar to the general vicinity of the target. Automatic
controls then lock on the target, track it, aim the plane,
and fire the rockets. ‘The pilot is an interested observer,
who is aware of his plane's success when the target’s
echo vanishes from the cathode-ray-tube screen. The
landing is assisted by radio.

Projects designed to decrease the weight of naviga-
tional apparatus while preserving reliability have re-
ceived high priority. Despite current progress, accessory
apparatus designed to safeguard a fighting pilot may
have the contrary effect in battle. The Russian MiG15
and the American F86 have similar engines and air-
frame dimensions. Yet the loaded Russian plane weighs
12,500 pounds in comparison with the 16,500-pound
U.S. plane, permitting better performance.

Trends in long-distance guided-missile navigation en-
visage, in advance, the complete computation of a nor-
mal flight path. Deviations from normal would be
measured by a series of tracking stations along the
path and the first-order quantities in these deviations
supplied to a high-speed digital computer to determine
the proper instant for power cut-off and correction of the
advance programming of the elevator controls.

Basic Problems

Practically all studies of radio wave propagation are
of basic interest in electronic navigation. In cases of
fast-moving receivers and transmitters, the dynamic
aspects of errors require attention. These include the
various effects of Doppler shifts, with attention given
to waves reflected from the ground that produce a con-
siderable spectrum at the receiver. Errors can be re-
duced by various forms of integration. The theory of
random processes was applied to the study of fluctuations
of “ground clutter” in airborne radar. Different kinds of
clutter were investigated, and the survey extended to
include all kinds of physical phenomena that can result
in a radio reflection. Using the principle of inverse
probability, information theory was applied to the de-
sign of radar receivers.

In view of the world-wide installation of short-dis-
tance navigational aids, their maintenance and calibra-
tion has assumed great importance. Larger countries
maintain special planes with elaborate instrumentation.
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Light-weight test gear, quickly installable in a rented

plane was designed for intermittent service elsewhere.

(601) H. Busignies, “Dynamic aspects of errors in radio navigational
systems,” Elec. Commun. (London), vol. 29, pp. 226-228;
September, 1952.

(602) ;ng;g aid accuracy,” Flight, vol. LXII, pp. 447-448; October

Simplified Design .

Representative of a trend in simplification of design
and construction is a paper on the construction of wave-
guides by milling slots in block castings, two such cast-
ings being fastened face-to-face in order to close the
guide. When this construction is applicable, it is said to
be lighter, smaller, cheaper, and better than conven-
tional plumbing.

For small planes, a simplified version of the earth-
inductor compass has been designed, using an inexpen-
sive stroboscopic device as the remote indicator.
British designers offer a low-cost approach radar giving
range and azimuth information only, height being deter-
mined by an altimeter. They also propose a‘simplified
33-track ground facility, providing guidance for 100
miles and serving as a localizer for final approach. A
relatively inexpensive airborne unit was described mak-
ing extensive use of delay lines for time discrimination
to select the correct ground stations and track. De-
partures from track are indicated by a left-right meter.

Specific Applications of Conventional Devices -

Several unusual photographs were published, indicat-
ing the fine detail obtainable under favorable conditions
by the use of K-band radar. This airport-surface-detec-
tion-equipment (ASDE) is used solely for directing the
“taxi” movement of planes and other vehicles on the
runways. Designed primarily for use during low visibil-
ity, its remarkably clear presentation assists the con-
troller even in broad daylight, since relative distance
can be seen on the radar screen more accurately than it
can be estimated by perspective vision. Planes may
actually appear in miniature, with wing and fuselage
structure, in place of conventional radar's shapeless
“blob” of light. Such fine detail stems, of course, from
the use of a 1.25-cm wavelength, with an azimuthal
beam width of 3 degree.

For commercial flights with jet aircraft, an “anticol-
lision” radar has been designed. This is a 10-kw, 3-cm
radar weighing 180 pounds and having a 6-degree
beam width. It uses an 18-inch paraboloid, mounted on
a horizontal platform that is servostabilized with respect
to a vertical gyro. It scans +75 degreeshorizontally
while set at angles between 10 degrees vertically, and
has a range of 40 miles on dangerous cumulo-nimbus
clouds. It may provide guidance through gaps in such
clouds and through mountain passes, and is useful as a
terrain-clearance indicator. Clouds are considered harm-
less if they give no response at distances greater than 10
miles. The distance-range on other aircraft is 5 to 15
miles.

For use on Aerobee rockets, a miniature transponder
beacon was produced. It occupies a cylindrical space
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2% inches in diameter, 6 inches long and weighing less
than 2 pounds. The power supply is of similar size and
weight.

In direction finding, the rotatable H-type Adcock re-
tains its popularity. The National PPhysical Laboratory
issued a comprehensive report on the optimum design
of the instrument and an analysis of its residual errors.
Such errors have been grouped into unbalance, screen-
image, and coupling errors. Other papers describe spe-
cific designs appropriate to the 26-60-mc, the 300-600-
mic, and the 30,000-mc frequency ranges.

(603) F. Horner, “An investigation of polarization errors in an H-
Adcock direction-tinder,” Proc. IEE (London), pp. 229-240;
July, 1952. :

Fig. 9—Airport surface-detection equipment radar picture of Idle-
wild Airfield with aircraft-type DC 6 taxiing on the runway,
(Rome Air Development Center).

New Devices

While the radar mechanism that procures the data
for a plan-position indicator (I’PI) necessarily uses a
very short pulse and therefore a very wide radio-fre-
quency spectrum, no such width of spectrum should be
necessary to relay the resulting maplike picture to a
remote supervisory location. In fact, even a 100-to-1
reduction in bandwidth would be permissible without
loss of essential information. In other words, the points
of interest on the electronic map change their positions
slowly. Hence, any reasonable equivalent of a very slow
television scan should suffice. A variety of electronic
mechanisms could be devised for such use. During the
past year, the Wright-Field group has described a de-
vice employing a traveling gate that slides slowly out-
ward along a radial line, the recurrence period of the
slow radial sweep being not less than the time required
for the radar beam to sweep through a beam width. As
it travels, the gate selects informatiom from as many
as 100 adjacent and partially overlapping radar sweeps,
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thus preserving the essential data while discarding much
of the redundancy. At the receiving point, the data are
reassembled in the obvious way by intensity modulation
of a slow radial sweep, synchronized with the selecting
gate.

A different relay system employs an equivalent,
though less obvious, device. Information, displayed on
successive high-speed radial sweeps over the original
PPI, is also displayed (and integrated) as intensity
modulation on a single trace that appcars on an auxil-
iary cathode-ray tube. Since this trace may be swept
1,000 times per second (for example), the multitude of
coincident lines convey no visible information. However,
if the trace be swept optically at slow speed (say 30 scans
per second), the derived photocell voltage pattern will
alter slightly on successive scans. This change in pattern
results from the slow change of the radar-beam azimuth
(at, for example, 10 rpm). Optimum persistence of
cathode-ray-tube phosphor depends, of course, on the
PPI rotation rate. For convenience of mechanical
scanning, the single trace is displayed by a rotating-lens
method as a circle on the auxiliary tube. At the receiving
point, the deflection yoke of a cathode-ray tube rotates
at 10 rpm, while radial deflection occurs at 30 rps.
Modulation derived from the phototube at the radar
site controls the intensity of the radially deflected beam
at the distant monitor site, thus reconstructing a reason-
able facsimile of the original PI’I picture. The original
video bandwidth was at least 250 kc. The modified video
bandwidth is about 2.3 kc wide, corresponding to 27,000
space elements for each rotation of the radar antenna
and the consequent transmission of 4,500 bits per second.

The United States Naval Research Laboratory de-
scribed a device called an organ-pipe radar scanner. For
rapid scanning purposes, it is frequently desirable that
a radar beam shall sweep or oscillate at frequencies far
beyond the convenient range of vibration of a relatively
massive object, such as a radar reflector. Hence, it is
customary to sweep the radiation source across a focal
surface of the paraboloidal reflector, the reflector re-
maining motionless (or moving slowly for other pur-
poses). Using waveguide techniques, the physical mo-
tion of the radiation source may in turn be replaced by
an effective motion, as the energy emerges successively
from 36 different apertures linearly arraved across the
focal surface. These output apertures are fed by 36
waveguides, all of equal length. The input apertures are
arranged radially in a complete circle, facing inward so
that they receive energy successively from a steadily
rotating electromagnetic horn. To minimize amplitude
fluctuations, the output aperture of the horn spans
three adjacent distribution waveguides. To accomplish
all of this mechanically with 36 very short (and equal)
lengths of waveguide necessarily implies a very neat
physical arrangement of the plumbing.

Artificial-horizon devices on the pilot’s instrument
panel have normally featured a small self-contained
gyro. The trend is toward a remote gyro of larger size



1953

and greater accuracy integrated with basic navigational
aids. The instrument board retains its customary ex-
ternal appearance, but the horizon-bar is positioned by
servomotors. In order that fighters shall be operable
within two minutes after an alert, the initial erection of
the gyro is assisted and speeded by a special motor op-
erated by a gravity-controlled switch that senses gross
departures from the desired vertical axis.
(604) W. Otto, “Radar signal sampler compresses bandwidth,” Elec-
tronics, vol. 25, pp. 132-135; April, 1952, IRE Abstract 1921.
(605) J. L. McLucas, “Narrow-band link relays radar data,” Elec-
tronics, vol. 25, pp. 142-146; September, 1952,
(606) K. S. Kelleher and H. H. Hibbs, “Organ-pipe radar scanner,”
Egl;r(:)tronics, vol. 25, pp. 126-127; May, 1952. IRE Abstract
1920.

(607) P. Klass, “New AF gyro gets avionics assist,” Aviation Wk.,
vol. 57, pp. 52-57; July 14, 1952,

Omnibearing-Distance Program (OBD)

By international agreement several years ago, stand-
ards were established covering the design of ground
facilities that are to provide azimuth and distance in-
formation suitable for guiding aircraft on overland
flights.

With ground stations standardized and in an ad-

" vanced stage of installation, attention has shifted largely

toward progressive refinement of the airborne instru-
mentation. It should be noted that the pilot is by no
means limited to courses defined by straight lines be-
tween ground stations. Having continuous distance and
bearing information referred to one or more known
points on the ground, he may plot, with ruler and pen-

-cil, any suitable course on a map and may correct his

heading and air speed at suitable intervals. From the
start of the program, however, various automatic de-
vices were designed and tested, all of them intended to
minimize human participation in this routine naviga-
tional procedure, and thus to minimize errors and mis-
interpretations of data. Early versions were called offset-
course computers and were later referred to as course-
line computers. The pilot could be given a left-right
indication with respect to an arbitrary course set up on
the electronic computing machine, with progress indi-
cated by conventional map-plotting techniques or by
an ink line drawn automatically on co-ordinate paper.

Attention was directed toward the pictorial computer,
which includes a 35-mm film-strip projector, essen-
tially similar to a slide projector installed behind a 10-
inch translucent screen. One hundred feet of film ac-
commodates as many as 700 navigation charts, each
centered at an OBD ground-station. Important areas
may be represented by several different charts drawn to
different map-scales. After the pilot selects an appropri-
ate chart and adjusts the illumination level, the elec-
tronic apparatus takes over. Coded holes punched in the
film tune the receiving set to the correct OBD station
and match the scale of the computing mechanism to the
scale of the chart. Two servomechanisms position a
miniature airplane correctly on the projected image of
the map. A third servo orients the miniature plane and

Radio Progress During 1952

479

an attached arrow in accordance with the magnetic
heading of the actual plane. Position should be indi-
cated correctly to 0.4 mile in distance and approxi-
mately 4 degree in azimuth. The maximum range is
115 miles, and the pilot changes charts at 20- to 30-min-
ute intervals on the average. With a compact, simple,
and up-to-date presentation of his situation constantly
in view, the pilot may choose to follow the course by
manual control, or may apply appropriate instructions
and corrections to an automatic pilot.
(608) H. C. Hurley, S. R. Anderson, and H. F. Keary, “The Civil
Aeronautics Administration VHF omnirange,” Proc. [.R.E.,
vol. 39, pp. 1506-1520; December, 1951. IRE Abstract 1000.

(609) S. J. Davey, “The pictorial computer for air navigation,”
Military Engineer, vol. XLIV, pp. 274-276; July-August, 1952.

Decca Program

Decca is a well-known, intermediate-distance, hyper-
bolic navigation system, based on continuous recording
of phase changes derivable from the programmed trans-
missions of four related ground stations. Such an array
of stations, comprising a master and three slaves, is called
a “chain.” A third Decca chain was recently activated
in England, thus completing effective coverage of the
British Isles and adjacent waters. In addition, the net-
work now includes one Danish and one German chain.
One French chain is under construction, while an Italian
chain and one additional French chain reached the
planning stage. About 1,100 British ships and 400 other
ships have been equipped with Decca navigation instru-
ments. Airborne Decca instrumentation now includes
a pen that draws a line on moving co-ordinate paper
to record the movements of the vehicle.

Overseas Navigalion Program

The Loran system (hyperbolic co-ordinates, defined
by differences in arrival-time of pulses from related pairs
of stations) continues to be the chief source of overseas
guidance for ships and planes. Here also there is a trend
toward further mechanization of routine navigational
procedures. The Sperry adapter, when connected to
standard Loran receivers, provides a servomechanism
for aligning the leading edges of received pulses. In com-
parison with manual alignment, accuracy and speed are
improved.

Interest in the very-low-frequency range continues.
Reference is made to a comprehensive report on long-
range navigation instrumentation and to reports on
radio-propagation studies intended to provide a factual
basis for the design of any long-range navigation system.

Medium-distance navigation might some day exploit
the new brute-force method of sending vhf signals re-
liably far beyond the optical horizon. This is wasteful
of power, but perhaps not necessarily more so than vhf
transmitters and antennas. Usable range, however, ap-
pears to be limited to the “single-hop” zone.

(610) B. Alexander, “Long-range-navigation instrumentation,” Elec.
Commun., vol. 29, pp. 9-11; March, 1952. IRE Abstract 1925.
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(611) A. T. Waterman, Jr., “Ray Theory Applied to a Spherical
Tonosphere,” and “lonospheric Absorption of Obliquely Inci-
dent Radio \Waves,” Technical Reports No. 152 and 153,
ONR Contract N5ori-07628 (to be published).

(612) J. A. Pierce, “Sky-\Wave Field Intensity (I.) Low and Very
Low Radio Frequencies,” Technical Report No. 158, ONR
Contract N5ori-07628 (to be published).

(613) “New Kind of VHF Propagation,” Wireless World, vol. LVIII,
pp. 273-274; July, 1952.

Countermeasures

Public attention was recently drawn to the Federal
Communications Commission’s control of electromag-
netic radiation (CONELRAD) plan for stopping all
normal broadcast transmission in the event of an air-
raid alert. Defense broadcasts will continue after all
participating stations have switched to 640 or 1,240 kc,
thereafter juggling all schedules and power outputs
every few scconds, to confuse (by planned disorder) all
enemy planes attempting to home on broadcast trans-
missions. '

Vehicular Communications

There was an increase of about 15 per cent in the num-
ber of mobile units used in the land transportation,
public safety, industrial, and common-carrier fields.
Common-carrier mobile telephone service was extended
to 160 cities serving over 12,000 mobile stations on
252 channels in the 30-50-mc and 152-162-mc bands.
By the end of the year, a total of 19 “crack” passenger
trains, mainly in the eastern part of the United States,
were equipped for mobile telephone service.

Ficld tests and measurements were initiated to com-
pare 450, 900, and 3,700 mc with 150 mc for vehicular
communications. These tests indicated a broad optimum
of performance around 500 mc and that 450- and 900-
thc transmission is more favorable than 150 mc if full use
can be made of antenna gain. Vehicular communications
above 1,000 mc were not very satisfactory.

(614) W. R. Young, Jr., “Comparison of Mobile Radio Transmis-
sion at 150, 450, 900, and 3700 mc,” presented I.R.E. Confer-

ence on Vehicular Communications, Washington, D. C.; De-
cember 3-5, 1952,

Equipments providing 20-kc channel spacing in the
152-162-mc band were made available by several manu-
facturers and provided satisfactory service.

(615) H. E. Strauss, “Channel-Space Consideration in 152-174 mc
band,” presented I.R.E. Conference on Vehicular Communica-
tions, Washington, D. C., December 3-5, 1952.

N. H. Sheperd, “Report on Channel-Splitting Demonstration
Conducted in Syracuse,” presented I.R.E. Conference on
Vehicular Communications, Washington, D. C.; December
3-5, 1952.

D. E. Noble, “Commercial Experience with 160-mc, 20-kc
equipment,” presented I.R.E. Conference on Vehicular Com-
munications, Washington, D. C.; December 3-5, 1952,

C. F. Hobbs, “Techniques for close channel spacing at vhf
and higher frequencies,” Proc. I.R.E., vol. 40, pp. 329-333;
March, 1952.

(616)

617)

(618)

Increasing demand for additional channels resulted
in several existing services moving into the 460-470-mc
band. Some receiving equipment for this band employed
automatic frequency control of the receiver oscillator.
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Operations indicated less noise than at 150 mc and that
the line-of-sight range was about the same in urban
areas.

Feedback-Control Systems

Professional Growth

Each year of the past decade has seen increased pro-
fessional interest in the field of feedback-control systems
and anacceleration in the rate of appearance of significant
technical contributions.

A new I.R.E. technical committee in this field was
established in 1951 and is now preparing working
standards.

Conferences

A number of important technical conferences of na-
tion-wide scope were held. On December 6-7, 1951 a
conference sponsored by the A.ILE.E. Committee on
Feedback Control Systems was held at Atlantic City,
N. J. The opening address discussed systems engineering
as a new field that utilizes knowledge from many
branches of engineering and science. The importance of

training engineers to develop this systems approach was

stressed.
(619) G. S. Brown, and D. P. Campbell, “Control systems,” Sci.
Amer. vol. 187, no. 3, pp. 51-64; September, 1952.
This conference featured papers on the application of
statistical concepts, the use of digital and analog data
(to control machine processes), and the use of frequency-

response techniques in the design of nonlinear and sam--

pled-data control systems. Practical component prob-
lems were discussed, and one session was devoted to
control systems utilizing human operators. None of the
papers was published.

Another conference was held in Dallas, Texas, on
March 10-11, 1952, sponsored by the A.I.LE.E. In addi-
tion, technical sessions on f{eedback-control systems
were included in the general meetings of the I.R.E.,
A.LEE, and ASM.E.

Books

In addition to revised editions of various well-known
books, the following new books appeared:

(620) G. H. Farrington, “Fundamentals of Automatic Control,”
John Wiley and Sons, Inc., New York, N. Y.; 1951.

(621) A. Tustin (editor), “Automatic and Manual Control,” Aca-
demic Press, Inc., New York, N. Y.; 1952,

(622) Selected Government Research Reports, “Servomechanisms,”
H. M. Stationery Office, London, England, vol. 5.

(623) A.E. Fitzgerald and C. Kingsley, Jr., “Electrical machinery,”
McGraw-Hill Book Co., Inc., New York, N. Y.; 1952.
Farrington’s book is primarily of interest to process-
control engineers. The next two books are actually col-
lections of technical papers. Fitzgerald and Kingsley’s
book is not specifically directed toward the field of feed-
back control systems, but contains valuable intro-
ductory material in two chapters and detailed treat-
ments and analyses of machinery used in feedback-

control systems,
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Contribution to General Theory and Design Methods

New contributions to the design and analysis of linear
feedback-control systems are represented by the follow-
ing papers.

(624) J. R. Moore, “Combination open-cycle closed-cycle control
sy;tems,” Proc. L.R.E., vol. 39, pp. 1421-1432; November,
1

1 .

(625) A. S. Baskenbom and R. Hood “Automatic Control Systems
Satisfying Certain Criterions on Transient Behavior,” NACA
TN 2378, 45 pp.; June, 1951,

(626) D. W. St. Clair, W. F. Coombs, Jr., and W. D. Owens, “Fre-
quency response analysis for industrial automatic control
systems,” Trans. Amer. Soc. Mech. Engr., vol. 74, no. 7, pp.
1133-1155; October, 1952.

(627) A. A. Hauser, Jr., “A generalized method for analyzing servo-
m9e5c2ha.nisms,” Proc. I.RE., vol. 40, pp. 197-202; February,
1952,

(628) O. J. M. Smith, “Stabilization Templates for Servomecha-
nisms,” A.I.LE.E. Tech. Paper 52-239; September, 1952.

(629) D. W. Russell, C. H. Weaver, “Synthesis of Closed Loop
Systems Using Curvilinear Squares to Predict Root Loca-
tion,” A.I.LE.E. Tech. Paper 52-82; December, 1951.

(630) Yuohan Chu, “Synthesis of Feedback Control Systems Using
{’hase-Angle Loci,” A.L.LE.E. Tech. Paper 52-297; September,

952.

Nonlinear Systems

Emphasis was placed on nonlinear feedback control
systems and particularly on the frequency-response
techniques for analyzing and synthesizing such systems.
(631) J. Loeb, “Hereditary phenomena in servomechanisms; A gen-

eral criterion of stability,” Ann. Télécomm., vol. 6, pp. 346—
352; December, 1951.

(632) National Bureau of Standards, “Translation of Papers on
Stability of Non-Linear Feedback Control Systems,” Nat.
Bur. Stand. Report, No. 1691; 1952,

(633) E. C. Johnson, “Sinusoidal Analysis of Feedback Control
Systems Containing Non-Linear Elements,” A.I.LE.E. Tech.
Paper 52-154; April, 1952.

(634) C. Leondes, “A Study of Amplifier Saturation and Magnetic
Saturation in a Servomechanism,” A.ILE.E. Misc. Paper 52-
198; May, 1952,

Loeb’s paper is a mathematical treatment and gen-
eralization of stability criteria applicable to both linear
and nonlinear systems. The National Bureau of Stand-
ards report contains translations of earlier contributions
by Goldfarb and Lichtman of the U.S.S.R. and by
Oppelt of Germany. This recent translation makes
previous contributions readily available in English.
Johnson's paper extends the earlier work of others where
the frequency-response approach is applied to nonlinear
control systems. Leonde’s paper cites a specific example
of this approach and includes numerical data.

Sampling Feedback-Control Systems

Another general problem in feedback-control system
theory concerns the design and analysis of systems em-
ploying intermittent or sampled data. Significant ad-
vances are described in the following papers.

(635) W. K. Linvill, “Sampled Data Control Systems Studied
through Comparison of Sampling with Amplitude Modulation,”
A.LLE.E. Tech. Paper 51-324.

(636) J. R. Ragazzini and L. A, Zadeh, “The Analysis of Sampled
Data Systems,” A.I.E.E. Tech. Paper 52-161; April, 1952.

(637) R. G. Brown and G. J. Murphy, “An Approximate Transfer
Function for the Analysis and Design of Pulsed Servos,”
A.LE.E. Tech, Paper 52-134; September, 1952,

(638) D. F. Lowden, “A general theory of sampling servo systems,”
Proc. I.E.E., pt. 1V, vol. 98, pp. 31-36; October, 1951.
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Human Operator and Human Problems

A notable recent advance was the use of feedback-
control system techniques of analysis in the study of
human beings and human problems. In some of these
studies, the subject of interest has been the action of a
human being when he becomes part of a feedback-con-
trol system, as in aircraft tracking.

(639) L. S. Beals, Jr., “The human operator as a link in closed-loop
control systems,” Elec. Eng., vol. 71, pp. 319-324; April, 1952.

(640) C. E. Warren, P. M. Fitts, and J. R. Clark, “An Electronic
Apparatus for the Study of the Human Operator in a One-
Dimensional Closed-Loop Continuous Pursuit Task,” A.I.LE.E.
Tech. Paper 52-8; November, 1951.

Although these studies concern specific applications
of human beings as servo elements, these and related
investigations are expanding the knowledge of human
physiology and the human nervous system. Feedback-
control theory is being applied to studies of human
beings as individuals and as groups (mass dynamics).
One very significant application to an important medical
problem is described in the following paper.

(641) R. G. Bickford, “The use of feedback systems in the control of
anesthesia,” Elec. Eng., vol. 70, October, 1951.

Components

Among the papers describing new components and
presenting advanced analyses of existing components
are

(642) R. H. Frazier, “Analysis of the Drag-Cup A-C Tachometer,”
A.LLE.E. Tech. Paper 51-348.

(643) C. C. Johnson, “A homopolar tachometer for servomecha-
nisms,” Proc. .LR.E., vol. 40, pp. 158-160; February, 1952.

(644) Shih-Ying Lee and J. F. Blackburn, “Contributions to hy-
draulic controls,” Trans. Amer. Soc. Mech. Eng., vol. 74, no. 6,
pp. 1005-1016; August, 1952,

All these papers present studies of control com-
ponents that are of frequent interest to designers. The
paper by Lee and Blackburn presents some data and
concepts concerning hydraulic-control components and
helps answer a number of questions that are frequently
raised by control engineers.

Applications

The published literature described only a small pro-
portion of the many new applications of feedback-
control system theory.

(645), R. N. Bretoi, “Automatic flight control-—analysis and syn-
thesis of lateral control problem,” Trans. Amer. Soc. Mech.
Eng., vol. 74, no. 3; April, 1952,

(646) M. Cambernac and F. Lajeunesse, “Stabilization of direct
current servomechanisms,” Onde Elec., vol. 31, pp. 434-445;
November, 1951,

(647) G. Klein, “Analysis and construction of a position fixing servo-
mechanism,” Ann. Télécomm., vol. 6, pp. 313-324; November,
1951,

(648) W. M. Pease, “An automatic machine tool,” Scs. Amer., vol.
187, pp. 101-115; September, 1952.

The last reference described an application of elec-
tronic control and servomechanism techniques that rep-
resents a significant advance in the automatic control of

machine processes. The prototype machine, which is
now in operation to establish the feasibility of this
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method, is shown in the picture below. This machine,
developed at the Servomechanisms Laboratory of the
Massachusetts Institute of Technology and sponsored
by the U. S. Air Force, utilizes digital data, stored on
punched tapes, to prescribe machine operation.

Fig.10—Feedback control systems machine, developed at the Servo-
mechanisms Laboratory of the Massachusetts Institute of Tech-
nology and sponsored by the U. S. Air Force, utilizes digital data,
stored on punch tapes, to prescribe machine operation.

Terminology

Two professional society subcommittees have been
cooperating to establish a consistent system of nomen-
clature and symbolism for use in this field. The results
to date have been reported in the following papers

(649) Committee on Terminology of Industrial Instruments and
Regulators, Amer. Soc. Mech. Eng. “Automatic control
terminology,” Mech. Eng., vol. 74, pp. 486-489; June, 1952.

(650) Feedback Control Systems Committee, A.I.LE.E. “Proposed
symbols and terms for feedback control systems,” Elec. Eng.,
vol. 70, pp. 905-909; October, 1951.

A subcommittee of the I.R.E. Technical Committee
on Feedback Control Systems is now active in the devel-
opment of a system of terminology that will reflect
adequately the current usage in the field of feedback
controls and that is compatible with other fields of

interest within the I.R.E.

Supporting Fields

Many of the developments stemmed from work done
in other fields.

The role of electronic analog computers is particularly
significant, especially in the study of nonlinear control
systems where direct analytic techniques are unduly
cumbersome.

Public Recognition

The Scientific American for September, 1952 empha-
sized to the lay public the importance of this profes-
sional field. That issue was devoted exclusively to arti-
cles on feedback-control systems by leading workers.
Although written for a nontechnical reader, it is recom-
mended to engineers and scientists as well.
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Circuits
Linear Active Networks

The fundamental principles of feedback continued to
be subjected to analysis as marginal obscurities were
examined and occasionally clarified. General methods of
analysis still received attention. Further progress on
an approach that examines the paths of migration of the
poles and zeroes of relevant functions as certain parame-
ters are varied provides a penetrating insight into the
performance of a feedback system.

Linear-Varying Parameter and Nonlinear Circuils

Developments were concerned mainly with specific
problems and are covered under the appropriate fields
of application, such as information theory and modula-
tion systems and electronic computers. General theo-
retical work continued on operational and integral
transform methods of solving linear time-varying sys-
tems.

(651) J. A. Aseltine and D. L. Trautman, “Transforms for linear
time-varying network functions,” presented I.R.E. National
Convention New York, N. Y.; March, 1952. Summary, Proc.
I.LR.E., vol. 40, p. 226; February, 1952.

(652) L. A. Zadeh, “Operational analysis of variable-delay systems,”
Proc. I.R.E., vol. 40, pp. 564-568; May, 1952.

Transistor Circuilry

Semiconductor devices are in a stage of very rapid
change and development, and it follows that transistor
circuitry is itself in a rapidly changing state. This is
true with particular regard to the upper limits of per-
formance. Transistors have been viewed as low-power
devices, but within the year Hall reported a transistor
capable of 100-watts output. Upper-frequency limit has
been raised by orders of magnitude with the announce-
ment of a transistor television set and a junction tetrode
that oscillates in the 100-mc region.

Transistor circuitry can be divided into two areas:
the large-signal application in pulse devices, largely
computers at the present, and the small-signal applica-
tion in which linear amplification is of primary im-
portance.

The small size and low power requirements of the
transistors are primary advantages in computers re-
quiring large numbers of elements. The types of circuit
most generally used have been astable, monostable, or
bistable negative resistances employing a singlepoint-
contact transistor and, frequently, semiconductor di-
odes to improve the characteristics of the circuits. In
this field the work of Felker is significant. In his circuits
all amplification was derived from regenerative pulse
amplifiers that, during each period of the clocking de-
vice, regenerate pulses and essentially supply new en-
ergy to replace that lost in the preceding period. Mem-
ory devices consist of these regenerative amplifiers and
delay lines which restore and continually circulate the
stored bits. This technique was employed earlier with
vacuum tubes in the SEAC machine.

(653) J. H. Felker, “Regenerative amplifier for digital computer
agg%imtions,” Proc. I.LR.E., vol. 40, pp. 1584-1596; November,
1952,
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A number of papers describe and analyze basic nega-
tive-resistance switching circuits using point-contact
transistors.

(654) B. G. Farley, “Dynamics of transistor negative-resistance cir-
cuits,” Proc. I.LR.E., vol. 40, pp. 1497-1508; November, 1952,

(655) A. W. Lo, “Transistor trigger circuits,” Proc. I.R.E., vol. 40,
pp. 1531-1541; November, 1952. .

(656) A. E. Anderson, “Transistors in switching circuits,” Proc.
I.R.E., vol. 40, pp. 1541-1558; November, 1952,

(657) L. P. Hunter and H. Fleisher, “Graphical analysis of some
transistor switching circuits,” Proc. I.R.E., vol. 40, pp. 1559~
1562; November, 1952,

(658) G. E. McDuffie, Jr., “Pulse duration and repetition rate of a
transistor multivibrator,” Proc. I.R.E., vol. 40, pp. 1487-
1489; November, 1952,

The use of diode matrices to perform switching func-
tions in a computer may involve a large number of
diodes that are in parallel and the back current of even
good point-contact diodes imposes a limitation on per-
formance. New silicon-junction diodes are remarkably
better in this respect, possessing reverse currents that
may be as low as 1071 ampere, which, coupled with their
rectification ratios of 108, makes them ideally suited
to the matrix application.

(659) G. L. Pearson and B. Sawyer, “Silicon p-n junction alloy
dig(;%es," Proc. I.R.E., vol. 40, pp. 1348-1351; November,
1952.
Transistor circuits that perform a number of special
computing functions were reported.

(660) R. L. Trent, “A transistor reversible binary counter,” Proc.
I.R.E,, vol. 40, pp. 1562-1572; November, 1952.

(661) R. L. Trent, “Two transistor binary counter,” Electronics, vol.
25, pp. 100-101; July, 1952.

(662) J. R. Harris, “A transitor shift register and serial adder,”
Proc. I.R.E., vol. 40, pp. 1597-1602; November, 1952,

Point-contact transistors in combination with junc-
tion photocells were used to locate to 0.001 inch and re-
cord in binary form the motions of a movable element.

(663) H. G. Follingstad, J. N. Shive, and R. E. Yeager, “An optical
position encoder and digit register,” Proc. I.R.E., vol. 40, pp.
1573-1583; November, 1952.

Junction transistors are ordinarily considered supe-
rior to those of the point-contact variety in linear or
small-signal application because of their greater uni-
formity of characteristics and better noise properties.
The better high-frequency characteristics of the point-
contact transistor has been largely overcome with the
invention of the junction-transistor tetrode by Wallace.
It was reported that junction tetrodes are very effective
in video and IF amplifiers and in oscillators in the 10-
mc range.

(664) R.L.Wallace, Jr., L. G. Schimpf, and E. Dickten, “A junction
transistor tetrode for high-frequency use,” Proc. LLR.E., vol.
40, pp. 1395-1400; November, 1952,

On the other hand, point-contact transistors made of
suitable material with proper point spacing were ap-
plied satisfactorily in high-frequency linear amplifiers
and sine-wave oscillators.

(665) B. N. Slade, “The control of frequency response and stability
of point-contact transistors,” Proc. I.R.E., vol. 40, pp. 1382-
1384; November, 1952,

(666) G. M. Rose and B. N. Slade, “Transistors operate at 300 mc,”
Electronics, vol. 25, pp. 116-118; November, 1952,

The first applications of medium and high-power
transistors were described and included a 100-watt am-
plifier reported by Hall.
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(667) C. L. Rouaultand G. N. Hall, “A high-voltage, medium-power
rectziﬁer," Proc. I.R.E,, vol. 40, pp. 1519-1521; November,

(668) R. N. Hall, “Power rectifiers and transistors,” Proc. I.R.E.,
vol. 40, pp. 1512-1518; November, 1952.

(669) R. F. Shea, “Transistor power amplifier,” Electronics, vol. 25,
pp. 106-108; September, 1952.

A number of papers described point-contact and junc-
tion transistors in amplifiers and oscillators that would
ordinarily use vacuum tubes. The substitution of trans-
istors for vacuum tubes can be made through the dual-
ity principle for point-contact transistors and directly
for junction units.

(670) L. J. Giacoletto, “Junction transistor equivalent circuits and
vacuum tube analogy,” Proc. I.LR.E., vol. 40, pp. 1490-1493;
November, 1952,

However, distinctions between the two devices exist
and the circuit analogy for junction transistor applica-
tions, as the case with duality for the point-contact type,
must be suggestive rather than exact. Transit-time
effects in junction transistors were found to be signifi-
cant at frequencies just above the audio-frequency band
for some connections, and this complication must be
considered.

(671) R. L. Pritchard, “Frequency variations of current-amplifica-
tion factor for junction transistors,” Proc. I.R.E., vol. 40, pp.
1476-1481; November, 1952,

(672) D. E. Thomas, “Transistor amplifier-cutoff frequency,” Proc.
I.R.E,, vol. 40, pp. 1481-1483; November, 1952,

Information Theory and
Modulation Systems

The trend established in recent years continued.
Most of the work has been based on information theory
concepts rather than on conventional modulation-
system approaches.

There has been considerable probing into the basic
concepts of information theory, such as information it-
self, its definition, measurement, and relation tothe
thermodynamic concept of entropy. It was shown, for
example, that even with the advent of micropower
transistors the circuit power levels are still many orders
of magnitude greater than basically required for ac-
commodating reasonable information rates.

(673) E. Reich, “On the definition of information,” Jour. Math.
Phys., vol. 30, pp. 156-161; October, 1951.

(674) D. A. Bell, “Physical entropy and information,” Jour. Appl.
Phys., vol. 23, pp. 372-373; March, 1952,

(675) J. H. Felker, “A link between information and energy,” Proc.
I.R.E,, vol. 40, pp. 728-729; June, 1952.

Shannon'’s theory of communication has continued to
arouse a great deal of interest as evidenced by numerous
articles discussing the basic concepts of information
theory. The results of the theory have been reobtained
by reasoning from somewhat different viewpoints. In
some cases, particular aspects implicit in the theory
have been examined in detail, such as the delay time
needed to approach the ideal channel capacity in a
practical case. '

Other papers attempted to present a picture of the
history and status of information theory, in some cases
with a slant toward some particular branch of the com-
munication field.
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(676) P. M. Woodward and I. L. Davies, “Information theory and
inverse probability in telecommunication,” Proc. I.E.E.
(London), vol. 99, pt. 3, pp. 37-44; March, 1952.

(677) K. Kiipfmiiller, “Channel capacity and transmission time,”
Arch. Elek. Ubertragung, vol. 6, pp. 265-268; July, 1952.

(678) W. Weaver, G. E. Peterson, and H. Davis, “Information
theory,” Jour. Speech and Hearing Disorders, vol. 17, pp. 166~
197; June, 1952.

(679) W. Meyer-Eppler, “Information theory,” Naturwiss, vol. 39,
no. 15, pp. 341-347; August, 1952,

Much interest was centered around practical applica-
tions of information theory. It was shown that there are
inherent difficulties in approaching the theoretical
maximum rate of information transmission. Drastic
attempts to approach the ideal lead to excessive com-
plication of apparatus.

(680) W. R. Bennett, “Practical significance of information theory
in transmission problems,” presented I.R.E. Western Con-
vention, Long Beach, Calif.; August 26-29, 1952.

Fig. 11—Dr. Claude E. Shannon, Bell Telephone Laboratories mathe-
matician, sets his electrical mouse down in a maze through which
it will thread its way to a distant “piece of cheese” (an electrical
terminal) in 12 to 15 seconds. The mouse uses for its “brain” some
of the same kind of switching relays found in dial telephone sys-
tems. It was designed to provide fundamental knowledge which
will help improve telephone service.

Coding is one of the processes essential to most prac-
tical applications of information theory. A number of
significant contributions were made in this field. The
so-called Shannon-Fano code uses short groups of sym-
bols to designate highly probable events and propor-
tionately long groups for improbable events, thereby
minimizing the average number of symbols per event.
With certain probability distributions this code may
actually be optimum, but it is only near-optimum in
general. A new procedure has now been devised by
which the optimum code can be constructed for any
probability distribution of the events to be coded.

Practical methods were described by which successive
samples of a signal can be made more nearly independ-
ent so that they can be efficiently coded by using a
Shannon-Fano code.

(681) B. M. Oliver, “Efficient coding,” Bell Sys. Tech. Jour., vol. 31,
pp. 724-750; July, 1952.

(682) P. Elias, “Predictive coding,” presented I.R.E. National
Convention, New York, N. Y.; March 3-6, 1952,
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(683) D. A. Huffman, “A method for the construction of minimum
redundancy codes,” Proc. I.R.E., vol. 40, pp. 1098-1101;
September, 1952.

With a view towards determining how closely the
ideal channel capacity can be approached, a large num-
ber of different codes have been examined, for both dis-
crete and continuous channels. Surprisingly, all the
good codes fall short of the ideal by approximately
equal amounts; a signal-to-noise ratio of the order of
8 db higher than ideal is required to attain a given
transmission rate. Highly complicated codes are pre-
sumed to be necessary for signaling at rates near the
actual channel capacity.

(684) E. N. Gilbert, “A comparison of signaling alphabets,” Bell
Sys. Tech. Jour., vol. 31, pp. 504-522; May, 1952.

The problem of optimum separation of signal and
noise has continued to receive a great deal of attention
from the information-theory viewpoint. A number of
papers on this subject (as well as other subjects dis-
cussed below) were presented at the Symposium on Ap-
plications of Communication Theory, held in London,
September 22-26, 1952. The proceedings of this sym-
posium including the papers and a portion of the discus-
sion will be issued in book form by the Butterworth
press.

It was shown formally how existing means for op-
timum separation of a signal from white noise can be
applied to other statistical types of noise, and further-
more, how a receiver can recover the most information
from incoming symbols by utilizing their a posteriori
probability distribution.

Various approaches to the problem of optimum filter-
ing of noisy signals appeared in the literature. A few
were based on the Wiener-Lee criterion, and some were
based on different viewpoints, for example, on the
principle of inverse probability, on the concept of exist-
ence probability, on a rather general criterion of a non-
probabilistic type, or on a choice of various statistical
criteria. :

(685) R. M. Fano, “Communication in the presence of additive
Gaussian noise,” presented Symposium on Application of
Communication Theory, London; September 22-26, 1952.

(686) P. M. Woodward, “Information theory and the design of
ch:ariggi:eivers," Proc. I.R.E,, vol. 39, pp. 1521-1524; Decem-

(687) 1. L. Davies, “On Determining the presence of signals in
noise,” Proc. I.E.E. (London), vol. 99, pt. 3, pp. 45-51; March,
52

1952.

(688) L. A. Zadeh and J. R. Ragazzini, “Optimum filters for the
detection of signals in noise,” Proc. I.R.E., vol. 40, pp. 1223-
1231; October, 1952.

(689) D. Middleton, “Statistical methods for the detection of pulsed
radar in noise,” presented Symposium on Applications of
Communication Theory, London; September 22-26, 1952,

A number of papers dealt with the technique of radar
detection whereby successive sweeps are stored and
superposed. In one instance, superposition of 22 sweeps
showed an impressive rise in signal-to-noise ratio. De-
tection methods based on correlation techniques, like-
wise introduced in recent years, were discussed to a
lesser extent.

(690) P. L. Waters, “Video signal integration using a storage tube,”

presented Symposium on Applications of Communication
Theory, London; September 22-26, 1952,
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(691) J. Icole and J. Oudin, “Time analysis and filtering,” Ann.
Telecomm., vol. 7, pp. 99-108; February, 1952.

The construction of apparatus for measuring auto-
correlation and cross correlation continued to receive
attention.

A new electronic analog correlator was constructed
at Massachusetts Institute of Technology with the ob-
ject of evaluating and displaying simultaneously several
(five) pointed of the correlation curve. Such a correlator
enables one to watch the correlation curve change, while
the statistics of the signal vary, e.g., in music. The op-
eration of this general-purpose correlator is largely
based on pulse techniques which allows a great deal of
flexibility.

Correlators for more specific applications were also
built. Use was made of magnetic tape or magnetic
drums to obtain the required delay. In some cases, cor-
relation techniques were applied to problems outside
the field of communications.

(692) M. J. Levin and J. P. Reintjes, “A five-channel electronic
analog correlator,” presented National Eelectronic Conference,
Chicago, Ill.; September 29-October 1, 1952,

(693) F. E. Brooks, Jr. and H. W. Smith, “A computer for correla-
tion functions,” Rev. Sci. Instr., vol. 23, pp. 121-126; March,
1952.

(694) R. A. Johnson and D. Middleton, “Measurements of auto-
and cross-correlation functions of modulated carriers and noise
following a non-linear device,” presented Symposium on Ap-
plications of Communication Theory, London; September 22—
26, 1952,

(695) V. J. Guethlein, “Correlator for low frequencies,” presented

I.R.E. National Convention, New York, N. Y.; March 3-6,
1952,

Measurements of correlation were made also in the
application of information theory to television. Auto-
correlation curves and contours of constant autocor-
relation were determined for typical pictures by simple
optical means. Likewise by optical means, probability
distributions of the amplitudes, as well as of the ampli-
tude changes (between adjacent picture elements) were
obtained. Such statistical data furnishes an estimate of
the minimum redundancy removable by simple, linear
means and, hence, an estimate of the theoretically pos-
sible bandwidth reduction. The power-density spectrum
of the video signal was analyzed using autocorrelation
theory, and the effect of statical parameters of motion
and complexity ou the spectrum was studied.

Experimental work was described in which much of
the linear correlation was actually removed from tele-
vision signals. This was done by predicting future signal
values on the basis of past values and then transmitting
only the difference between the actual and the predicted
signal. Since the prediction is based on a linear, weighted
summation of past values, it is referred to as linear pre-
diction. The success of such a prediction criterion is

_closely allied with the autocorrelation of the signal and
is readily appraised by measuring the relative mean
power or the amplitude distribution of the “reduced”
signal.,

Work was reported also on the information-theory
aspects of describing simple line drawings by methods
more efficient than the conventional television scan.
Also, an elaborate analysis was made of the possible
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savings obtainable from the technique of variable-rate
scanning, by which the picture detail is more uniformly
distributed over the video signal. This analysis involves
a quantitative measure of picture detail, which was ex-
perimentally determined for a number of typical pic-
tures.

(696) E. R. Kretzmer, “Statistics of the television signals,” Bell Sys.
Tech. Jour., vol. 31, pp. 751-763; July, 1952.

(697) M. B. Ritterman, “An application of auto-correlation theory
to the video signal of television,” Sylv. Teck., vol. 5, pp. 70-75;
July, 1952,

(698) C. W. Harrison, “Experiments with linear prediction in tele-
vision,” Bell Sys. Tech. Jour., vol. 31, pp. 764-783; July, 1952.

(699) J. Loeb, “Communication theory of transmission of simple
drawings,” presented Symposium on Applications of Com-
munication Theory, London; September 22-26, 1952.

(700) E. C. Cherry and G. G. Gouriet, “Some possibilities for the
compression of television signals by recoding,” presented
Symposium on Applications of Communication Theory,
London; September 22-26, 1952,

A great deal of work was reported in the field of
speech, some of it barely falling within the realm of in-
formation theory but nevertheless of great interest to
workers in the field.

More was learned about the identification of subjec-
tive sounds from the characteristics of the acoustic
wave; identification of vowel sounds was found to be
possible from the position of peaks in the spectral distri-
bution.

A machine was constructed which recognizes, selects,
and codes spoken words. The codes are then interpreted
by appropriate circuits, so that no human perception is
involved in the actual recognition.

The reverse process has also been instrumented in
admirable fashion. Experimental apparatus has been
constructed in England which makes possible the syn-
thesis of speech from slowly varying parameters. These
parameters specify the resonant frequencies of the vocal
cavity system and the excitation applied to it. The syn-
thesized speech has good intelligibility and the informa-
tion content of the controlling signals is estimated to be
less than one fiftieth of that of normal telephone speech
signals. The input control signal consists of 150 samples
per second. A second speech synthesizer was built for
the United States Air Force. This equipment accepts
an input telegraphic code from which it constructs
speech by selecting the appropriate basic speech sounds
and patching them together.

(701) G. E. Peterson, “Information bearing elements of speech,”
presented Symposium on Application of Communication
Theory, London; September 22-26, 1952.

(702) K. H. Davis, R. Biddulph, and S. Balashek, “Automatic
recognition of spoken words,” presented Symposium on Ap-
ggmggg of Communication Theory, London; September 22—

, 1952,

(703) W. Lawrence, “The synthesis of speech from slowly varying
parameters,” Kresented Symposium on Application of Com-
munication Theory, London; September 22-26, 1952.

(704) W. G. Tuller and H. H. Williams, “A speech synthesizer,” pre-
sented Symposium on Application of Communication Theory,
London; September 22-26, 1952.

A new theory of hearing was presented; it postulates
a simple mechanism whereby vibrations traveling down
the cochlear partition can create two distinct waves of
neural stimulation. The theory makes it possible to ex-
plain some significant experimental data not hitherto
understood.
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Aimed at establishing a link between information
theory, the structure of language, and, ultimately, the
properties of the brain, a theory of language structure
was developed. Some of the results are similar to those
of Zipf, but appear to go a significant step further.

Another provocative theory which was presented
during the past year is that of semantic information. In
contrast to the existing statistical theory of information,
this new theory decisively involves the contents of the
symbols instead of merely their frequencies of occur-
rence. It was indicated that the statistical theory can
be mapped on to the theory of semantic information,
that the latter sheds new light on parts of the former,
and that the semantic concept of information may ul-
timately lead to a better psychological concept of in-
formation than the present statistical concept.

(705) W. H. Huggins, “A theory of hearing,” presented Symposium
on Applications of Communication Theory, London; Septem-
ber 22-26, 1952.

(706) B. Mandelbrot, “An informational theory of the structure of
language based upon the theory of statistical matching of
message and coding.” presented Symposium on Applications
of Communication Theory, London; September 2226, 1952,

(707) Y. Bar-Hillel and R. Carnap, “Semantic information,” pre-

sented Symposium on Applications of Communication Theory,
London; September 22-26, 1952.

Such basic topics as noise, power spectra, sampling,
quantization, and companding also received their share
of attention.

The spectral distribution of energy in noise and sig-
nal-modulated waves was analyzed for amplitude and
angle modulation. A general analvsis was made of the
relations between input and output signal-to-noise
power ratios in band-pass limiters. New techniques of
noise analysis were described and some experimental ob-
servations on random noise were also reported.

The concept of an instantaneous power spectrum was
discussed and defined mathematically. It is dependent
not only on the present but also on the past history of
the signal.

The sampling theorem is clear cut since it implies an
ideal filter. An analysis was made of the less clear-cut
situation of a nonideal low-pass filter, with the object
of determining the effect of cut-off shaping and sampling
frequency.

Quantization distortion, such as that experienced in
pulse-code modulation, was again subjected to theoreti-
cal treatments. One of these analyses wasrather general.

The practically important technique of speech com-
panding was subjected to a thorough analysis. It was
found that if compressed speech is to be transmitted
without distortion over the same restricted band ade-
quate for uncompressed speech the transmission system
is subject to more severe attenuation and phase-shift
requirements.

(708) D. Middleton, “On the distribution of energy in noise- and
signal-modulated waves,” Quart. Appl. Math., vol. 9, pp. 337
354; January, 1952; vol. 10, pp. 35-56; April, 1952,

(709) W. B. Davenport, “Signal-to-noise ratios. in band-pass limit-

ers,” Technical Report 234; Research Laboratory of FElec-
tronics, M.I.T., Cambridge, Mass.; May 29, 1952,
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(710) R. C. Davis, “New techniques in the mathematical analysis
of noise,” presented I.R.E. Western Convention, Long Beach,
Calif.; August 26-29, 1952,

(711) V. J. Francis, “Random noise. Rate of occurrence of peaks,”
Wireless Eng., vol. 29, pp. 37-40; February, 1952.

(712) C. H. Page, “Instantaneous power spectra,” Jour. Appl. Phys.,
vol. 23, pp. 103-106; January, 1952,

(713) J. W. Haanstra, “Sampling and recovery of continuous in-
formation,” presented I.R.E. Western Convention, Long
Beach, Calif.; August 26-29, 1952.

(714) J. P. Schouten and H. W. F. van't Groenewout, “Analysis of
distortion in pulse-code modulation systems,” A ppl. Sci. Res.,
sec. B, vol. 2, no. 4, pp. 277-290; 1952,

(715) J. C. Lozier, “Instantaneous compandors on narrow-band
speech channels,” Bell Sys. Tech. Jour., vol. 30, pp. 1214-1220;
October, 1951.

‘During the period immediately following World War
IT the technical literature abounded with analyses aimed
at evaluating the relative merits of the numerous modu-
lation systems, particularly pulse systems. The advent
of information theory has, of course, changed the com-
plexion of this problem by making it possible to com-
pare actual system performance to an absolute ideal
performance. During the past year several authors com-
pared the various systems from the viewpoint of in-
formation theory. :

A new theoretical approach to linear multiplexing.
making use of geometrical signal representation, was
described in detail. Also on the subject of multiplex svs-
tems, comparisons were made, as in past years, between
time and frequency sharing, and analyses were made of
distortion and of cross talk in time-division multiplex
systems.

(716) Z. Jelonek, “A comparison of transmission systems,” presented
Symposium on Applications of Communication Theory,
London; September 22-26, 1952,

(717) S. Goldman, “Information theory of noise reduction in vari-
ous modulation systems,” presented Symposium on Applica-
tions of Communication Theory, London; September 22-26,
1952.

(718) L. A. Zadeh and K. S. Miller, “Fundamental aspects of linear

multiplexing,” Proc. LLR.E., vol. 40, pp. 1091-1097; Septem-

ber, 1952,

L. J. Libois, “Use of pulse modulation for transmission in a

group of telephony channels of carrier-current systems,”
Onde Elec., vol. 32, pp. 190-196; April/May, 1952.

(719)

A number of new ideas in modulation and multiplex-
ing were revealed during the past year. A new type of
“one-unit” pulse code modulation, requiring only very
simple terminal apparatus, has been developed. In this
so-called system of delta modulation, changes in the
signal are transmitted periodically, instead of the signal
itself, by comparing the signal to a sampled quantized
approximation of itself. If, at the instant of sampling, the
signal value exceeds the quantized value, a pulse of fixed
amplitude is sent; if not, no pulse is sent. The compari-
son is effected by a feedback circuit that is closed only
at the sampling times. The sampling rate is made suf-
ficiently high so that the staircase approximation of the
signal reobtained at the receiver is adequate, e.g., 100 kc
for speech. This makes efficient use of the bandwidth
required and has the virtue of simplicity.

A class of modulation systems referred to as ambigu-
ous-index systems was proposed, with the object of
devising new systems which avoid certain defects§of
existing ones.
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Nonsynchronous time division, a new system of mul-
tiplexing made possible by sampling randomly instead of
sampling periodically, was built and tested. The samples
derived from the signals of the various channels are
coded into different characteristic pulse groups so that
the receiver can identify each sample as belonging to a
certain channel. Occasional coincidence of the randomly
spaced pulse groups causes some noise, which increases
with the number of channels; but on the other hand, the
system has unusual flexibility. As more channels are
used, no well-defined point of overload is ever reached,
although the quality deteriorates.

(720) L. J. Libois, “A new method of code modulation: ‘A-modula-
tion’,” Onde Elec., vol. 32, pp. 26-31; January, 1952.

(721) J.F.Schouten, F. De Jager, and J. A. Greefkes, “Delta modu-
lation, a new modulation system for telecommunication,”
Phil{',bs Tech. Reyv., vol. 13, pp. 237-245; March, 1952.

(722) C. W. Earp, “A recent development in communication tech-
nique,” Proc. I.E.E. (London), vol. 99, pt. 3, pp. 181-186;
July, 1952,

(723) ]. R. Pierce and A. L. Hopper, “Nonsynchronous time division
with holding and with random sampling,” Proc. I.R.E., vol.
40, pp. 1079-1088; September, 1952.

The British Broadcasting Company, after a series of
tests, has planned a frequency-modulation service for
the United Kingdom. As opposed to amplitude modula-
tion, frequency modulation was found to give approxi-
mately twice the range for the same quality of service.

Also in the field of frequency modulation, it was
shown that a receiver can be made more nearly ideal
(with regard to rejecting an interfering signal that is
only slightly weaker than the wanted signal) by using
feedback across the limiter. Furthermore, there ap-
peared a detailed analysis of a commonly used but little
understood component of frequency-modulation re-
ceivers, namely, the ratio detector.

(724) “The B.B.C. scheme for V.H.F. broadcasting,” BBC Quart.,
vol. 6, pp. 171-181; Autumn, 1951,

(725) R. M. Wilmotte, “Reduction of interference in F.M. receiver
and feedback across the limiter,” Proc. I.R.E., vol. 40, pp.
34-36; January, 1952,

(726) B. D. Loughlin, “The theory of amplitude-modulation rejec-
tion in the ratio detector,” Proc. I.R.E., vol. 40, pp. 289-296;
March, 1952,

Instrumentation
Basic Standards and Calibration Methods

A new basic unit of time (the sidereal year), supple-
menting and less variable than mean solar time, was
adopted by the International Astronomical Union. Time
reckoned in the new unit will be designated “ephemeris
time.” The application of atomic frequency and time
standards as well as high-precision, high-frequency
quartz crystal oscillators appeared most promising.

The closest approach to a basic standard was an-
nounced for accurate voltages of the order of micro-
volts and millivolts at all frequencies up to about 1,000
mc. This standard was a relatively inexpensive reliable
constant-voltage source with its output independent of
frequency. It seems to satisfy a crying need of many
years standing.

(727) H. H. Skilling, “Electric Transmission Lines,” McGraw-Hill
Book Co., Inc., New York, N. Y., 1st ed.; 1951.
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(728) F. M. Greene, “Calibration of commercial radio field-strength
meters at the National Bureau of Standards,” N.B.S. Cir. 517;
December, 1951.

(729) M. C. Selby, “Accurate rf microvolts,” (paper delivered at the
1952 IRE National Convention), Proc. I.R.E., vol. 40, p. 218;
February, 1952.

(730) F. L. Hermach, “Thermal converters as ac-dc transfer stand-
ards for current and voltage measurements at audio frequen-
cies,” Jour. Res. Nat. Bur. Stand, vol. 48, pp. 121-128; Febru-
ary, 1952,

(731) A. L. Cullen, “Absolute power measurement at microwave
frequencies,” Proc. IEE (London), vol. 99, pp. 100-111;
April, 1952

(732) A. L. Cullen, “A general method for the absolute measurement
of microwave power,” Proc. IEE (London), vol. 99, pp. 112-
120; April, 1952.

(733) L. R. M. Vos de Wael, “Direct reading frequency measuring
equipment for the range of 30 ¢/s to 30 Mc/s,” Proc. I.R.E.,
vol. 40, pp. 807-813; July, 1952.

(734) F. K. Harris, “Electrical Measurements,” John Wiley and
Sons, Inc., New York, N. Y., Ist ed.; 1952.

(735) D. D. King, “Measurements at Centimeter Wavelength,” D.
Van Nostrand Co., Inc., New York, N. Y., 1st ed.; 1952.

(736) A. W. Warner, “High-frequency crystal units for primary fre-
quency standards,” Proc. I.R.E., vol. 40, pp. 1030-1033; Sep-
tember, 1952,

(737) V. H. Atree, “Precision voltage source,” Wireless Eng., vol. 29,
pp- 226-230; September, 1952,

(738) V. J. Tyler, “A simple bolometer for dissipation measure-
ments,” Marconi Rev., vol. 15, pp. 114-117; 3rd quart., 1952,

(739) H. T. Wilhelm, “Impedance bridges for the megacycle range,”
Bell Sys. Tech. Jour., vol. 31, pp. 999-1012; September, 1952.

(740) C.C. éook, “Calibration of commercial field-strength meters,”
Tele-Teck, vol. 11, pp. 44-46, 96, 99-101; October, 1952,

(741) H. W. Kline, “Industrial frequency standard,” Electronics, vol.
25, pp. 130-131; November, 1952,

Fig. 12—“The Finger,” more technically known as an ion chamber,
is far smaller than other gamma-ray detectors of the same type
and sensitivity which are used to detect deadly atomic rays in
planes flying over A-bomb blast sites. This device was developed
and built by the General Electric Company’s Tube Department.

Audio-Frequency Measurements

Precision magnetic-tape recorders are being used ex-
tensively in audio-frequency measurements, particu-
larly for acoustic noise problems. These recorders pro-
vide a permanent record of the signal, they can be used
as an accessory for spectrum analysis of signals of short
duration, and they aid in subjective comparisons of
various types of signals. Binaural recording on magnetic
tape appears to be particularly useful for this subjective
comparison. One method of magnetic recording, called
boundary-displacement recording, has been developed
primarily for instrumentation purposes. It makes the
visual display of the recorded magnetic signal possible.
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(742) H. L. Daniels, “Boundary-displacement magnetic recording,”
Electronics, vol. 25, pp. 116-120; April, 1952.

Some new instruments for the measurement of power,
voltage, and phase at audio frequencies were described.

(743) D. E. Garrett and F. G, Cole, “A general-purpose electronic

wattmeter,” Proc. I.R.E., vol. 40, pp. 165-171; February,

1952,

L. A. Rosenthal and G. M. Badoyannis, “Mean square

vacuum-tube voltmeter,” Electronics, vol. 25, pp. 128-131;

September, 1952,

H. W. Curtis, “Measuring the mean power of varying-ampli-

tude complex audio waves,” Proc. I.R.E., vol. 40, pp. 775-

779; July, 1952,

(746) G. N. Patchett, “A versatile phase-angle meter,” Electronic
Eng. (London), vol. 24, pp. 224-229; May, 1952.

(747) ]. é West, “A simple variable frequency phase measuring

device,” Electronic Eng. (London), vol. 24, pp. 402-403; Sep-

tember, 1952,

(744)

(745)

The work of the National Bureau of Standards in
developing highly accurate methods for translerring ac
current and voltage measurements to dc measurecments
was reported. An accuracy of 0.01 per cent in the fre-
quency range from 25 to 20,000 cycles per second was
indicated. In this development, several factors that
limit the transfer accuracy of thermal converters were
discovered.

(748) F. L. Hermach, “Thermal converters as ac-dc transfer stand-
ards for current and voltage measurements at audio frequen-
cies,” Jour. Res. Nat. Bur. Stand., vol. 48, pp. 121-138; Febru-
ary, 1952.

A numter of different methods are used for measuring
the nonlinear distortion in audio systems. The results
of such measurements, however, are not readily inter-
preted in terms of the distortion that can be noticed
by the listener because the available psychological data
are not adequate for this purpose. Two investigations
recently completed supply some of this needed informa-
tion. In one set of experiments a signal of two tones at
an interval of a perfect fifth was compared before and
after transmission through a nonlinear network. When
the mean frequency of the interval was above 1 kc and
the sound-pressure level was above 50 db (with respect
to 0.0002 microbar), distortions greater than about one-
half per cent were noticeable. For lower frequencies and
lower levels, the minimum detectable distortion was, in
general, appreciably higher. Further experiments also
showed that nonlinear distortion made small errors of
intonation more noticeable.

In the second set of experiments, the just-perceptible
modulation of one tone by another was measured, an
extension of work done by others. The results showed
that the sensitivity to modulation increased with in-
creasing level, and the sensitivity to amglitude modula-
_ tion was a minimum for modulating frequencies in the
range from 20 to 100 cps. The just-perceptible amplitude
modulation in this range was about 3 per cent at an
80-db sound-pressure level. When the frequency of the
modulated component was above 1 kc, the maximum
sensitivity was observed for modulating frequencies
between about one-fifth and two-thirds of the frequency
of the modulated component. For this range of frequen-
cies, at an 80-db sound-pressure level, an amplitude
modulation of less than one-fifth of one per cent could
be detected.
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(749) R. Feldtkeller, “Die Hérbarkeit nichtlinearer Verzerrungen
bei der Ubertragung musikalischer Zweiklinge,” Akust.
Beihefte, no. 3, pp. 117-124; 1952,

(750) E. Zwicker, “Die Grenzen der Hérbarkeit der Amplituden-
modulation und der Frequenz modulation eines Tones,” 4 kus.
Bethefte, no. 3, pp. 125-133; 1952,

The tone-burst technique is being more generally
used for audio-frequency measurements. A tone-burst
is a sinusoidal oscillation that is turned on for a number
of cycles and then turned on. In one measurement tech-
nique, the energy that remains in the system after the
applied oscillation is turned off is used as a measure of
the transient distortion. In another application the
measurement is made during the time the oscillation is
on in order to avoid the effects of reflected signals. A
tone-burst technique was also used as one method of
evaluating the acoustic properties of roons.

(751) M. C. Kidd, “Tone-burst generator checks a-f transients,”
Electronics, vol. 25, pp. 132-135; July, 1952,

(752) R. L. Terry and R. B. Watson, “Pulse techniques for the
reciprocity calibration of microphones,” Jour. Acous. Soc.
Amer., vol. 23, pp. 684-685; November, 1951.

(753) T. Somerville and C. L. S. Gilford, “BBC pulsed-glide dis-
plays,” FM-TV, vol. 12, pp. 22f, 43; June, 1952; and pp. 28,
30; July, 1952,

High-Frequency Measurements

Three books that devoted at least a large part of
their space to high-frequency measurements were pub-
lished.

(754) F. E. Terman and J. M. Pettit, “Electronic Measurements,”
McGraw-Hill Book Co., Inc:, New York, N. Y., 2nd ed.; 1952.

(755) D. D. King, “Measurements at Centimeter Wavelength,”
D. Van Nostrand Co., Inc., New York, N. Y.; 1952,

(756) F. Benz, “Messtechnic fiir Funkingenieure,” Springer-Verlag,
Vienna, Austria; 1952.

The first book is a revision of Terman’s 1935 “Meas-
urements in Radio Engineering.” It encompasses a
broad field, but for all its breadth covers the specialized
field of high-frequency measurements very well. The
second book limits itself primarily to transmission-line
devices and presents the methods and techniques of
these measurements. The third book, covering all fre-
quencies, is divided into five parts, the last of which
deals with high-frequency measurements. Using the
centimeter-kilogram-second system of units, it may be
confusing to those accustomed to mks or cgs systems.

A review article on measuring technique and another
on instruments were published.

(757) A. F. Harvey, “Instruments for use in the microwave band,”
Proc. IEE (London), pt. I1, vol. 98, pp. 781-789; December,
1951. Discussion, pp. 789-782. Ibid., summary, pt. 111, vol.
99, p. 32; January, 1952.

(758) W. Druey, “High-frequency measurement technique, Bull.
schweiz. electrotech. ver., vol. 42, pp. 989-1000; December 15,
1951 (In German). Discussion, pp. 1000-1003 (In German and
French).

Impedance Measurements

Progress in impedance measurement can be divided
into four categories:

1. Sweep-frequency methods using reflected energy.
2, Other wide-band methods. 3. RF bridges. 4. New
techniques required for the measurement of open
waveguides and strip transmission lines or “printed
microwave circuits.”
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Most sweep-frequency methods measure only the
magnitude of the reflected wave or of the reflection co-
efficient, indicating the variation in the magnitude of
the terminating impedance with frequency. This is a
rapid measurement and allows quick modification and
re-observation of results. It usually does not measure
the phase of the reflection coefficient. Work was done
recently on the development of instruments that meas-
ure botin magnitude and phase of the reflection coef-
ficient as a function of frequency. These results were
displayed on an oscilloscope. At least one of these used
an overlay of the Smith chart on the oscilloscope so that
the plot was read directly. Long-distance microwave
relays presented a rather special need for quick meas-
urement techniques because of the extensive facilities
that must be taken out of service during measurement.
Here, sweep methods are invaluable.

(759) K. S. Packard, “Automatic Smith-chart Impedance Plotter,”
paper number 62 presented before the I.R.E. Convention in
New York: March, 1952. Summary, Proc. I.LR.E., vol. 40,
p. 218; February, 1952.

(760) E. A. N. Whitchead, “A microwave swept-frequency imped-
ance meter,” Elliot Jour., vol. 1, pp. 57-58; September, 1951.

(761) W. J. Albersheim, “Measuring techniques for broadband, long
distance radio relay systems,” Proc. 1.R.E., vol. 40, pp. 548~
551; May, 1952.

Several other methods, not sweep {requencies, were
reported as being adaptable to use over wide frequency
ranges. One used the insertion loss and phase shift of a
signal when an unknown is inserted to determine its
impedance. This requires the measurement of small
voltage and phase shifts, but is independent of the
proximity of the unknown to the measuring equipment.
The heterodyne method, permitting the standards to
be at an intermediate frequency when making measure-
ments at a radio frequency has been extended. Attenua-
tors in the intermediate frequency range have been used
for some time in the measurement of insertion loss.
Measurements of Q, delay, phase, and impedance are
more recent developments. This technique employs a
single set of standards over a very wide range of fre-
quencies. It does, however, require the use of a high-
quality mixer to preserve the accuracy of these stand-
ards. Another method of impedance measurement uses
a mixer as in the heterodyne method but the same signal
source for both signal and local oscillator. The magni-
tude of one is derived from the voltage across the un-
known, and the magnitude of the other is derived from
the current through the unknown. The IF output is a
dc voltage whose amplitude indicates the magnitude of
the resistance of the unknown. A 90-degree phase shift in
either signal or local oscillator gives a dc output propor-
tional to the reactive component of the unknown. For
conductance measurements, a variation of the substitu-
tion method was reported. In this method, the resistive
load need not be matched at the frequency used. The
signal is rectified and the substitution element used in
the dc load of the rectifier.

(762) D. A. Alsberg, “A precise sweep-frequency method of vector
impedance measurement,” Proc. I.R.E., vol. 39, pp. 1393-
1400; November, l?Sl.. .

(763) D. A. Alsberg, “Principles and applications of converters for
high-frequency measurements,” Proc. I.R.E., vol. 40, pp.
1195-1203; October, 1952.
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(764) H. LeCaine, “The Q of a microwave cavity by comparison with
a calibrated high-frequency circuit,” Proc. I.R.E., vol. 40,
pp. 155-157; February, 1952.

(765) B. Salzberg and J. W. Marini, “Measurement of impedance and
admittance,” paper 58, presented IRE Convention, New York,
N. Y.: March, 1952, Summary, Proc. I.R.E., vol. 40, p. 218;
February, 1952.

(766) W.W. Freeman, Jr., “A high sensitivity method for measuring
conductance and capacitance at radio frequencies,” paper 30,
presented IRE Convention, New York, N. Y.; March, 1952.
Summary, Proc. I.R.E,, vol. 40, p. 215; February, 1952.

The use of the bridged-T bridge for impedance meas-
urements at 50-100 mc was reported. For lower fre-
quencies, bridges for coaxial-system measurements con-
tinue to be popular.

(767) R. F. Proctor, “A bridged-T impedance bridge for the V.H.F.
ll)ggéi," Proc. IEE (London), vol. 99, pt. III, p. 105; March,
(768) H. T. Wilhelm, “Impedance bridges for the megacycle range,”
Bell Sys. Tech. Jour., vol. 31, pp. 999-1012; September, 1952.
An expanding interest in open waveguides and strip
transmission lines (microwave printed circuits) has
necessitated the development of different measuring
techniques. A method of determining standing-wave
ratio on an open waveguide was reported in which the
change in input impedance due to movement of a di-
electric disk along the open guide was used. Knowing
the change in impedance, the standing-wave ratio is
found to be the square root of the ratio of maximum and
minimum impedance change.

(769) S. W. Attwood and G. Goubau, “Method for open waveguide.
standing-wave measurements,” paper 51, presented IRE Con-
vention, New York, N. Y.; March, 1952. Summary, Proc.
I.R.E,, vol. 40, p. 217; February, 1952.

Freguency and Time

Extremely selective absorption of energy in the micro-
wave region by certain atoms and molecules is being
used for frequency and time standards. A survey of the
methods and known possibilities of these properties
was presented and a theoretical short-time accuracy of
1 part in 10" was ascribed to the resonances in molecular
and atomic beams and the absorption of microwaves
by ammonia. Accuracies for longer periods are expected
to average out to even better values. These then, repre-
sent our most accurate standards for time and fre-
quency.

A more versatile, if less accurate, frequency calibra-
tor is the crystal type. It is claimed for a recent instru-
ment that a complete range of frequencies can be ob-
tained from the calibrator without loss of the accuracy
normally associated with the crystal.

(770) C. H. Townes, “ ‘Atomic’ clocks and frequency stabilization
on microwave spectral lines,” Jour. Appl. Phys., vol. 22, pp.
1365-1372; November, 1951.

(771) D. Cooke, “A self-interpolating crystal calibrator for setting
up and measuring radio frequencies,” Elec. Eng. (London), vol.
24, pp. 23-25; January, 1952,

Signal Sources

Recent developments in signal sources indicate a con-
tinuation of the trend away from point-by-point meas-
urements to the faster sweep-frequency methods. In
addition, there is a trend toward the complete im-
pedance-measuring device that includes the signal
source associated with the impedance-plotting mecha-
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nism. Sweeping devices to measure other quantities are
also so specialized as to require a specific signal source
which is often built into the equipment.

(772) J. A. Cornell and ]J. F. Sterner, “Sweep-frequency generator
for the U.H.F. television band,” Tele-Tech, vol. 11, pp. 38-40,
86, 88; February, 1952,

(773) F. P. Blecher, “A wide-band sweep generator,” paper 33, pre-
sented IRE Convention, New York, N. Y.; March, 1952.
Summary, Proc. I.R.E., vol. 40, p. 215; February, 1952.

(774) W. F. Marshall, “Microwave generator with crystal control,”
Electronics, vol. 24, pp. 92-95; November, 1951.

Power, Detection, and Attenuation

A large amount of attention has been concentrated on
the properties of microwave gyrators, circuit elements
that do not obey the reciprocity theorem. The micro-
wave gyrator has been realized by making use of the
Faraday rotation in pieces of ferrite in a waveguide. It
is expected that these lossless broad-band devices may
become very useful tools in the field of measurements.
Their properties make them suited for electrically con-
trolled variable attenuators, modulators, microwave
switches, and one-way transmission systems. A detector
based on the wideband absorption of microwaves by
thin layers of certain metals used in a Golay pneumatic
heat detector was reported. With a detector of 12-mm
diameter, signals equivalent to noise measure in the
order of 10~8 watt. A study was made of accuracy of
bolometer power-measuring devices. This study showed
that at frequencies where the bolometer wire became an
appreciable portion of a wavelength better accuracy is
obtained with convectively cooled air-mounted wires
than with vacuum-mounted units. A means of obtaining
accurate and constant voltages of 1 to 100,000 uv at all
frequencies to 300 mc was developed.

(775) C. L. Hogan, “The ferromagnetic Faraday effect at microwave
frequencies and its application, the microwave gyrator,” Bell
Tech. Jour., vol. 31, pp. 1-31; January, 1952.

(776) H. Theissing, H. J. Merrill, and J. M. McCue, “Measurements
of millimeter radiation with the pneumatic heat detector,”
paper 61, presented IRE Convention, New York, N.Y.; March,
1952, Summary, Proc. I.R.E., vol. 40, p. 218; February, 1952.

(777) M. C. Selby, “Accurate RF microvolts,” paper 59, presented
IRE Convention, New York, N. Y.; March, 1952. Summary,
Proc. I.R.E., vol. 40, p. 218; February, 1952.

(778) H. ]. Carlin and M. Sucher, “Accuracy of bolometric power
n19easurements," Proc. I.R.E., vol. 40, pp. 1042-1048; October,
1952.

(779) K.S, Machin, M. Ryle, and D. D. Vonberg, “The design of an
equipment for measuring small radio-frequency noise powers,”
Proc. IEE (London), vol. 99, pt. I11, pp. 127-134; May, 1952,

Video- Frequency Measurements

Recognition of the importance of the phase charac-
teristic of television transmission apparatus is given
further emphasis by the introduction of new measuring
gear for point-by-point or oscillographic presentation of
data. Activity is directed primarily toward accuracy of
measurement and convenience of manipulation.

(780) A. Ruhrmann, “Direct reading high frequency phase measure-
ment with frequency curve tracer,” Arch. tech. Messen, Issue
No. 190; November, 1951.

(781) C. W. Goodchild and R. C. Looser, “Apparatus for the meas-
urement of phase delay in television transmission circuits and
in associated apparatus,” Inst. Elect. Engrs. Paper 1255 (Tele-
vision Convention 1952).

(782) G.]J. Hunt, “Group-delay Distortion-Measuring Equipment,”
Inst. Elect. Engrs., Paper 1250 (Television Convention, 1952).
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Impedance measurements in the megacycle range is
ably reviewed in a survey paper supplemented by an
extensive bibliography. '

(783) H. T. Wilhelm, “Impedance bridges for the megacycle range,”
Bell Sys. Tech. Jour., vol. 31, pp. 999-1012; September, 1952.

Interference Measurements

The Central Radio Propagation Laboratory, in co-
operation with the military services, is planning a world-
wide network of approximately 50 atmospheric-noise-
recording stations. The prototype receiver was built and
arrangements are progressing for the construction and
installation of the field stations.

Co-ordinated studies are being carried on at the Uni-
versity of Florida, the University of Pennsylvania, and
several other places, both in this country and abroad,
on the desirable characteristics to be measured for
various kinds of radio noise.

Telemetering

The FM/FM mobile system made new gains, both in
application and in performance. The use of a crystal-
controlled transmitter became standard practice and
several manufacturers are now in production of the two-
watt version operating in the 220-Mc band. PDM/FM,
PPM/AM, or PPM/FM systems are the only pulse-
modulated systems in common use, and the FM/FM
system has taken the place of the proposed PPM /pulsed
RF as the high-performance system. Work is active on a
PCM system of modulation.

An outstanding digital telemetering system was de-
scribed at Long Beach, California. This system is ver-
satile in that it can transmit one channel with 400-cycle
response, or 400 channels with one-cycle response each,
or any intermediate pairing. The airborne installation
incorporates null sensing with servobalancing and
analog-to-digital conversion. It transmits intelligence as
coded beacon responses at radar repetition rates. On the
ground, a microwave tracking radar receives the pulses
and temporarily stores them. After checking for errors,
the information is printed to three significant decimal
digits.

An improved FM receiver appeared. The receiving
station in the field reverted to the earlier design of a re-
ceiver and a recorder, since the magnetic taperecorde:
was demonstrated to possess adequate stability and fre-
quency response. Subsequently, in a central laboratory
the tapes are played back through subcarrier dis-
criminators and the outputs of the various channels
simultaneously recorded on various types of permanent
recorders. Automatic analysis equipment is still under
test. There are a number of semiautomatic units available.

In the field of subcarrier oscillators, very important
advances in the temperature stability characteristic of
several types appeared. The general assembly tech-
niques were improved and the corresponding space oc-
cupied for a given channel function considerably re-
duced. Power requirements remain a problem.
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The potentiometer-type pickup continued to find ap-
plication for many measurements previously employing
inductance-type pickups. Advances were made in the
life and stability of this type of pickup, and their ability
to withstand shock and vibration was increased. Strain-
gauge elements are still employed, but more often these
require either a special amplifier or a more complex sub-
carrier oscillator than the voltage-modulated units.
Barium titanate pickups are widely employed, especially
for vibration measurements, and several improved de-
signs achieving higher-frequency response are now
available.

The problems of over-all reliability of equipment in-
volving chains of individual reliabilities, satisfactory
vacuum tubes, and efficient low-weight power supplies
still come to the fore in any general discussion among
telemetering engineers.

Oscillography

General. Considerable attention was given to the
evolution of the general-purpose cathode-ray oscillo-
graph from a waveshape indicator to a measuring in-
strument reading amplitude and time, either directly
calibrated or by substitution methods.

(784) “A true electronic voltmeter,” Oscillographer, vol. 13, pp. 9
el. seq.; July-September, 1952.

(785) R. S. Mackay, “Switch provides d-c reference display,” Elec-
tronics, vol. 25, pp. 23-124; December, 1952,

(786) “A new quantitative 10 megacycle oscillograph,” Oscillog-
rapher, vol. 13, p. 20; January-March, 1952.

The accuracies of measurement obtained were made
possible in part by the development of cathode-ray
tubes made to tighter tolerances than those previously
available as standard components.

(787) “Tight tolerance cathode-ray tubes,” Electronic Design, vol. A,
pp. 6-7; December, 1952.

Electron Optics for Cathode-ray Oscillograph Tubes.
Simplified mathematical methods were developed for
numerical ray tracing, the prediction of lens focal
lengths, and other parameters from the physical dimen-
sions and applied electrode voltages.

(788) P. Grivet, “Cardinal parameters of a new model of an electron
lense,” Compt. Rend. Acad. Sci. (Paris), vol. 234, pp. 73-75;
January, 1952.

(789) J. C. Burfoot, “Numerical ray tracing in electron lenses,” Brst.
Jour. Appl. Phys., vol. 3, pp. 22-24; January, 1952.

A textbook was published devoted to the basic prin-
ciples of storage tubes.

(790) M. Knoll and B. Kazan, “Storage Tubes,” John Wiley and
Sons, Inc., New York, N. Y., pp. 143; 1952.

The spurious signal on image iconoscopes was greatly
reduced by a pulse-control method of maintaining
mosaic bias,

(791) R. Theile and F. H. Townsend, “Improvements in image
iconoscopes,” Proc. I.R.E., vol. 40, pp. 146-154; February,
1952.

and by changes in design and operating conditions.
(792) J. E. Cope, L. W. Germany, and R. Theile, “Improvements in

design and operation of the image iconoscope type camera
tubes,” Jour. Brit. I.R.E., vol. 12, pp. 139-149; March, 1952.
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Studies were made of second-order defocusing effects
in electron beams,

(793) J.S. Hickey, Jr. and T. G. Mihran, “The spreading of an elec-
tron beam,” Proc. I.R.E., vol. 40, p. 994; August, 1952,

and a method of counteracting the defocusing due to
space charge by use of a magnetic field was described.
(794) M. E. Hines, “Nullification of space charge effects in a converg-

ing electron beam by a magnetic field,” Proc. I.R.E., vol. 40,
pp. 61-64; January, 1952,

A cathode-ray tube having distributed delay-line
types of deflection plates was designed and used to
record pulses having rise times of 5X10~1° second, and
to observe 3 X10°-cps oscillations at useful amplitudes.
(795) S. T. Smith, R. V. Talbot, and C. H. Smith, Jr., “Cathode-ray

tube for recording high speed transients,” Proc. I.R.E., vol.
40, pp. 297-303; March, 1952.

A monoscope was designed for artificially duplicating

controllable antenna characteristics.

(796) S. T. Smith, “A novel type of monoscope,” Proc. I.R.E., vol.
40, pp. 666-668; June, 1952,

The variation in secondary emission over the target
plate was obtained by using a three-dimensional target
and varying the angle of the primary electrons. A num-
ber of electrostatic lenses were described, either uni-
potential or with low focus voltages with respect to
cathode.

(797) E. Regenstreif, “An independent electrostatic lens with mini-
mum elliptical astigmatism,” Jour. Phys. Radium, vol. 12, pp.
760-761; July-September, 1951.

(798) C. S. Szegho, “Cathode-ray tube with low focusing voltage,”
Proc. I.LR.E,, vol. 40, pp. 937-939; August, 1952.

(799) A. Y. Bentley, K. A. Hoagland, and H. W. Grossbohlin, “Self
f%%quing picture tube,” Electronics, vol. 25, pp. 107-109; June,
1952,

An exceptionally stable supply suitable for cathode-
ray tubes is capable of delivering 1 ma at 3 kv with a
stability of one part in 104
(800) J. Templeton, “A high stability high voltage power supply

ugét," N. Z. Jour. Sci. Tech., vol. 33, pp. 218-223; November,
1951.

Cathode-Ray Oscillograph Applications. A receiving-
tube-characteristics plotter producing a calibrated
family of E,-IT,-E, curves was described.

(801) M. L. Kuder, “Electron tube curve generator,” Electronics, vol.
25, pp. 118-124; March, 1952,

A number of other oscillographic apparatuses were
developed for displaying the characteristics of transis-
tors.

(802) P. J. W. Jochems and F. H. Stieltjes, “Apparatus for testing
transistors,” Philips Tech. Rev., vol. 13, pp. 254-265; March,

1952,

(803) G. B. B. Chaplin, “Display of transistor characteristics on the
cathode-ray oscillograph,” Jour. Sci. Inst. (Brit.), vol. 29, pp.
142-145; May, 1952,

(804) “A Transistor Curve Tracer,” RCA License Laboratory Bulle-
tin LB 882.

A modulation method of displaying nonlinear charac-
teristics of materials under test was described.

(805) H. E. Hollmann, “Polaresistivity and polaristors,” Proc,
I.R.E,, vol. 40, pp. 538-545; May, 1952.



492

A method of photographically plotting the instan-
taneous mean power of complex waves using a sweep
and a continuous motion camera was used for the study
of audio signals.

(806) H. W. Curtis, “Measuring the mean power of varying ampli-
tude complex audio waves,” Proc. I.R.E., vol. 40, pp. 775-779;
July, 1952,

By using a logarithmic amplifier in a cathode-ray
oscillograph, it is possible to measure reverberation
times directly on the screen.

(807) C. G. Mayo and D. G. Beadle, “The direct measurement of
reverberation time,” Elec. Eng. (Brit.), vol. 23, pp. 462-465;
December, 1951.

A ten-channel amplitude distribution analyser for nu-
clear studies was built using a K-1059 target tube.
(808) E. Glenn, “A pulse-height distribution analyser,” Nucleonics,

vol. 9, pp. 24-28; September, 1952.

A transient recorder having sweep durations of 10~3
second was described.

(809) D. R. Hardy, “A high speed transient recorder,” Jour. Sci.
Inst., vol. 29, pp. 241-242; August, 1952,

Photographic methods suitable for oscillography and
television were reviewed.

(810) H. Aberdam, “Photography of oscillograms and television
images,” Toute la Radzo, pp. 339-342 and 365-368; November
and December, 1951.
Image converters were used as high-speed shutters.

(811) J. A. Jenkins and R. A. Chippendale, “The application of
image converters to high speed photography,” Jour. Brit. IRE,
vol. 11, pp. 505-517; November, 1951.

Increasing application of cathode-ray oscillographs in

the subaudio field

(812) P. S. Christaldi, “Oscillographic instrumentation for the sub-
audio field,” Trans. IRE, vol. PGI-1, pp. 45-56; May, 1952,

emphasized the importance of the development of

adequate transducers.

(813) C. C. Johnson, “A homopolar tachometer for servomechanism
app;ication," Proc. I.R.E., vol. 40, pp. 155-157; February,
1952,
A compendium of presently widely scattered source
material on transducers and accessories useful in oscil-
lography was made available.

(814) M. T. Nadir, “A Compilation of Analog Transducers,” Allen
B. Du Mont Laboratories, 1st ed., 68 pp; 1952.

Magnetics

Research and engineering in magnetic materials in-
cluded, in particular, continued exploration of the ferro-
magnetic nonmetals, the development of miniature
pulse transformers and magnetic amplifiers for com-
puters to meet the needs of the Armed Forces, and
work on substitutions for critical elements.

Considerable progress was reported on measuring the
properties of magnetic materials up through microwave
frequencies and on deriving a suitable correlating theory
of the mechanisms of magnetism. A study of the Fara-
day rotation effect in ferrites at microwave frequencies
and the construction of a nonreciprocal waveguide
element utilizing this effect, termed the “gyrator,” was
announced. A conference on magnetism, with an inter-
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national roster of speakers and participants, was
sponsored by the Office of Naval Research at the Uni-
versity of Maryland on September 2-6, 1952. The
papers will be published in a forthcoming issue of the
Review of Modern Physics.

(815) C. L. Hogan, “The ferromagnetic Faraday effect at microwave
frequencies and its applications—the microwave gyrator,”
Beﬂ Sys. Tech. Jour., vol. 31, pp. 1-31; January, 1952.

(816) B. Pistoulet, “On the behavior of ferromagnetic powders up to
24,000 megacycles per second,” Ann. Telecomm., vol. 7, pp. 27-
45; January, 1952; pp. 86-97; February, 1952, pp. 127-138;
March, 1952 (In French).

(817) J. K. Galt, “Initial permeability and related losses in ferrites,”
Ceramic Age, vol. 60, pp. 29-33; August, 1952.

(818) L. F. Bates, “Some post-war developments in magnetism,”
Proc. Roy. Soc. A., vol. 65, pp. 577-594; August 1, 1952,

Ferrites with squared hysteresis loops for magnetic
amplifier and computer applications have been achieved
through processing and also through the application of
suitable stresses to completed cores.

(819) J. J. Went and E. W. Gorter, “Magnetic and electrical proper-
ties of Ferroxcube materials,” Philips Tech. Rev., vol. 13, pp.
181-193; January, 1952,

(820) V. B. Vonderschmitt, M. J. Olbert and H. B. Stott, “Ferrite
applications in electronic components,” Electronics, vol. 25,
pp. 138-139; March, 1952.

(821) E. Both, “Development and utilization of magnetic ferrites,”
Ceramic Age, vol. 59, pp. 39-45; April, 1952,

(822) E. Gelbard, “Magnetic properties of ferrite materials,” Tele-
Tech, vol. 11, pp. 50-52, 82; May, 1952,

(823) W. Six, “Some applications of Ferroxcube,” Philips Tech. Rev.,
vol. 13, pp. 301-311; May, 1952.

(824) E. Newhall, P. Gomard and A. Ainlay, “Saturable reactors as
r-f tuning elements,” Electronics, vol. 25, pp. 112-115; Sep-
tember, 1952,

Improved thin tape magnetic cores became com-
mercially available for small transformers. Magnetic
amplifier development has taken advantage of ultra-thin
tape with rectangular hysteresis loops and half-wave
circuitry to achieve small size and high speed. The pos-
sibilities of subminiature magnetic amplifiers in com-
bination with transistors for small computers appear
challenging on the basis of exploratory work.

(825) E. P. Felch, V. E. Legg and F. G. Merrill, “Magnetic modula-
tors,” Electronics, vol. 25, pp. 113-117; February, 1952,

(826) F. E. Butcher and R. Willheim, “Some aspects of magnetic
amplifier technique,” Proc. I.R.E., vol. 40, pp. 261-270;
March, 1952,

(827) F. Benjamin, “Improvements extend magnetic-amplifier ap-
plications,” Elecironics, vol. 25, pp. 119-123; June, 1952.

(828) A. V. Hughes and C. F. Salt, “Magnetic core materials for
small power transformers,” Elec. Mfg., vol. 49, pp. 133-138,
324; June, 1952,

(829) W. H. Elliot, “Magnetic amplifier definitions,” Elec. Mfg., vol.
50, pp. 88-91, 252; July, 1952,

(830) M. F. Littmann, “Ultrathin tapes of magnetic alloys with
rectangular hysteresis loops,” Commun. and Elec., pp. 220~
223; July, 1952,

(831) C. C. Horstman, “Core materials for small transformers,”
Tele-Tech, vol. 11, pp. 4042, 90; October, 1952,

(832) E. A. Sands, “The behavior of rectangular hysteresis loop
materials under current pulse conditions,” Proc. I.R.E., vol.
40, pp. 1246-1250; October, 1952,

(833) L. J. Johnson, “High speed magnetic amplifier,” Elec. Mfg.,
vol. 50, pp. 98-101, 318; November, 1952.

Design techniques for magnetic powder cores and the
appraisal of such cores for military equipment received
attention.

(834) H. E. Harris, “Simplified approach to toroidal inductor de-
sign,” Tele-Tech., vol. 11, pp. 54-56, 107; January, 1952; pp.
52-53, 70; February, 1952.

(835) S. Freedman, “Toroidal coil developments,” Radio and Telev.,
vol. 47, pp. 3-6, 31; April, 1952, .

(836) G. R. Polgreen, “Production and application of magnetic
powders,” GEC Jour., vol. 19, pp. 152-169; July, 1952.
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(837) E. Both, “Magnetic powder cores for military communication
equipment,” Tele-Tech., vol. 11, pp. 36-38, 100; August, 1952.
Two new permanent magnet materials of potential
importance, especially in the- event of shortages of
nickel and cobalt required for Alnico, were announced.
One was a bismuth-manganese alloy and the other a
ceramic (ferrite) type. Further work on permanent
" magnets consisting of ultrafine iron powders was carried
out.

(838) J. J. Went, G. W. Rathenau, E. W. Gorter and G. W. Van
Oosterhout, “Ferroxdure, a class of new permanent magnetic
materials,” Philips Tech. Rev., vol. 13, pp. 194-208; January,
1952,

(839) B. Kapelman, “Permanent magnets from ultrafine iron pow-
ders,” Elec. Eng., vol. 71, pp. 447-451; May, 1952.

(840) “Navy develops new permanent magnet material called Bis-
manol,” Steel, vol. 131, pp. 76-77; July 28, 1952.

The general techniques of- magnetic measurements
and applications have advanced.

(841) R. F. Lafferty, “Extended Q-meter measurements,” Electron-
ics, vol. 24, pp. 126-131; November, 1951.

(842) W. Jellinghaus, “Development of the methods of testing ferro-
magnetic materials,” Arch. f. d. Eisenhultenwesen, vol. 2z, pp.
401-410; November-December, 1951 (In German).

(843) P. M. Prache, “Magnetic cores and shells for communication
purposes,” Cables and Trans. (Paris), vol. 6, pp. 22-64; Janu-
ary, 1952; pp. 124-164; April, 1952 (In French).

(844) D.C. Dieterly and C. E. Ward, “Wide range ac bridge test for
magnetic materials,” ASTM Bull., vol. 182, pp. 75-80; May,
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1952.
(845) H. W. Lord, “Dynamic hysteresis loop measuring equipment,”
Elec. Eng., vol. 71, pp. 518-521; June, 1952.

Piezoelectricity

Progress in the physics of this field, with ferroelec-
tricity as the keynote for the year, is an intimate part of
the rapidly developing physical picture of the solid state
and represents also the most significant advance for
piezoelectricity during the year. Important theoretical
papersmark progress in the analyses of the behavior of
the piezoelectric resonator and of the transducer and its
coupled field. On the design and development side the
high-frequency, thickness-shear quartz plate has at-
tained the status of a primary standard of frequency
while the split ring of quartz has invaded the audio-
frequency field as a frequency standard. The large num-
ber of papers and reports in the several branches of
piezoelectricity, including those on the many applica-
tions, bring the total number of references in piezo-
electricity for the year 1952 to well over five hundred.

A fairly complete bibliography for the year 1951,
which appeared in March, 1952 as an unclassified re-
port to the U. S. Army Signal Corps, included about
three hundred titles for that year. A similar bibliog-
raphy for 1952 is in preparation.!

The following books, bibliographies, digests, and re-
view articles are noted:

(846) R. G. Breckinridge and H. Thurnauer (editors), “Digest of the
Literature on Dielectrics,” National Research Council, vol.
XIV (1950); September, 1951.

(847) R.F.S. Hearmon, “The elastic constants of piezoelectric crys-
tals,” Brit. Jour. Appl. Phys., vol. 3, pp. 120-124; April, 1952.

1 These bibliographies, along with reports on research in the broad
field of frequency control, sponsored by the U. S. Army Signal Corps
Engineering Laboratories, are available within a few months of their

receipt in microcard form through the Office of Naval Research, Li-
brary of Congress, Technical Information Division.

Radio Progress During 1952

493

(848) W. Shockley (editor), “Imperfections in Nearly Perfect Crys-
tals,” John Wiley and Sons, Inc., New York, N. Y., pp. 490;

1952, .

(849) J. C. Slater, “The solid stafe,” Physics Today, vol. 5, pp. 10~
15; January, 1952.

(850) K. S. Van Dyke and O. M. H. Wall (Wesleyan University),
“Bibliography of Piezoelectricity—1951,” U. S. Army Signal
Corps%ontract DA36-039-sc-73, supplementary volume, 7th

uarterly report; February 29, 1952.

(851) K von Hippel, “Piezoelectricity, ferroelectricity and crystal
structure,” Phys. Rev., vol. 87, pp. 200-201, abstract; July 1,
1952,

Ferroelectricity, Antiferroelectricity, and their A pplications

Considerable progress was made in understanding
ferroelectricity and antiferroelectricity. These are the
counterparts in the dielectric field of ferromagnetism
and antiferromagnetism in the magnetic field. A theory
based on rotatable polar molecules was worked out
(Takagi) which shows that crystals become antiferro-
electric if the polarizability of the dipoles is small but
ferroelectric if the polarizability of the ions becomes
larger. This type of theory is applicable to materials
similar to C,Cl, which may have rotatable dipoles, but
not to such materials as BaTiO; whose dipoles are
caused by actual displacement of the centers of charge.
In the antiferroelectric state the dipoles are lined up
“parallel” to a given line as in the ferroelectric state, but
alternate dipoles are oppositely directed so that, strictly,
antiparallelism rather than parallelism exists. A theory
of antiferroelectricity that had been developed for cubic
crystals by Kittel was extended to tetragonal structures
by Mason.

On the experimental side, new measurements were
reported on the properties of ferroelectric and antiferro-
electric crystals. Frazer and Pepinsky have examined
the structure of KH,PO (KDP) and showed that at the
Curie temperature the PO, tetrahedron becomes dis-
torted by having the phosphorus atom displaced from
the center of the tetrahedron. They regard this change
as being the origin of the ferroelectric dipole. The po-
tassium atom also suffers a small displacement.

Considerable work was done in investigating the do-
main sizes and domain motion in ferroelectrics. Kanzig
and Peter showed that there is a minimum size of about
1,500A for domains in KH,PO; for which spontaneous
polarization can appear. This was explained by Kanzig
as being due to a balance between depolarization energy
and the domain wall energy. In his investigation of the
domain structure of barium titanate Merz found that in
addition to 90° walls that have previously been known
180° walls also exist. No evidence has yet been obtained
of domain wall motion, but new domains are seen to
occur when the electric field is increased. By increasing
the C-axis domain-content of the crystal, the hysteresis
loop is given square corners and the coercive field is de-
creased.

A new ferroelectric, ammonium metaphosphate was
reported. A large number of measurements were made
by Japanese investigators on the properties of BaZrO;,
PbZrQ;, PbTiO;s, and related compounds, and it was
found that they show both ferroelectric and anti-
ferroelectric properties. For a combination of PbZrO,
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and BaZrQ,, temperature regions occur in which the
material is ferroelectric. Below the region the material is
antiferroelectric while above the region the material
is paraelectric.

The transition in NHH,PO, (ADP) occurring at
122°K was shown to be an antiferroelectric transition.
This was surmised in a theory by Nagamiya and was
proved by the work of Mason and Matthias, and of
Wood, Merz, and Matthias, who investigated the
NDD;PO, modification. The change in crystal structure
is consistent with the arrangement of the hydrogen or
the deuterium nuclei in an antiferroelectric state.

The ferroelectric effect was applied in such devices as
signal storage devices and dielectric amplifiers which
promise to have very wide usage. Anderson described a
ferroelectric information storage system, useful for
digital computors or telephone switching systems, which
has many advantages over conventional storage sys-
tems. These systems have the advantage of low power
consumption, offer the possibility of storing large
amounts of information in a small space, and are very
fast in operation. Another device whose operation de-
pends on the nonlinear response of a ferroelectric mate-
rial is the dielectric amplifier. This device is the analogue
of a magnetic amplifier and, like the magnetic amplifier,
can effect a gain in the ratio of the carrier frequency to
the signal frequency. Some of the fundamentals of such
amplifiers were discussed (Vincent, Pipes); some experi-
mental values were reported by Urkowitz.

(852) Y. Takagi, “Ferroelectricity and antiferroelectricity of a crys-
tal containing rotatable polar molecules,” Pkys. Rev., vol. 85,
pp- 315-324; January, 1952.

(853) C. Kittel, “Theory of antiferroelectric crystals,” Phys. Rev.,
vol. 82, pp. 729; June 1, 1951.

(854) W. P. Mason, “Properties of a tetragonal antiferroelectric
crystal,” Phys. Rev., vol. 88, pp. 480-484; November, 1952.

(855) B. C. Frazer and R. Pepinsky, “Structural changes in the
ferroelectric transition of KH,PO,” Phys. Rev., vol. 85, pp.
479-480; February 1, 1952.

(856) W. Kanzig, “Wall energy of ferroelectric domains,” Phys. Rev.,
vol. 87, pp. 385; July 18, 1952.

(857) W. Kanzig and M. Peter, “Critical domain size in ferroelec-
trics,” Phys. Rev., vo.. 85, pp. 940-941; March 1, 1952,

(858) W. J. Merz, “Domain properties in BaTiO,,” Phys. Rev., vol.
88, pp. 421; October, 1952,

(859) R. Pepinsky, et al., “A ferroelectric ammonium metaphos-
phate,” Phys. Rev., vol. 86, pp. 793; June 1, 1952.

(860) Nagamiya, “On the theory of the dielectric, piezoelectric, and
ela;ti(l: 9psré)perties of NH{H:PO,,” Prog. in Theor. Phys., vol. 7,

(861) E Sawaguchi, H. Maniwa, and S. Hoshino, “Antiferroelectric
stgr;:cture of lead zirconate,” Phys. Rev., vol. 83, pp. 1078;
1951.

(862) E. Sawaguchi, G. Shirane, and Y. Takagi, “Phase transition in
lead zirconate,” Jour. Phys. Soc. (Japan), vol. 6, pp. 333; 1951.

(863) W. P. Mason and B. T. Matthias, “Piezoelectric dielectric, and
elastic properties of ND;D,PO,,” Phys. Rev., vol. 88, pp. 477-
479; November 1, 1952,

(864) G. Shirane and A. Takeda, “Transition energy and volume
change at three transitions in barium titanate,” Jour. Phys.
Soc. (Japan), vol. 7, pp. 1-4; January-February, 1952,

(865) G. Shirane, “Ferroelectricity and antiferroelectricity in ce-
ramic PbZrO, containing Ba or Sr,” Pkys. Rev., vol. 86, pp. 219-
227; April 15, 1952.

(866) J. R. Anderson, “Ferroelectric storage elements for digital
computors and switching systems,” Elec. Eng., vol. 71, pp.
916-922; October, 1952.

(867) E. A. Wood, W. J. Merz, and B. T. Matthias, “Polymorphism
of NDyDsPOs,” Phys. Rev., vol. 87, pp. 544; August 1, 1952,

(868) A. M. Vincent, “Dielectric amplifier fundamentals,” Electron-
ics, vol. 24, Pp. 84-88; December, 1951.

(869) L. A. Pipes, “A mathematical analysis of a dielectric ampli-
fier,” Jour. Appl. Phys., vol. 23, pp. 818-824; August, 1952,

(870) H. Urkowitz, “A ferroelectric amplifier,” Proc. I.R.E., vol.
40, pp. 232; February, 1952.
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Resonators

A new level of performance for thickness-shear
resonators of quartz has been attained in AT-cut plates
in disk form with spherical surfaces, fused mountings,
and scrupulous attention to surface finish, cleanliness
and hermetic sealing. These plate make primary,
standards of frequency in the 3- to 20-mc range. The
use of long bars of quartz in flexure as audio-frequency
standards has not been common because of the un-
availability and high cost of quartz in large size. The
straight bar now promises to be superseded by a nearly
complete ring of quartz undergoing the flexure in the
plane of the ring. For the same length of flexing strip
(now circumference of the ring), upon which the fre-
quency of resonance depends, the requirement as to
maximum over-all dimension of the original piece of
quartz rock is greatly reduced. Local internal heating of
quartz plates as a limiting factor in frequency constancy
for crystal-controlled oscillators, particularly if the
amplitude is large and is variable, is receiving study as is
also the distribution of the amplitude of vibration
throughout thickness-shear quartz resonators. A recent
theoretical analysis of the thickness-shear resonator has
been extended to include the secondary effects of the
piezoelectric properties on the stiffness and thus on the
frequencies of resonance. A method is demonstrated for
measuring the parameters of quartz resonators which is
particularly suited to the very high-resonance fre-
quencies. In the instrument which has been developed
for such measurements, in the Signal Corps Engineering
Laboratories, the deflections as crystal resonances are
passed through are compared with reference deflections
which are either caused by or modified by a standard
capacitance. Several studies have been underway in the
use of quartz as a mechanical filter. The elimination of
unwanted modes in filter crystals is the subject of one of
a half dozen papers (others not here listed) by Bech-
mann from his new location in the Radio Experimental
and Development Branch Laboratories, Dollis Hill, of
the British Post Office Engineering Department, these
appearing mostly in the British journals and dealing
largely with resonator problems.

(871) R. Bechmann, “Single response thickness-shear mode reson-
ators using circular bevelled plates,” Jour. Sci. Instr. (London),
vol. 29, pp. 73-76; March, 1952.

(872) V. E. Bottom (Colorado A. and M. Coll.), “Mounting Tech-
niques for Improved Heat Dissipation in Quartz Crystal Units,”
U. S. Army Signal Corps Contr. DA36-039-sc-5485, Quarterly
Progress Report No. 1; February 28-May 30, 1951.

(873) E. A. Gerber, “Quartz-crystal measurement at 10 to 180 mega-
cycles,” Proc. I.R.E., vol. 40, pp. 36-40; January, 1952,

(874) R. D. Mindlin, “Forced thickness-shear and flexural vibrations -

of piezoelectric crystal plates,” Jour. Appl. Phys., vol. 23, pp.
83-88; January, 1952,

(875) C. R. Mingins, et al. (Tufts Coll.), *An Investigation of the
Characteristics of Electromechanical Filters,” U. S. Army Sig-
nal Corps Contr. DA36-039-sc-5402, 3rd Quarterly Report;
August 1, 1952,

(876) E. J. Post, “A new crystal cut for quartz with zero tempera-
ture coefficient,” Appl. Sci. Res., vol. B1, pp. 420-428; 1950,
Abstract: Proc. I.R.E.,, vol. 40, pp. 889, Ab. 1641; July, 1952,

(877) E. ]J. Post, “Note on safe resonator current of piezoelectric
elements,” Proc. I.R.E., vol. 40, pp. 835; July, 1952,

(878) ]. E. Thwaites, “Quartz vibrators for audio frequencies,” Proc.
IEE (London), vol. 99, pt. IV; 1952,

(879) M. D. Waller, “Vibrations of free plates: line symmetry; cor-
responding modes,” Proc. Roy. Soc., vol. 211, pp. 265-276;
February 21, 1952.
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(880) A. W. Warner, “Hi’gh frequency crystal units for primary fre-
quency standards,” Proc. I.LR.E., vol. 40, pp. 1030-1033;
September, 1952,

Transducers

Great progress has been made in the formal analysis of
the piezoelectric transducer and there have been a
number of reports on design and performance charac-
teristics. New developments in recording instruments
for wave propagation and viscosity measurements give
promise of new measuring and testing techniques.

(881) M. Alixant, “Ultrasonic generators and their applications,”
Radio Tech. Dig. (France), vol. 5, pp. 271-278, 299-325; 1951.

(882) R. Barthel and A. W. Nolle, “A precise recording ultrasonic
interferometer and its applicaton to dispersion tests in liquids,”
Jour. Acous. Soc. Amer., vol. 24, pp. 8-15; January, 1952.

(883) F. E. Borgnis (Calif. Inst. of Tech.), “A general theory of the
acoustic interferometer for plane waves,” Contract Nonr-
220(02), Task No. NR384-404, Technical Report No. 3;
January 25, 1952. (Submitted by W. G. Cady, Project Direc-

tor).

(881) A. Skudrzyk, “The general theory of the acoustic transmitter
and receiver, its use to obtain the equivalent circuit diagrams
of a magnetostrictive oscillator and a quartz transducer,”
Nuovo Cim., vol. 7, pp. 416-434 (Suppl. No. 2, 1950), in Ger-
man. (Phys. Abstr., vol. 55, pp. 303, AB.2533; April, 1952.)

(885) Culloquium over Ultrasonore Trillingen (International Con-
ference on Ultrasonics—Brussels; June 7, 8, 9, 1951)—Kon.
VI. Acad. Weten. Let. Sch. Kunst. Belgie; 1951, (Jour. Acous.
Soc. Amer., vol. 24, pp. 553; September, 1952.)

Applications of Piezoelectric Devices

There have been a number of confirmed diagnoses of
cancerous tissue by ultrasonic ranging techniques using
a quartz element.

(886) J. M. Reid and J. J. Wild, “Ultrasonic ranging for cancer diag-
nosis,” Electronics, vol. 25, pp. 136-138; July, 1952,

Among many papers on experiment and measurement
in which the piezoelectric crystal is the key tool, the
following are listed as including some treatment of the
piezoelectric device as well as of the findings of the in-
vestigation. In one, the quartz crystal traces the force
continuously throughout the impact of the two metal
bodies. The comparison of observations with theory
sheds considerable light on the “flow-pressure” concept
of Vincent (1900). In a second paper, a barium titanate
transducer which is capable of large amplitude is used
to strike and/or to cause sliding of surface on surface in
the development of a technique for studying wear on
telephone switching apparatus. The large part in wear
which is played by sliding as compared with striking
is beautifully demonstrated. Another paper extends a
technique of measuring ultrasonic propagation con-
stants Lo the analysis of the contribution of their lengths
and of the different parts of the chains of molecules in
liquid and solid polymers to their viscoelastic properties.
In a fourth paper which uses pulse techniques to meas-
ure ultrasonic attenuation in steel in the S to 50 mc¢/sec
range, the importance of a buffer of water between
transducer and steel emerges along with the dependence
of attenuation upon the heat treatment (and grain size)
of the steel. In another paper, interferometric measure-
ments of the viscosity of carbon dioxide and of ethylene
at ultrasonic frequencies yield absorption coefficients
one thousand-fold larger than are yielded by classical
low-frequency or transpiration methods.
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(887) A. W. Crook, “A study of some impacts between metal bodies
by a piezo-electric method,” Proc. Roy. Soc. A, vol. 212, pp.
377-390; May 7, 1952,

(888) W. P. Mason and H. J. McSkimin, “Mechanical properties of
polymers at ultrasonic frequencies,” Bell Sys. Tech. Jour., vol.
31, pp. 122-171; January, 1952,

(889) W. P. Mason and S. D. White, “New techniques for measuring
forces and wear in telephone switching apparatus,” Bell Sys.
Tech. Jour., vol. 31, ;l)ap 469-503; May, 1952.

(890) H. D. Parbrook and E. G. Richardson, “Propagation of ultra-
sonic waves in vapours near the critical point,” Proc. Phys. Soc.
B, vol. 65, pp. 437-444; June, 1952,

(891) R. L. Roderick and R. Truell, “The measurement of ultra-
sonic attenuation in solids by the pulse technique and some
resulisgisrésteel," Jour. Appl. Phys., vol. 23, pp. 267-279; Febru-
ary, .

Quality Control

The application of statistical quality control ex-
panded in the electronics industry. The ever-increasing
need for greater reliability in both military and com-
mercial applications of electronics resulted in improved
techniques for assessing the quality of both com-
ponents and systems.

(892) F.Ennerson, R. Fleischman, and D. Rosenberg, “A production
experiment using attribute data,” Indus. Quality Control, vol.
VIII, p. 41; March, 1952.

(893) E. D. Goddess, “Rating new test methods,” Electronics, vol. 5,
ﬁ. 101; April, 1952.

(894) R. D. Guild, “Correlation of conventional and accelerated test
conditions for heater burnouts by the logarithmic normal dis-
{:;ibugc;g," Indus. Quality Control, vol. IX, pp. 27-30; Novem-

T, 5

(895) R. S. Hoff and R. C. Johnson, “A statistical approach to the
measurement of atmospheric noise,” Proc. I.R.E., vol. 40,
ﬁ. 185; February, 1952,

(896) R. McGhee, “Process control in a development laboratory,”
Proc. Middle Atlantic Regional Conference, American Society
for Quality Control, p. 85; March, 1952.

(897) H. G. Romig, “Quality control techniques for electronic com-
ponents,” Quality Control Conference Papers 1952, Sixth An-
nual Convention, American Society for Quality Control, Syra-
cuse, N. Y.; May 22-24, 1952,

(898) D. Rosenberg and F. Ennerson, “Production research in the
manufacture of hearing aid tubes,” Indus. Quality Control,
vol. VIII, p. 94; May, 1952,

(899) B. W. Squier, Jr., “Quality control of TV tubes,” Radio and
Telev. News, vol. 47, p. 49; February, 1952.

(899A) “Inspection Bulletin on Sampling Procedures,” R.T.M.A.
Eng. Bull. No. 42; 1952,

Antennas, Waveguides, and
Transmission Lines
Antenna Theory

Significant progress was made in advancing the
theory of cylindrical antennas by developing new pro-
cedures and methods for solving Hallen’s integral equa-
tion.

(900) A.Zinke, “A new solution for the current and voltage distribu-
tions on cylindrical, ellipsoidal, conical, or other rotationally
slyglrsnzmetrical antennas,” Frequenz, vol. 6, pp. 57-65; March,

(901) R. King, “An improved theory of the receiving antenna,”
Proc. I.R.E,, vol. 40, pp. 1113-1120; September, 1952.

(902) R. King, “An Alternative Method of Solving Hallen's Integral
Equation and Its Application to Antennas Near Resonance,”
Cruft Laboratory Technical Report No. 154; July, 1952.

(903) R. King, “Theory of electrically short transmitting and re-
ceiving antennas,” Jour. Appl. Phys., vol. 23, pp. 1174-1187;
October, 1952; Cruft Laboratory Technical Report No. 141;
March, 1952,

Coupled antennas were investigated extensively, both
theoretically and experimentally.
(904) L. Lewin, “Mutual impedance of wire aerials,” Wireless Eng.,
vol. 28, pp. 352-355; December, 1951.

(905) R. King, “Self- and mutual impedance of parallel identical an-
tennas,” Proc. [.R.E., vol. 40, pp. 981-988; August, 1952.
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(906) L.S. Palmer, “Radiation or diffraction patterns close to receiv-
ing antennas,” Jour. Appl. Phys., vol. 23, pp. 289-290; Febru-
ary, 1952.

(907) T. Morita and C. E. Faflick, “The measurement of current
distributions along coupled antennas and folded dipoles,”
Proc. I.R.E,, vol. 39, pp. 1561-1565; December, 1951.

Extensive theoretical and experimental work was
done on the problem of scattering from cylindrical an-
tennas. In particular, an important new experimental
method for measuring back-scattering was developed.
(908) C. T. Tai, “Electromagnetic back-scattering from cylindrical

wires,” Jour. Appl. Phys., vol. 23, pp. 909-915; August, 1952.

(909) S. H. Dike and D. D. King, “The absorption gain and back-
scattering cross section of the cylindrical antenna,” Proc.
I.R.E., vol. 40, pp. 853~-860; July, 1952.

(910) V. Twersky, “Multiple scattering of radiation by an arbitrary
planar configuration of parallel cylinders and by two parallel
cylinders,” Jour. Appl. Phys., vol. 23, pp. 407-414; April, 1952,

The problem of short electric and magnetic dipoles in
and near the earth was investigated.

(911) J. R. Wait, “Magnetic dipole antenna immersed in a conduct-
mgzmedium," Proc. I.R.E., vol. 40, pp. 1244-1245; October,
1952.

(912) R. F. Proctor, “Input impedance of horizontal dipole aerials

at low heights above the ground,” Proc. I.R.E. (Australia),
vol. 13, pp. 58-61; 1952,

Basic Antenna Types

Several papers appeared dealing with radiation pat-
terns of antennas of different types.

(913) J. E. Storer, “Radiation pattern of an antenna over a circular

%(;gnd screen,” Jour. Appl. Phys., vol. 23, pp. 588-593; May,

The radiation characteristics of helical antennas were

analyzed. A discussion of anomalous behavior of the

modes of propagation and an extensive bibliography are
included in the first paper.

(914) S. Sensiper, “Electromagnetic Wave Propagation on Helical
Conductors,” M.I.T. Laboratory for Electronics Report No.
194, Cambridge, Mass.; May, 1952.

(915) C. C. Haycock and J. S. Ajioka, “Radiation characteristics of
helical antennas of few turns,” Proc. [.R.E., vol. 40, pp. 989-
991; August, 1952.

The theory of the continuous-sheet model and the
thin helical wire was developed and compared with ex-
perimental results on delay lines and helical antennas.
(916) E. Roubine, “Etudes des Ondes Electromagnetiques Guidee

par les Circuits en Helice,” Annales des Telecommunications,
vol. 7, pp. 205-216; May, 1952; pp. 262-275; June, 1952; pp.
310-324; July-August, 1952,

A nonuniform dielectric transmission line made up of
rods alternating with disks of high dielectric constant
was used to radiate a broadside pattern.

(917) G. Mueller, “A broadside dielectric antenna,” Proc. I.R.E.,
vol. 40, pp. 71-75; January, 1952,

A comprehensive study of dielectric antennas in-
cludes radiation patterns for dielectric cylinders and
cones excited through holes in the broad face of a wave-
guide and for linear arrays of such elements. The theory
of modes for dielectric cylinders with or without a
central conductor was discussed together with the
coupling of these cylinders to a waveguide.

(918) M. Bouix, “Contribution a I'Etude des Antennes Dielec-
triques,” Ann. Telecomm., vol. 7, pp. 217-238; May, 1952; pp.

276-295; June, 1952, pp. 336-348; July-August, 1952, pp. 350-
363; September, 1952,
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Many advances in the applications of antennas, par-
ticularly for microwave frequencies, were made through
the use of improved techniques and increased under-
standing of the theory. The adaptation of antennas to
meet the specific requirements of high-speed aircraft and
guided missiles is significant.

A new type of microwave lens, where the artificial
dielectric is made of perforated metallic plates, was re-
ported.

(919) J. C. Simon, “Un Nouveau Type de Lentilles en Hyperfre-
q;;;cies," L'Onde Electrigue Ap., vol. 32, pp. 181-189; May,

1952,
Microwave antennas for shaped beams continued to
receive attention. Doubly curved reflectors, antenna-
pattern calculations, and antenna theory were discussed.

(920) A.S. Dunbar, “On the theory of antenna beam shaping,” Jour.
Appl. Phys., vol. 23, p. 847; August, 1952.
(921) R. ]. Stegen, “Slot radiators and arrays at x-band,” TRANS.
I.R.E., Prof. Gp. Ant. Prop. PGAP-2, p. 62; February, 1952.
Increased activity occurred in microwave scanning
antennas. Among the papers that appeared were dis-
cussions on optical theory for application to scanner de-
sign and the application of optical systenis to scanners.
(922) J. E. Eaton, “Zero phase-front in microwave optics,” TRANS
I.R.E,, Prof. Gp. Ant. Prop. PGAP-1, p. 38; February, 1952
Ferrites appear to have application to microwave
scanners.
(923) A. ]. Simmons and H. N. Chait, “Microwave antenna ferrite
applications,” Electronics, vol. 25, p. 156; June, 1952,
Considerable effort was devoted to the problem of
flush mounting uhf and vhf antennas in high-speed air-
craft.

(924) R. H.I]. Cary, “The slot aerial and its application to aircraft,”
Proc. IEE (London), vol. 29, pt. I11, pp. 187-196; July, 1952.

(925) J. V. N. Granger, “Design limitations on aircraft antenna sys-
tems,” Aero. Eng. Rev., pp. 82-88; May, 1952,

(926) R. H. ]J. Cary, “A survex of external and suppressed aircraft
aerials for use in the high-frequency band,” Proc. IEE (Lon-
don), vol. 29, pt. I11, pp. 197-213; July, 1952.

(927) R. G. Mirimanov, “The radiation resistance of a dipole near
an ellipsoid of revolution of good conductivity,” C. R. Acad.
Sei. (U.R.S.S.), vol. 80, no. 2, pp. 189-192; September 11,
1951,

Several new books on antenna theory and engineering
were published during the year.

(928) D. D. King, “Measurements at Centimeter Wavelength,” D.
Van Nostrand Co., Inc.,, New York, N. Y.

(929) E. A. Laport, “Radio Antenna Engineering,” McGraw-Hill
Book Co., Inc., New York, N. Y.

(930) S. S. Schelkunoff and H. T. Friis, “Antennas, Theory and
Practice,” John Wiley and Sons, New York, N. Y.

(931) S. S. Schelkunoff, “Advanced Antenna Theory,” John Wiley
and Sons, New York, N. Y.

Transmission Lines and Microwave Circuits

Low-loss microwave Faraday rotation was realized.
In this development, a ferrite material within a wave-
guide and in the presence of an unvarying magnetic field
accomplishes rotation of the plane of polarization. This
action has promise of wide application in that (1) it
provides a means of electric control of polarization
within a waveguide and (2) the rotation is not recipro-
cal. The nonreciprocal property makes possible the con-
struction of a gyrator, a one-way transmission system,
and the like. Theory and applications were described
and a related problem was discussed.
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(932) C. L. Hogan, “The ferromagnetic faraday effect at microwave
frequencies and its applications—the microwave gyrator,”
Bell Sys. Tech. Jour., vol. 31, pp. 1-31; January, 1952,

(933) C. H. Luhrs, “Correlation of the Faraday and Kerr magneto-
optical effects in transmission-line terms,” Proc. I.LR.E., vol.
40, pp. 76-78; Janualz, 1952,

(934) S. A. Schelkunoff, “Generalized telegraphist’s equations for
wavzeguides," Bell Sys. Tech. Jour., vol. 31, pp. 784-801; July,
1952.

Several groups announced advances concerning band-
width and directivity of directional couplers. The
Dolph-Tchebyscheff array distributions, as well as other
tapered coupling functions, were applied to directional-
coupler design with excellent results. Several papers also
described directional couplers providing very tight
coupling. In particular, a broad-band 3-db directional
coupler was mentioned having excellent characteristics
as a hybrid junction. Several novel circuit applications
of directional couplers were described. In one applica-
tion, impedances that are calculable from electromag-
netic theory are shown to be of interest, possibly for use

as standards.

Fig. 13—Microstrip balanced crystal mixer and 3-stage preamplifier
compared with the equivalent waveguide junction and conven-
tional amplifier, (Federal Telecommunication Laboratories).

(935) S. E. Miller and W. W. Mumford, “Multi-element directional
cggxz)lers," Proc. I.LR.E., vol. 40, pp. 1071-1078; September,
1952.

(936) H. J. Riblet, “Super directivity with directional coupler ar-
rays,” Proc. I.R.E., vol. 40, pp. 994-995; August, 1952,

(937) H. J. Riblet, “The short-slot hybrid junction,” Proc. I.R.E.,
vol. 40, pp. 180-184; February, 1952.

(938) W. C. Jakes, Jr., “Broad-band matching with a directional
coupler,” Proc. I.R.E., vol. 40, pp. 1216-1218; October, 1952,

(939) W. J. Van de Lindt, “Application of multi-hole coupling to the
design of a variable and calibrated waveguide attenuator and
ilrgg)zedance," Philips Res. Rep., vol. 7, pp. 28-35; February,

(940) L. L(-':win, “The impedance of unsymmetrical strips in rectangu-
lar waveguides,” Proc. IEE (London), vol. 99, pt. IV, pp. 168
176; July, 1952.

A few papers appeared improving the general knowl-
edge of aperture coupling and providing basic design
information. In particular, the applicability of Bethe's
aperture theory was extended.

(941) S. B. Cohn, “Microwave coupling by large apertures,” Proc.
I.R.E., vol. 40, pp. 696-699; June, 1952,

(942) S. B. Cohn, “The electric polarizability of apertures of arbi-
trary shape,” Proc. I.R.E., vol, 40, p. 1069; September, 1952.

(943) 1. Reingold, J. L. Carter, and K. Garoff, “Single- and multi-iris
resonant structures,” Proc. [.R.E., vol. 40, p. 861; July, 1952.
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Several basic theoretical papers on transmission lines,
transmission-line junctions, and laminated transmission
lines were published.

(944) M. Namiki and H. Takahashi, “Some variational principles for
problems in transmission lines,” Jour. Appl. Phys., vol. 23,
pp. 1056-1057; September, 1952.

(945) T. Teichmann, “Completeness relations for loss-free micro-
;vgasvze junctions,” Jour. Appl. Phys., vol. 23, pp. 701-710; July,

(946) S. P. Morgan, Jr., “Mathematical theory of laminated trans-
mission lines,” Bell Sys. Tech. Jour., vol. 31, pp. 883-949; Sep-
tember, 1952.

Problems encountered in the use of multimode trans-
mission lines were explained.

(947) A. P. King, “Dominant wave transmission characteristics of a
multimode round waveguide,” Proc. I.R.E., vol. 40, pp. 966~
969; August, 1952.
(948) W. Kummer, “Impedance measurement technique for two-
lingode guides,” Trans. I.R.E., PGAP-1, pp. 148-152; February,
52,

Two papers on filters or filter-like structures ap-

peared.

(949) E. T. Jaynes, “Concepts and measurement of impedance in
periodically loaded waveguides,” Jour. Appl. Phys., vol. 23,
pp. 1077-1084; October, 1952.

(950) H.]J. Riblet, “Synthesis of narrow-band direct-coupled filters,”
Proc. I.R.E., vol. 40, pp. 1219-1223; October, 1952.

Theoretical and experimental procedures for deter-
mining the electromagnetic field inside a resonant
cavity was proposed.

(951) 1. C. Maier, Jr.and J. C. Slater, “Field strength measurements
in resonant cavities,” Jour. Appl. Phys., vol. 23, pp. 68-77;
January, 1952.

(952) ‘]1 C. Simons and ]J. C. Slater, “Electromagnetic resonant be-

avior of a confocal spheroidal cavity system in the microwave
region,” Jour. Appl. Phys., vol. 23, pp. 29-30; January, 1952.

Novel waveguide circuits were introduced.

(953) R. H. Reed, “Modified magic tee phase-shifter,” TRraNs.
I.R.E., PGAP-1, pp. 126-134; February, 1952.

(954) A.].Simmons, “A broadband microwave quarter-wave plate,”
Trans. I.R.E., PGAP-1, pp. 123-125; February, 1952; Proc.
1.R.E., vol. 40, pp. 1089-1090; September, 1952.

A number of papers appeared on slotted-line measure-
ments.

(955) H. H. Meinke, “Circular measuring lines with visual indication
for frequencies from 108 to 3X10%,” Fernmeldetechnisch Zeit-
:chriﬂe?FTZ), vol. 5, pp. 583-584; September, 1952.

(956) F. Tischer, “Helical measuring line for microwaves,” Zeit.
Angew. Physik, vol. 4; September, 1952,

The problem of surface-wave transmission lines is in-
timately connected with that of the travelling-wave
antenna. Work was done on both, but only papers con-
cerned with the first are listed here.

(957) H. Kaden, “Fortschritte in der Theorie der Drahtwellen,”
Arch. elekt. Ubertragung, vol. S, pp. 399-414; 1951.

(958) R. Adler, “Waves on inhomogeneous cylindrical structures,”
Proc. I.R.E., vol. 40, pp. 339-348; March, 1952.

(959) R. B. Dyott, “The launching of electromagnetic waves on a
cylindrical conductor,” Proc. IEE (London), pt. III, vol. 99,
no. 62, pp. 408-413; November, 1952.

Wave Propagation
Tropospheric Propagation
Propagation Well Beyond the Horizon. Experimental
evidence continued to appear in the literature concern-
ing the weak but apparently reliable tropospheric fields

propagated several hundred miles beyond the horizon at
all vhf and microwave frequencies. Reports on tests on
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3,700 and 500 mc in northeastern United States in
1950-1951

(960) K. Bullington, “Radio transmission beyond the horizon in the
40-4000 mic band,” Proc. I.R.E. (in press).

summarize the median fields beyond the horizon
out to several hundreds of miles as being 50 to 90
db below free space but tens or hundreds of db greater
than predicted by conventional theory of propaga-
tion around a smooth earth under standard refraction
conditions. Antenna gains and beam widths seem to be
roughly maintained, in contrast to the original predic-
tions of the turbulent scattering theory under the as-
sumption of blob size small compared to antenna
aperture dimensions. The quality of a sound channel
transmitted on a 535-mc carrier was reported limited
only by noise level, rather than by multipath effects,
and the pulse broadening of 1.5-usec pulses was usually
less than a few tenths of a microsecond, indicating that
bandwidths of a few megacycles may be possible for this
type of propagation. These tests indicate that suffi-
ciently high power and antenna gains will make such
circuits reliable for point-to-point hops of several
hundred miles over difficult terrain.

Fig. 14—Weather echoes photographed on the RHI ’scope of an
AN/CPS-9 radar. The two perfect marks are 5 and 10 mile slant-
range marks; 10 and 20 thousand foot elevation lines are also
visible. All echoes in the first 3 miles are from ground targets.
The echoes near 20 thousand feet and above are from snow
clouds, those near 10 thousandfeetare snow showers swept several
miles horizontally by surface winds, and the weak horizontal echo
at 8 thousand feet is the melting level “bright band.” (M.1.T.)
The explanation of these reliable, though weak and

fading, tropospheric fields became the center of a
spirited and as yet unresolved controversy. The first
suggested explanation attributed the fields to scattering
by omnipresent blobs of atmospheric inhomogeneity in
the upper air high over the middle of the path, caused
by atmospheric turbulence. The alternative suggestion
attributes the fields to a partial internal reflection from
the normal atmosphere itself, which is a horizontally
stratified inhomogeneous medium under normal con-
ditions, because gravitational forces cause the index of
refraction to decrease monotonically with height in the
normal troposphere.
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(961) T.]. Carroll, “Normal tropospheric propagation deep into the
earth’s shadow: the present status of suggested explanations,”
Trans. LR.E., P.G.A.P,, vol. 3, pp. 6-11; August, 1952,

(962) ]. Feinstein, “The role of partial reflections in tropospheric
propagation beyond the horizon,” TraNs. I.R.E. P.G.A.P,,
vol. 2, pp. 2-8; March, 1952; vol. 3, pp. 101-111; August, 1952,

(963) T. J. Carroll, “Internal reflection in the troposphere and
propagation beyond the horizon,” Trans. I.R.E., P.G.A.P.,
vol. 2, pp. 9-27; March, 1952; vol. 3, pp. 84-100; August,
1952,

(964) J. F. Colwell and L. J. Anderson, “Concerning the radio field
due to internal reflections in the stratified troposphere,”
Trans. .R.E., P.G.A.P., vol. 3, pp. 117-125; August, 1952.

(965) M. Katzin, “Tropospheric propagation beyond the horizon,”
Trans. [.R.E,, P.G.A.P., vol. 3, pp. 112-116; August, 1952,

The ultimate decision may be largely determined by

direct measurement of the actual intensity, scale, and
height distribution of tropospheric turbulence at differ-
ent times and places. Fortunately, the recently de-
veloped microwave refractometer measures directly
and almost arbitrarily rapidly the index of refraction of
a gas such as moist air, and the instrument has not
been made airborne. Profiles of index of refraction ver-
sus height in the troposphere can now be directly meas-
ured, including fluctuations due to turbulence or other
motions of the atmosphere affecting the index of re-
fraction.

(966) C. M. Crain, “Directly recorded tropospheric refractive-index
fluctuations and profiles,” Trans. I.R.E., P.G.A.P., vol. 3, PP
79-83; August, 1952,

(967) G. Birnbaum, H. E. Bussey, and R. R. Larson, “The micro-

wave measurement of variations in atmospheric refractive in-
dex,” TraNs. .R.E., P.G.A.P,, vol. 3, pp. 74-78; August, 1952.

The first attempt to use such microwave refractom-
eter data to estimate how intensity of turbulence de-
creases with height was published.

(968) W. E. Gordon, “Statistical Fluctuations in the Atmosphere,”

Proc. 2nd Meeting Joint Commission on Radio-Meteorology,
URSI, Rue des Minimes 42, Brussels, pp. 74-77; 1951.

Microwave Fading over Optical Paths. Frequency-
selective fading, caused by the presence of one or more
paths that have slightly different lengths and hence
different relative phases of their signals on arrival at the
receiver, sets a limit to the usable bandwidth of a single
communication channel. For two typical microwave
overland paths in New Jersey, tropospheric path differ-
ences of the order of one to seven feet were measured
directly and correspond to time delays of a few milli-
microseconds. The methods employed involved both
sweeping a carrier over an 11-per cent frequency range
in the 4,000-mc region and the use of pulses only a few
millimicroseconds long. Such fine-grained investiga-
tions mark the advent of millimicrosecond time meas-
urements and the use of traveling-wave tubes in tropo-
spheric propagation measurements.

Momentary deep fades on optical overwater micro-
wave paths were observed for some years. Experimental
observations from New Zealand
(969) D. G. Kiely and W. R. Carter, “An experimental study of fad- -

ing in propagation at 3-cm wavelength over a sea path,” Jour.
IEE (London), vol. 99, pp. 53-60; March, 1952,
on a 39-mile microwave overwater link indicated that
the explanation must lie both in the motion of the lobe
interference pattern across the receiving antenna and
in some additional atmospheric mechanism (such as
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atmospheric turbulence perhaps) that makes direct and
sea-reflected signals almost exactly equal in magnitude
and their resultant very small when they arrive in phase
opposition at the receiving antenna.

(970) A. B. Crawford and W. C. Jakes, Jr., “Selective fading of
microwaves,” Bell Sys. Tech. Jour., vol. 31, pp. 68-90; January,
1952,

(971) O. E. DeLange, “Propagation studies at microwave frequen-
cies by means of very short pulses,” Bell Sys. Tech. Jour., vol.
31, pp. 91-103; January, 1952,

Velocity of Propagation. A new method of measure-
ment of the velocity of propagation of 1.25-cm waves
by a method analogous to the Michelson interferometer
in optics gave the vacuum value of 299,792.6+0.7
km. The value confirms the general tendency of recent
measurements to yield a value 13 to 20 km higher than
that commonly accepted a decade ago for this funda-
mental physical constant.

(972) K. D. Froome, “A new determination of the velocity of electro-
magnetic radiation by microwave interferometry,” Nature, vol.
169, pp. 107, 108; January, 1952,

Frequency-Spectrum Conservation. A report issued by
the IRE-RTMA Joint Technical Advisory Committee
contains summary chapters on propagation charac-
teristics 30-3000 Mc by C. R. Burrows, and 3-300 KMc
by G. C. Southworth.

(973) Joint Technical Advisory Committee, IRE-RTMA, “Radio
Spectrum Conservation,” McGraw Hill-Book Co., Inc., New
York, N. Y., pp. 91-125; 1952.

These chapters aim to survey in as simple a manner as
possible the broad features of propagation knowledge
that must influence wise choice of frequency bands in
the vast portion of the radio spectrum in which the
troposphere is the dominant influence.

Radio Meteorology. Since 1945 there have been several
active programs of research in radio meteorology, with
particular attention directed toward microwave scat-
tering by raindrops, snowflakes, and cloud particles,
Progress was made toward a better understanding of
the scattering processes that are of interest to those
wishing to eliminate weather echoes from radar scopes,
as well as to those who interpret weather echoes use-
fully, and that are of obvious importance to anyone
studying tropospheric propagation. Because most of
the important technical developments were described in
report form, not widely available, it seems best to men-
tion each major research project and describe its recent
accomplishments.

The Signal Corps Engineering Laboratories at Bel-
mar, New Jersey maintained a Weather Radar Section,
which has engineered several unusual equipments. First
was the CPS-9, a powerful X-band radar especially
designed for the Air Weather Service, and now in pro-
duction.

(974) E. L. Williams, “Progress Report on the AN/CPS-9 Radar
Program,” Proc. Third Radar Weather Conf., McGill Univ.,
Canada, pp. C21-24; September, 1952.

Second was a cloud base and top indicator, a power-
ful K-band set normally arranged to point vertically
and plot the range (i.e., altitude) of any clouds or cloud
layers passing overhead.
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(975) F. W. Fisher, W. B. Gould, and C. L. Greenslit, “Radar cloud
base and top indicator,” Proc. Third Radar Weather Conf.,
McGill Univ., Canada, pp. E1-8; September, 1952,

Due to the very small particle size of fair-weather
cumulus (less than 20 microns), some of these are not
detected; most other clouds leave clear records. This
type of radar also detects angels in the lower atmosphere
almost continuously, but these echoes are easily dis-
tinguished from clouds.

The Signal Corps has continuously sponsored since
1946 a research project in the Meteorology Department
at the Massachusetts Institute of Technology. This
project has concentrated on accurate measurement of
both the radar echo and meteorological paramenters of
precipitation. The objectives are to learn more about the
scattering process from different types of natural pre-
cipitation, as compared with idealized, uniform,
spherical particles, and also to advance the usefulness
of radar techniques in meteorological research an
weather observation. Very careful measurements in-
dicate that radar echoes at 10- and 3-cms wavelength
from rain are consistently 6 or 7 db lower than would be
anticipated from measured rain rates at the ground or
from liquid water contents measured aloft by aircraft.
(976) P. M. Austin and H. E. Foster, “Note on comparison of liquid

water content of air with radar reflectivity,” Jour. Met., vol. 7,
pp. 160-161; April, 1950,
(977) P. M. Austin, “Comparison of Average Signal Intensity with

Rainfall Rate,” Proc. Conf. on Water Resources, Bul. 41, Illi-
nois State Water Survey, pp. 227-233; October, 1951.

Both observation and theory have established that
the nature of the fluctuating character of weather echoes
can reveal information about the relative velocities of
raindrops, turbulence, and other motions within pre-
cipitation.

(978) A. Fleisher, “The Information Obtainable from Fluctuation

Measurements,” Proc. Third Radar Weather Conf., McGill
Univ., Canada, pp. G9~14; September, 1952,

Through regular use of radar and aircraft during
storms, much has been learned about the precipitation
forms, processes, and flight conditions occurring within
them as related to the radar information.

(979) P. M. Austin and A. C. Bemis, “A quantitative study of the
‘bright band’ in radar precipitation echoes,” Jour. Met., vol. 7,
pp. 145-151; April, 1950,

(980) H. E. Foster, “The Use of Radar in Weather Forecasting with
Particular Reference to Radar Set AN/CPS-9,” Tech. Rep.
No. 20, M.I.T. Weather Radar Research, Cambridge, Mass.;
September, 1952. ’

(981) R. M. Cunningham, “The Distribution and Growth of Hydro-

meteors around a Deep Cyclone,” Tech. Rep. No. 18, M.I.T.
Weather Radar Research, Cambridge, Mass.; May, 1952.

The Air Force Cambridge Research Center maintains
an active program in this field.” Especially developed
radar systems are used particularly for vertical probing
through cloud systems and precipitation. Much has been
learned about processes initiating precipitation, micro-
wave attenuation due to rain, scattering from cloud
particles, and scattering of polarized radiation from
nonspherical particles.

(982) D. Atlas and H. C. Banks, “The interpretation of microwave

reflections from rainfall,” Jour. Met., vol. 8, pp. 271-282; Octo-
ber, 1951.
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(983) V. G. Plank, D. Atlas, and W. H. Paulsen, “Preliminary Sur-
vey of Cloud and Precipitation Detection at 1.25 CM,” Proc.
Third Radar Weather Conf., McGill Univ., Canada, pp. B13-
20; September, 1952,

For three years the Air Force has sponsored some of
the research in precipitation physics carried on by the
Stormy Weather Group at McGill University, which in-
cludes extensive studies of the details of microwave
scattering from precipitation. Emphasis there was ap-
propriately placed on snow,

(984) J. S. Marshall and K. L. S. Gunn, “Measurement of snow
par;meters by radar,” Jour. Met., vol. 9, pp. 322-327; October,
1952.

and melting snow that creates the familiar horizontal

bright band on range-height indicators.

(985) M. Kerker, P. Langleben, and K. L. S. Gunn, “Scattering of
microwaves by a melting, spherical ice particle,” Jour. Met.,
vol. 8, p. 424; December, 1951.

The fluctuating character of weather echoes received
interesting statistical treatment indicating that even
though weather echoes are similar to noise they may be
detectable well below noise level by analysis of a num-
ber of return pulses.

(986) W. Hitschfeld, “Detectability of Threshold Echoes,” Proc.
Third Radar Weather Conf., McGill Univ., Canada, pp. G15-
18; September, 1952.

The University of Chicago, University of Illinois, and
Illinois State Water Survey co-operatively operated a
project particularly directed toward measuring rainfall
rates by radar. They demonstrated that a properly
calibrated radar can measure the rainfall rate over small
areas of an acre or two with satisfactory accuracy, or
total rainfall over a large area with better accuracy
than ordinary rain-gauge networks.

(987) F. A. Huff and G. E. Stout, “Area-depth studies for thunder-
storm rainfall in Nlinois,” Trans. Amer. Geophys. Union, vol.
33, pp. 495-498; August, 1952,

Their program is expanding.
Recent work in England and Australia,

(988) J. E. N. Hooper and A. A. Kippax, “The bright band—a
phenomenon associated with radar echoes from falling rain,”
uart. Jour. R. Met. Soc., pp. 125-132; April, 1950.
. G. Bowen, “Radar observations of rain and their relation to
mechanisms of rain formation,” Jour. Atmos. and Terr. Phys.,
vol. I, pp. 125-140; 1951,

(989)

and other groups in the United States, used radar
primarily as a meteorological tool for exploration of
precipitation processes. Its exceptional value in this
field is clearly demonstrated.

Radio Astronomy

Solar Radio Waves. Routine measurements of solar
radiations in the radio-frequency band are now being
made on approximately a dozen wavelengths at various
observing stations scattered throughout the world, and
both instruments and methods for conducting special
investigations have been improved.

Instances of the association of some of the abnormal
solar radio emissions with solar and geophysical phe-
nomena of other types (such as flares, sudden iono-
spheric disturbances, increases of the intensity of pri-
mary cosmic rays, and the like) continued to be reported
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despite the decline of sunspot activity throughout the

past five years. Solar outbursts of wavelength less than

1 cm were recorded for the first time during May

through September, 1951; four out of the five such

bursts detected by Hagen and Hepburn on a wave-

length of 8.5 mm occurred in association with flares.

(990) “American astronomers report,” Sky and Telescope, vol. 11,
pp- 169-171; May, 1952.

(991) R. E. Burgessand C. S. Fowler, “Solar activity and ionospheric
effects,” Wireless Eng., vol. 29, pp. 46-50; February, 1952.

(992) J. P. Hagen and N. HeEburn, “Solar outbursts at 8.5-mm.
wave-length,” Nature (London), vol. 170, pp. 244-245;
August 9, 1952.

(993) T. Hatanaka and F. Moriyama, “On some features of noise
storms,” Rep. Ionosphere Res. Japan, vol. 6, pp. 99-109; 1952,

(994) A. Maxwell, “Possible identification of a solar M-region with
a coronal region of intense radio emission,” Observatory, vol. 72,
pp. 22-26; February, 1952.

(995) J. A. Slmpson, W. Fonger, and L. Wilcox, “A solar component

of the primary cosmic radiation,” Phys. Rev., vol. 85, pp. 366—
368; January 15, 1952.

The annular and total solar eclipses of September 1,
1951 and February 25, 1952, respectively, provided
radio astronomers with excellent opportunities for de-
termining the distribution of radio emission as a func-
tion of position on the sun’s disk. The earlier eclipse
was observed on frequencies of 9,350 and 169 mc and
the later eclipse on frequencies of 550 and 255 mc by
French observers, and on frequencies of 35,000 and
approximately 3,000 mc by an expedition from the
United States. Observations outside the path of totality
of the 1952 eclipse were also made on 169 mc by ob-
servers in France and in French West Africa. The sun
was relatively “quiet” during both eclipses.

Two conclusions drawn from observation of the 1951
eclipse were 1) on 9,350 mc, the sun’s disk shows limb
brightening, and 2) the effective diameter of the sun’s
disk on 169 mc was approximately 1.4 times as great
as the optical diameter. Measurements made during the
1952 eclipse confirm that the sun’s disk as observed on
169 mc was very much larger than the optical disk, and
indicate further that it lacks radial symmetry and has
the shape of a considerably flattened ellipse whose major
axis coincides with the equatorial diameter.

(996) J.F. Denisse, E, J. Blum, and J. L. Steinberg, “Radio observa-
tions of the solar eclipses of September 1, 1951, and February
25, 1952,” Nature (London), vol. 170, pp. 191-192; August 2,
997) iz.szllaﬁineur, R. Michard, J. C. Pecker, M. d’Azambuja, A.
Dollfus, and I. Atanasijevi, “Observations combinées de
I'éclipse totale de soleil du 25 février 1952 & Khartoum (Sou-
dan) et de I'éclipse partielle au radio-télescope de I'Observa-

toire de Meudon,” Compt, Rend. (Paris), vol. 234, pp. 1528~
1530; April 7, 1952.

Interferometer techniques continued to be widely
used for locating on the solar disk the positions of
sources of solar radio emissions. An instrument built
at the Commonwealth Scientific and Industrial Re-
search Organization, Australia enabled both the posi-
tion and polarization of a source to be determined within
a time interval of less than a second. With this in-
strument, the positions of the sources of some thirty
noise storms were revealed and six of these studied in
detail. The intensity of such a storm appeared to be more
closely related to the size of the largest spot in the
group of sunspots with which the storm is associated
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than to the size of the group as a whole, and the sense
of the circular polarization of the radio emission ap-
peared to be dependent on the polarity of the magnetic
field of the associated spot. The rapid motions of the
sources of six solar outbursts were followed, and it was
found that in the early stages such sources usually tend
to move swiftly outward toward, and sometimes even
beyond, the solar limb.

(998) A. G. Little and R. Payne-Scott, “The position and move-
ment on the solar disk of sources of radiation at a frequency
of 97 mc/s. I. Equipment,” Aust. Jour. Sci. Res., ser. A, vol.
4, pp. 489-507; December, 1951.

R. Payne-Scott and A. G. Little, “The position and move-

ment on the solar disk of sources of radiation at a frequency of

97 mc/s. I1. Noise storms,” dust. Jour. Sci. Res., ser. A, vol.

4, pp. 508-525; December, 1951.

(1000) R. Payne-Scott and A. G. Little, “The position and move-
ment on the solar disk of sources of radiation at a frequency
of 97 mc/s. I11. Outbursts,” Aust. Jour. Sci. Res., ser. A, vol.
5, pp. 32-46; March, 1952,

(999)

The occultation of the radio star in Taurus by the
solar corona was observed at Cavendish Laboratory in
June, 1952, with an interferometer of large resolving
power. The corona was observed to affect the radiation
from the radio star even when the angular distance of
the radio star from the sun's center was as great as ten
times the sun’s optical radius.

(1001) K. E. Machin and F. G. Smith, “Occultation of a radio star
by the solar corona,” Nature (London), vol. 170, pp. 319-320;
August 23, 1952.

The line spectrum of atomic hydrogen was investi-
gated and found to include an absorption line, produced
by the 22S).—2%Py, fine-structure transition, which
may be observable in the solar spectrum at a frequency
of about 10,000 mc.

(1002) {. P. Wild, “The radio-frequency line spectrum of atomic
ydrogen and its applications in astronomy,” Astrophys.
Jour., vol. 115, pp. 206~-221; March, 1952,
Other recent theoretical studies of solar radio emis-
sions dealt primarily with the interpretation of these
radiations in terms of plasma oscillations.

(1003) J. F. Denisse and Y. Rocard, “Excitation d'oscillations élec-
troniques dans une onde de choc. Applications radioastro-
nomiques,” Jour. Phys. Rad.,vol. 12, pp. 893-899; December,
1951.

(1004) J. Feinstein, “Condition for radiation from a solar plasma,”
Phys. Rev., vol. 85, pp. 145-146; January 1, 1952.

(1005) R. Q. Twiss, “On Bailey's theory of amplifier circularly polar-
ized waves in an ionized medium,” Phys. Rev., vol. 84, pp.
448-457; November 1, 1951.

(1006) R. Q. Twiss, “Excess radio noise from solar flares and sun-
spots,” Nature (London), vol. 169, pp. 185-186; February 2,
1952.

Galactic Radio Waves. The list of frequencies of ob-
served galactic radio-frequency radiation were con-
siderably extended on the high-frequency side by the
successful measurement of such radiation on 255, 1,210,
and 3,000 mc per second. Contour lines giving the dis-
tribution of the 255-mc radiation over the sky were de-
duced. The first detailed measurements at a frequency
(18.3 mc) near the opposite end of the observable range
were also reported, and contour lines showing the dis-
tribution of equivalent temperature at this frequency in
a zone of the sky centered at declination —34° were
derived. The observed temperatures were found to be
much higher, and the ratio of maximum to minimum

much lower, at 18.3 mc than at 100 mc.
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(1007) 1. Atanasijevi¢, “Mesures du rayonnement de la Voie Lactée
sur 255 mc/s.,” Comét. Rend. (Paris), vol. 235, pp. 130-132;
July 16, 1952.

(1008) J. H. Piddington and H. C. Minnett, “Observations of
galactic radiation at frequencies of 1210 and 3000 mc/s.,”
Aust. Jour. Sci. Res., ser. A, vol. 4, pp. 459—475; December,

1951,
(1009) C. A. Shain, “Galactic radiation at 18.3 mc/s.,” Aust. Jour.
Sci. Res., ser. A, vol. 4, pp. 258-267; September, 1951.

Two Australian scientists published the first contours
showing the distribution on the sky of a galactic-line
emission in the radio spectrum. The emission line in
question, which occurs at 1,420 mc and results from a
hyperfine-structure transition of hydrogen, was found
in certain directions to consist of two components. If the
separation is an effect of galactic rotation, as seems
reasonable to assume, the measurement of the displace-
ments of the components will yield a determination of
the distances of the sources. A powerful method for the
investigation of the structure of the galaxy is therefore
suggested.

(1010) W. N. Christiansen and J. V. Hindman, “21 cm line radiation

from galactic hydrogen,” Observatory, vol. 72, pp. 149-151;
August, 1952.

A survey of the southern sky on a frequency of 101
mc revealed the presence of 77 discrete sources of radio
emission. Although the more intense of these sources
are concentrated toward the galactic equator, the
weaker ones tend to be randomly distributed. The num-
ber of known discrete sources now exceeds 100. At-
tempts to identify them as a group with a particular
type of astronomical object were unsuccessful, but
identifications of a number of individual sources were
made. Within the past year, for example, several ex-
ternal galaxies, two clusters of galaxies, and the rem-
nants of Tycho Brahe's supernova of 1,572 were all
identified as sources of radio-frequency radiation. At-
tempts to use an interferometer of high precision for the
measurement of parallaxes or proper motions of four of
the prominent radio stars yielded negative results.
(1011) R. H. Brown and C. Hazard, “Extra-galactic radio-frequency
radiation,” Phil. Mag., vol. 43, pp. 137-152; February, 1952.

(1012) R. H. Brown and C. Hazard, “Radio-frequency radiation
from Tycho Brahe's supernova (A.D. 1572),” Nature (Lon-
don), vol. 170, pp. 364-365; August 30, 1952.

(1013) B.Y. Mills, “The distribution of the discrete sources of cosmic
radio radiation,” Aust. Jour. Sci. Res., ser. A, vol. 5, pp. 266—
287; June, 1952.

(1014) F. G. Smith, “An attempt to measure the annual parallax or

proper motion of four radio stars,” Nature, vol. 168, pp. 962—-
963; December 1, 1951,

Among the discrete sources that were recently studied
in particular detail are the Andromeda Nebula, the
Cygnus radio star, and a diffuse source near the latter.
The 158.5-mc radiation from the Andromeda Nebula
was observed with a 218-foot paraboloidal antenna
whose beam width to half power is only 2° at this fre-
quency. The measured intensity of the radiation
agreed well with the intensity predicted on the assump-
tion that the Andromeda Nebula is similar to our
galaxy. A prominent discrete source with an angular
extent of around 10° was discovered in Cygnus, and
spectrum curves for this radio nebula and for the
Cygnus radio star were derived from observations on
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half a dozen frequencies in the range from 60 to 3,000

mc. The spectrum of the extended source differs from

both that of the radio star and that of the general
galactic radiation, and the source was tentatively
identified with the bright galactic nebulas surrounding

v Cygni.

(1015) R. H. Brown and C. Hazard, “Radio emission from the
Andromeda Nebula,” Mon. Not. R. Astr. Sec., vol. 111, pp.
357-367; 1951.

(1016) R. H. Brown and C. Hazard, “A radio survey of the Cygnus
region. I. The localized source Cygnus (1),” Mon. Not. R.
Astr. Soc., vol. 111, pp. 576-584; 1951,

(1017) J. H. Piddington and H. C. Minnett, “Radio-frequency
radiation from the constellation of Cygnus,” Aust. Jour. Sci.
Res., ser. A, vol. 5, pp. 17-31; March, 1952.

An analysis of the 100-mc galactic radiation indicated
that a single spheroidal source distribution cannot ac-
count for the observed intensities in the direction away
from the galactic plane.

(1018) J. G. Bolton and K. C. Westfold, “Galactic radiation at radio
frequencies. IV, The distribution of radio stars in the galaxy,”
Aust. Jour. Sci. Res., ser. A, vol. 4, pp. 476-488; December,
1951.

ITonospheric Propagation®

The ionosphere comprises all of the upper atmosphere
beyond about 60 km. It is perhaps this simple matter of
definition which makes its study so broad in scope and
which currently produces several hundred new papers
annually.

Radio wave propagation in the ionosphere is depend-
ent upon the physical state of the ionosphere at the
particular time and place. Thus the radio engineer must
inevitably become concerned with matters which are
more properly the concern of the scientist.

It is not an easy matter to describe progress in a
categorical and neatly classified way because of the
interdependeace of most of the subjects of investigation.
Neither is it possible in the space available here to treat
a comprehensive list of subjects. However, topics
selected from the agenda of Commission 3 (ionospheric
radio wave propagation), of the Tenth General As-
sembly of the International Scientific Radio Union
(URSI) held in Sydney, Australia, in August, 1952, will
serve to point out some of the most significant matters
under investigation by leading researchers.

A meeting was held at the National Bureau of Stand-
ards in Washington, D. C. in April, 1952, which was
jointly sponsored by URSI and the IRE Professional
Group on Antennas and Propagation. The papers pre-
sented at this meeting were abstracted in the PROCEED-
iNGs oF THE LLR.E. in June, 1952. The complete pro-
ceedings of the meeting, including some nonscheduled
papers, are available in the TRANSACTIONS OF THE
I.R.E., PGAP-3, in August, 1952, issued by the Pro-
fessional Group.

2 This account is an abridgement of the paper, M. G. Morgan,
“Progress in ionospheric research during 1952.

D.S.I.R. Abstracts refer to those prepared by the Department of
Scientific and Industrial Research in London and carried monthly in
Proc. I.R.E. L.

R.I.R.]J. Abstracts refer to those carried in Report of Tonospheric
Research in Japan (approximately quarterly; in English).
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A new edition (second) of S. K. Mitra’s book, *“The
Upper Atmosphere’’ (The Asiatic Society, 1 Park St.,
Calcutta), has been published this year. This book is
by far the most comprehensive treatment of the subject
available. The appearance of the second edition, only
five years after the first, is a manifestation of the speed
with which our knowledge of the upper atmosphere is
increasing.

Movements of the Ionosphere. It is now generally
recognized that there exist in the ionosphere, in addi-
tion to motions due to tides, motions due to pressure
gradients caused by temperature inequalities. In the F
region, large-scale movement is certainly profoundly
affected by additional forces arising from the motion of
the charged particles in the geomagnetic field. D. F.
Martyn pointed out at the URSI Assembly that, though
the tidal motions are mainly horizontal, the ions and
electrons are constrained. to move along the terrestrial
magnetic lines of force. This motion has, in general, a
vertical component except at the equator. This be-
havior explains many of the known anomalies of the F,
layer and the small but significant departures of the E
and F, regions from the ideal Chapman region. A
further consequence of these considerations is that the
usual methods of measuring the recombination co-
efficient from observations of the diurnal variation of
ionization need to be modified.

Martyn pointed out that a polarization field is de-
veloped by the motion of the charged particles across
the magnetic field (Hall effect) and that this also gives
rise to vertical drifts of ions and electrons.

(1019) O. Lindberg, “Hall effect,” Proc. I.R.E., vol. 40, pp. 1414~
1419; November, 1952.

There are, in addition, traveling disturbances of
smaller scale (the order of a few km) which can be ob-
served as the transit of some characteristic feature of
the ionization, such as a hump in the virtual-height
versus frequency curve, from one observatory to
another. There is the possibility that these may not
always represent actual transport of charged particles
although recombination rates would have to be very
high in some cases if they were not.

The speed and direction of the movements are ob-
served to have diurnal, seasonal, and height depend-
ences. Horizontal velocities are of the order of hundreds
of meters per second and vertical velocities of the order
of 5.

L. A. Manning has pointed out that “average wind
velocity,” to be significant, must include a definition of
the domain thickness and the nature of the turbulence.
R. Gallet has gone so far as to suggest that the con-
tinuing enigma of sporadic ionization in the E region
may be accounted for by turbulence wherein fluctua-
tions of atmospheric density produce electron concen-
tration without invoking additional ionization. (See the
discussion herein of “sporadic-E ionization” under the
section title Miscellaneous.)

The following selected references are about one-
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third of the number which have appeared in the past
year on this subject.

(1020) G.]. Phillips “Measurements of winds in_ the ionosphere,”
Jour. Atmos. Terr. Phys., vol. 2, pp. 141-154; 1952. D.S.[.R.
Abstract 1916.

(1021) R. E. Jones, G. H. Millman, and R. J. Nertney, “T'urbulence
in the lower ionosphere as deduced from increments in ab-
sorption and phase path at 150 kc/s,” Trans. L.R.E., PGAD-3,
p. 139; August, 1952. (Abstract.) Also abstracted in Proc.
I.R.E., vol. 40, p. 744 (paper no. 43); June, 1952,

(1022) A. Hewish, “The diffraction of galactic radio waves as a
method of investigating the irregular structure of the iono-
sphere,” Proc. Roy. Soc. 4, vol. 214, pp. 494-514, October,
1952. See also ibidem, vol. 209, pp. 81-96, October, 1951.
D.S.I.R. Abstract 1284.

(1023) J.S. Greenhow, “A radio echo method for the investigation of
atmospheric winds at altitudes of 80-100 km,” Jour. Atmos.
Terr. Phys., vo.. 2, pp. 282-291; 1952, D.S.I.R. Abstract 3083.

(1024) L. A. Manning, O. G. Villard, Jr., and A. M. Peterson,
“Double-Doppler study of meteoric echoes,” Jour. Geophys.
Res., vol. 57, pp. 387-404; September, 1952.

(1025) J. Feinstein, “On nature of the decay of a meteor trail,”
Proc. Phys. Soc. B, vol. 65, p. 741; September, 1952. (Cor-
respondence.)

Effective Conductivity of the Ionosphere. At the URSI
Assembly, W. G. Baker and D. F. Martyn presented
their paper with the above title. They pointed out that
the height-integrated conductivity of the ionosphere
need not be greater than about 5 to 10X10~* emu to
satisfy the rsquirements of the dynamo theory. The
best and most recent study of ionospheric conductivity
indicates a value no greater than about 4.5 X10~% emu.

(1026) D. R. Bates and H. S. W. Massey, “The negative ion con-
centration in the lower ionosphere,” Jour. Atmos. Terr. Phys.,
vol. 2, pp. 1-13; 1951. D.S.I.R. Abstract 983. See also tbidem,
pp. 253-254;1952. (Correspondence.) D.S.I.R. Abstract 2796.

The ionospheric conductivity thus appears to be
deficient by a factor of at least 12.

It was shown by Baker and Martyn that the iono-
sphere, considered as a thin sheet in which vertical
currents are prohibited by polarization, has height-
integrated Hall conductivity, at right angles to the
electric field, some 3 to 3.5 times greater than the direct
conductivity. Combining the direct conductivity and
the Hall conductivity suitably, they show that the
effective conductivity is 5X10~% as required by the
dynamo theory. Within a few degrees of the magnetic
equator, the Hall conductivity diminishes rapidly, but
the direct east-west conductivity increases rapidly. This
results in an effective conductivity, in a narrow strip
at the equator, about 2.4 times that over the rest of the
earth, thus explaining the equatorial enhancement of
the daily magnetic variation. Since the current is nearly
at right angles to the electric field over most of the
earth, but parallel to it at the magnetic equator, the
electric field must undergo a rapid phase shift of nearly
#/2 within a few degrees of the equator. In this region
the current will be centered at 100 km £10 km, but in
higher latitudes should be mainly between 120-150 km.

Essentially the same observations have apparently
been made by M. Hirono.

(1027) M. Hirano, “On the influence of the Hall current to the elec-
trical conductivity of the ionosphere,” Rep. Ionospheric Res.
(Japan), vol. 6, pp. 44-45. Also, under the same title, pt. I,
Jour. Geomag. Geoele. (Japan), vol. 2, p. 1; 1950. R.I.LR.J.
Abstract no. I-1. pt. 11, tbidem, vol. 2, p. 113; 1950. R.I.R.].
Abstract no. I-2,
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J. A. Ratcliffe has shown that many of the anomalies
of F-layer critical frequencies vanish when one con-
siders instead the height-integral of clectron density.
He and J. M. Kelso have prescnted different, rapid
means of obtaining the true height distribution of elec-
tron density from virtual height versus frequency
records.

(1028) J. A. Ratcliffe, “Some regularities in the F2-region of the
ionosphere,” Jour. Geophys. Res., vol. 56, pp. 487-507; De-
cember, 1951. D.S.1.R. Abstracts 1294. Also, A quick meth-
od for analyzing ionospheric records,” sbidem, pp. 463-485.
D.S.1.R. Abstract 1292.

(1029) J. M. Kelso, “A procedure for the determination of the verti-
cal distribution of the electron density in the ionosphere,”
Jour. Geophys. Res., vol. 57, pp. 357-368; September, 1952.

Ionospheric Storm Phenomena. . F. Martyn has
analyzed ten years of hourly F,-region virtual height
and critical frequency records taken from selected
latitudes. He has found that diurnal disturbance varia-
tions of these quantities exist which closely parallel
those of the magnetic field. A correspondence is also
found on a “storm-time” scale. Previous theories of
these F,-region disturbances attribute them to bombard-
ment of the region by particles from the sun. Martyn
finds such theories invalid and proposes that they are
due, like tidal variations, to electric fields in the iono-
sphere. The ficlds, he believes, are created by the in-
tense current systems in the auroral zones, and are
spread over the earth according to Laplace’s theorem.
Over most of the carth, the drift is such as to raise the
average height of the Fe-region, and to spread out its
ionization, thus reducing the critical frequency on the
average. Near the equator, however, the drift due to
the electric ficld of the magnetic disturbance counter-
acts that due to the normal “quiet-day” field (refer to
preceding discussion on Hall conductivity) and leads
on the average to increased critical frequency since it
counteracts the normal spreading out of the ionization
in the vertical direction. In the early morning, the effect
of storms is enormous, since it prevents the Fj-region
from falling into the recombination “sink” at about 200
km, and this is generally noted in critical frequency
data as the onset of the storm. The Hall conductivity
is invoked to account for some six hours phase difference
between the phase of the solar diurnal magnetic varia-
tion (Sp) at the equator and in the auroral zone. The
onset is simultaneous over the world, but is most notice-
able at locations where the local time of magnetic storm
commencement occurs at the time of steepest slope of
the Sp curve.

The effect of a storm lasts about three days, since
this is the time necessary for the Fy-region to settle to
“steady-state” variation under the “quiet-day” tidal
influence. The early behavior of the critical frequency in
“storm-time” depends markedly on the local time of
occurrence of the sudden commencement. If the mag-
netic storm commences at a local time when the Sp
versus critical-frequency curve is near its maximum
positive value, the critical frequency is immediately
depressed. If the storm commences at a time when the
critical frequency is increasing, the critical frequency is
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raised. There is no evidence of a time progression of
disturbance from the polar zones; disturbance in the
Fy-region is simultaneous throughout the world. How-
ever, the local time effect described may give rise to
false impressions of such a progression owing to the
time phase change with latitude, ascribed to the Hall
conductivity, of the onset. Storms commencing near
sunset exhibit only a negative phase (depressed critical
frequency) whereas those commencing near sunrise
exhibit first a positive phase (enhanced critical fre-
quency) and then a negative phase in a day or so. In
general, storms cause a tendency towards summer con-
ditions and amplified tidal oscillations.

This model of ionospheric storms was presented by
Martyn at the URSI Assembly in Australia and repre-
sents the progress in his thinking since the presentation
of his theory of magnetic storms and auroras at the
URSI Assembly in Zurich in 1950 and reported last
year in these pages.

(1030) D.F. Martyn, “The theory of magnetic storms and auroras,”
Nature, vol. 167, p. 92; January, 1951. See also the note,

T. Nagata, “On the position of the auroral zone,” Rep. Iono-
spheric Res. (Japan), vol. 6, pp. 159-161; September, 1952,

Although not yet assured of survival, Martyn’s
thoughts on magnetic storms, auroras, and ionospheric
storms are some of the best ideas available today.

J. H. Meek has analyzed data from Canadian and
other high latitude stations and found that disturbances
appear first in one part of the auroral zone and then
move around the earth with the sun for several days.
Maximum depressions (of F; critical frequency) occur
in the southern part of the auroral zone at 60 to 65° N
geomagnetic latitude. Absorption is very high in the
auroral zone and extends southward in a manner similar
to the geographical distribution of critical frequency
depression. Blackouts usually come during the morning
hours, but in severe disturbances may be effective con-
tinuously for several days. Few occur during winter.
(1031) J. H. Meek, “Ionospheric disturbances in Canada,” Jour.

Geophys. Res., vol. 57, pp. 177-190; June, 1952, D.S.I.R.
Abstract 2805.

R. Lindquist has studied polar blackouts in Sweden
and finds strong correlation with magnetic measure-
ments, the aurora, and a type of sporadic-E designated
N,. Lindquist finds a tendency for blackouts to reappear
at the same time for two or more days.

(1032) R. Lindquist, “Polar blackouts recorded at the Kiruna ob-

servatory,” Acta. Polyt. (Stockholm), no. 85, 25 pp.; 1951.
D.S.I.R. Abstract 783.

The Japanese have been particularly active in the
matter of investigating ionospheric storm phenomena.
It is not considered necessary to review their work in
detail here because of the agreement for the most part
with the preceding account. However, the reader who
is interested in delving further into this subject will
want to review the Japanese literature, including their
documents which were transmitted in considerable
number to the URSI Assembly in Australia.
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The ionospheric prediction services of a number of
countries are issuing routine storm warnings with in-
creasing success. The warnings are based upon the ob-
servations of co-operating solar observatories. The prob-
lem of learning what solar events produce geomagnetic
and ionospheric storms is one of the challenging fron-
tiers of solar physics.

Radio Propagation by Scattering. An account of the
propagation of vhf signals by scattering from the regular
ionosphere, as described in these pages last year, has
been published by the authors of that work.

(1033) D. K. Bailey, R. Bateman, L. V. Berkner, H. G. Booker,
G. F. Montgomery, E. M. Purcell, W. W. Salisbury, and
J. B. Wiesner, “A new kind of radio propagation at very high
frequencies observable over long distances,” Phys. Rev., vol.
86, pp. 141-145; April 15, 1952.

J. C. W. Scott stated at the URSI Assembly that
steady backscatter is obtained from the ionosphere at
Saskatoon from 100-km height at 50 mc and 400-km
range. It is not seen at 100 mc. Investigators at Cornell
University are now completing instrumentation in-
tended to detect vertical backscatter of vhi.

Long-distance backscatter of hf has received a great
impetus now that it is realized that detectable signals
can be obtained with low power (hundreds of watts) by
using pulses of the order of milliseconds. The usefulness
of such experiments is also greatly enhanced by the
discovery that the backscatter is almost entirely from
the ground, via the ionosphere, and not from the iono-
sphere itself. It is a surprising fact that there is neg-
ligible difference in the effectiveness of ground and water
as scattering regions. There appears to be every likeli-
hood that this technique will greatly augment vertical
incidence measurements in oblique path-propagation
evaluation.

(1034) W. G. Abel and L. C. Edwards, “The source of long distance
backscatter,” Proc. I.R.E., vol. 39, pp. 1538-1541; Decem-
ber, 1951, D.S.I.R. Abstract 1082.

(1035) J. T. deBettencourt, “Instantaneous prediction of ionospheric
transmission circuits by the communication zone indicator
(C(;ZI),” Trans. LR.E., PGAP-3, pp. 202-209; August,
1952,

(1036) O. G. Villard, Jr. and A. M. Peterson, “Scatter-sounding: A
technique for study of the ionosphere at a distance,” TRANS.
I.R.E., PGAP-3, pp. 186~201; August, 1952. Abstracted in
Proc. I.R.E., vol. 40, p. 746 (paper no. 57); June, 1952. Also,
“Instantaneous prediction of radio transmission paths,”
QST, vol. 36, pp. 11-19; March, 1952, Also, “Scatter-sound-

ing: A new technique in ionospheric research,” Science, vol.
116, pp. 221-224; August 29, 1952.

The aurora will reflect vhf radio signals. Its irregular
and changing nature constitutes a somewhat unusual
scattering medium. The quality of radio signals re-
flected from the aurora is poor, and K. L. Bowles has
found the power-spectrum of the fading to have fre-
quency components of roughly equal strength from zero
to a cut-off frequency of 100 to 200 c.

(1037) R. K. Moore, “Theory of radio scattering from the aurora,”
Trans. L.LR.E., PGAP-3, pp. 217-229; August, 1952. Ab-
stracted in Proc. I.R.E., vol. 40, p. 747 (paper no. 65); June,
1952,

(1038) K. Bowles, “The fading rate of ionospheric reflections from
the aurora borealis at 50 mc/s,” Jour. Geophys. Res., vol. 57,
pp. 191-196; June, 1952, D.S.I.R. Abstract 2876.
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LF and VLF Ionospheric Propagation. There has been
further reporting on the extensive oblique path pro-
gram of investigation on these frequencies at the
Cavendish Laboratory at Cambridge University.

In passing from the range 90-200 km, to 535 km, at
16 ke, the following facts are noted:

1. At short distances the reflection coefficient is
about 0.15 by day and 0.50 at night in summer; the
corresponding values at 535 km are 0.3 and 0.55.

2. At distances from 90 to 535 km the waves are re-
flected from an apparent height of about 74 km at mid-
day and about 92 km at night. The way in which the
height varies with the inclination of the sun’s rays is
markedly different for the two paths.

3. At 535 km, sid produces a lower reflection height
but little change in amplitude of the downcoming wave.
During and after severe magnetic storms the diurnal
variation of the signal amplitude is abnormal, the ab-
normality persisting for as long as 38 days.

At 70-128 ke, significant changes are also noted in
passing to longer distances. Information is available at
100 km and from 350-950 km and the following facts
are noted:

1. At 100 km the absorption shows marked solar con-
trol, increasing about one hour before ground sunrise.
At greater distances, the reflection coefficient is found
to increase steadily with distance. At midday in summer
on 70 kc it is found to be 0.02 at 300 km and 0.09 at 800
km. It is found to be less on higher frequencies, and in
winter the values are roughly doubled.

2. At 100-km range, the apparent height of reflection
on a summer day is about 70 km. It increases, on the
average, 7-8 km from day to night. The change com-
mences at about ground sunrise rather than an hour
before as with absorption. Results at 350-km range were
nearly identical, but at 850-950-km range it was found
that both the absorption and apparent height change
about one hour before ground sunrise at the midpoint
of the path. The daytime apparent height of reflection
is 70 km as for the shorter ranges, but the increase at
night is of the order of 20 km.

3. At 100 km, the effect of sid is to reduce the ampli-
tude of the sky wave by a factor of about 0.01 and to
decrease the apparent height by as much as 10 km. At
850-950 km, sid causes the amplitude of the sky wave to
increase by as much as five times and sometimes to
reach its nighttime value.

(1039) R. N. Bracewell, “The ionospheric propagation of radio waves
of frequency 16 kc/s over distances of about 200 km,” Proc.
IEE ?London). vol. 99, pt. 1V, pp. 217-228; July, 1952.
D.S.I.R. Abstract 2870.

(1040) W. C. Bain, R. N. Bracewell, T. W. Straker, and C. H. West-
cott, “The ionospheric propagation of radio waves of fre-
quency 16 kc/s over distances of about 540 km,” Proc. IEE
(L.ondon), vol. 99, pt. IV, pp. 250-259; July, 1952. D.S.I.R.
Abstracts 2871.

(1041) K. Weekesand R. D. Stuart, “The ionospheric propagation of
radio waves with frequencies near 100 kc/s over short dis-
tances,” Proc. IEE (London), vol. 99, pt. 1V, pp. 29-37;
April, 1952. D.S.I.R. Abstract 3533.

(1042) K. Weekesand R. D. Stuart, “The ionospheric propagation of
radio waves with frequencies near 100 kc/s over distances up

to 1000 km,” Proc. IEE (London), vol. 99, pt. IV, pp. 38—46;
April, 1952, D.S.I.R. Abstract 3534.
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The construction of a sweep-frequency recorder
covering the range 50-1,000 kc has been described and
sample records taken. Results so far have been good
throughout most of the frequency range at night, but
daytime records are not complete, especially in the
summer months.

(1043) J. C. Blair, J. N. Brown, and J. M. Watts, “A sweep fre-
quency ionosphere recorder for the low frequencies,” TRANS.
I.R.E., PGAP-3, p. 185; August, 1952. (Abstract.) Also ab-

stracted in Proc. I.R.E., vol. 40, pp. 745-746 (paper no. 56);
June, 1952,

J. A. Pierce has completed what will surely be a most
valuable document for the radio-propagation engineer.
The chapter titles are perhaps the most effective way
of conveying the nature of this report. They are: (1) the
unabsorbed intensity of a single sky-wave component;
(2) the unabsorbed intensity of all possible sky-wave
components; (3) transmission losses; (4) observations
of low-frequency field strength in 1951; and (5) noise,
signal-to-noise ratio, and required power.

(1044) J. A. Pierce, “Sky-Wave Field Intensity: (I) Low and Very

Low Radio Frequencies,” Tech. Rpt. No. 158, Cruft Labora-
tory, Harvard University, Cambridge, Mass.; September 1,
952.

Miscellaneous. It will be expedient to discuss a num-
ber of remaining matters under this title.

The nature and cause of the “sporadic-E” effect still
go largely unanswered. As mentioned under Movements
of the Ionosphere, R. Gallet has made the interesting
suggestion that it can be accounted for entirely by
turbulence and not through the agency of additional
ionization.

(1045) R. Gallet, “The nature of the sporadic-E layer and turbulence
in the upper atmosphere,” Compt. Rend. Acad. Sci. (Paris),

vol. 233, pp. 1649-1650; December 19, 1951. D.S.I.R. Ab-
stract 1912,

Two authors have published attempted correlations
with the aurora, but the correlations are not strong and
the two papers are somewhat contradictory. (However,
Lindquist finds correlation of polar blackouts with
aurora and a certain type of sporadic-E. Thus a correla-
tion of this type of sporadic-E with aurora may be in-
ferred. See section on Ionospheric Storm Phenomena.)
A correlation of the motion of sporadic-E clouds with
geomagnetic variations has also been discussed. It has
been pointed out that the new hf backscatter technique
provides an excellent method of tracking sporadic-E
clouds. (See discussion herein under section title Radio
Propagation by Scattering.) K. Rawer and others have
published papers on high-frequency absorption. Meas-
urements on different frequencies reveal an important
contribution to selective absorption occurring in the
E-layer which can be calculated by assuming a para-
bolic distribution of electron density and an exponential
variation of collisional frequency. A graphical method is
described which gives the separate contributions of the
E- and D-layers. The values of D-layer absorption are
lower than those obtained by the usual method in which
E-layer absorption is neglected. The E-layer contribu-
tion is fairly constant. It is concluded that the E-layer
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collisional frequency is certainly less than 10%/s, a value
in agreement with recent temperature and pressure
data at 125 km. In another paper, collisional frequencies
were deduced in the conventional way using the ob-
served diminution of multiple echoes. For the F-layer,
measurements were made at four frequencies at night
for about six months. For the E-layer, measurements
were made at five frequencies at midday for two years.
Values of 2X10%?/s and 6-7 X10%/s were obtained for
the collisional {requencies at the middle of the F- and
E-regions, respectively.

(1046) K. Bibl and K. Rawer, “The contributions of the D- and E-
regions in measurements of ionospheric absorption,” J.
Atmos. Terr. Phys., vol. 2, pp. 51-65; 1951. (In French.)
D.S.I.R. Abstract 985.

(1047) K. Rawer, K. Bibl, and E. Argence, “Determination of the
number of collisions in the ionosphere E- and F-regions,”
Compt. Rend. Acad. Sci. (Paris), vol. 233, pp. 667-669; Sep-
tember 17, 1951. D.S.I.R. Abstract 987.

H. \W. Wells reported F-region effects of the solar
cclipse observed at sunrise on September 1, 1951 with
three high-speed recorders on an east-west line 12 min-
utes apart in local time. He concludes that from the
moment when two-thirds of the sun was covered,
through the maximum phase (94 per cent), and until
one-third of the sun was uncovered, no ionization was
produced.

(1048) H. W. Wells, “lonospheric effects of solar eclipse at sunrise,
September 1951,” Jour. Geophys. Res., vol. 57, pp. 291-304;
June, 1952. D.S.I.R. Abstract 2800. See also: “F-region ef-
fects of solar eclipse at sunrise, 1 September 1951,” ‘T'rRANS.
I.R.E., PGAP-3, p. 210; August, 1952. (Abstract.) Also ab-
s;tr;ié:ted in Proc. I.R.E., vol. 40, p. 746 (paper no. 38); June,

952.

Oblique path pulses experiments have been described.
Several of these are now on a sweep-frequency basis. So
far, no particularly unexpected results have been re-
ported. The importance of the “high ray” is apparent.

(1049) W. Dieminger, “Echo sounding of the ionosphere at oblique
incidence,” Z. Angew. Phys., vol. 3, pp. 90-96; March/April,
1951. D.S.I.R. Abstract 674.

M. Mayumida, C. Ouchi, and T. Yoshida, “Sweep frequency
pulse test of oblique incidence,” Proc. Semi-Annual Meet.
Central Radio Wave Obs. (Japan), no. 2, p. 128; 1951, R.I.R.]J.
Abstract no. R-9,

R. Silberstein, “Interpretation of high-frequency cw field-
intensity records with the aid of simultaneous pulse data,”
Proc. I.R.E., vol. 40, pp. 974-976; August, 1952. D.S.I.R.
Abstract 3219.

P. G. Sulzer and E. E. Ferguson, “Sweep-frequency oblique-
incidence ionosphere measurements over a 1150 km path,”
Proc. I.R.E. (Correspondence), vol. 40, p. 1124; September,
1952. D.S.I.R. Abstract 3530.

(1050)

(1051)

(1052)

The suppression of magneto-ionic rays by transmitter
polarization control has been investigated further and
attenuations of as much as 50 db obtained. The statisti-
cal nature of the fading of a single magneto-ionic com-
ponent at oblique incidence has been investigated and
found to be log-normal in character.

(1053) M. G. Morgan, “Polarization control and measurement in
ionosphere vertical incidence echo ranging,” Trans. I.R.E.,
PGAP-3, pp. 33-41; August, 1952. Abstract in Proc.
I.R.E,, vol. 40, p. 740 (paper no. 14); June, 1952,

H. P. Hutchinson, “Short period sky-wave fading of cw

emissions,” Traxs. [.LR.E., PGAP-3, pp. 12-18; August, 1952.
Abstracted in Proc. I.R.E,, vol. 40, p. 739 (paper no. 11);

(1054)
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June, 1952. Also presented at I.R.E. Western Electronic
Show and Convention, Long Beach, California; August 26-29,
1952,
An outline of the effects of all the layers in calculating
received hf field strength, going somewhat beyond
present methods, has been presented.

(1055) K. Rawer, “A calculation method for sky-wave field
strength,” Proc. I.R.E., vol. 40, p. 973; August, 1952, (Ab-
stract.) The full paper has been published as “Calculation of
sky-wave field strength,” Wireless Engr., vol. 29, pp. 287-301;
November, 1952. D.S.I.R. Abstract 199.

J. C. W. Scott has presented much neceded informa-
tion on solar control of the E- and F;-layers at high
latitudes. He finds that, whereas both follow the Chap-
man law, the sensitivity of the E-layer to solar angle is
very small in the auroral zone. It recovers north of the
zone. The Fi-layer is found to have rather low sensitivity
at all latitudes.

(1056) J. C. W.Scott, “The solar control of the E- and F1-layers at
igh latitudes,” Jour. Geophys. Res., vol. 57, pp. 369-386;
September, 1952. .

. C. M. Minnis has discussed the longitude effect found
in Fp-region parameters and suggests that prediction
services use a set of hourly charts each of which would
show the distribution at a fixed value of zero meridian
time.

(1057) C. M. Minnis, “The graphical representation of the longitude
effect in F2-region,” J. Atmos. Terr. Phys., vol. 2, pp. 261-
265; 1952, D.S.I.R. Abstract 3081.

Conclusion. The references in the foregoing account
represent about 15 per cent of those which have ap-
peared on ionospheric matters in the literature of the
free world in the past twelve months, not to mention
approximately one hundred Commission 3 documents
transmitted to the URSI Assembly in Australia. Mitra’s
book, whose text is of great value, is of at least equal
value as a key to the great mass of accumulated
periodical literature.

Designers and operators of communication circuits
utilizing ionospherically propagated signals will find the
new book “Radio Spectrum Conservation” (McGraw-
Hill Book Co., Inc., New York, N. Y.) of very con-
siderable value. This book, published in May, 1952 was
prepared by the Joint Technical Advisory Committce
under the sponsorship of IRE and RTMA. Nearly half
of it consists of Chapter 2, entitled “Propagation
Characteristics of the Radio Spectrum.” It was prepared
as follows: Sec. 1, General, J. H. Dellinger; Sec. 2,
10-200 kc/s, (Mrs.) M. L. Phillips; Sec. 3, 0.2-2 mc/s,
V. S. Duttera; Sec. 4, 2-30 mc/s, T. N. Gautier; Sec. 5,
30-3000 mc/s, C. R. Burrows; and Sec. 6, 3-300 kmc/s,
G. C. Southworth.
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CORRECTION

Olof Lindberg, author of the paper, “Hall Effect,”
which appeared in the November, 1952 issue of the
ProCEEDINGs OF THE I.R.E., has brought the following
error to the attention of the editors:

On page 1419, column 1, the second equation follow-
ing the first paragraph should read,

V=B sin wal,

and not

Vu = B sin wsl.
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1. INTRODUCTION

1.1 General Description

Noise is a limiting factor in any system which stores
information because it limits the signal-to-noise ratio
and hence the total quantity of stored data. This ap-
plies in the field of sound recording and reproducing, as
well as in any information storage system.

W. W. Wetzel
R. E. Zenner

1.2 Definitions
1.2.1 Noise

As applied to a sound recording and reproducing sys-
tem, any output power which tends to interfere with the
utilization of the applied signals except for output sig-
nals which consist of harmonics and subharmonics of the
input signals, intermodulation products, and flutter or
wow,

* Reprints of this Standard, 53 IRE 19 S1, may be purchased while available from The Institute of Radio Engineers, 1 East 79
Street, New York 21, N. Y., at $0.50 per copy. A 20 per cent discount will be allowed for 100 or more copies mailed to one address,
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1.2.2 Spectral-Noise Density

The limit of the ratio of the noise output within a
specified frequency interval to the frequency interval,
as that interval approaches zero.

Note—This is approximately the total noise within a
narrow frequency band divided by that bandwidth in
cycles per second.

1.2.3 System Noise

The noise output which arises within or is generated
by the system or any of its components, including the
medium.

1.2.4 Equipment Noise

That noise output which is contributed by the ele-
ments of the equipment during recording and reproduc-
ing, excluding the recording medium, when the equip-
ment is in normal operation. Equipment noise usually
comprises hum, rumble, tube noise, and component
noise

1.2.5 The Zero- Modulation State of a Recording Medium

The state of complete preparation for playback in a
particular system except for omission of the recording
signal.

Note 1—Magnetic recording media are considered to
be in the zero-modulation state when they have been
subjected to the normal erase, bias and duplication
printing fields characteristic of the particular system
with no recording signal applied.

Note 2—Mechanical recording media are considered
to be in the zero-modulation state when they have been
recorded upon and processed in the customary specified
manner to form the groove with no recording signal ap-
plied.

Note 3—Optical recording media are considered to be
in the zero-modulation state when all normal processes
of recording and processing, including duplication, have
been performed in the customary specified manner, but
with no modulation input to the light modulator.

1.2.6 Medium Noise

That noise which can be specifically ascribed to the
medium.

1.2.7 Zero-Modulation Medium Noise

That noise which is developed in the scanning or re-
producing device during the reproducing process when
a medium is scanned in the zero-modulation state.

Note—For example, zero-modulation medium noise
is produced in magnetic recording by undesired varia-
tions of the magnetomotive force in the medium, which
are applied across the scanning gap of a demagnetized
head, when the medium moves with the desired motion
relative to the scanning device. Medium noise can be
ascribed to nonuniformities of the magnetic properties,
and to other physical and dimensional properties of the
medium.
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1.2.8 Modulation Noise

Noise which exists only in the presence of a signal and
is a function of the instantaneous amplitude of the re-
corded signal. (The signal is not to be included as part of
the noise.)

Note—This type of noise results from such character-
istics of a recording medium as light transmission in a
film, slope of a groove, magnetism in a wire or tape, etc.

1.2.9 Signal-to-Noise Ratio

Theratio of the signal power output to the noise power
in the entire pass band.

1.2.9.1 Single-Frequency Signal-to-Noise Ratio

The ratio of the single-frequency signal power output
to the noise power in the entire pass band.

2. BASIC METHODS OF MEASUREMENT
2.1 Noise

The noise from any source is the noise output power
as measured by any power meter which correctly loads
the source and which is effective throughout the speci-
fied range of frequencies. Any voltmeter or ammeter
which indicates correct root-mean-square values may
be used in combination with the correct load termination
resistor in lieu of a wattmeter. Wave filters should be
used, as required, to limit the measured noise to a speci-
fied spectral band and to eliminate spurious signals not
considered as noise.

Note—At this time the industry is largely equipped
with meters which are rated as average reading volt-
meters. The apparent power computed from the indi-
cated voltage of a full-wave rectifying meter may be
used in lieu of the true rms voltage if the meter type or
characteristic is specified.

2.2 Spectral-Noise Density

This measurement is a determination of the spectral
distribution of the noise power as a function of fre-
quency. The noise power accepted by a measuring de-
vice of narrow bandwidth (a wave analyzer, for instance)
is plotted as a function of frequency, in terms of the
power per cps. It is necessary to omit from such plots
any noise, such as that derived from hum pickup, which
is in the nature of discrete spectral lines of bandwidth
less than that of the wave analyzer. Such responses
must be plotted strictly as spectral lines of indicated
amplitude.

2.2.1 Weighted' Spectral-Noise Density

The spectral-noise density data may be weighted in
relative importance as a function of frequency to con-
form with experimental curves obtained by measure-
ments of human-hearing characteristics, if it is desired
to relate the data to the hearing characteristic.

2.2.2 Photographic Recording of Noise

It is also possible to record photographically either
the instantaneous noise voltage or current amplitude
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versus time from the face of a cathode-ray tube with a
phosphor of appropriately rapid light-amplitude decay
time. A strip of the resultant record lends itself to analy-
sis in terms of transient functions and noise amplitude
probability.

2.3 System Noise

It is desirable to determine the noise of a complete
system! in one or more ways that indicate the objective
and subjective performance of the system. In general
high-frequency noise components and low-frequency
hum from power-supply equipment constitute the most
objectionable portions of the noise. Therefore, measure-
ments should be made to evaluate these two noise
sources separately. Weighted measurements which are
based upon the sensitivity characteristic of the ear, asa
function of frequency, may also be valuable, as stated
in Section 2.2.1.

The noise levels of magnetic recording and reproduc-
ing systems are in general much lower than those of
other recording systems. The difficulties encountered
in attempting to measure the true noise level are there-
fore considerably greater.

It should be noted that in magnetic recording and re-
producing systems, care should be exercised in the elimi-
nation of the magneto-strictive introduction of mechani-
cal noise into the reproducing system. Mechanical
damping of the core structure of the reproducing head,
and design to allow smooth, quiet, passage of the record
medium over the pole pieces may usually be done suf-
ficiently well to allow one to neglect these effects.

The objective over-all performance of a system re-
quires a noise measurement over the entire specified
frequency range of the system. Several different types
of noise measurements are possible.

The system noise measurements should be made with
the entire system in operation, in accordance with either
Section 2.1 or 2.2, or both.

2.4 Equipment Noise

The measurement of equipment noise poses some spe-
cial problems. In general, it is necessary to consider all
noise components introduced during recording and re-
producing. An appropriate and quite simple method,
from which the over-all process may be evaluated, in-
volves the measurement of the output noise with the
motion of the medium arrested. A necessary assump-
tion for the success of this procedure is that the noise
introduced in the recording system is negligible in com-
parison with that introduced in the reproducing system.
This may be tested by operating the entire system in
the normal recording condition, with the recording
medium in motion, but with no input signal applied, and
intermittently turning on and off all the apparatus as-
sociated with the recording amplifier.? If there is no ap-

! It is necessary that the apparatus to be included in the “system”
be specified.

* In magnetic recording, sources of bias and erase current and
their power supplies are considered as parts of the associated appara-
tus. Switching transients must be minimized and readings taken when
their effects are not present.
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parent difference between the noise levels of the repro-
duced signal under the two conditions, when the me-
dium is in a state equivalent to its zero-modulation con-
dition, then it is safe to assume that the recorded noise
may be neglected. This condition is fulfilled by many
well-designed recording systems.

Under these conditions, the noise from the playback
portion of the equipment may be considered to be the
noise of the entire equipment. It is that output signal
which is produced when the entire system (recording
and playback) is excited in the normal playback con-
dition, but with no recording input signal applied and
with the recording medium removed from proximity to
the reproducing device. The latter condition may be
fulfilled by simply removing the recording medium and
running the drive mechanism in the normal fashion. In
mechanical recording the reproducing device is main-
tained in contact with an unmodulated groove. A low-
pass filter is inserted to allow rumble measurements to
be made.

The equipment output noise should be measured by
noise power indicating apparatus as stated in Section
2.1 and 2.2. It may be analyzed as in Section 2.3.

2.5 The Zero-Modulation State of a Recording
Medium

This condition, as defined, requires no measurement
other than a zero-reading of the recording signal, except
that in magnetic recording the bias condition must be
measured as for a normal recording operation.

2.6 Medium Noise

The definitions divide medium noise into two separate
categories, Section 1.2.7 (Zero-Modulation Medium
Noise) and Section 1.2.8 (Modulation Noise), the sec-
ond of which depends upon the presence of amodulation
signal. It is best to consider these effects separately. At
the present time there appears to be no reliable method
by which the noise of the medium can be accurately
measured, unless the medium noise exceeds the equip-
ment noise. If the equipment noise is sufficiently low, it
is possible to measure the system noise and the equip-
ment noise, and then to compute from these values the
equivalent medium noise.

2.7 Zero-Modulation Medium Noise

There are major reasons why this noise cannot always
be measured reliably. First, the noise voltages gener-
ated in the reproducing device can be, in some in-
stances, of such small magnitude that available measur-
ing equipment has sufficient intrinsic noise to make the
readings ambiguous. Second, the measured medium
noise is so closely related to the operating characteristics
of the scanning device that all measurements must be
evaluated in terms of the specific geometrical and physi-
cal conditions of the reproducing (playback) device.
Third, in mechanical recording and reproducing, it is
difficult to secure rumble-free test records.

It is possible to produce a standard precision medium-
scanning device which has superior characteristics, and
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which may be used as a reference for the comparison of
all available types of recording media of essentially
equivalent geometrical configuration. It seems wise at
this time, however, to delay the fixing of such standards
until additional work has been done, so that there is as-
surance that the standard will not suffer early obsoles-
cence. In the interim one may choose a temporary
standard for his personal tests, so that tentative rela-
tive comparisons of media may be made. If this pro-
cedure is followed, and if the output noise power from
the reproducing or plavback system with the medium
in place and in normal relative motion is somewhat
greater than the output-noise power from the same sys-
tem, with the medium either removed or by-passing the
reproducing device, then it is possible to compute the
zero-modulation medium noise as the difference be-
tween the two noise powers. If desired, the noise spec-
trum of the medium may be plotted as the difference
between the system and the equipment noise spectra.
In either instance it seems advantageous to measure or
to convert the final values for statement as terminal volt-
ages at the output of the scanning device. The reactance
parameters of this scanning device must be of known
value and so related that either the electrical resonance
effect is negligible or its effects are accountable.

In a magnetic recording system part of the zero-mod-
ulation medium noise may result from the application
of erase or bias signals containing dc or even-number
harmonic components which cause asymmetry of the
erase or bias waveforms and which cannot be neglected.

2.8 Modulation Noise

The modulation noise introduced by certain recording
media is of sufficient relative amplitude to make its
presence casily detectable by ear in the acoustic output
derived from a well-designed system. Nevertheless, when
measurements are attempted it is found that a number
of difficulties are encountered. The modulation noise in-
tensity is found to be a function of the amplitude of the
recorded signal and to exist, by definition, only in the
presence of that signal. Therefore, it is necessary to sep-
arate the output signal from the modulation noise with-
out affecting that noise, in order that one may make a
measurement of only the noise. A series of sharply-tuned
filter devices (of bandwidth consistent with the flutter
and wow of the system) seems to be indicated for removal
of the fundamental frequency and its important har-
monics. Extremely narrow band-rejection filters are
needed for this measurement because there is a possibil-
ity that the noise may be concentrated within the spec-
trum which is closely adjacent to the frequencies of the
causative modulating signals. These conditions impose
additional difficulties in their requirements of extremely
accurate regulation of the speed of the medium as it
passes the scanning device.

3. MEASUREMENT PROCEDURE
3.1 Noise

System and equipment noise and signals should be
measured in the correctly terminated output circuit of
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the equipment. For measuring noise which has consid-
erable fluctuations, it is recommended that the mcter
shall have approximately the dynamic characteristics
of the standard vu meter. This meter may be used to
measure the noise voltage across the terminating load
resistor. If the noise fluctuations are small, it is desira-
ble to measure the noise power directly by means of any
reliable thermal-type power indicating meter (thermo-
couple, hot wire, bolometer, or certain vacuum tube
devices, for instance) which provides the correct output
termination.

The calibration of the measuring equipment should
be sufficiently accurate throughout the useful pass band
of the system or equipment to be measured so that the
specified accuracy of the result may be assured. Beyond
the frequency limits of the pass band the sensitivity of
the meter may be cut off as required to suppress the
pickup of undesired signals, but in a manner which
avoids introduction of undesirable transient effects.

Note—See note after 2.1.

3.2 Broadband Noise Measurements
3.2.1. System Noise Measurements

The recording portion of the system may be improved
rather easily to an extent sufficient to prevent the in-
troduction of detectable recorded noise from this source.
It is, therefore, to be assumed that the recording signal
channel is free from noise which may be recorded at any
level above that of the medium noise. It is also to be as-
sumed that in magnetic recording the erase and bias
current waves are symmetrical about the axis of zero
current, within less than 0.5 per cent, so that excessive
medium noise will not be caused by the resultant effec-
tive recorded unbalanced dc components.

The recording medium is to be passed through the
normal recording processes, with zero recording signal
and correct input termination, and then reproduced in
the usual way. The output terminals of the reproducing
(or playback) system are connected to the correct ter-
minating load resistance (R), and the true rms current
(I) which passes through that resistor is indicated or re-
corded by a thermal ammeter or other equivalent device.
The noise power output (P) may be computed from the
relation

P = IR (1

As an optional method, it is permissible to measure the
true rms voltage (E) across the load resistor (R) and to
compute the power output from the relation

P = E¥/R. 2

Another satisfactory method involves the use of a
bolometer device of the correct terminating resistance
(R) in which the output noise power is dissipated and
compared with an adjustable indicated power dissi-
pated from a source of metered dc or sinusoidal ac en-
ergy. Any of these devices may be calibrated in combi-
nation with the load resistor to indicate power or to
indicate decibels with respect to 1 mw (dbm).
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After the noise power output has been measured, the
maximum signal output may be measured by applying
an input signal which produces not more than the maxi-
mum allowable distortion, at any specified frequency,
and making a measurement of the output signal level
by a procedure similar to that employed in making the
noise measurement. The signal-to-noise ratio of the sys-
tem may be computed in accordance with the definition
1.2.9.

3.2.2. Equipment Noise Measurement

The equipment noise is measured by removing the re-
cording medium and repeating the system noise meas-
urement with all portions of the equipment activated in
the normal manner, so that the adjustments are the
same as those used for the system noise measurement.

3.2.3. Medium Noise Computation

The equipment noise power output (P,.) measured
in accordance with Section 3.2.2 is subtracted from the
system noise power output (P,,) measured under the
same conditions. The result is the medium noise power
output (Pmn). Thus,

Pppn = Py — Pen. (3)

Subtraction of the total noise power output of the sys-
tem (P,,) from (P,,), the power of the combined speci-
fied single-frequency-signal and noise, yields (Pn,), the
power of the signal from the medium. Hence,

Py = Pyy — Pon. 4)

The ratio (Pm:/Pms) is the single-frequency-signal to
noise power ratio of the medium, so that

(S/N)m = Pml/Pmn = (Pu - Pm)/(Pm - Pcn)- (5)

The latter ratio may be converted to the decibel scale
in the normal way.

3.3 Unweighted High-Frequency Noise
Measurements

A 250 cps high-pass filter, with 18 db per octave at-
tenuation below 250 cps, is connected between the out-
put terminals of the equipment and the load and meas-
uring device. All measurements outlined under “Broad-
band Noise Measurements” may be repeated to obtain
the signal-to-noise ratio corresponding to the portion of
the spectrum, which is essentially free of the low-fre-
quency vacuum tube “flicker” noise of the playback pre-
amplifier input stage and hum of the power-line fre-
quency and its major harmonics.

3.4 Noise Spectrum Analysis

The noise spectrum may be analyzed by insertion of
a very narrow band pass filter of variable frequency (a
number of interchangeable filters with a series of fixed
central frequencies may be inserted, one at a time, as a
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substitute) between the output terminals of the equip-
ment (or the output metering terminals) and the power-
measuring equipment. All measurements outlined under
“Broadband Noise Measurements” may be repeated for
each of a series of frequencies throughout the pass band
of the system. The results, in terms of power, are then
divided by the equivalent bandwidth for a continuous
spectrum of the filter system at each test frequency.
Plots of these values as functions of frequency may then
be made to indicate the spectral-noise density of the
system (Section 3.2.1), the equipment (Section 3.2.2),
and the medium (Section 3.2.3).

It is necessary that discrete single-frequency spectral
lines (from power frequency sources, incompletely
erased tone recordings, and the like) be treated sepa-
rately. Readings of the power output of such interfering
signals may be utilized by subtracting from them the
mean of the power readings of two similar unaffected
adjacent noise spectral bands, spaced at an equal fre-
quency interval on opposite sides of the spectral line.
The resultant value should not be divided by the band-
width of the filter, but should be plotted as a spectral
line of the indicated amplitude.

Reasonably satisfactory measurements of this sort
may be made by connecting a standard narrow-band
wave analyzer across the output load resistor. In this
case the error indication for continuous spectrum noise
signals must be corrected by comparison with a simple
power-indicating meter, which may be connected to the
output via a single narrow-band filter.

3.5 Weighted Noise Measurement

Appropriate contour curves may be used as a basis
for establishing a weighted response. It should be noted
that when the ultimate use of the reproduced signal is
to actuate some mechanism such as the human ear a dif-
ferent weighting characteristic must be substituted.
Weighted measurements are particularly valuable in
conjunction with studies of the relative operational ef-
fects with different system noise conditions. They
should therefore be applied in a measurement procedure
similar to that of the Section 3.2 “Broadband Noise
Measurements.”

3.6 Instantaneous Noise Voltage Measurements

The instantaneous voltage may be caused to deflect
the electron beam of a cathode-ray oscilloscope so that
the position of the spot of light on the screen is propor-
tional to the voltage. A continuously moving photo-
graphic film or tape may be passed through a camera
at an appropriate speed to resolve the recorded trans-
verse movement and so to plot the noise voltage as a
function of time. Short record intervals of this sort may
be utilized for determining the various characteristics of
the noise output. This method may be applied for both
system and equipment noise measurement.
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Reliability of Airborne Electronic Components”
B. G. BROMBERG? axp R. D. HILL, JR.1

Summary—A review of typical electronic component failures
shows that failures occur because of insufficient reliability per com-
ponent, combined with the multiplicity of components utilized in
typical electronic assemblies. Further, it is shown that failures do not
occur in a manner described by the classical Gaussian description
but rather by an exponential description which indicates a decreasing
number of failures per unit time with time. Means for increasing
reliability of components are discussed, with emphasis on mechan-
ical ruggedness and resistance to severe environments. Replace-
ment of electronic tubes by transistors and magnetic amplifiers is
also discussed.

I. STATUS OF RELIABILITY
A. Statistics

T IS WEILL KNOWN throughout the aircraft and

guided missile industry that electronic equipment

needs vast improvement in reliability. Because of
the generally poor reputation attributed to electronic
equipment many key engineers in these and other in-
dustries have a tendency to use most any means other
than electronic to achieve a certain design function.
Yet, it is inconceivable that certain functions now per-
formed electronically can be handled in any other way.
Thus, the present state of electronic science is that, on
onc hand, it holds the key to achieving what is now im-
possible in any other way and, on the other hand, it re-
quires extensive effort to raise the level of reliability to
that of mechanical and hydraulic applications.

All electronic equipment contains a multiplicity of
various components. In determining which components
contribute most to the label of unreliability it is highly
informative to examine the large amount of statistical
data which is being accumulated by various government
agencies and firms engaged in the manufacture or use of
clectronic equipment. Table I is a composite summary
of faults found in typical production runs of guidance
receivers for a guided missile, of radar units for air-
planes, and airborne automatic control equipment. It is
immediately apparent from Table I and other similar
data that the principal component, but by no means the
only culprit, which has caused repeated and unexpected
failures is the electron tube. The seriousness of this
situation is all the more emphasized when it is realized
that the individual tubes were selected and completely
tested prior to installation in the airborne equipment.

The statistics of electron tube failures observed in a
variety of equipment show that, in spite of the rela-

* Decimal classification: R520XR004. Original manuscript re-
ceived by the Institute, May 14, 1952; revised manuscript received
September 1, 1952. Presented to the St. Louis Section of the IRE
January 24, 1952,

t Missile Enginecring Division,

McDonuel! Aircraft Corp.,
St. Louis, Mo.

tively long-average tube life, the number of hours of
operation of the equipment between tube failures is re-
markably low. Typical values are that average tube life
in reasonably well-designed equipment can range from
1600 to 6500 hours, with the number of operational
hours between failures ranging from 14 to 30 hours.

The over-all reliability of a piece of equipment is a
function of its complexity and reliability of its com-
ponents. The complexity of an equipment is difficult to

TABLE 1

DisTRIBUTUON OF FAULTS IN PrRoDUCTION RUN OF TyricaL
AIRBORNE ELECTRONIC SYSTEMS

Per Cent

Item of Total

Faults
1. Electron tubes 04.0
2. Resistors 8.8
3. Condensers 7.2
4. Wiring errors 6.2
5. Dry rectifiers 4.5
6. Mechanical items 2.4
7. Burn-outs 1.1
8. Miscellaneous 5.8
100.0

indicate in anything but comparative terms. In elec-
tronic equipment complexity may be designated by the
number of electron tubes which must operate simultane-
ously if the total equipment is to perform its desired
function. Since the electron tube is the chief component
contributing to failure, the theory of probability utiliz-
ing the reliability and number of electron tubes can in-
dicate some useful trends. Before presenting this analy-
sis, it should be pointed out that it is not rigorously true
that an analysis based on electron tubes only is valid in
all cases; for a more general solution, the relative relia-
bilities and numbers of other electronic components
such as condensers, resistors, transformers, potentiom-
cters should be evaluated.

Since the reliability of cach component of an assembly
can reasonably be considered to be independent from
cach other, the total reliability of the assembly can be
stated exactly the same as the well-known probability
of simultaneous occurrence, namely,

Rrtots1 = Ri*Re Rz - - - Ry, (1)
where Rrow1 =reliability of assembly, and Ry, R, - - - R,
are the reliabilities of each component.

From this expression the curves of Fig. 1 can be ob-
tained by assuming that the reliability of each compo-
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nentisequal. The curves of Fig. 1 bring out vividly that
the reliability of components comprising a moderately
complex assembly must be several orders greater than

that expected of the assembly. Another conclusion that -

can be seen casily from (1) is that a small group of less
reliable components operating in conjunction with a
group of highly reliable components will strongly con-
trol the reliability of the composite.
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Fig. 1—Reliability dependence on (a) number of components
and (b) individual component reliability.

The records of failure of components in service indi-
cate another interesting fact. The failures of compo-
nents, and thisis not restricted only to electron tubes, do
not show a failure history that in any way resembles the
typical probability curve shown in Fig. 2. The distribu-
tion of failures indicated in Fig. 2 is called the normal or

I

FREQUENCY / \
OF v
FAILURES / \\
_/ \\
TIME GAUSSIAN DISTRIBUTION

Fig. 2—Classical probability distribution.

Gaussian distribution, and it can be observed in the
laboratory by subjecting a number of individual com-
ponents to a typical life test and plotting the number
of failures occurring during certain, consecutive inter-
vals of time. This is the type of histogram which is ob-
tained in the usual life test run on incandescent lamps.
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However, the history of tube failures in service does not
show a normal-type distribution.

LaGasse and Dean! have shown the number of air-
craft radio tubes rejected in each 100-hour interval of
life for a group of 1,912 tubes. These records show that

(a) more failures occurred in the first interval of time
than in any other,

(b) for each succeeding interval of time, a smaller
number of failures occurred,

(c) although certain tubes lived for over 3,000 hours
of operation, the mean time for failure was 583
hours.

A graph of LaGasse and Dean'’s records is shown in
Fig. 3. The curve of failures appears to be a hyperbola
asymptotic to both axes or an exponential curve. This
type of histogram for electron tubes has been substan-
tiated by a large majority of the statistics which deal
with tubes in actual service conditions.
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Fig. 3—Observed failure distribution.

B. Means of Increasing Reliability

The actual problem of reliability lies basically in the
mechanical design of the package with emphasis on the
following categories: (1) general mechanical ruggedness,
(2) design for shocks, (3) design for vibration, (4) mois-
ture proofing, (5) heat dissipation, (6) pressure changes
and (7) temperature changes.

Although these seven design aspects are all important
in the reliability makeup of any eclectronic system, it has
been observed that shock and vibration are probably
the most important failure-causing environment. This
can be seen by examining the reliability figures of
ground, shipborne, and airborne equipment. The order
of reliability falls definitely into three orders of magni-
tude, with stationary ground equipment being the most
reliable of the three types and airborne equipment being
the least reliable. It can be expected by extrapolation
that electronic equipment in guided missiles, which gen-
crally subject their contents to vibration and shock sev-
cral orders of magnitude greater than that of inhabited
aircraft, needs special atterition if reliability is to be
achieved.

! J. E. M. LaGasse and W. W. H. Dean, “Tubes at work,” Elec-
tronics, vol. 14, p. 56; November, 1941.
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The purpose of this paper is to emphasize the need for
reliability and to indicate several ways of obtaining im-
provements in reliability. It is not practicable to make
this an exhaustive account of such means, but rather a
provocative listing of certain attacks which have been
considered by the authors. Based on the statistics and
probability studies indicated previously, the following
methods of improving the reliability of electronic equip-
ment appear logical:

(a) improvement in reliability of electron tubes,

(6) use of redundant circuits,

(¢) elimination of all or some of the electron tubes by
more reliable components,

(d) design for shock and vibration environments.

These four methods are discussed in the following sec-
tions.

C. Improvement in Reliability of Electron Tubes

Basically, an electron tube is a mechanical structure
which, among other things, depends on maintenance of
its geometry for proper functioning. In addition, the re-
liability of electron tubes requires reasonable uniformity
of the thermionic property of the cathode throughout
the life of the tube. Failures in tubes can be attributed
almost exclusively to failures in these two aspects.

The Aeronautical Radio Incorporated (ARINC) in-
augurated in 1946 a program with certain tube manu-
facturers to improve the life of a small number of com-
monly used tube types. The basic goal of the program
was the improvement of existing tube structures and
manufacturing techniques to the point where a much
higher degree of reliability than previously available
could be expected. Cost considerations of such an im-
provement program were of sccondary significance.

The ARINC tubes and the more recently offered re-
liable tubes manufactured by Raytheon are designed
to withstand shock and vibration by minimizing the
length of the internal elements and by having all parts
designed as fixed end columns and beams. Dimensions
are held to much closer tolerances than had been used
before; for example, critical grid dimensions are held to
+0.0005 inch. Exhaustive inspection techniques some-
times involving binocular microscopes are utilized.
After manufacture each tube is given a burning-in pe-
riod of 50 hours under normal operating conditions. The
burning-in period serves to stabilize the electrical char-
acteristics and, more important, has been found to re-
duce the number of carly-life failures.

To improve the probability of increasing the reliabil-
ity of electron tubes, the ARINC program was pur-
poscly limited to a small number of tube types—
namely, ten.

The statistics of the ARINC tubes in active service
show a reliability equivalent to airborne failures of not
more than 2.5 per cent in the first 1,000 hours of opera-
tion. This rate of failure is to be compared to a rate as
high as 30 per cent in the first 1,000 hours for the best
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cquivalent tubes available before the ARINC tubes. In
a run of about 1,500 tubes of the type 5654, which is
the 6AKS equivalent, it was observed that there was one
failure in the first 1,000 hours and only 32 failures in a
total of 3,950,000 hours of operation.

From this data it is obvious that ARINC tubes
should be used whenever possible. In most cases the
ARINC tubes are directly interchangeable with their
JAN equivalents, and in the case of three tubes the
substitution can be made by considering only the effect
of a slight increase in cathode heater current.

On the surface it might appear desirable to extend
the ARINC techniques to all tube types. Such an un-
dertaking would undoubtedly dilute the ARINC effort
and might well lead to little or no improvement over
existing JAN types. An example of this was the recent
cffort by the government services to obtain ruggedized
versions of many of the JAN types. These will be rec-
ognized as the as the 6SN7Ws, 6AQ5Ws, 6X4Ws, and
so forth,

D. Use of Redundant Circuits

In addition to increasing the reliability of components
comprising an assembly, the theory of probability points
to another means of obtaining a high degree of over-all
reliability. This is the use of a duplicate system in paral-
lel with the original, wherein the functioning of either
one of the parallel systems results in successful operation
of the assembly. This fact can be expressed mathemati-
cally.

RTohl =1- (1 - Rp)"y (2)
where

R rowa1 =reliability of the over-all system,

R, =individual reliability of the component sys-
tem which is paralleled by similar systems,
7 =number of systems being paralleled.

An example to clarify this equation is: If a subsystem
has a reliability of 80 per cent, and 3 of these systems
are paralleled, the over-all reliability has increased from
80 per cent to 99.2 per cent.

The use of redundant systems may also permit instal-
lation in aircraft of each system in a different orientation
or in a different location (as compared to the other sys-
tems comprising the redundancy) so as to minimize the
ceffects of known or unknown environments as extreme
temperatures, vibration, moisture, and so forth.

E. Elimination of Eleciron Tubes

As stated earlier, electron tubes have been found to be
the cause of about 64 per cent of the failures of electronic
equipment; hence, elimination of this troublesome item
should allow a large increase in reliability of the over-all
electronic system. In general, there are about three satis-
factory substitutes for electron tubes. These are the
transistor, the magnetic amplifier and the selenium rec-
tifier.
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Transistors are a recent development which utilizes
semiconducting materials to provide control over the
flow of electrons. Until the end of World War 11 these
devices were germanium ‘diodes, and were limited to
such functions as rectification and pulse-shaping opera-
tions. Early postwar developments produced the emit-
ter-collector type transistor which could perform some
of the functions of the triode. These early transistors,
however, were extremely noisy and could not be pro-
duced with consistent characteristics. More recent de-
velopments have led to the n-p-n and p-n-p type tran-
sistors, and it appears that these types are much im-
proved from the noise standpoint and can be produced
with consistent characteristics.

Table II, which was derived from work by Wallace
and Pietenpol,? gives some pertinent characteristics of
the latest #-p-n types.

TABLE 11
N-P-N TRrRANSISTOR CHARACTERISTICS

Noise figure

Power gain
Efficiency

Power consumption
Frequency response

10-20 dby at 1,000 cps

40-50 db per stage

489, for Class A

0.6 uw for an audio oscillator
<S5 kc with full gain

As can be seen from the table, the transistor’s weak
features are its noise figure and its frequency response.
These features naturally limit the substitution of tran-
sistors for vacuum tubes.

The magnetic amplifier is certainly not a new device
to the electronic field. Until the last three to five years,
however, the magnetic amplifier was limited to power-
amplifier and voltage-regulator applications. Develop-

2 R. 1. Wallace and W. J. Pictenpol, “Some circuit propertics and

applications of npn transistors,” Bell Sys. Tech. Jour., vol. XXX, p.
530; July, 1951,
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ments in the field of regenerative magnetic amplifiers
have made these devices more adaptable for replacing
vacuum tubes.® It is now possible to obtain power gains
of up to 50,000 with an input level of 10~° watts. With
gains of this order available, it is possible to control a
relay with the signal from photo cells, thermo couples,
and so forth, amplified only by a magnetic amplifier.!

The major advantages of the magnetic amplifier are
its efficiency, high power gain, resistance to shock and
vibration and, particularly, its reliability.

Application of the selenium rectifier to clectronic sys-
tems as a replacement for power rectifiers and bias sup-
plies is well known and will not be elaborated on here.
It is interesting to note, however, that recent develop-
ments in hermetic sealing of selenium rectifiers have
overcome many of their former disadvantages, such as
susceptibility to humidity and salt-spray exposure. Im-
provements have also been made in the reliability of
selenium rectifiers in relatively high ambient tempera-
tures.

CONCLUSION

It is well recognized that the problems involved in
the design and production of reliable airborne electronic
equipment are tremendous, but with a continued effort
to improve vacuum tubes—such as the ARINC and in-
dividual tube manufacturers’ programs, by the replace-
ment of tubes with transistors, magnetic amplifiers and
selenium rectifiers where possible, by redundant design,
and by a greater concentration of effort on the mechan-
ical design of electronic equipment, the challenge can be
met and we can produce reliable airborne electronic
equipment.

3 “Magnetic Amplifier Design Handbook,” Bulletin 2000, Vickers
Electric Division, Vickers, Inc., St. Louis, Mo.; 1949,

¢ “Application of magnetic amplifiers,” Section of Proc. NEC,
Chicago, 11, 1951, vol. VII, pp. 235-262; February 15, 1951.

Fluctuation Noise in a Microwave

Superregenerative Amplifier”
THEODORE S. GEORGE{, SENIOR MEMBER, IRE, AND HARRY URKOWITZ}, ASSOCIATE, IRE

Summary—A brief review of superregenerative (sr) operation
is followed by the substitution of Rice’s Fourier series representation
for noise current into the expression for the output of an SR ampli-
fier. Expressions are derived for the noise figure. It is then shown
how a reflex klystron can be used as the active element. Expressions
for the noise figure in terms of the klystron parameters are derived.
Calculation for a hypothetical, but realistic, case shows that low
noise figures are obtainable if certain conditions are met. In par-
ticular, it is shown that deliberate introduction of beam current, with
its consequent shot noise, during the quiescent interval provides a
smaller over-all noise figure.

* Decimal classification: R138.6. Original manuscript received
by the Institute, February 18, 1951.

t Patrick Air Force Base, Cocoa, Fla., formerly with Philco Cor-
poration, Research Division, Philadelphia, Pa.

1 Research Division, Philco Corporation, Philadelphia, Pa.

THE SUPERREGENERATIVE PRINCIPLE

UPERREGENLERATIVEE AMPLIFIERS have
S been treated cxtensively in the literature.!? The
superregencrative (sr) amplifier under considera-
tion in this paper is one for microwave application. It
may be considered to be a tuned circuit containing an
inductance, capacity, and a shunt conductance which

' W. E. Bradley, “Superregenerative detection theory,” Electron-
ics, vol. 21, September, 1948. Also Philco Corporation Research Re-
port No. 32 “Theory of the Superregenerative Receiver,” Philadel-
phia, Pa.; 1947.

2 L. Riebman, “Theory of the superregenerative amplifier,” Proc.
L.R.E., vol. 37, p. 29; January, 1949. This article contains a bibliogra-
phy.
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varies with time. Physically, the tuned circuit may be
a resonant cavity. A simplified circuit of the sr amplifier
is shown in Fig. 1.

A signal current, 7(/), is fed into the tuned circuit,
and a voltage, e(!), is obtained. A quench generator con-
trols g(?), the varying conductance shunting the tuned

" circuit. This conductance is composed partly of the los-
ses of resonant cavity or inductor-capacitor combina-
tion, and partly of a negative conductance contributed
by an electron tube periodically energized by the quench
generator. In the case of a microwave amplifier, the
negative conductance may be contributed by the
bunched electron beam of a reflex klystron, and con-
trolled by a quench voltage on the control grid (or, in
the absence of a control grid, on the cathode) of the
klystron to quench the beam.

SIGeNAL
souRce
WNEUT CURARNT, 1(t)

Prp— oo ooog

0 1 N
) i 0 DETECTEO

% ~C L T | ———= anD sMooTHED
. ASTEOUT

Z VEAYING CONDUCTANCE, 8(0

Fig. 1-—Simplified superregenerative amplifer.

The sr obtains its amplification by a sequential series
of operations. Oscillations are caused to build up in the
resonant circuit when the negative conductance is intro-
duced under the control of the quench waveform. The
amplitude to which oscillations build up at any time is
dependent upon the strength of oscillations in the cir-
cuit caused by an input signal even prior to the time of
introducing the negative conductance. After the signal
has built up several orders of magnitude, the negative
conductance is removed by the quench generator turn-
ing off the klystron electron beam or introducing posi-
tive conductance, and oscillations are quenched. The
quench cycle is then repeated to cause periodic buildup
and decay.

The instantaneous output, e(¢), of Fig. 1 is thus not
only a function of the instantancous #(f) and g(¢), but
also of the past history of #(t) and g(¢). Consequently,
e(!) is a function of the waveform of g(f) as well as its
instantaneous value. If the so-called “ideal” quench
waveform?® is used, the operation of the sr amplifier may
be divided into three phases, as shown in Fig. 2. During
the listening interval the sr amplifier is most sensitive
to an input #(¢), and the electron tube may be turned
off or there may be a small beam current to make the
listening conductance small. The beam current is sud-
denly turned to a high value at the end of the listening
interval, and oscillation, determined by the signal across
the tuned circuit, begins to build up. Before overload
takes place heavy damping is applied to remove the
built-up signal and to prepare the tuned circuit for re-
ception of a new signal. Thus, it is seen that the output
of the sr amplifier is a sequence of sampling pulses.

3\W. S. Percival, U. S. Patent No. 2,171,148; 1939.
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The expression for the detection output of the sr
amplifier which will be used is the one developed by
Bradley.!-2 Other expressions have been used by other
writers.! Bradley’s expression is

X — L ‘ 2 — jwgr s/
E@() = ol f_wl‘(t, T)e i'(r)dr, )]

where
C =shunt capacity of the tuned circuit,
wo=(LC)~Y2, the resonant angular {requency,
7(¢) =the input driving current,
i'() =the derivative of (),
and F(¢, 7) is the “time aperture function” defined by

{ 1 ]
I"([, T) =] exp [_ —ZET;I: g(,)(ﬂ]. f()r, > (2)

° , forr < 1.

In (2) g(¢) is the time-varyving conductance of the oscil-
lator circuit. The ideal quench waveform of Fig. 2 is
used, and it is assumed that quenching is so severe that
no appreciable energy comes through the network dur-
ing the quench interval. It is further assumed that am-
plification is great enough that the amount of energy
getting through the network during the listening inter-
val (—1q, 0) is negligible compared to the built-up signal
level at the end of the build-up interval. Thus, in the
output it is necessary to consider only the output func-

g |
2 |
vo:
8| 38
34| 9 —
¥ INTERVAL
o g
] ] ©
| TIME (T) ———=
| t.
( LISTENING
INTERVAL e,
SAMDLING
PERICD
J
BUILD-UP INTERVAL .
)
P(T)= Bci) JWHERE C= SHUNT CARBCITY

Fig. 2—Ideal queach waveform.

tion between t=0 and t=/,. These assumptions simplify
the calculations but are not so radical as to depart seri-
ously [rom practice. F(t, 7) will now be computed. De-
fining P(¢f) by g(t)/C, one has (see Fig. 2),

Per Pyl
F{, 7) = exp| — 4 = | for — <7 <0

/)
exp [7' - 'r)]. for 0 < r < 1. 3)

¢ L. A. Zadeh, “Band-pass low-pass transformation in variable
networks,” Proc. I.LR.E.,, vol. 38, p. 1339; November, 1950. The ex-
pression given by Zadeh is similar to that derived by Bradley. In
“Correlation functions and power spectra in variable networks,” op.
cit., p. 1342, Zadeh gives a method for treating the effect of noise upon
variable networks. The approach in the present paper may be con-
sidered an alternative to Zadeh’s,
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Noisg INPUT

For the input noise current, the representation of
Rice® will be used.

1 0
i(t) = — 2 Cnexp [wal — ¢a).

(4)

In this representation the ¢, are random phase angles,
with a uniform probability density function in the
interval (0, 27). Also

Ca? = 2F(fa)Af,
Wy, = 2mfa, fo = nAf,
C_.=0Ca,
bn = — ¢n,
lim 7 Z F(fa)Af = F(f)df“' (). (5
Noe 2 ope N

Here, F(f) is the noise power spectrum, and ¢2(¢) is the
mean square noise current, or total average power for
a load of 1 ohm. Substituting (4) into (1) and using (3),
and assuming that exp [Pity/2]3>1 and that Py>>P,
(these assumptions are the same as those made before),
there is obtained

1 Py
E@) = EexPl- 21] ;Cu €xp [_j¢n]

[ Pztz
1 —exp

x — E—

+ ]woto jw,.tz]

P, .
'2— + ](wu - ‘-"0)

(6)

To find the mean square value of E(¢), (this is com-
monly called the average power) E(f) is multiplied by
E*(t), its conjugate, and then the product averaged.
Two averages must be taken; one with respect to ¢,,
the random phase angle, and the other with respect to ¢
over the period, 7', of a quench cycle.

1 2x 40
ave. { EQ)E*(t)} = — -—f E@®) E*(0)dtdé,, (7)
2vT J 0
or
Ez(l) - exp [PlllJ ZC 2
cp
Pyt
1+4exp [—Patz]—2 ex l:— ;z:l cos (wn—wo)l2
——— —_— — - (8)

’ ( e
+ (wp—wo
Now, from (5),

C.? = 2F(fu)Af = 2F(w,,) - = iF(m,,)Aw.

8 S. O. Rice, “Mathematical analysis of random noise,” Bell. Sys.
Tech. Jour., vol. 24, p. 125; January, 1945.
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The series in (8) can be approximated by an integral in

which w, becomes w and Aw—dw. Now suppose that

F(w) is flat and cquals Fy. Then (8) becomes

2 exp [PllllFo
TP, PC?

EXl) = (1 —exp [—Patz]).  (9)

It is of interest now to compute the output power
spectrum of the noise since this noise may be passed
through other circuitry. To find the output power spec-
truin, the autocorrelation function is first computed.
Then the power spectrum is found by taking the Fourier
transform of the autocorrelation functions. This is
Wiener’s theorem.® Written as a Fourier series with pe-
riod T, (6) has the form

Q 27wmi
5O = 3 anew[i | S Cled, (10)
where
1 h Py 2mjmi
am = ——f exp <—— = —-)dl
CTJ, 2 T
Now the autocorrelation function of E(f) is
R(r) = ave. {E(t)E*(l + 1)}
2rin
= 4 ZlauIZexp[” ] (11)
T
where
2F,
4o = 7" (1 — exp [—lez])» (12)
for F(w) = Fy, a constant. Taking the Fourier transform

to get the power spectrum,

I"l(w)

fR('r) exp [—jor]dr
2mn

Ao 2| an 25< = ——),
PN PR

where 8[w—(27n/T)] is the Dirac delta function in the
frequency domain. Equation (13) indicates a discrete
spectrum, with components at harmonics of the quench
frequency.

Now suppose that the highest modulating frequency
to be amplified is f,. The quench rate must then be as
least 2f,. This is a statement of the general theorem that
a time function containing no frequencies higher than
fa is completely specified by a set of discrete ordinates
occurring at a frequency 2f,.” Then the detector of the
sr amplifier will be followed by a low-pass filter which
cuts off above f,, but below 1/T, the quench frequency.

(13)

s H. M. James N. B. Nichols, and R. S. Phillips, “Theory of
Servomechanisms,” MIT Rad. Lab. Series No. 25, McGraw-Hill
Book Co., Inc., New York, N. Y. , p. 273, 1947.

7B. M Olner,J R. P:erce and C. E. Shannon, “The philosophy
of pcm,” Proc. I.R.E., vol. 36 p. 1324; November, 1948.
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Therefore, the only component of the noise spectrum in
(29) which is passed by this filter is the dc component,
which is the component for n=0. This is Aol aol 2, Under
our assumption that exp [Pity/2]>1,

8F, exp [Pit1](1 — exp [— Pats))
C2T2P,*P,

Eo®(t) = (14)
The noise power spectrum F, is the total noise spectrum
from any source. Of coursc thermal noise is always
present, and there may be shot noise present, too, if
the clectron tube is used to introduce a small negative
conductance during the listening interval. It will be
shown later that some advantage may be obtained from
this procedure. Thus we write

Fo=F,+F,, (15)

where Fy=thermal noise power spectrum and F,=shot
noise power spectrum. One can write Fg as a simple sum
since thermal noise and shot noise are independent.

At the end of the listening interval, conditions change
radically. A large negative conductance is introduced.
This usually means an increase in the shot noise during
the build-up interval. The noise contributed during the
build-up interval in this way can be calculated as be-
fore. It turns out to be

exp [Pltllf F'(w)dw
TTP]C —e0 Pl

E¥) = (16)

—-+ (w — wo)?

where F'(w) is the power spectrum of the shot noise
introduced during the build-up interval. For F'(w) = Fy’,
a constant, and after passing through the video filter,

this becomes
Py 2
8Fy (exp [ : l] — 1>
L 2

C2T*P,®
B 8Fo exp [Piy] .
DY X (7

Elz(ll) ==

The total noise power output is the sum of (14) and (17).

Consider now the problem of the noise figure of a
superregenerative amplifier. Noise figure is commonly
defined as

S

N = ———

E out

(18)

where S stands for the available signal power, and N
stands for the available noise power. Now the available
power gain of the amplifier is usually defined as
G = Sout/Sin, so that (18) becomes

N\
‘\ out

: 19
GV (19)

NF =
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Thus the noise figure is the ratio of the actual available
noise power to the available output noise power of an
ideal (no noise sources) network with the same gain
characteristics. The external noise is assumed to be en-
tirely thermal noise, and the internal noise is assumed
to be due entirely to shot noise.

GNin can be interpreted as the noise through the
amplifier, due to the external source. This is given by
(14) with F, of (15) substituted for Fo. Then

Fo'Pz

NE=1 + F, + F1P\(1 — exp [ — Pata) - @0
This has a minimum value for P;=0. In this case
NFain = 14 224 22 (21)
F, FlPltz

Equation (21) assumes that the other quantities are
unaffected when P,—0.

THe UsE oF A RELEX KLYSTRON

It was stated earlier that a reflex klystron®-!! could
be used in a microwave sr amplifier. The structure of a
reflex klystron is shown in Fig. 3. The accelerating po-
tential for the clectron beam is usually applied to the
cavity resonator. A small negative potential applied to
the repeller reflects clectrons back to the gap. If there
exists a sinusoidal voltage across the gap, the electron
beam will be velocity modulated. The result of this
velocity modulation is to “bunch” the electron beam.

RESONATOR CAVITY ~—
ELECTRON BEAM
FOCUSING ELECTRODE \
: —

CATHODE FEE'I:':'_’-EEEZ'ZZ TSI DI T IIII S
/' _ REPELLER
CONTROL GRID
RESONATOR GAP

Fig. 3—Structure of a reflex klystron.

“This bunching causes the electrons that are returned
toward the anode (cavity) by the repeller to return
through the anode gap in bursts or pulses, one each
cycle. When these pulses pass through the gap at such
a time that the electrons in the pulses are slowed down
as a result of the alternating voltage existing across the
gap at the instant of their return passage, energy will

8 J. R. Pierce, “Reflex oscillators,” Proc. I.R.E., vol. 33, p. 112;
February, 1945.

? E. L. Ginzton and A. E. Harrison, “Reflex klystron oscillators,”
Proc. I.R.E,, vol. 34, p. 97; March, 1946.

0 D. R. Hamnlton J. K. I\mpp and J. B. H. Kuper, “Klystrons
and Microwave- Tnodes, MIT R Lab. Series No. 7, McGraw-
Hill Book Co., Inc., New York, N. Y.; 1948,

1 K, R. Spangenbuirg, “Vacuum Tubes,” McGraw-Hill Book Co.,
Inc,, New York, N. Y., p. 571, 1948.
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be delivered to the oscillations in the resonator and will
thereby assist in maintaining these oscillations.”!? This
condition results from a transit time from resonator gap
to repeller and back of approximately n+43/4 cycles,
where # is an integer or zero. This action is equivalent
to introducing a negative conductance in the cavity.
The exact value of negative conductance which is intro-
duced is proportional to the beam current. If the beam
current is large enough, all the losses may be overcome
and oscillations will build up until overload takes place,
or the beam current is reduced, or the value of repeller
voltage is changed. This is just the action desired in a
superregenerative amplifier. [t is possible for the beam
current to damp the cavity, too. There is alwayssome
loading effect due to the beam absorbing energy from
the cavity on the first passage. \When the repeller voltage
is of such a value as to cause the returned clectron
bunches to introduce negative conductance, the losses
are reduced or overcome, but if the repeller voltage is of
such a value as to introduce positive conductance, then
the beam loading effect is enhanced and severe damping
may result. A large Q during the listening interval may
be obtained by allowing sufficient beam current to make
P;—0. P, =0 means infinite Q.

It is possible to write equations for the noise figure in
terms of klystron parameters. To do this we use the
small-signal theory as described by Spangenburg!! and
Terman!? from which the formulas to be used are ob-
tained. First the following symbols are defined:

wo=rf angular frequency, resonant angular fre-
quency of cavity.

t,=time an electron spends in the gap space, in
seconds.

lg=time an electron spends in the drift space, the
space between repeller and gap, in seconds.

0, = wyl, =gap transit angle, in radians.

04 = wola =drift space transit angle, in radians.

M = (sin [6,/2)]/6,/2 =beam coupling coefficient.

I (with appropriate subscripts) =direct beam cur-
rent in amperes.

Vo=beam potential (accelerating potential), in
volts.

Gp=beam loading conductance in mhos (always
positive).

G,=clectronic transconductance, in mhos (negative
for buildup).
Grr=equivalent shunt conductance of load and
resonator cavity, in mhos.
Gr =total conductance in mhos.
K =Boltzmann’s constant=1.38 X10~% joules per
degree K.
Ty =XKelvin temperature, degrees.
e=electronic charge=1.6X10"" coulombs.
C =shunt capacity, in farads.

1 F. E. Terman, “Radio Engineering,” McGraw-Hill Book Co.
Inc., New York, N. Y., 3rd ed., p. 444, 1943.
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The following three formulas may therefore be obtained.

GT=GLR+GB—IG¢I- (22)
I 0,
Gp=— M?>*— M cos —) (23)
? 2Vo< 2
IM?*04 (X
lG.| = "[ ‘(' )][sin 0.l (24)
Vo )
Here
MV.0
X = (25)
2V,

where Jy(X) is the Bessel function of first kind and first
order, and V; is the amplitude of the signal voltage.
We shall assume that J1(X)/X is adjusted to have its
maximum value of one half, although actually this is
impossible in practice because the signal strength
changes during build-up. Defining the quantity B by

0, M:? )
M2 — MCOS?—TG,;!SIHG,;'

- B = ’
Vo

substituting (23) and (24) into (22), and using (26),
there is obtained

(26)

Gr =Grr — IB. (27)

IL.et I,=beam current during the listening interval,
I,=heam current during build-up,
Gr = total conductance during listening,

and Gry=total conductance during build-up.

Then recalling that P(t) =g(t)/C.

G — Bl
Py = . (28)
Py= Bl: —Gir (29)
—
The thermal noise spectrum is given by!'?
Fy = KT,. (30)

The power spectrum of shot noise is 2el,' for a tem-
perature-limited cathode. For space-charge limited cur-
rent, the shot noise is less. However, at high frequencies,
the smoothing effect of space charge is reduced. There-
fore, it will be somewhat pessimistically assumed that
the shot effect has the spectrum 2l for the reflex klys-
tron. All of this shot noise current is not effect across
the resonator gap, because the coupling between beam
and cavity is not perfect. The power that is coupled
from the beam to the cavity is proportional to A2
Therefore, the shot noise spectra during listening and
during buildup, respectively, are

Fy = 2e, M2,

2
’

Fo = 26[2M2.

31
(32)
135, Goldman, “Frequency Analysis, Modulation, and Noise,”

McGraw-Hill Book Co., Inc., New York, N. Y., p. 390; 1948.
14 Ibid., p. 362.
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We shall write the noise figures for two cases.

1. The beam current during listening is zero. This
means that P»#0 and that, in (20), exp [—Pa]<1.
Also F.=0.

2. Enough beam current is allowed during the listen-
ing interval so that the losses in the cavity are just can-
celled, making P.=0. This means we must use (21) for
this case.

We have then, the following, using (20), (21), (28),
(30) and (32),

Case 1:
2G LM,
NF, = 1+ : (33)
a KTo(BI: — Grr)
Case 2:
2eM2I, 2eC M2,
NFs =14 —- - (34)

KTO ‘ K’I‘ol‘_)(Blz - GI.R)

It should be noted that I, is always large enough so that
oscillations build up during the build-up interval. It is
seen that this means

GLr
Iz> e

(35)
Equations (33) and (34) have no meaning for
I, <(Grg/B). A minimum noise figure is approached
asymptotically. For Case 1, this minimum is

2¢GLrM?
NFiy =1 — 36
150 + KToB (36)
and for Case 2,
Ve = 1 4 o, 200 37)
NF = — R . 7
e KTo ' KTd:B

A question of particular interest is whether it is ever
advantageous to introduce beam current, and therefore
shot noise, during the listening interval to make P;=0.
The answer is yes, if it is desired to get a lower noise
figure. We have considered a hypothetical, but realistic,
case in which numbers were substituted into (33) and
(34). In fact, the numbers chosen are actually approxi-
mated in a QK205 reflex klystron. The conditions were
as follows:

resonator gap spacing =0.020 inch
resonant frequency =10,000 mc
cold Q of cavity and load =500

shunt capacity =1 ppf
heam potential =1,000 volts
listening time =1.2 usec.
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The mode of operation considered was 0;=(23/4)(27)
radians (5% cycle mode). IFrom the conditions above,
all the necessary parameters may be calculated to find
the noise figure. Results for the 52 cycle mode are shown
in Fig. 4. In this figure, the independent variable is in-
cremental beam current, which is that in excess of the
current necessary to produce oscillation. Thus

Geir
B

..\I=Ig

I'ig. 4 clearly shows the advantage obtained by allow-
ing enough beam current during the listening interval
to cancel the cavity losses. The following couclusions
may be drawn for obtaining low noise figure.

[ — T

4 —
— LISTENI QeBOO (RlAM CURRENT
- ~a (I‘M [T

mmﬂ
== LSTANING Qe = Ol IBTRN 4
Ho0E OF DRERATION g

| OF RELS_BX LBTRON Bl CYCLES
INCARMENTAL BEAM CURABNT 1S THE CURRENT W
n\ | EXCASS OF THAT REQUIRRO TO PROCUCE OSCHILATION
| ' | t ’
- L S——
! | | |
8.5} — : -
i \ [
3 . — 4 —
H = |
?

- TT/,—
| ! /
/
f —

o 1O
INCREMENTAL BEAM CARRBNT DURYNE BUALD U, IN MLLIAMPSRES

Fig. 4—Incremental beam current during build-up, in ma. Noise fig-
ure of a hypothetical superregenerative amplifier.

1. 'The listening interval should be as long as possible.

2. The cold listening Q should be as high as possible.

3. The direct beam current during build-up should
be as high as possible consistent with operation in
the lincar mode (no overload). If the build-up in-
terval is kept short, high beam current may be
used.

4. It is profitable to allow sufficient beam current
during the listening interval to make P,=0.

5. A high mode of operation will allow low noise fig-
ures to be obtained with smaller beam current.
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The Use of Admittance Diagrams 1n
Oscillator Analysis®

HERBERT J. REICHY, FELLOW, IRE

Summary—Much useful general information concerning the be-
havior of oscillators may be obtained by means of a graphical
analysis based upon curves of electronic and circuit admittance. A
curve of electronic susceptance versus electronic conductance and
a curve of circuit susceptance versus circuit conductance are plotted
in the same diagram. At points of intersection of the two curves the
electronic and circuit admittances are equal in magnitude and phase.
These points therefore indicate possible equilibrium values of fre-
quency and amplitude. This method of analysis explains observed
oscillator phenomena, such as amplitude and frequency hysteresis,
dominance of one mode of oscillation over other modes, pulsing, and
electronic tuning. The function of this paper is to present a summary
of information previously found only scattered throughout the litera-
ture on oscillators.

INTRODUCTION

7 HE ANALYSIS to be presented in this paper is
Thelpful in explaining many aspects of oscillator be-

havior. It is not ordinarily directly applicable to
the quantitative prediction of the operating character-
istics of oscillators of known parameters, although it
may occasionally serve as a guide in oscillator design.
Most of the ideas contained in the paper are not new,
but may be found scattered throughout the technical
literature on oscillators.

Two-terminal and Four-terminal Oscillators

Electronic oscillators may be classified as two-
terminal and four-terminal types. A two-terminal elec-
tronic oscillator is one that consists of a two-terminal
oscillatory circuit shunted by some form of two-terminal
electronic device capable of transferring power to the
oscillatory circuit from the source of direct voltage. The
electronic element must exhibit an admittance between
its terminals that has a negative conductive component,
i.e., the application of an alternating voltage to the ter-
minals must result in the flow current in opposition to
the applied voltage. Oscillation can occur if the mag-
nitude of the electronic conductance is equal to or ex-
ceeds the conductance of the oscillatory circuit shunted
across the element. In microwave devices the electronic
admittance results from the presence of moving elec-
trons within a gap across which the voltage is im-
pressed. At lower frequencies, as in dynatron and tran-
sitron oscillators, secondary emission or other phe-
nomena may be involved. The reflex klystron is an

* Decimal classification: R133. Original manuscript received by
the Institute June 3, 1952; revised manuscript received January 5,
1953. Presented at the New England Radio Engineering Meeting,
Boston, Mass., May 10, 1952.

t Dept. of Electrical Engineering, Yale University, New Haven,
Conn.

excellent example of a two-terminal microwave oscil-
lator.

In four-terminal oscillators, the electronic device is a
four-terminal element. Application of alternating volt-
age between one pair of terminals results in the flow of
alternating current through a circuit connected across
the other pair. In other words, the device has a trans-
admittance. Oscillation is obtained with such a device
only when the output terminals are connected to the
input terminals through a suitable feedback network.
Triode, tetrode, and pentode feedback oscillators and
two-resonator klyvstrons are examples of four-terminal
oscillators.

Electronic admittance and transadmittance are or-
dinarily essentially independent of frequency over the
frequency range covered by a tunable oscillator. They
are, however, dependent upon amplitude. Although
their magnitudes may increase with voltage amplitude
at low amplitude, a value of amplitude is always reached
bevond which the magnitude of electronic admittance
or transadmittance falls with increase of amplitude.
This characteristic is essential to limitation of ampli-
tude of oscillation, and results [rom nonlinearity of the
electronic device.

Two-terminal Oscillatory Circut

The oscillatory circuit connected across the elec-
tronic element of a two-terminal oscillator ordinarily
consists of some type of resonator to which an external
load is coupled. At frequencies up to several hundred
megacvcles per second, the resonator usually takes the
form of a lumped-element circuit. In the microwave
range, however, the characteristics of lumped-element
circuits are unsatisfactory and other types of resonators,
such as cavity resonators or sections of transmission
lines must be employed. Although microwave resonators
do not in general behave like simple parallel resonant
circuits, in the vicinity of a resonance frequency they
may ordinarily be represented by an equivalent parallel
combination of constant-lumped inductance, capaci-
tance, and conductance, the values of which are differ-
ent for different modes of resonance.

In many oscillator circuits the external load is con-
nected to the output resonator through a transmission
line. At the lower frequencies the line is usually short in
comparison with the wavelength and the effect of the
line is negligible. In microwave tubes, on the other
hand, a length of line large in terms of the wavelength
is usually an integral part of the tube structure, and
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cannot be eliminated. The coupling line must, there-
fore, in general be taken into consideration in an equiva-
lent circuit of the oscillator. The general form of the
equivalent circuit of a two-terminal oscillator is shown
in Fig. 1, in which YV, represents the electronic ad-
mittance between the electrodes across which the reso-
nator is shunted, and G,, C,, and L, represent the equiva-
lent resonator conductance, capacitance, and inductance

M
= L oL’ Y% y

o<
£

Fig. 1—Equivalent circuit of a two-terminal oscillator.

in the vicinity of a resonance [requency. M represents
the mutual inductance between the coupling coil or loop
and the resonator, and L’ represents the self-inductance
of the coupling coil or loop. ¥ is the admittance of the
load in which the transmission line is terminated, and
Y, is the characteristic admittance of the line. In low-
frequency circuits, ¥ may be considered to be con-
nected directly across the coupling coil.

The transmission line, loaded at the far end by the
admittance Y, may be replaced by the equivalent ad-
mittance Y’ measured between its input terminals. By
well-known methods, the combination of the coupling
loop and ¥’ may be replaced by an equivalent admit-
tance Y, shunted across the resonator admittance. The
equivalent circuit may then be drawn in the form of
Fig. 2, in which V,=G,+jwC,—1/jwL,.

Y 2 v

Fig. 2—Simplified equivalent circuit of a two-terminal oscillator.

Although the electronic susceptance B, is essentiallv
independent of frequency throughout the tuning range of
most oscillators, at any oscillation frequency it may be
considered to result from an equivalent inductance L,
or capacitance C,. Fig. 2 mav, therefore, be drawn in the
equivalent form of Fig. 3, in which G, C, and L have
values given by the relations

G=Ga+Gr+Gl (1)
C=C3+C7+C1 (2)
I = 1/(1/Le + 1/L, + 1/L)) (3)

Electronic inductance L, and capacitance C. are not
present simultaneously in the equivalent circuit.

In the analysis that follows, the total circuit admit-
tance, conductance, and susceptance will be represented
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by the symbols Y., G., and B.. The circuit admittance is
the sum of the resonator and load admittances, as
stated by the relations:

Yo=Y, + 1,
G =G, + G, (4)
Bc = B, + Bl = w(C, + Cz) - (l/wL, + l/sz).

An exact analysis of the equivalent circuit of Fig. 3
is complicated by the dependence of G, upon voltage
amplitude. For this reason the assumption will first be
made that G, is constant, and the effect of variation of
G, upon the behavior of the oscillator will be made sub-
sequently. The dependence of B, upon amplitude causes
some change of frequency as the amplitude of oscilla-
tion builds up, but the change is normally so small that
B. may also first be assumed to be constant in making
the analysis.

Fig. 3—Simplified equivalent circuit of a two-terminal oscillator.

Variation of ¥, with amplitude is an indication that
the relation between the electronic gap current and the
voltage which produces it is not linear. Since one conse-
quence of nonlinearity of circuit elements is the genera-
tion of harmonics in the current and voltage, it follows
that variation of ¥, with amplitude is always associated
with the presence of harmonics. A strictly rigorous
analysis would have to take harmonics into account or
else show that the presence of harmonics has negligible
effect upon the steady-state frequency and amplitude,
even at large values of amplitude. Because the com-
plexity of a complete analysis tends to complicate an
interpretation of the results, and because the following
treatment is intended to be of value principally in ex-
plaining qualitatively some of the observed character-
istics of oscillator behavior, harmonics will be neglected.
The simplified analysis is valid at small amplitudes of
oscillation; its application at large amplitudes is justi-
fied by the fact that the phenomena which it predicts
are observed experimentally.

Under the assumption that all parameters in the cir-
cuit of Fig. 3 are constant and linear, summation of the
currents at one of the nodal points yields the following
differential equation for the voltage V across the -ele-
ments:

d2V+G dV+ Vo_, -
a* C dt  IC

in which G, C, and L are given by (1) to (3). The solution
of (5) is
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V = Vet sin (w! + ¢) (6)
in which
a=—G/2C=—(G.+G,+G))/2C
= - (G.+G)/2C (N
1 G 1
w=A/—— =A/— — at (8)
e 4C* c

and the constants Vo and ¢ are the amplitude and phase
angle of the voltage at the instant when £=0.

Equation (8) shows that the voltage can be sinusoidal
only if |G| <2+/C/L. Examination of (6) and (7) dis-
closes that, since the resonator and load conductances
G, and G are positive, sustained sinusoidal oscillation
is possible only if the electronic conductance G, is nega-
tive and equal to or greater in magnitude than G.. If
G, is negative and equal in magnitude to G., « is zero
and the oscillation is of constant amplitude. If G, is
negative and greater in magnitude than G, the ampli-
tude of oscillation theoretically increases continuously.
Actually, however, the dynamic value of G, varies with
the amplitude of oscillation and, although it may remain
constant or increase in magnitude over some ranges of
amplitude, there is always some amplitude ahove which
it decreases. Eventually, therefore, an equilibrium
amplitude is reached at which the dynamic value of G,
is equal to G.. This amplitude is evidently dependent
upon the manner in which G, varies with amplitude,
upon the resonator losses, and upon the load.

Equation (6) indicates that oscillation cannot take
place unless it is started in some manner. In any actual
circuit, the random thermal motion of electrons sets up
random current pulses of sufficient magnitude to ini-
tiate the oscillation if the static value of G, i.e., the
value of G, at zero amplitude, is negative and greater
in magnitude than G..

Physically, a negative value of G, is an indication that
the motion of electrons through the electric and mag-
netic fields within the tube results in a conversion of
energy from the source of direct voltage to the source
of alternating voltage across the electrodes. In an oscil-
lator, the source of alternating voltage is the resonator.

Admittance Diagrams for Two-terminal Oscillators

Equations (6) and (7) show that under equilibrium
conditions a must be zero and

Ga = - (Gr +Gl) = — Gc- (9)
When a is zero, (8) reduces to the relation
oC — 1/wl. = 0. (10)

Since wC and 1/wL represent the capacitive and induc-
tive components of the total susceptance B.+ B,+B; of
the circuit of Figs. 2 and 3, (10) is satisfied only if

B,= — (B,+ B) = — B.. (11)
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Equations (9) and (11) represent the criteria for steady-
state oscillation,

Since G, and B, may ordinarily be considered to be
functions of amplitude alone, and G. and B, of fre-
quency alone, the solution of the simultaneous equa-
tions (9) and (10), expressed in terms of amplitude and
frequency, should indicate the equilibrium values of
amplitude and frequency. The functional expressions
for ¥.and Y, are usually so complex, however, that an
analytical treatment is difficult, if not impossible, and
for some oscillators the functional relation between Y,
and amplitude is not known. Much useful general in-
formation concerning the behavior of oscillators may be
obtained from a graphical analysis, nevertheless, even
when the exact forms of the expressions for ¥, and Y,
are not known. The graphical mcthod consists in
plotting the conductive and susceptive components of
Y. and — 1, at various frequencies in rectangular co-
ordinates of admittance and susceptance, i.c., in plot-
ting B, versus G, and — B, versus —G, in the same dia-
gram. Since the curves intersect at points where
(9) and (11) are satisfied, the points of intersection in-
dicate possible equilibrium values of amplitude and fre-
quency.

The presence of the term «? in (8) indicates that dur-
ing the build-up and decay of oscillation the frequency
of oscillation is less than the value at which B, and B,
are equal in magnitude. Since a? is usually small in
comparison with 1/LC, however, the following treat-
ment will be simplified by the assumption that B, and
B, are equal in magnitude not only under steady-state
oscillation, but also during transient periods. Under this
assumption, the ordinate of the admittance point on the
— Y. curve in the admittance diagram must be equal
to the ordinate of the admittance point on the ¥, curve
at all times.

> /;'req. ai;b
3 X4
§ el I‘eq’:foa -z . 8
g 3+ Amplit Ly,
w
0
o 25 6
;gj Freq.\\\ '
Zero amplit: g Zero amplit.
<t
(o) (b) (c)

Fig. 4—(a) Admittance diagram for a two-terminal oscillator. (b)
Variation of frequency and amplitude during buildup of oscilla-
tion. (c) Admittance diagram; oscillation not self-starting.

Fig. 4(a) shows an admittance diagram in which the
curves of circuit admittance and electronic admittance
are of arbitrary form. Equilibrium oscillation obtains
for values of frequency and amplitude corresponding
to point 3, since (9) and (11) are satisfied at this point.
The zero-amplitude electronic-admittance point is
at 0. Under the assumption that B,+B.=0 during
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the build-up of oscillation, the circuit admittance and
frequency at zero amplitude correspond to point a
on the curve of —Y,.. Because the magnitude of the
electronic conductance at point 0 exceeds that of
the circuit conductance at point a, « is positive in
(6) and any initial disturbance, such as circuit or
tube noise, initiates an oscillation of increasing ampli-
tude. As the amplitude increases, the electronic-
admittance point moves toward point 1 and the circuit-
admittance point moves toward point b. Inasmuch as
the frequency increases along the circuit-admittance
curve from a to b, increase of amplitude from 0 to 1 is
accompanied by increase of frequency of oscillation.
With increase of amglitude beyond that corresponding
to point 1, the electronic-admittance point moves back
toward the conductance axis, the displacement being
accompanied by an equal displacement of the circuit-
admittance point and consequently by a decrease of
frequency. The amplitude continues to increase and
the frequency to decrease until the amplitude reaches
the value corresponding to the intersection at 3. This
point is stable, inasmuch as further increase of ampli-
tude would cause the magnitude of G, to become less
than G, and the amplitude therefore to decrease.

The rate at which the amplitude increases during the
build-up of oscillation to the stable value corresponding
to point 3 is at every instant proportional to the differ-
ence in magnitudes of the electronic and circuit con-
ductances. In the foregoing example, the greatest dif-
ference between the magnitudes of G, and G, occurs for
an amplitude corresponding to a point on the Y.-curve
not far from that at which G, has its greatest magnitude.
Fig. 4(b) shows the general manner in which the ampli-
tude and frequency vary with time during the growth
of oscillation. The frequency fy is that at which the cir-
cuit susceptance is zero, and is therefore the resonance
frequency of the resonator alone.

If the electronic conductance at zero amplitude is
smaller in magnitude than the circuit conductance, as
in Fig. 4(c), a is negative at zeroamplitude and oscillation
cannot start spontaneously. Should the circuit be
driven, however, to an amplitude equal to or greater
than that at point 2, the amplitude will increase to the
equilibrium value at point 3.

Under certain conditions, oscillation may start simul-
taneously at more than one frequency.! The manner in
which the oscillation builds up is then complicated by
the fact, shown both theoretically and experimentally,
that when voltages of two different frequencies are im-
pressed simultaneously across a gap, the electronic ad-
mittance for either voltage is changed by the presence
of the other voltage. An example of an admittance dia-
gram that predicts simultaneous starting at two fre-
quencies is shown in Fig. 5(a), in which the circuit ad-
mittance is that of a section of transmission line. The

1\V. H. Huggins, Proc. L.LR.E,, vol. 35, p. 1518; December 1947;
vol. 36, p. 624; May 1948.
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curve of input susceptance versus input conductance
of a section of transmission line of characteristic ad-
mittance Vo, terminated in a load that results in a
voltage standing-wave ratio S is a circle with its center
on the conductance axis and passing through points on
the conductance axis at which the conductance is equal
to YoS and Y,/S. Increase of frequency causes the ad-
mittance point to be displaced along the circle in a
clockwise direction. (Equal intervals along the circle
do not correspond to equal frequency increments, the
rate of change of position with respect to frequency
being least at the point of minimum conductance and
greatest at the point of maximum conductance.)

Freq. -
—

1 Amplit., a-mode

7’

Y Freq., a'-mode

1

[

5 Freq., a-mode

Amplitude and frequency

1
_,_(—Amplil.. a’-mode

Time
(®)

Fig. 5—(a) Admittance diagram of a two-terminal oscillator capable
of oscillating in more than one mode. (b) Variation of frequency

and amplitude in two modes of oscillation during buildup of
oscillation.

In Fig. 5(a), the zero-amplitude electronic conduct-
ance is greater in magnitude than the circuit conductance
of both point @ and point a’. Oscillation therefore starts
at the frequencies corresponding to both of these points.
Because of the lower magnitude of G. at point a than
at point a’, however, the oscillation corresponding to
point a builds up much more rapidly than that cor-
responding to point a’ and eventually reaches equi-
librium at point 3. The electronic conductance for the
a’-frequency is reduced not only as the result of increase
of amplitude of the a’-oscillation, but also as the result
of the rapidly increasing amplitude of the a-oscillation.
At some time before the amplitude of the a-oscillation
reaches that corresponding to point 3, G, for the a’-
oscillation falls below the corresponding magnitude of
G., and the a’-oscillation therefore dies out. Fig. 5(b)
shows general manner in which amplitude and frequency
of the two modes of oscillation vary with time.



526

Under certain conditions oscillations may exist simul-
taneously in two frequencies under equilibrium condi-
tions.? Oscillation may also take place alternately in two
modes, one dying down as the other builds up.

The particular curves discussed in the foregoing exam-
ples were chosen only because they are convenient in
explaining important points in the analysis. The graph-
ical analysis based upon an admittance diagram may be
applied to any type of oscillator, regardless of the type
of energy-converting device, type of resonator, or type
of loading. The shape and position of the electronic-
admittance curve depends upon the type of electronic
device and the operating voltages and currents; the
shape and position of the circuit-admittance curve de-
pends upon the characteristics of the resonator and the
extent and manner in which it is loaded.

Tube Crrecurf

[ ]

—-—

Fig. 6—Block diagram of a four-terminal oscillator.

I
7 T 3’
v v % v
f2, o4 o 4"
" 0—
—o o0—

Fig. 7—Equivalent circuit of a four-terminal oscillator.

Admittance Diagrams for Four-terminal Oscillators

In four-terminal oscillators, the output of an electron
tube is coupled back to the input through a four-ter-
minal circuit, as in Fig. 6. If the tube is represented by
a transmittance Y, and the circuit by a transfer ad-
mittance Y,, the circuit becomes that of Fig. 7. The
electronic element is assumed to be unilateral; that is,
application of an alternating voltage to terminals 1-2
results in the flow of alternating current through ter-
minals 3-4, but the application of voltage to, or the
flow of current through, terminals 3-4 has no effect upon
the voltage or current of terminals 1-2. The electronic
transadmittance ¥, is defined as the ratio of the current
into terminal 3 to the voltage applied to terminal 1 rela-
tive to terminal 2. The circuit transfer admittance ¥,
is defined as the ratio of the impressed current flowing

% Schaffner, Hans, “Some Notes on Simultaneous Oscillations in
Systems with Two Degrees of Freedom,” E.E. Res. Lab., Eng. Exp.
Sta., U. of Ill.
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into terminal 1’ to the resulting voltage of terminal 3’
relative to terminal 4’. On the basis of these definitions,
the voltage V' produced between terminals 3/~4’ by the
application of a voltage V to the terminals 1-2 is given
by the relation V'= -V, V/V,.

If V' is equal to V in phase and magnitude, i.e., if
Ynu=—Y,, the voltages and currents in the network will
not be affected if the impressed voltage V is replaced
by the output voltage V' by closing the switch. In other
words, the closed circuit will oscillate with constant
amplitude. Since V' must be identical with V in the
closed system, oscillation can occur only at a frequency
that makes ¥V, and — ¥, equal in phase. If the mag-
nitude of ¥, is less than that of Y., V' is less than
V in the open system, and the amplitude of oscillation

B
Frequency
Amplit \ /ncrease
/ncreaiif ] % .
L—ta
0 VY

Fig. 8—Admittance diagram of a four-terminal oscillator,

must die down when the system is closed. If the mag-
nitude of Y, is greater than that of Y. on the other
hand, the amplitude of oscillation in the closed system
increases.

The foregoing discussion indicates that four-terminal
oscillators can be analyzed with the aid of transfer-
admittance diagrams. As in admittance diagrams for
two-terminal oscillators, curves of B,, versus G. and
— B, versus —G, are constructed in the same diagram.
Fig. 8 shows a diagram in which the curve of YV, is
of arbitrary form and that of ¥, is typical of coupled
two-resonator oscillator circuits. Point 0 on the ¥, curve
corresponds to zero amplitude. Oscillation starts at the
frequency corresponding to point a, at which the phase
angle of — V¥, is equal to that of ¥,.. Because the mag-
nitude of ¥, at zero amplitude is greater than that of
— Y, the amplitude increases and the electronic-ad-
mittance point moves toward point 1. Displacement of
the electronic-admittance point with increase of ampli-
tude is accompanied by displacement of the circuit-
admittance point, the two points always lying on the
same radius vector. The increase of amplitude of oscilla-
tion is consequently accompanied by change of fre-
quency. The amplitude continues to increase, with an
accompanying change of frequency, until point 1 is
reached. This point corresponds to steady-state oscilla-
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tion, since further increase of amplitude would cause
the magnitude of Y, to become less than that of — ¥,
and the amplitude to decrease.

Long-line Liffect

As an example of the application of admittance dia-
grams to the analysis of oscillators, admittance diagrams
will be used to explain a frequency- and amplitude-
hysteresis effect that is observed when load is coupled
to an oscillator resonator through a line that is long in
comparison with the wavelength, as in the circuit of
Fig. 1. In the vicinity of one of the frequencies of reso-
nance, the shunt conductance of a resonator is essen-
tially constant, and the susceptance proportional to the
frequency. The admittance curve is a straight line paral-
lel to the susceptance axis. The input admittance of a
line terminated in an unmatched load is a circle, as in
Fig. 5(a). The transformer formed by the resonator in-
ductance and the coupling loop changes the magnitude

_.)/C B

Frequenc
increase

Fig. 9—Admittance diagram of a two-terminal oscillator loaded by a
long transmission line terminated in an unmatched load.

of the equivalent admittance shunting the resonator,
and the self-inductance of the loop adds some series
susceptance. The general form of the circuit-admittance
curve, which is the resultant of the curve of the resona-
tor admittance and that of the equivalent load admit-
tance, is of the general form shown in Fig. 9. The size
of the loops depends upon the degree of mismatch of the
load and the line, the length of the line, and the tight-
ness of coupling to the resonator.

Change of tuning of the resonator causes a vertical
displacement of the loops in the circuit-admittance curve
of Fig. 9. Because tuning of the resonator has a negligi-
ble effect upon the electronic-admittance curve, the
loops move relative to the electronic-admittance curve.
For ease of explanation, however, the loops may be as-
sumed to remain stationary and the ¥, curve to move
relative to the — Y, curve, as in Fig. 10. Suppose that
the oscillator parameters have been adjusted so that
the frequency and amplitude of oscillation are those
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corresponding to point a. Change of tuning of the reso-
nator causes a displacement of the — Y. curve, indi-
cated in Fig. 10 by an upward displacement of the ¥,
curve. The intersection moves toward b, with continu-
ously decreasing frequency and amplitude. Further
change in tuning causes the intersection to jump ab-
ruptly from b to ¢, with a corresponding abrupt decrease

8

c . Freg.
/ncrease

Fig. 10—Admittance diagram used in the analysis of the
long-line effect.

in frequency and increase of amplitude.? From ¢ to d the
frequency and amplitude decrease continuously and at
d the frequency again decreases abruptly and the ampli-
tude increases abruptly to values corresponding to
point e. Change in parameters in the opposite direction,
so as to move the 1°, curve downward relative to the
— Y, curve, results in similar abrupt changes in fre-
quency and amplitude at f and 5.

Q
S
3
&
Confrol parameter
QO a ; c e
S / g
~
f
3 "o 7 oa
~
Confrol parameter

Fig. 11—Amplitude and frequency hysteresis produced by the
long-line effect.

The general manner in which the frequency and am-
plitude might be expected to vary with resonator tuning

3 Above the point at which the ¥, curve crosses itself, values of
G. of the portion of the curve on which ¢ lies are smaller than those
of the portion on which b lies. Oscillation may therefore build up in
the new mode and suppress that in the original mode even before the
intersection reaches point b. Where the jump takes place depends
upon the relative values of G, in the two modes.
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is illustrated in Fig. 11. Examination of Figs. 10 and 11
discloses that frequencies lying between points b and &
and between d and f are not observed as the tuning is
changed back and forth. Other ranges of frequency are
observed only when the tuning is changed in one direc-
tion or the other. These abrupt changes of frequency
and amplitude, observed when a load is coupled to an
oscillator through a long line, are called the long-line
effect. A similar analysis may be made for four-terminal
oscillators.

A detailed analysis shows that the loops in the circuit-
admittance curves may be eliminated and that the long-
line effect should consequently be avoided by (1) match-
ing the load to the line, (2) making the line short in
comparison with the wavelength, or (3) reducing the
coupling of the line to the resonator. These predictions
are in agreement with observed behavior.
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CoNCLUSION

The principal value of the method of analysis pre-
sented in this paper lies in its ability to explain observed
oscillator phenomena and characteristics. Although it is
applicable to oscillators operating in all frequency
ranges, it is particularly useful in the analysis of some
types of microwave oscillators, such as klystrons.4 Be-
cause of limitations imposed by assumptions made in the
mathematical treatment upon which the method is
based, and because of the difficulty in predicting the
exact form of the electronic-admittance curves of some
oscillators, it is not in general very useful in the quan-
titative predetermination of oscillator characteristics.

¢ I. R. Pierce, “Reflex Oscillators,” Proc. I.R.E., vol. 33, p. 112;
1945; Radiation Laboratory Series, Vol. 7, Sec. 11-5, D. Van Nostrand
Co., Inc., New York, N."Y.; 1948; H. J. Reich, P. F. Ordung,
H. L. Krauss, and J. G. Skalnik, “Microwave Theory and Tech-
Rliql‘l(es,” Chaps. 12 and 13, D. Van Nostrand Co., Inc.; New York.
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Transfer Characteristics and Mu Factor of
Picture Tubes*

KURT SCHLESINGER?, SENIOR MEMBER, I.R.E.

Summary—An attempt is made to explain, analytically, the ob-
served shape of the characteristic of kinescopes, which seems to
"follow a simple power law with an exponent between 2 and 2.5. The
difference from Langmuir-Childs law is due to the fact that the ac-
tive-cathode area varies with grid voltage according to another
po ver law.

The theory is applied to the modulator section of a conventional
TV picture tube and also to various structural modifications thereof.
As to the emission characteristic, gamma is consistently found to lie
between 2.4 and 2.5 and seems to be little affected by structural
alterations. The mu factor, on the other hand, is strongly influenced
by any one of the changes in the four system parameters.

An experimental tube was built to check some of the predictions
of the above theory. For the cathode current, a gamma value of 2.43
was observed. The useful screen current followed a power law with
an exponent of 1.9. The mu factor of this tube was found to fall
within two per cent of the value computed from (15) of this paper.

INTRODUCTION

T IS WELL KNOWN that the conventional type
]:[ of television picture tube has a nonlinear brightness-

transfer characteristic, which can be expressed by a
simple power law with an exponent of approximately
2.5. An accurate way to measure this figure, also called
the brightness-transfer constant or gamma-exponent
has been given by Baldwin.! The influence of this non-
linearity on halftone rendition and the need for an
inverse-power correction, or “rooter” operation, in the
transmitter has been outlined in a fundamental paper

* Decimal classificition: R383.6. Original manuscript received by
the Institute, January 22, 1952; revised manuscript received Sep-
tember 15, 1952. .

l t Motorola, Inc., Television Research Department_, Chicago, IlI.

1 M. W. Baldwin, “Measurement method for picture tubes,”
Electronics, vol. 22, pp. 104-105; November, 1949.

by Oliver.? It was further recognized at an early date
that the receiver nonlinearity has important bearing on
the visibility of noise in the picture. For a given trans-
mitter power the apparent signal-to-noise ratio can be
much improved by the use of root-and-power response
in sender and receiver, respectively.

The problem of picture tube nonlinearity has as-
sumed additional importance with the advent of color
television. There, the display of constant hue regardless
of brightness depends in a large measure on the correct
amount of gamma control in the color transmitter. Ac-
cordingly, the NTSC has included in its tentative pro-
posal for color-television standards* the recommenda-
tion that the transmitter should employ a rooter net-
work corresponding to a receiver gamma of 2.75 +0.25.
This design center is somewhat higher than the five-
halves power law assumed in earlier papers, and values
for gamma of 3:1, and even higher figures, were quoted
during recent sessions of the NTSC.

While most phosphors saturate at high energy levels,
a linear relationship between light output and beam
current is reported® for the lower current densities
(<100 pa/cm?). Within this range it seems justified,
therefore, to focus attention on the triode structure of

* B. M. Oliver, “Tone rendition in television,” Proc. I.LR.E,, vol.
38, pp. 1288; November, 1949.

3 Report by R. D. Kell, RCA. D. G. Fink, “Television Standards
and Practice,” McGraw Hill Book Co., Inc., New York, N. Y., pp.
189-194; 1943.

¢ NTSC—Color Field Test Specifications, Supplement #75,
Telev. Dig., Wyatt Bldg., Washington 5, D. C.; December 1, 1951.

¢ H. W. Leverenz, “Luminescence of Solids,” John Wiley & Sons,

New York, N. Y. Fig. 112, p. 358, pp. 349-362; 1950. Also G. F. J.
Garlick, Elec. Eng., pp. 287-291; August, 1949,
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the cathode-ray tube including its cathode, aperture-
grid, and first anode. A theory might then predict the
form of the cathode-current versus grid-voltage charac-
teristic and should reveal that this is indeed a simple
power law. It should also yield the value of its gamma
exponent and indicate how gamma depends on the sys-
tem parameters. .

It should be borne in mind, however, that the beam
current reaching the fluorescent screen of picture tubes
is only a fraction of that emitted from their cathode.
The electron-gun efficiency has a tendency to decrease
at the higher currents because of increasing beam spread
ahead of limiting apertures. This tends to reduce the

gamma of the light-output characteristic below the

value computed for the modulation section alone. A per-
tinent example is given in the experimental section of
this paper.

LANGMUIR’S LAW FOR VARIABLE CATHODE AREA

The analysis that follows acknowledges the emission
limitation imposed by space charge but it does not take
into account its retroaction on the original field distri-
bution in front of the cold cathode. The cold field is
found as a solution of Laplace’s equation. Poisson’s
equation should be used at higher-beam currents. It has
been found, however, that the simplified approach
checks with experience up to a point where more than
one-third of the total cathode area is active. This covers
a range of current amplitudes most commonly encoun-
tered in picture reception.®

Thermionic emission in a conventional triode is pro-
portional to the 1.5th power of the grid-from-cutoft
voltage:

I=Ple, — e[, (1)
where P is the perveance constant.” Child’s law may be
re-written in terms of current density from a segment of
the cathode and the field strength E normal to it.

i= K-E¥ (1a)
In a tube whose cathode area is not constant, but de-
pends on grid voltage, and where the field distribution
across the cathode area is not uniform, the over-all
characteristic does not necessarily follow a power law.
It will do so, however, if (1) The area function is itself
a power law of the type

A = const. (e; — €)™,

)

and if (2) The expression for the total cathode current
takes the form of a product of (1(a)) and (2). If these two

¢ Since this paper was prepared, a thorough analysis of the
cathode-ray triode including space charge effects has been published
elsewhere: M. Ploke, “Zeitschrift fuer angewandte Physik,” Springer,
Berlin, pt. 1, vol. 3, pp. 441-449, December, 1951; pt. 11, vol. 4,
pp. 1-12; January, 1952. The results of that paper are in perfect
agree nent with those presented here.

7 K. R. Spangenterg, “Vacuum Tubes,” McGraw Hill Book Co.,
Inc., New York, N. Y., and London, pp. 186-187; 1948.
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conditions are met the over-all characteristic is a power
law with a gamma of

v=3/2+m. 3)

It can be shown that the second condition is met if
the potential gradient at the cathode surface decreases
with the square of the radius off axis. This holds to a
first approximation in axially symmetric ficlds, where
the potential Vi at any point is tied down to the
axial potential by the relation

r? rt
Ve == o g = @)
The cathode gradient then reads
r? 7d
grad V. = ¢® — 'Ztﬁm + atb(‘” =y, (9
and since it vanishes at a critical radius ry,
0 = grad Vo,
=¢M — el &® + '_k‘(l,(s) L (5(2))
4 64
We obtain by subtraction of (5(a) ) from (5),
. L@ ®
grad Vo, = (r® — %) N (rt — rY) o + -,
or approximately
grad Vo, ~ ﬁ 0, 0) ii . (6)
dz?

The total cathode current may now be found by in-
tegrating the contributi~ns of concentric rings, each
emitting under the influence of a field given by (6),
out of the radius r,, where the field goes through zero.
From (1(a)) and (6) we get:

143
Tt = kf [grad Vo, ]3/2 2xrdr
=0

¢(3) 3/2 Tk
= 27rk(——> . f (re? — r¥32%dr.
"l' ref{)

There results

I = - K-E3*(xr,2) = const. (e, — €)¥? - Ak.

(M

This is 40 per cent of the emission of an equivalent di-
ode with the cathode area Ak and plate voltage ¢, —e..

We will now show that the cathode area is a power
of the grid voltage (2) so that the over-all gamma of a
kinescope can be obtained from (3).

ELECTROSTATIC FIELDS IN THE GRID-CATHODE
REGION OF PICTURE TUBES

Fig. 1(a) shows a cross section along the axis,
through the modulator region of a conventional picture
tube. The structure is symmetrical around the Z-axis
and comprises a cathode surface K, a grid G which
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consists of an aperture 2R in a plane sheet of metal of
thickness T, and a first anode 4. For our purposes,
there are four variables: d,, d3, J4x and R. We made the
following assumptions:

1. The anode may be replaced by a plane through
point P connected to anode bias V,.

2. On the surface of a coaxial cylinder through the
grid hole the boundary potential has constant
gradients between electrodes and assumes the
values zero, V,, and V, respectively at cathode,
grid and anode. (See Fig. 1(b)).

] [}
'
Vo A
R !
K = |
l J.|
] t
- ! -
I G —_
GRID CATHODE | : B
STRUCTURE | b
]
pe—t—] «+—10Mmil-e
Vo
o
BOUNDARY
POTENTIAL V=0
\ z

vo

— z

BOUNDARY
DIFFERENCE l
POTENTIAL

A% %

Fig. 1—(a) Grid cathode structure, (b) boundary potential,
(c) boundary difference potential.

‘T'he Laplace equation for axial symmetry reads

lc')(c')V)O 8)
+r6rrar—- (

v
dz?

A solution which meets the above boundary conditions

is
Ve 24+ D a, sin (f:E> -1 (j m) 9

brs = I ]

Here, I, is the modified Bessel function of zero order of
the argument (wnr/l).® The coefficients @, follow from a
Fourier analysis of the boundary difference potential,

4
A¢R,t S ¢R.l - Va' l ) (10)

® Tabulated in: Jahnke and Emde, “Tables of Functions,” Dover
Publications, New York, N. Y., pp. 226 and 228; 1943,
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shown in Fig. 1(c). To find a., we compute
1 2

d 2
R ] j; Ag -sin (mz 1)(15.
Io<]1rn l_>

If this integration is performed, we find that

dy =

(1)

2 sin (wné,)
™a, = ————— |V, —————

. R 7”151
Ig\gmn T

+ O v v ) + [ (V v )sin (7rn§2):| 12)
1—5,( S (P Y - (12).

Here, 8,=d:/l are inter-electrode spacings in term of
system length I. We can now find the field strength
normal to the cathode surface by forming d¢/dz in (9)
and using (12).

r
v, o (j ™ 7)

2
CT TR Ry
Io<]1rn l-)

Sz _sin (rnsz):l. (13)

— 52 1rn82

grad br0) =

[Va s1.n (wnédy)

1rn81

+ (V,— Va)'l

At this point we may derive, as a by-product, a formula
for the amplification factor u of picture tubes which is
quite accurate.

u is defined as the grid cut-off voltage in terms of the
first anode voltage,

B = - Va/Vc- (14)

Cutoff occurs when the gradient at cathode center dis-
appears. From (13):

1 si 8
0=V,4+2 Z [ _I:VC.M
<. R) ™o,
Io| jon—
l
8 si 8
+ (V= Vo) — ,1“_(11‘2)] (13a)
1 bl 52 T™hos
From (13(a)) and (14) there results
423 o sin (7nd,)
n=1 . R 7rn81
I (]rn 7)
14+u= ——— — —- (15
g 02 1 sin (wnd,) (1)

1 — 5
1-— 02 el Io(jWnR/l)

7rn82

Applications of this expression for practical tube types
will be given later. We now proceed to our primary task
of finding the active cathode area as a function of grid
voltage. The radius 7, of the active section is defined as
the distance off axis for which the potential gradient
passes through zero. From (13) for r=7,,
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To(jmnri/l sin (wnd
0=Ve+2Y " °_(].’r_ 7/ [V”._ﬁ_‘)
Io(jmnR/1) T,
5 sin (wnd
4+ (Vy = Vo) —— { 2)]. (13b)
1-— 62 7I“1162
By subtracting (13(b)) from 13(a) we obtain
V,— V. 1 — AF 1 — AF
Yoo le 1o2fe 70 G—Ge (16)
Va Fo + AFe2  Fun + AFg
In this expression, Fy and F; stand for
1 sin (7nd)
D)) E——— e A 17
’ 2 . R wnd , Sl
I (]mz —>
l
Io(jmnre/l)  sin (wné)
e = —— ————— (18)
Io(jmnR/1) nd
respectively, while
de 62
A= = ; (19)
Il —ds 1 —4.

Equation (16) contains implicitly the desired informa-
tion about the active cathode area. To find the relation
re=f(V,) we compute G,—G; for a few selected values
of r/R and plot the results on double-logarithmic
graph paper. If these points lie on a straight line this
proves the existence of a simple power law between
cathode area and grid voltage of the type anticipated
in (2). The exponent m is then found as m=2-tan a.
The factor 2 accounts for the fact that the abscissa in
Fig. 2 is in diameter ratios, whereas m in (2) refers to
cathode area. The over-all gamma of the tube is then
found by adding three-halves to m, as called for by (3).

IPRACTICAL APPLICATIONS OF THE THEORY

The expressions for ¢ and gamma derived above were
applied to a television picture tube type 17GP4. Nu-
merical data for the four structural parameters listed in
Fig. 1(a) were obtained from direct inspection of a gun
of this type, prior to its use on the production line. The
standard data thus obtained were:

d,=4 mils, R =18 miis,
t=28 mils, 1=40 mils.

Fig. 2 shows four points of (16) computed for active
cathode radii of 1R/10 2R/10 3R/10 5R/10 respec-
tively. All of these points lie smoothly on a straight line
with a slope of 26° 45’. This indicates that the active cath-
ode radius grows very nearly as the square root of the grid-
to-cut-off voltage. The area-exponent is 1.008, yielding an
over-all gamma, for this tube, of 2.508. (See (3).) The
u-factor for the 17GP4 results from (15) as u=35.9.
Handbook data? listing the cut-off voltages for this tube

9 RCA Handbook, vol. 1-2, Tube Dept., Harrison, N. J.
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indicate mu-factors within the limits of 3.9 and 9.1,
around a design center of 6.0.

In order to show how these constants depend on the
mechanical dimensions of the gun-structure, the same
analysis was repeated in three more cases, changing
only one of the four parameters at a time. In case no.
2 the thickness of the grid metal was reduced from 8 to
4 mils. In case no. 3 the grid-cathode spacing was dou-
bled. In case no. 4 the grid diameter was reduced by 22
per cent.

————» ACTIVE CATHODE RADIUS "w/R

o4——»02 03 04 05 N
l 0.2%
]
2 Ro.s% 0.3
g
5 \25' .5, TUBE TYPE 17GP4 .
& X 2- TAN o= 1.008 :
5 &= 2508 06
5 \ &
H \
[*] \ 0.8
& AY
2 }—.o% 1
z \ APPLICATION OF
w EQUATION (16}
8 TO FINO GAMMA
5 — EXPONENT
(%)
% 2
g \
™S
]
o |—30% 3
[4
© \
Py
Y s
6
Go=Gi \
s
0% A 0%

Fig. 2—Application of (16) to find gamma exponent.

The results of these analyses are summarized in Table
I. The general trend seems to indicate that the u-factor
is affected by every one of the system variations, while
on the other hand the value of the gamma exponent

TABLE I
INFLUENCE OF SYSTEM PARAMETERS ON GAMMA AND MU

Analysis

No. Condition u-factor | y-exponent
1 | standard tube type 17GP4 5.9 2.508
2 l_ grid-metal thickness: 4 mil 3.17 2.46
| [standard: 8 mil]
3 | grid-cathode spacing: 8 mil 9.6 2.34
' [standard: 4 mil]
4 | grid-hole: 28 mil 11.9 2.41
[ Fstandard: 36 mil]

seems to be remarkably stable. In fact, none of the struc-
tural changes seems to have much influence on gamma,
which stays within 7 per cent of a mean value of 2.43.
These results hold for a total system length of 40 mils,
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but they may be extended to any value of |, using the
principle of similitude!® inherent in (15) and (16).

AN EXPERIMENTAL CONFIRMATION

In order to obtain an experimental check on the
theory as outlined, an electron gun was built with the
following data: R=18, di=4, d.=12, /=324 (mils). This
tube was equipped with a separate collector electrode
so that the actual beam current and the total cathode
emission could be measured individually. Inserting the
structural data into (15) and using 20 terms thereof to
obtain better than 2 per cent accuracy, a mu-factor of
66.3 was computed.

The experiment revealed that cut-off occurred at — 35
v with a first anode voltage of 2,400 v, thus indicating a
mu-factor of 68.6.

Measured data of cathode and beam current are plot-
ted in Fig. 3 on double-log paper, using the grid-from-
cut-off voltage as ordinate. Both curves seem to follow
simple power laws with a gamma exponent of 2.43 for
the cathode, but only 1.9 for the collector characteristic.
Guns with higher over-all efficiency may not exhibit as

10 H., Moss, “Advances in Electronics,” Academic Press, New
York, N. Y., vol. 2, pp. 32-36; 1950.
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Fig. 3—Characteristic of experimental tube.

much of a gamma reduction as the sample. However,
the test serves to indicate that accidental electron inter-
ception within the gun may have a strong influence on
the over-all transfer-constant of a kinescope serving as a
transducer from signals into light.

Optimum Linear Shaping and Filtering Networks®

RAYMOND S. BERKOWITZ?, ASSOCIATE, IRE

Summary—Optimum transmitter and receiver transfer charac-
teristics are obtained for linear communication systems under as-
sumptions of fixed power levels and fixed over-all distortion of
message signal. Two separate criteria of performance are used as
the basis for optimization: (a) the mean-square value or variance of
the receiver output noise component and (b) the probability that the
noise component of receiver output exceeds a preassigned toler-
ance value at least once during some finite period of observation.

1. INTRODUCTION

HE PROBLEM considered in this paper is the
Tformulation of the joint optimization of trans-

mitter and receiver transfer characteristics of a
given communication system as illustrated in Fig.
1. The specific type of system studied is a linear one, in
which the noise adds directly to the signal in the chan-
nel. The following quantities are considered as fixed:

1. Average noise power spectrum S,(w).
2. Desired message signal power or energy spectrum

S(w).

* Decimal classification: R143.2. Original manuscript received
by the Institute, April 2, 1952; revised manuscript received Septem-
ber, 1952. This paper is a condensation of a Ph.D). thesis, which the
author submitted to the faculty of the Graduate School of the U ni-
versity of Pennsylvania.

t Moore School of Electrical Engineering, University of Penn-
sylvania, P’hiladelphia 4, Pa.

3. The distortion present in the system between in-
put signal and receiver output signal.

4. Transfer characteristics of the channel Y (w).

5. Message signal power levels at all stages of the
system.

While the general problem of constructing networks
to minimize the effects of noise has been attacked quite
extensively in the literature,™* the present work
differs in the following respects:

a. Most of the previous work was concerned with
constructing a signal filter to separate noise from a given
mixture of signal and noise, whereas here we consider
that the signal itself can also be modified by a suitable
linear shaping network at the transmitter.

! N. Wiener, “The Extrapolation, Interpolation, and Smoothing
of Stationary Time Series with Engineering Applications,” Report of
the Services 19, Research Project DIC-6037, M.I.T., Cambridge,
Mass.; February, 1942. Also available as a book, printed by the Tech-
nology Press, M.I.T., Cambridge, Mass., and John Wiley and Sons,
New York, N. Y.; 1949,

2 R. B. Blackman, “The design of prediction circuits with data
smoothing,” Bell Tel. Labs. Tech. Mem.; February 23, 1944.

3 R. S. Phillips and F. R. Weiss, “Theoretical Calculation on Best
Smoothing of Position Data for Gunnery Prediction,” Radiation
Lab., M.I.T., Cambridge, Mass.; February, 1944.

¢ H. W. Bode and C. E. Shannon, “A simplified derivation of lin-
ear least-square smoothing and prediction theory,” Proc. I.R.E., vol,
38, pp. 417-425; April, 1950.
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NOISE
m(t)
TRANSMITTING| £,(t) | TRANSMITTER | $2(t) [ CHANNEL |$3(t) | RECEIVER|f4(t) [RECEIVING
INTELLIGENCE Yi2 (@) INTELLIGENCE

[Yc (@]

Y34 (W)

b. In previous studies signal distortion as well as
noise in the system output were considered as variables
subject to over-all minimization. The idea here is to
obtain optimum filters that can be added to a given
system so that the effect of the noise is minimized with-
out affecting the inherent distortion of the message sig-
nal.

c. As a direct result of item b above, it is possible to
use as optimization criteria properties of the noise com-
ponent of the receiver output alone, rather than the
usual mean-square error. In this paper two separate
optimization formulations are obtained using the fol-
lowing two criteria.

1. The mean-square value or variance of the receiver
output noise component.

2. The probability that the noise component of the
receiver output cxceeds a preassigned tolerance value
at least once during some designated period of observa-
tion.

Which criterion would best apply to a particular sys-
tem is dependent on the mechanism by which the re-
ceiving intelligence converts the receiver output into
information. Thus, if one's decisions are based on the
value of the receiver output at specific instants, cri-
terion 1 would be applicable. Criterion 2 would apply
in cases where gated triggering is used, e.g., decisions
being based on the maximum value attained during a
fixed observation period. It can be shown that in certain
cases the above criteria are in addition monotonically
related to the equivocation or loss of information®?
due to noise of such systems. Thus, while the optimiza-
tions to be performed are by no means a minimization of
equivocation in the general sense, they can be thought
of in these cases as giving the best results attainable
within the limitations of the practical considerations
that are assumed.

2. GENERAL CONSIDERATIONS

Consider the block diagram of Fig. 1. We assume that
the messages transmitted fi(f) are of finite duration so

5 C. E. Shannon, “A mathematical theory of communication,”
Bell. Sys. Tech. Jour., vol. 27, pp. 379-423, 623-656; July and Oc-
tober, 1948.

8 C. E. Shannon, “Communication in the presence of noise,” Proc.
1.R.E., vol. 37, pp. 10-21; January, 1949.

7 R. M. Fano, “The Transmission of Information,” Research Lab.
of Electronics, Technical Report No. 65, M.I.T., Cambridge, Mass.;
March 17, 1949,

Fig. 1

that the Fourier transforms F,(w) cxist. We define 7(¢)
and m(t) as the corresponding message components of
the signals which appear at the input and output of the
receiver, having Fourier transforms R(w) and M(w),
respectively.

Some basic relationships can be written down as fol-
lows:

Fy(w) = V(@) N(w) + M(w) (1)
Ja(t) = r(t) + n() (2)
E(w) = M(w)/l_’;.(w) = Zc(w)zm(w)fl(w). 3

The assumption that the distortion in the system is
fixed is equivalent for the linear system under study to
the statement that the ratio of M(w) to F,(w) is a con-
stant, determined in practice by component design con-
siderations. Hence, (3) gives us a necessary definite rela-
tion between the linear shaping network characteristics
Y 2(w) and Y3(w). The procedure to be followed will be
to use Yyu(w) as the variable for optimization, Yj.(w)
then being given by

v MW
Yau(@)Yo(w) Fi()

Zm(w) = (4)

A constraint on the possible variation of Yyu(w) is
imposed by the fact that the power levels of the message
signal at the various parts of the system are assumed
fixed by practical design consideration. This constraint
is most conveniently expressed by the following equa-
tion for the power or energy of the message signal com-
ponent at the imput of the receiver:

/i 1 w
I, = = — Sm(w)/Y342(w)dw,8 (5)
Arm 2rJ _w
where
1 W
Im = — Sm(w)dw,
TJ W

W = maximum angular frequency of message signal
and

Arm

power gain of receiver,

“Y(. S\I’?te that “Y(w)” not underlined is used as the magnitude of
w).



534 PROCEEDINGS
P,,, the variance of the noise component of the re-
ceiver output, is given by

1 © _
Pro = — f_., ¥ 52(w)Sn(w)dw, ©)

where

Sa(w) = average spectrum of noise.

3. NoI1SE VARIANCE MEASURE

For our first measure of system performance, we pro-
ceed to find the receiver transfer characteristic mag-
nitude Yyu(w) that will minimize P, and still satisfy
(5). In the first place, it is evident that Y (w) should be
zero for w greater in magnitude than W. Using standard
variational techniques,® we obtain for |w| <W a value
Y3 (w) that yields minimum output noise variance, as
outlined in Appendix I. The result is

Iﬂm

Arm
Y34'2(w) =

m

VS m(w)/Sa(w), )

where

W

2rd _w

Tom VS m(w) Sy (w)dw. (8)

The expression for the resultant minimum variance of
the receiver output noise is

ArmImn2

Pu0,=—’
In

9

It will be noted that this optimization places no re-
striction on the phase angle of the receiver transfer
characteristic. An important feature of these results is
the fact that the optimum shaping and filtering net-
works obtained in this manner are independent of the
amplitude of the channel noise, being dependent only
on its relative frequency distribution.

Several examples of the application of the above re-
sults are shown in Fig. 2. In the first two columns are
shown some representative combinations of signal and
noise spectra. The parameter x is the ratio of w to W,
the message signals’ maximum angular frequency com-
ponent. The resultant optimum magnitude of the re-
ceiver transfer characteristic is in the third column. The
last column shows the ratio of the minimum value of
noise variance obtained to the value which would re-
sult if the receiver characteristic were flat in the pass
band. As expected, the relative improvement increases
as the lincar correlation of signal and noise spectra de-
creases.

4. PrROBABILITY TOLERANCE MEASURE

The second type of measure to be applied is the
probability that the deviation at the receiver output

? H. Margenau and G. M. Murphy, “The Mathematics of Physics
and Chemistry,” D. Van Nostrand Co., Inc.; New York, N. Y., chap.
6; 1943.
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exceeds some given tolerance value at least once during
a given period of time. Here we assume that the noise is
Gaussian.

There are two ways in which the tolerance value can
be exceeded during the observation time:

a. The noise s greater than the tolerance value for the
whole of the observation time.

. The noise passes through the tolerance value at
least once during the observation time.

We assume in this discussion that the former con-
tingency is not significant due to the duration of the
observation time. This is done because of the mathe-
matical difficulty involved in accounting for both con-
tingencies. Thus the problem reduces, at least ap-
proximately, to minimizing the expected number of
positive slope crossings per unit time of the tolerance
value, given by the expression!?

1 J=e7
Eg=— exp (—d*/ 2¥), (10)
2w Yo
where
1 ©_
Yo = ——f S(w)dw = Py (11)
2rJ _
n =1 ° T
Yo = — %S (w)dw (12)
27 J _
and
S(w) = Ya2(w)Sa(w), or zero if |w| > W. (13)
| S, (W) B (W) p_[Y;‘ @7" | Paa/rro
'___ = - ————— ¥ +k — ——g— =
| || Sem (WIARBITRARY | (NSRS e) ai ARBITRARY NONE
2 | S (WIARBITRARY Sm (W) kS @) || Apm=CONST. |
] ' — ]
gt | 2 |« 8
[- L Jrom— = - S -
3 &q I B 3Aam1-2 | 5 =.889 l
N —_ .
T G PP '
4%\ 2 Apom (1) %= 75
' B % ,,ao,
[ o [ B [ | | . o
' P, A=) .t i - = | <'
atf—+ ——p- =
5 \ T Arnem\ 7L T =0.617
| N ™ /‘.| x“ | 8 | '
[ @ & i-? u,fﬁi"i‘ I , - [ \
6 | 2 Axm % ' z =.25%
| Ii, o 1A o \‘
i i | J_—

As before, we set Yu(w) equal to zero outside the
message band. Applying variational techniques® to find
extremes of E4 under the constraint of (5), we obtain
(see Appendix II) results as follows:

108, 0. Rice, “Mathematical analysis of random noise,” Bell Sys.
Tech. Jour., vol. 23, pp. 282-332; July, 1944; vol. 24, pp. 46-156;
January, 1945.




1953
,..(w)S,.(w)
Ii(w) = f /‘/uw + W2 de 2
_ v m(w)Sn(w) -
I(n) = —-f /‘/ we? 4 W” (15)
1 W ~ o
I(u) = —-f VS m(@)Sa(w) (4%? + W2dw  (16)
TJo
NI )¢
d? = d"*(u) = Lol a17)
I m(w
Val() = s(u)  Salw) (18)

Sa(@) (Wt + W)

For a specific problem, it is first necessary to obtain
numerical expressions for integrals I, I3, and I in terms
of the parameter %. Then it is necessary to solve expres-
sion (17) for % in terms of d, the deviation tolerance
value. Using this value of %, the “optimum” value of
Ya2(w) is given by (18). It is seen that this value differs
from the previous result which simply minimizes the
noise variance, in the inclusion of a factor #%w?+4 W? in
the denominator. This factor tends to deemphasize the
higher frequency components of the noise, thus decreas-
ing the likelihood of short pulses exceeding the tolerance
value.

The crux of this method is the solution of (17) for u
in terms of the tolerance level d. It is necessary to plot
d’*(u) given by (17) versus #, then to select graphically
the desired solutions, at which d’2=d2 This of course
has the advantage that we can use the same plot for a
variety of values of the tolerance d.

Resultant expressions for ¥q, Yo'/, and the value of
E,, all expressed as functions of , which result when the
receiver transfer characteristic magnitude is given by
expression (18), are as follows:

I(u)I5(u)

o = DA 1)

RO C) (20)
I,

E.— i‘/‘/h(“) _ - 21

o V ha TP 2w @

Examination of the above expressions enables us to
draw certain inferences as to their behavior when the
parameter % varies. These are outlined in Table I.

In the case where S,.(0)5,.(0) =k>0, we see that d?
approaches infinity for both of the limiting extremes of
u. Hence, the equation d’? =d? (solving for #) must have
in general an even number of solutions. If 2 is less than
some minimum value, there is no solution. These solu-
tions signify the extreme values of E;. Now we know
that E, is finite for #=0, zero for u— . Hence, the
solutions of d’?=d? will be alternate minima and
maxima, the first being a minimum and the last being
a maximum. For system design purposes, the fact that
E,— 0 as u— is not significant, since in this case ¥
becomes infinite; this means that while the noise signal
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will cross the value d very seldom, the magnitude of the
noise will be greater than d most of the time.

In any event, it turns out that the solution of d"*=d?
for which the value of u is smallest is the one that
should be used as a design value.

TABLE I
~ U— ®
o e e M
Su(0)S:(0)=k>0 | Sn(0)Sa(0)=0
Yo approaches « as log finite limits, sys-
2u tem equnvalent to

mmlmum noise

finite limits finite limits variance” system

E; | approaches zero as
1

Viog 2u

az ‘ approaches « as log
2u (becomes equal
| to Vo)

approaches the ' approaches « as
same finite 1/u?
limit as ¥,

We take as an example the case of constant signal and
noise spectra. Thus,

Sm=a? S,.=b,in —-W<o<W (22)
d'*(u), Yau(w), Yo and ¢’ are as follows:
v(sinh 29 4 29)?
d'*(u) = PoArm - ( i) - 2 —- (23)
4 sinh 21}(smh 2y — 20)
sinh 29 + 21} w
Y342(w) = Arm " — (24)
4 sinh v \/u w2 + W
v 2] vsmh 2v+2v o
0T Dnfim 4 sinh? v (25)
o = WP.A sinh? 2y — 4¢? 26
¢ e 16 sinh* v )
. bW
v = sinh™! %, P, = . (27)
™

For a given tolerance value d, optimum design values
of u or v are obtained by solving the equation d'?(x) =d>.
For this example, this process is illustrated by the curves
on Fig. 3.

Here we have normalized plots (on a log-log scale)
of d’2, o, and —yo’’ /e, as functions of the parameter
». The value of d'?, starts out at infinity, then passes
through a minimum, after which point it merges with
the ¥, curve. If the square of the tolerance value d is
less than about 1.6, the value of this minimum, the ex-
pected number of crossings Eg will have no extreme
value. For values of d? greater than this minimum, two
values of v will satisfy the equation d’?=d?, the first be-
ing a minimum and the second a maximum.

On Fig. 4 we have plotted the variation of E4 with v
for two such values of the tolerance parameter d,
namely d?=2.0 and 2.5. In both cases, Eq is seen to be-
come a minimum at the first point where d'?=the given
value of d? on the graph of Fig. 3. We can call this the
“optimum?” value of v in each case since, even though E4
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becomes smaller than this minimum value for suff-
ciently large values of », we will remember that the
variance of the receiver output noise ¥, is considerably
larger than our tolerance value d? at these values of v.
Hence, E; is small only because the noise signal is
greater than the prescribed tolerance most of the time,
an undesirable error-producing result.

Y34'(w) into (6) gives the extreme value P,,’ given by (9).
To show that this extreme, being unique, is a mini-
mum, we compare P, with P,,’’, the noise variance

which would result if ¥V3(w) were constant in the band
—W<o<W.

This yiclds

w 2
Returning to Fig. 3 we see that the optimum or de- P { Sm(w)‘sn(w)dw}
n0 —W
= - — - 30
I u(l” W w ( )
f Sm(w)dw f Sp(w)dw
103 -W —W
“00 By Schwartz’s inequality,! this ratio is always less
] than or equal to unity. Hence the unique extreme value
P,o" must be a minimum.
200 1 B
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Fig. 3—Design curves. | ‘ ‘.I‘
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. . . i W
sign value of v is the smaller value at which the d’2 curve o| .
crosses the specified value d2 It is secen from the E,
curves that the decrease in 4 from the minimum noise v | , |

a « e I . 0 K} 2 K] [}
variance case (v =2 =0) is rather small. This will usually

be the case. Such an optimization device will usually be
practical only for those marginal systems where every
last ounce of performance possible is necded.

Fig. 4—Eg4 versus v. d*/Ppd,,, =20, 2.5.

AprprENDIX |

Derivation of Results for Minimization of Outpul Noise
Variance

AprpPENDIX 11

Derivation of Resulls that Minimize Expected Crossings of
Given Tolerance Value

The “optimum” receiver characteristic magnitude of

Here the procedure is to find extremes of E4 (10),
(7) is obtained by determining the minimum value of

again using (5) as a constraint.® Equating the variation

P,y (6) using (5) as a constraint. Applying variational
techniques® we find that P, is extreme when

gn(w)Yu(w) - kS,,,(w)/Y343(w) =0 (28)
for all wless than W. We designate this “optimum?” value

of Y3 (w) as Y3/(w); & may be determined from (5) as
being given by

‘\/—k = Armlnm/Im; (29)

thus expressions (7) results for Y3 /(w). Substitution of

of E4 to zero, we obtain, after climinating common fac-
tors,

Yol + (d* — ol 'o%0 =
Using (11), (12), and (13), this becomes

0. (31)

w
f (Aw'“’ + B)s,.(w)yu(w)éyu(w)dw = 0, (32)

" H. Cramer, “Mathematical Methods of Statistics,” Princeton
University Press; Princeton, N. J.; 1946.
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where 4 and B are positive constants, independent of
w, satisfying

A=y  B=— " (@ — ¥o).

Introducing the constraint of (5) on the & Y3 (w), there
results

(A0 4+ B)Sa(@)V3u(w) = NSm(w)/Vas(w) = 0

(33)

(34)

which must be satisfied for all [w| <W.
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From here on, the algebra consists of substituting
Va(w) as determined by (34) into (5) to determine A,
then the use of (33) to establish values for 4 and B in
terms of the known quantities. Defining the parameter

u by the equation
B = AW/ u?, (35)

(17) and (18) result, where I1(x), I(#) and I3(x) arc as
determined by expressions (14), (15), and (16).

Determination of Voltage, Current, and Magnetic
Field Distributions together with the Self-Capac-
itance, Inductance and HF Resistance of
Single-Layer Coils

ABD EL-SAMIE MOSTAFA#t, SENIOR MEMBER, IRE AND M. K. GOHAR]

Summary—A theoretical investigation for quantitative evaluation
of voltage, current, and magnetic field distribution along single-layer
coils is presented herein. The magnitudes and the number of har-
monics present in the distribution are obtained for the first time.
From the voltage and current distributions, the self-capacitance and
inductance of coils have been obtained. The self-capacitance depends
mostly on the length to diameter ratio; it slightly depends on the
amount of harmonics as well as the pitch to wire-diameter ratio. The
harmonics mainly rely on the number of turns, the operating fre-
quency, the coil diameter, and the length to diameter ratio. From
the magnetic field distribution, the HF coil resistance is obtained.
Experimental results extracted from previous authors are in good
agreement with the theoretical predictions.

I. ListT orF PRINCIPAL SYMBOLS

a =mean coil diameter, cms.
b =coil length, cms.
D =distance between adjacent turns (pitch), cms.
d =wire diameter, cms.
N =number of turns of coil.
L.=coil inductance, uH
C,=coil self-capacitance, cms. (e.s.u.).
Rac=dc resistance of coil.
R..=ac resistance of coil.
w/2m = operating frequency.
w,/2m =self-resonant {requency of coil.

II. INTRODUCTION

A great deal of theoretical and experimental work
has been published concerning HF single-layer coils.

* Decimal classification: R382 X R217.11. Original manuscript re-
ceived by the Institute, December 28, 1951; revised manuscript re-
ceived September 5, 1952.

. t Faculty of Engineering, Alexandria University, Alexandria,
g

ypt.
t Electrical Dept., Fouad I University, Giza, Egypt.

The most important published comprehensive theo-
retical work for the determination of HF coil resistance
is due to Butterworth.'3 His main formula for single-
layer solenoids of very many turns is

d'.!
Ric/Ras = a(1 + F) + (Bus + vit) i

F and G are functions of ¢ and 2= 2n%ud*/p; 1, and u,
are functions of b/a, and p and p are the resistivity and
the permeability of the wire material, respectively;
a, B, and v are functions of d/D and ¢t. All are tabulated
in Butterworth’s paper. Afterwards, Butterworth modi-
fied his formula to suit very short coils as follows:

D?

1 d?
Rnc/Rdc =1 +F<1 + '8‘ IVn >

0y

+UG¢Q+1V¢J3
PAS S - )
D 2 " pY)
where, Un, V., and W, are functions of N, and ¢, is a
function of ¢ Butterworth did not consider the case
where the current is not uniformly distributed along
the coil. Butterworth's formulas arc also not suiteble
for coils of intermediate lengths, which was clearly
indicated experimentally by Jackson.* Unfortunately,
most HF coils are of intermediate lengths.

1S, Butterworth, “Eddy-current losses in cylindrical conductors,
with special applications to the alternating current resistance of short
coils,” Phil. Trans. (London), A 222, p. 57; 1922.

'S, Butterworth, “Alternating current resistance of single layer
coils,” Proc. Roy. Soc. A., A 107, p. 693; 1925.

3'S, Butterworth, “Effective resistance of inductance coils at
radio frequencies,” Exper. Wireless and Wireless Eng., vol. 3, pp. 203,
302, 417, and 483; 1926.

4+ W. Jackson, “Measurements of the high fre(1uency resistance of
single layer solenoids,” Jour. IEE (London), vol. 80, p. 844; 1937.
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According to the authors’ knowledge, there are no
previous publications which give the voltage, current,
and field distributions along HF coils. Howe’ in de-
termining the self-capacitance of single-layer coils,
assumed the current distribution to be a sine curve
superposed on a rectangle. He mentioned that the
calculation of the magnetic field even with this assump-
tion is practically impossible. Palermo,® in deriving his
formula for the self-capacitance of single-layer coils,
considered only the capacitances between adjacent turns
to be responsible for the charging currents. He did not
contemplate the capacitances between the different
turns and a point in the coil estimated at zero potential
which form the important portion of the self-capaci-
tance. Palermo’s formula is

D
C, = 7a/3.6 cosh ! —d—ppf.

Medhurst” showed experimentally that C, is prac-
tically independent of the spacing ratio D/d for a coil
having b/a=1.0

Recently, Moullin®? attacked the problem of an in-
finitely long solenoid in which the current flow was
circumferential and had a density which varied har-
monically along the axis. Using Bessel functions, he
then calculated the self inductance of single-layer coils.

ITI. CURRENT AND VOLTAGE DISTRIBUTIONS

In calculating the current and voltage distributions
along the coil, it is assumed that the ac resistance of
every turn and the conductance between turns are
negligible. It is also assumed that the interaction of

(olrdeird)
(50 S0 80

(Le l+ l-
u;ﬂ \

fl—c‘)

(‘*‘c,*, )
(G5t %)
[/_<. )

i | '
1 'Ll’lnu of Zore Potential
ce centre)
Fig. 1

8 G. W, O. Howe, “Inaugural address to the wireless section,”
Jour. IEE (London),vol 60, p. 67; 1922,

¢ A. J. Palermo, “Distributed capacity of single layer coils,”
Proc. 1.R.E,, vol. 22, p. 897; 1934.

"R. G. Medhurst “H.F. resistance and self-capacitance of
Smgle Layer Solenolds, Wireless Eng., vol. 24, pp. 35 and 80; 1947.

8 E. B. Moullin, “The field of a coil between two parallel metal
shects,” Jour. IEE (London), vol. 94, p. 78; 1947.

* E. B. Moullin, “The use of Bessel functions for calculating the
self-inductance of smgle layer solenoids,” Jour. IEE (London),
vol. 96, p. 133; 1949,
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electric currents in the different turns is instantaneous,
which is very approximately true so long as the coil
dimensions b and a are small compared with the wave-
length in free space corresponding to the operating fre-
quency. Accordingly, the currents in the different turns
will be in time phase.

Steady sinusoidal conditions with respect to time will
be assumed. Symbolic notations will be adopted. Root-
mean-square values will be used.

We are going to consider first the case where the coil
is not earthed at either end; it may then be earthed at
its center.!?

The charging currents are those shown in Fig. 1.
There are other charging currents between adjacent and
nonadjacent turns which are very small and can be
neglected. This is clarified in Appendix A.

A. Calculation of Potential Due to Magnetic flux

Consider a turn at a distance x from center (Fig. 2).

x iz
| ] |
-9'9-G'GGGGG-G-G-QO’G-G-GQ-GG-QGG'—
i |
Coil Centre I :
Uy i | I
$996999996$6999$99®9$ =

__I P '_._4_.' | l

| i

1 b3 ~]

| gl |
Fig. 2

Let the current in that turn =4, its charge =g, and its
potential with respect to the coil center (considered of
zero potential) =v. The current in the adjacent turn
distant x4+ D equals 7,+A7=1,+jwg, giving

g = Ai/jo = (D/jw)di/d. (1)

The potential of the adjacent turn=94Av, and Ay
= Ddv/dx = voltage drop across a turn at a distance x.
Thus, Av=voltage drop due to the turn’s self-inductance
I4-sum of voltage drops due to the mutual inductance
M between the turn in question and any other turn of
the coil =jwli,+jw >, Mi,. (2)

Maxwell's formula for the self inductance of a sin-
gle turn is

L, {<1+3 d2>l 8a
- 16 a2) 274

(o e o

The mutual inductance M between two turns distant
2 apart can be obtained from tables in footnote refer-

1° The case where the coil is earthed at one end can be directly
obtained, and it is given in Appendix C.
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ence 11. Plotting M/a to a base of y/a and remembering
that M(y) =M(—y), Fig. 3 is obtained, where y is the
distance between the two turns which require M. The
interesting values of A{/a are those starting from y=D.
At y=0, the ordinate is //a. The summation in (2)
should be carried out turn-by-turn. However, unless the
number of turns is small, the same result can be satis-
factorily obtained by an integration process. Therefore,
(2) reduces to

w b/2 %-
Av = juliz + § — Mzd‘.—}-]— Mzdv
D z+D D —~b/2
w b2
=j — Midz (4)
D J_
Ll
a
’I -
]
|
'\ Lla
{
|
i
‘ ‘e
+ — (]
e ‘a +2 s *'.ﬁ
I
Fig. 3

M, is the curve 1 2 2" 3’ 3 4 (Fig. 3).
From the nature of the problem, 7, can be repre-
sented as

i. = ao+ 2 dn cos (nwz/b) (3)
nu=l
-2
X te
.3 1
-y
‘.
9 \ 4]
7 \ 2
5 N
N [
‘\
3 = s A
—t — y A"
¢
0.5 1.0 .5 20 2.6

Fig. 4

EF, E. Terman, “Radio Engmeermg Handbook,” McGraw-
Hill Book Co., Inc., New York, N. Y.; 1943,
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where 7 is an odd integer. The upper limit of the summa-
tion will be given later in the paper. A convenient repre-
sentation of the characteristic, Fig. 3, is a trigonometric
polynomial by means of Fourier analysis with 2b/a as
its fundamental period.

My/a = Ag+ D A, cos (imxy/b).

mm=1

(6)

The upper limit of the summation in (6) depends on the
number of terms in the expansion required for satisfac-
tory representation. 4y and 4, are to be determined
from Fourier analysis. It is clear that 4, and 4. depend
on D/a, b/a, and d/a.

In order to have the same M,/a—y/a characteristic
for all practical coils, a value of 0.005 for D/a and a
value of 0.01 for d/a will be assumed. For other ratios,
the representation of the characteristic will be prac-
tically unaffected (Appendix B).

Fig. 4 shows a chart of 4o, 41, 4., and A4; against
b/a ranging from 0.25 to 2.5 including almost all prac-
tical coils. Substitution of (5) and (6) in (4) gives

dv
Av=D
dx
b a z/2
= jwag— — {Ao—i- Z A, cos m(l)—cb)} do
D r O=—x/2 Mem]
b a 72
+jo — — [(Ao Z a, cos nB)
D 7 a2 nel

aAm
+ > ¢ 5 {cos ((m + n)8 — me)

+cos ((m—n)0—mep) }] ds, )
where 8 =mz/b, ¢ =nx/b, 0 —p=n(z—x)/b=my/b.
The first part of (7), which is

4,
Ao+ D j»t — cos mrx/b)

nesl n

(b/D)(2a/) (1;

gives the inductance m. between a turn at a distance x
and all other turns of the coil, the integration of which
along the coil gives L..

b? 4a )
Le=— — Ao—i—ZA/n’ pH. (8)
D2 w2 ne=l
TABLE 1
b/e L./Na ‘ L./Na Discrepancy
‘ (Authors’) ’ (Nagaoka) per cent
0.25 1.419X107 1.435X10"2 1.149%,
0.50 1.019X1072 k 1.035X10* | 1.609%,
1.00 0.65 X102 0.697 X102 4.25%

L. is calculated by (8) for several coils having differ-
ent dimensions, and the results are in good agreement
with those of Nagaoka (Table 1). Integration of (7)
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gives,

b2 dg X An
V= Jw—a—<7dy — 2 '""—sinn}

n=1 n

. b oa . a\ Tx
W e

it n/ b

nml 2 m(m + i)

Am
R SRS
(m+ndodd

+ { > any, [anml - sin m¢}
S R m(m — n) (m=modd
T apAm

+ {—- > - sin mqb} :I 9)
2 n=1 m me==n

If the current were uniformly distributed and of value
ay, the potential would not be uniform and would be
given by

b a T
¥ = jwdg— —<mAde — + 2
J ‘D 1r'-’{ " b 2

nel N

An
— j*'sin (nwx/b) o .
The voltage at the coil end is obtained from (9) by
putting ¢ =w/2. The terminal voltage V.. is twice the
end voltage.

. . b e .. @
Viee = jwaole + jw — — a1 ), j* 1 — (244 + A4,). (10)

D? P na,

m

B. Calculation of Potential Due to Electric Charges

The potential at the point P due to a ring having a
charge ¢ (Fig. 5) is given by

f"' gda

Vp = - - - :

v a0 27V (¥? + a?) — a? cos® a;/2
2p b dy,

2
== — qpK(p), (11)

ma 7 71=0 \/1 = Pz C()Sﬁyl
where
p = 1/V1+ y¥/a?,

and K(p) is the complete elliptic integral of the first
kind with modulus .

Y1 = al/zi

Fig. 5

It should be noted here that the charge on any turn
except the two end turns could be considered satis-
factorily concentrated on a circle, even if the pitch of
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winding is of the order of the wire diameter. The charge
distribution on the cross section of any turn is mainly
due toadjacent turns;nonadjacent turns have practically
no effect due to the screening action of the adjacent
ones. Any turn, except the central one and the two end
turns, can therefore be satisfactorily considered as if it
were a central wire of three equidistant coplanar long
wires having nearly the same charges, neglecting second-
order effects. The charge in the central wire will there-
fore be considered as if it were concentrated at its
center. There is practically no charge on the central turn
of the coil. Therefore, the potential due to any turn of
the coil except the end turns could be calculated as if
it were an isolated charged ring. It is clear that correc-
tion for the two end turns must be carried out if the
number of turns is very small; such correction is evi-
dently dependent on the pitch to diameter ratio. How-
cever, for a large number of turns, the correction is very
small and the potential distribution as well as the self-
capacitance C, will be practically independent of pitch
to wire-diameter ratio.

Following the same lines as in part A of this section,
the potential v at a turn distant x from the center is
given by

2 1 bj2 *+D 1
o= A ks - [T k(e
ma D —b/2 2D
+ potential due to charge on turn under question. (12)
Equation (12) can also be reduced as in part A to
2 1 o

P = — —

(12a
ma D b/2 )

pK(p)qds.
Using tables of footnote reference 12, pK(p) can be
plotted to a base of y/¢ in the same way as M/a in
part A,
Therefore,
PK(p) = Bo + 2_ B cos (mmy/b)

Mima ]

(13)

where By, B, are to be determined from Fourier analy-
sis. Fig. 6 shows a chart for B, against b/a.

I
8; ! T
1.25 ! I —
| | | { ! i : |
=== L ]
1.2 |~ L ! L N
|/ | | | l ! |
I é |
1.18 _—
I
tet 5‘1
1.0
1.0

0.25 (X7 1 10 128 15 175 20

D
a

Fig. 6

12 H. B. Dwight, “Mathematical Tables, and Other Mathematical
Data,” Macmillan Co., New York, N. Y.
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Substitution of (1), (5), and (13) in (12a) gives

1 2
v = — —{— 12110,.3" sin n¢

jw wa 2 o

+ > ne, D, jrtm sin m¢
el 2 b, - - m+n
B
- > ma, D, jmrl———sin m¢} . QB)]
nel mm2, 4,00 m—=n
Terminal voltage
1 2
=2(¢p=/2) = — — — D> " na.B..  (15)
Jw a pmi

IV. DETERMINATION OF MAGNITUDES AND NUMBER
oF HARMONICS

The two potentials due to magnetic flux and electric
charges must be equal at any turn of the coil. Therefore,

(9) and (14) are equal at
N -1 b
D<= —).
2 2

There will be (N —1)/2 equations giving (N —1)/2 har-
monics in terms of the input current @,. Therefore, the
harmonics in (5) must not exceed (N—1)/2. From these
(N~—1)/2 simultaneous equations, @i/ds, as/ae, as/a,,
-, Gy_2/ae can be obtained, and it is clear that they
depend on b/a, w/2w, a, and N. Calculation for a coil
having N=13 and b/a=0.5 gives 49=0.751, 4,=0.643,
2=0.2855, 4;=0.2085, 4,=0.1426, B,=2.811, B,
=1.217, B,=0.406, B;=—0.0128, and B,=0.172.
When the coil is resonating (a,=0), the current distri-
bution is

i, = aiqcos (wz/b) — 0.0628 cos (3wz/b)
+ 0.02 cos (5wz/b) + - - - }.

x=0,x=D,x=2D,---,x =

(16)

It is clear that the magnitudes of the harmonics are
small and the series forming them is convergent.

V. DETERMINATION OF CoIL SELF-CAPACITANCE

When the coil is self-resonating, ao=0, and w=w,
=1/+/L,C,. Equating (10) and (15) and putting a,=0,
and w*=w?=1/L,C,, gives

a

>t = (240 + A4)
T el 1na,y

1 2
Z'/lo + Z Au/llg

]

an
Z Jj"'n — B,
ne=1 a,

a
(2A0+A1)—--—3-(2/10+A3)+_,_
3(11 -
4 1r'-’A A A,
—4‘ 0+ 1+9+...
- -, - - (17)
2 as

Bl—‘3~—B3+

a,
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The coil self-capacitance, therefore, depends mainly on
Ao, A1, As, As, . . . By and B, Bs, . . ., located on the
coil length to diameter ratio. It depends slightly on the
harmonics present, which latter rely on the length to
diameter ratio as well as on N, provided the frequency
=w,/2%. For any other frequency, the harmonics de-
pend also on the operating frequency w/27x and on a.
For the coil along which the current distribution was
previously given by (16), the effect of harmonics is to
increase C, by about 2 per cent.

The self-capacitance depends slightly on the fre-
quency at which measurement is made. Medhurst? re-
ported, in Table 2 of his paper, the following measure-

TABLE 2
| b/a=0.625, b/a=0.333,
N d/D=0.745 d/D=0.652
JS=1000 kc, f/=800 ke,
d=0.1016 d=0.0508
Experimental 2.71 1.795
Authors’ 2.74 1.765
Butterworth | 3.32 ' 2.00

ments: At Frequencies between 0.72 and 3.0 mc/s, the
self-capacitance ranges from 2.14 to 2.17 uuf; however,
at frequencies between 6.0 and 18.0 mc/s, the self-
capacitance varies between 2.27 and 2.37 uut (the
natural frequency of the measured coil was about 15.0
mc/s).

If the harmonics were neglected, the coil self-capaci-
tance could be obtained from (17) by putting az=0

=gas= - - - . In this case,
U
8 Bl ™ 3 5
—do+ A+ —+ -+
25
a%b? 1 240+ A,

- 5 18
D, 2B, L; (18)

Equation (18) is a satisfactory one for calculating the
coil self-capacitance, provided the number of turns is
not very small as stated before. Equating (10) and (15)
and putting a3=0=a;= - - - and using (8), the funda-
mental component, a, of the current can be satisfac-
torily obtained.
(&
(1.)2

VI. MaGNETIC FIELD DISTRIBUTION

L.

- (19)
- 1)-“4 b 2o+ A1)
r D ’ '

a, = do

At any turn along the coil, there are two magnetic
fields, the self-produced field which is due to the current
in the turn itself, and the mutual field which is due to
the current in the other turns. The latter may be re-
solved into two components, axial and radial.

A.. Self-Produced Field

If a unit current is flowing in a certain turn of di-
ameter a, it will be accompanied by a flux ¢ linking
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the turn. Assuming a to be increased to a+da (Fig.
7(a)), ¢ will therefore be increased to ¢+ 8¢. The self-
inductance ! will also be increased to !4 8/, where

éa
8l = d¢p = 7ra7-]331

and

2 di
B,, = — — = self produced magnetic field due
ma da

to unit current.
It is considered axial. The mean value of

1 1 di

1
ra da

*imean ?

It is acting over the cross section.
The self-produced field due to current 7 flowing in the
turn under consideration will, therefore, be given by

i dl

B —
ra da

(20)

*mean

The value of dl/da is obtained from (3).
B. “Axial Component B,” of Mutual Field

Consider two turns distant y apart and having the
same diameter ¢ (Fig. 7(b)). If the diameter of the

ale

ke
[G]

turn at which the field is required is increased to a-da,
the axial flux linking this turn due to a unit current
flowing in the other will be increased from ®, to ®,469,.
The mutual inductance will therefore increase from M
to M+6M, where

da
oM = 5@,, = 7I'd-2' Bly,
giving
M .
Biy = — = — = axial field component

due to a unit current passing in the other turn. The
mean value of By, (=}B,,) gives the axial field com-
ponent acting on the cross section.

If a current 7 is flowing in the other turn,

2 7a de 2 ma da
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Substitution of (6) gives
. 2 (d(ad d(adm)
1 “ { (a 0) + Z (

B, = —.
Y 2 ma

cos (mwy/b)} .21
da m—l a
It should be noted that d(e4)/da is a function of b/a
only, since '
d(ad ) b

Am
da e d(b/a)

-2
Xio

1.4

d(24,) de

L7

o a)éa

0.6

0.4

drAayde

0.2 dl(x4y)/d

° o8 10 (¥4 20 25
—

Fig. 8

Fig. 8 shows a chart for
d(edo) d(ad))

R

da da

C. Radial Component Bg of the Mutual Field

Let the turn at which the field is required be dis-
placed axially a distance 8y (Fig. 7(c)), the mutual
radial flux due to a unit current flowing in the other
turn will be decreased from &5 to ® — §Pz. The mutual
inductance will be reduced from M to M—46M, where

» + -+ against b/a.

1
— 8M = mady- By, giving By, = — — dM/dy.
ma
The radial field component due to a current

7 in other turn = By =

Substitution of (6) gives

Br = —2~ 2 mA, sin (mry/b). (22)

mml
From (5), (20), (21), and (22), and by following the
same lines as in part (3), the axial and radial magnetic
field components B,, and Bg,, respectively, acting over
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the cross section of a turn distant x will be given by

1 1 2 vz dM
5, == — — i.—dz
2 D rwa —b/2 da
a 2 b 2 {r d(aAy)
T2 ™ a D da
1 d(ed,
+ > gt — S )cosn¢}
=]
1 2 5 1 d(aAd o o
+_____.-_[{2 _(f_O)_ .a_sin zl..}
2 #* a D de .- # 2
d(ad,,)
{ da
+ { S any, — jmtn1 cos me
nm=l m—+ n m even
d(aAm) w
] d
+ | X a. > ¢ jm™ " cos m¢
ne=1 m—n m even
d(ad,.
{ > a, (adn) cos m¢} ], (23)
A=l d Mmemn,
and
b/2 5 —
Rp, = mA ,, sin d
L be/z { PR ’( b >}z
= — —-20021" 14, sin (nra/b)
nD ne=1
cos ((m + n)0 — m¢)
— m— ]
rD l: Z Z { m-+n
cos ((m — n)6 — m¢)
==
m—n myén
x]2
+ (0 sin m¢)] (24)
G -x /2

If the current were uniformly distributed and equal
to aq, (23) and (24) would reduce, respectively, to

do 2 b 2 {7r d(aAo)

S 2 7 a D 7 da
1 d(aAd.,
4+ 3 = d(ad.) - cos (mrx/b)} (25)
num] n
and
2
Bry, = — — 2 j* 14, sin (nrx/b). (26)

. w1

VII. DETERMINATION OF HIF CoIL RESISTANCE

The coil losses are mainly copper losses due to skin
and proximity effects. The losses due to skin effect have
been satisfactorily obtained by various authors. Loss
per cm length of a straight circular conductor carrying
a current I (rms), given by Butterworth, equal to
IPRo(1+F), where Ry=dc resistance per cm length, F
is a function of ¢, given in Butterworth’s paper, and
1?=2n%d*u/p. Therefore, loss along whole coil due to

Mostafa and Gohar: Characleristics of Single-Layer Coils

543
b2
skin effect = W, = — 1 maRo(1 + F)dx.
—~b/2
Substitution of (5) for i, gives
4 a
W, = a¢? {1 +— 2
T nml nao
P — Z }(1 + F)Rae, (27)
N1 aO
where
b
Rdc = 7ma 5— Ro.
Considering the fundamental only,
4 a 1 a,?
W, = ao (1 B L )(1 + F)Rue
T dy 2 002
4 ay
an’(l fP=— —>(1 + F)Rqe. (28)
T Qg

It is clear from (28) that W, is increased by the ratio
(i

4 01>

T dg

due to the non-uniformity of current distribution. Sub-
stitution of (18) and (19) gives

4 a; 8
‘——=2{2Ao+ (Al+ “ )}
T dg

/ 21I'Bl D?.
{58 ).

/ a‘w

(29)

If the current were uniformly distributed and the coil
were shunted with C,, the ratio with which the loss
increases would be equal to

1 Z 2C, 1+2/{ 1 1}
w? - C wLC, '

Substitution of (18) gives

2/{0:’11& a 1}
2(2A0+A,)/{ o L 1)}

Now, numerators of (29) and (30) are nearly equal,
indicating that the increase in skin loss can be ap-
proximately obtained as if the coil were shunted by C,,
provided w/27 is far from w,/2w.

For the determination of the losses due to proximity
effect, two cases will be considered. One case is when
the coil turns are not too closely wound. The other
case is when the coil turns are closely wound. In the
first case, the magnetic field at any point along the
coil could be considered uniformly distributed over the
cross section. The problem, therefore, reduces to the

(30)
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determination of the losses in a cylindrical conductor
per cm length when cut by a uniform magnetic ficld B
perpendicular to its axis and which was given by Butter-
worth as 25R,B%d*G, where G is a function of £ given in
Butterworth’s paper. Therefore, losses along whole coil
due to proximity effect are

1 b2
W, = f
) b2

Substitution of (23) and (24) for B,; and Bg,, respec-
tively, gives the following:

ZSTllRo(B;gQ + Bm’)d'lde.

d'.’
W, aoszchG{(Kl—{-Kz)+(f1+fz)}, 31)

where

2 ,
K,=25 — 3 A.2=function of b/a (Fig. 9).

T peml

) B 4 b2 .n.‘.! d'—’ 2

ke & B[ )
212G
o d(ado)  d (a:: >]

(1(1 P ;10
=another function of b/a (Fig. 9).
7
3
5 1 +—- . i -
4 ///‘K’-
3 N //:/ T ] T
\

/// T

' 1T— —1 + ——
/
< 025 05 075 L0 125 150 176 . 20
bja

Fig. 9

f1 and f, are functions of (a,/a., b/a) and are given
in Appendix D.
K +f2=contribution of total radial component of
magnetic field.
K4 f2=contribution of total axial component of mag-
netic field.
If the current were uniformly distributed, (i.e., a,=0),
fi=0=/fa
For the sake of comparison, the radial and axial field
contributions #, and u., given by Butterworth in his
equation, are also shown in Fig. 9.
The total coil copper loss=W,+ W,.
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If the turns of the coil are closely wound, the mag-
netic field components at any conductor cross section
of the coil can no longer be considered uniformly dis-
tributed over the cross section. The form of field varia-
tion depends on the position of the cross section along
the coil as well as on whether the ficld component is axial
or radial. It should be noted that the form of field varia-
tion is mainly due to adjacent turns, and hence it can be
approximately considered the same along the coil except
at the two end turns. In this way, the problem reduces
to the determination of the losses in a solenoid when
subjected to a mecan-square value of two field com-
ponents, one radial and the other axial.

4

B
4
”
PO ¥
10
%11 =
8 \ 4, " P
\ ] /// ‘l ~8
vV A =
6
,§
4
%% z|o.
A\Vanniik
:&-o.c g -
o l - %
° 2 4 € 8 v
Fig. 10

Following Butterworth’s work, the modifying factors
for the radial and axial field contributions could be taken
as 8 and v given in Butterworth’s equation; therefore,

2

Wy = ar*Ree -Gl (BK1 + 7K2) + (Bfi + 2f2) ). (32)
Hence,
4 . a, 1 a,’
Rac/Rdc = {1 P = Z m d P = Z —2} 1+F
T pe=l Nag 2 n=1 do

d2
+{BKi+vK) + Gh+ D)) .6 (3

B and v are functions of d/D and ¢, and are given in
Fig. 10, which is extracted from Butterworth’s paper.

If the current were uniformly distributed, a,=0=f,
=f,, and the resistance ratio would be given by,

2

d
Rnc/Rdc = (1 + F) + (BKl + ‘sz) D;G (333)

It should be noted that although the increase in skin
and proximity losses due to the nonuniformity of cur-
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rent distribution is approximately equal to the increase
in loss if the current were uniformly distributed and the
coil shunted by C,, this is not so if w/27 is near w,/2m,
even if the harmonics a;, as - - -, were neglected.
This can be clarified by the following example:
Consider a coil having b/a=1.0, a=9.7, d=0.0508,
and d/D=0.67. Therefore, C,=2.97 upf, L,=1040 ph,
w,/2r=2.86 mc/s. If az=0=as= - -, and approxi-
mations up to 4; are only considered, then, at a fre-
quency equal to 0.5 w,/2m, ai/a,=0.465, f1=2.91, f,
=2.587. Substitution in (33) gives Ra./Ra.=10.0. If the
current were uniformly distributed and the coil shunted
with C,, the resistance ratio, obtained from (33a) and

multiplied by
wZ 2
AG g
w,?

would equal 8.9. Therefore, the effect of nonuniformity
of current distribution is to increase the resistance ratio
by about 11 per cent over the case if the current were
uniformly distributed and the coil shunted with C,.
However, at a frequency equal to 0.3 w,/2w, the per-
centage increase is only about 4 per cent. Therefore,
the experimental determination of the HF resistance by
the reactance variation method at frequencies near the
natural frequency of the coil requires modification.

G4
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\y
LIS - -
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o
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dfy e
Fig. 11

VIII. EXPERIMENTAL VERIFICATION (EXTRACTED
FROM PREVIOUS AUTHORS)

A. Self-Capacitance Verification

Self-capacitance is practically independent of the
number of turns and the spacing ratio, contradicting
Palermo’s theory. An experimental curve extracted from
Medhurst’s paper for b/a=1.0, d/D ranging from 0.15
to 0.95 and a ranging from 2.6 to 6.4 cm, is given
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(Fig. 11). Curves calculated from (18) and from Pa-
lermo’s formula are also depicted. Fig. 12 shows C./a
against b/a, extracted experimentally from Medhurst's
paper as well as the theoretical curve calculated frcm
(18). Satisfactory agreement is indicated for coil lengths
ranging from 0.2a to a. As Medhurst's experiments were
carried out on coils earthed at one end, the conception
in Appendix C was adopted.

Cs/.
0. A
0.6 S~ callcul direol
S
&,
0.4 1MAN TAY
0.2
0 02 "4 0.6 "8 Lo 12 1.4
b o
Y

Fig. 12

B. Verification for the Resistance Ratio

The coiling effect A, which is the ratio of the ac coil
resistance to the resistance at the same frequency of the
same length of straight wire

{= Rde(llaai- F)}

was calculated with equation (33a) for several ratios
of b/a and for values of d/D ranging from 0.6 to 0.9.
Tables 2, 3, and 4 give experimental as well as theoreti-
cal values of \; the experimental results in Tables 3 and

TABLE 3
bfa=1.0, =10

/D 0.6 | 07 | 08 | 09
M (experimental) 1.94 2.47 3.17 4.10
X (Authors’) 1.80 2.18 3.07 4.76
X (Butterworth® 2.06 2.61 3.61 5.57

TABLE 4

b/a=0.4,1t=8.0

a/D | 0.6 0.7 ‘ 0.8 | 0.99
M (experimental) 1.83 2.28 2.97 3.99
M (Authors’) 1.79 2.257 3.31 5.24
M (Butterworth) 1.95 2.62 3.88 6.02

4 are extracted from Medhurst’s paper,” while those in
Table 2 are taken from a paper by Palermo and
Grover.® For the sake of comparison, the theoretical
values obtained by using Butterworth’s equation are
also given in the tables.

3 A, J. Palermo and F. W. Grover, “Study of the high frequency
resistance of single layer coils,” Proc. I.R.E,, vol. 18, p. 2041; 1930.
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IX. APPENDICES

A. Effects of Charging Currents other than Those belween
the Different Turns and the Datum of Zero Potential

As each turn of the coil is at a different mean potential
from every other turn, there will -be capacitances be-
tween each pair of adjacent as well as nonadjacent
turns (Fig. 13). The capacitances between adjacent

T ——= == ==

i

Fig. 13

turns are only important due to their screening effect.

Let Az =variation of current, at a distance x, between
two successive turns. If the capacitances between ad-
jacent turns are only considered,

Ai = iy — io, = joC{(A0)1 — (Avy} = jwCD%d%/dx* (34)
where C=capacitance between two adjacent turns
=wa/3.6 cosh™ D/d puuf; the adjacent turns con-
sidered as if they were two parallel cylinders.
However, if C; is only considered,

Ai = jwg = juC.v. (35)
Although C; is generally small compared with C, v is
large compared with Av. On the average, C,v could be
considered of the same order as C-Av. Therefore, A¢
obtained from (34) could be considered as a small cor-
recting term for A7 given by (35). Accordingly, the
change of current between successive turns is, to a good
degree of approximation, due to the capacitances C..

B. Effect of Using Ratios for D/a and d/a other than
0.005 and 0.01, Respectively

The effect of using a value for D/a other than 0.005
will be first considered. The pitch to diameter ratio in
almost any practical coil is not less than 0.005, which
is the value considered in the text. If the summation
process is carried out turn-by-turn, the result will not
therefore be affected by any other value for D/a. How-
ever, if an integration process is adopted, the result
will be slightly affected. As the representation of Fig.
3 is a Fourier one, the summation can be easily car-
ried out. As an example,

-1 nD
I)) -sin —
2

. [(n
sin

n—t
> sinmD =

me=0

sin D/2

while

OF TIIE I.R.E.

1 pnp nD\?* /D
—f sin DdD = (sin —) —
D J, 2 2

which is practically the same provided the number of
turns is not very small (nD/2=x/2). Therefore, for
large number of turns, the integral in (4) and the like
could be considered practically unaffected by varying
the ratio D/a provided N is large.

The effect of using a value for d/a other than 0.01
can also be practically neglected, and can be clarified
as follows: In determining A4,, 4,, in the text, the 48-
ordinate scheme was adopted. Let 4y, Am be the co-
efficients at the given ratio of d/a, and Ay,, Am, be the
corresponding values at another ratio (d/a);. Then,

(/e — (I/a)
+ 48

April

Aol = Ao

and

P L )

S

24

where (I/a) and (I/a), are the values at the ratios
(d/a) and (d/a),, respectively. The discrepancy is in
general very small. For d/a=0.01, [/a=2.95
X10=?  puh/em, A,=0.751X10"2, A4,=0.643X10"2
ph/cm. For a value of d/a, so that I/a is increased by
50 per cent, the coefficients Ao and A4, will be given by
0.75X107% and 0.70X 102 uh/cm, respectively. In any
case, the correction can be easily included as illustrated.

C. Coil Earthed at One End

When a coil is earthed at one end, the charge distri-
bution and hence the self-capacitance depend on the
position of the coil (its inclination and distance) with
respect to an equivalent conducting plane at earth po-
tential.

To simplify the matter, consider the case where a
conducting plane is at the earthed end of the coil (Fig.
14). Such consideration, although different from earth-

ing the end of the coil, should give qualitative and even
quantitative approximations. The charge distribution
on coil and the induced charges at the conducting plane
must be such that potential of the latter is zero. By ap-
plying the method of images, the coil and its image
(shown dotted) will be treated as in the case where
neither end is earthed. The self-capacitance of the coil
will therefore be twice the self-capacitance of a coil with
neither end earthed and of same diameter but of double
length.
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D. f, and f; Functions
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‘‘Instantaneous’ Frequency*

In a paper published recently,! the term
“Instantaneous Frequency” is mentioned
repeatedly. Many authors have already re-
ferred to this term as being fallacious and
misleading, especially in the discussion of
frequency modulation.?? It is intended, in
the following discussion, to show why this
term is inapplicable, with the hope of ban-
ishing it forever from the dictionary of the
communication engineer.

A simple sinusoidal waveform is expres-
sible as, 4 sin (wt+¢), or as the real part of
A exp (jwt); in both cases, the constant w is
the angular frequency of the waveform. The
usual accepted extention of this treatment is
to regard a nonperiodic function as 4 sin ¢
or the real part of 4 exp (j¢), where ¢ is a
real function of the time ¢, and to define an
“instantaneous angular frequency” as d¢/dt.
Thus, Marique! treats a function e(f) =exp
[f(wf+e8?) ], and says, “then the instantane-
ous angular frequency is = (wo+2¢8).”

When a real function is expressed as the
real part of A4 exp (j¢), with both 4 and ¢ as
functions of ¢, the choice of 4 and ¢ is not
unique. The imaginary part of the function
is arbitrary, although some choices lead to
simpler expressions for 4 and ¢. If then the
rate of change of ¢ is regarded as the “in-
stantaneous angular frequency,” this is not a
unique function of ¢£. A simple amplitude-
modulated wave, usually expressed by
Re[A(f) exp (jwt)] with a constant w, may
also be expressed as Re[d exp {jy()}],
where A is a constant whose absolute mag-
nitude is at least as high as the highest am-
plitude of the wave, and ¢(f) is a (nonlinear)
function of ¢. Therefore, it is possible to re-
gard the wave as having constant amplitude
and acomplicated “instantaneous frequency”
function; this representation is as legitimate
as the usual one, of constant frequency and
variable amplitude.

It appears that the only mathematically

precise, in contrast to “intuitive,” approach
to such a term is by a limit process of the
same type that is used to define the slope or
the curvature of a curve at any point. This
process is outlined as follows.

A sine curve 4 sin (w/+¢) may be fitted
to any three points on a given curve f(f).
Three points are necessary, although some-
times insufficient or incompatible, to define
the three independent constants 4, w and ¢.
J(¢) is supposed to be single valued, continu-
ous, and twice differentiable.

Let us find the sine curve that passes
through the points of f(¢) whose abscissas are
t—At, t and ¢+AL

* Original manuscript received by the Institute,
October 6, 1952,

1 J. Marique, *The response of RLC resonant cir-
cuits to EM of sawtooth varying frequency,” Proc.
IRE vol. 40, p. 945; August, 1952,

N, L. Harvey. M. Leifer. and N. Marchand
“The component theory of calculating radio frequency
spectra, with specml reference to frequency modula-
uon' Proc. LR.E,, vol. 39, p. 648; June, 1951,

IW. C. Vaughan. “Spectrum of a frequency
modulated wave,” Wireless Engineer, vol. 29, p. 217;
August, 1952.

f(t) = A sin (wt + ¢),
f(t £ Al) = A sin (wt + ¢ £ wAl)
= A sin (wt + ¢) cos wA!
+ A cos (w! + ¢) sin wAl
= f(#) cos wA!

+ VA2 — [f())]? sin wAL.

We will use the following short notations:

/=70
f(+) =50+ a4
(=) =f0—ay,

then

f(+) = f cos wAl 4+ /AT — fisin uAl% (l)
f(=) = f cos wAl — \/JAT — fisin wAl)

Solving (1) for the functions of wAf,

) = f(=)
sin wAl = 2\/‘4,—_.1’ .
Cos wAl = f—(t)— Gl
i)
By division,
_ (B - =) S
s =i v po XV @

The second factor may be found by squaring
(2) and adding, giving after some algebraic
manipulations,

fz
A=
_ s+ )][2f—f(+)—f( )]
=)

After (4) is substituted in (3), the result is
tan wAl

_ YR HON - == 0
) +H(-)

This is a transcendental equation that gives
the “average” angular frequency of the func-
tion f(¢) for t —Al <t <t+At. We now pass to
the limit A:—0.

tan wAf = wAl+ - - -
L) =f a7+ Hany” +

where primes denote differentiation with re-
spect to £. Equation (5) then reduces to

_VEp X (=)
R TR

= 1/._ .]’_I (6)

The w in (6) is a function of ¢, and may be
used as an “instantaneous angular fre-
quency.” This frequency is real only for
points where the curvature of the graph of
f(¢) is directed towards the t-axis; at points
on the t-axis itself the frequency is unde-
fined, unless the curve has an inflection at
that point. The expression (6) is evidently

true for the simple case where f=4 sin

(wt+9).
Suppose now that f(f) =sin g(¢), then

f =g cosg
S =g cosg — (g)sing.
= /(g')* — g" cot g. ™

The last value is quite different from the
“intuitive” w=g’. (Both values would be the
same only if g’’=0, but then g is a linear
function of ¢, and w is constant.)

The frequency defined by (7) may have
some value in discussing nonperiodic waves;
but the “intuitive” value, nevertheless, is
wrong. Thus, it is easy to understand the
apparent paradoxes in statements like the
following:

“The maximum of the response of a tuned
RLC circuit to a voltage of varying fre-
quency does not occur when the instantane-
ous frequency coincides with the resonant
frequency of the tuned circuit”; or, “The
spectrum of a frequency-modulated wave is
much wider than the range of variation of
the instantaneous frequency.”

These are erroneous statements, based on
an “intuitive”™—but erroneous—interpreta-
tion of a term.

JAcoB SHEKEL
8 Ben Yehuda St.
Haifa, Israel

More on Direction Finders*

Hansel’s letter on polarization errors in
direction finders! raises some interesting
points of nomenclature which merit careful
consideration. The work of Ross? in relation
to Adcock-type direction finders is also
relevant.

Let us suppose that a direction finder,
designed to give correct indications with
vertically polarized waves, is set up on a
uniform, unobstructed site. If the incoming
radiation has a horizontally polarized com-
ponent, an error will in general be observed
and, because of this, it is natural and con-
venient to refer to this component as “un-
wanted.” The more weakly the instrument
responds to this component, that is, the
smaller the pick-up factor for horizontally
polarized waves relative to that for the
vertically polarized component, the smaller
the error. It is therefore rather confusing
that the term “unwanted” should also be
applied, as Hansel proposes, to a component
which, although producing no actual error
on a clear site, excites only a weak or zero
response.

I agree, however, that it would perhaps
be an unfortunate residual characteristic of
a hypothetical instrument if the pick-up

* Received by the Institute, March 27, 1952.

1 P, G. Hansel, “Polarization errors of radio direc-
tion finders; a proposed classification,” Proc. I.R.E.,
vol. 39, p. 970; 1951,

* W. Ross, “The specification and measurement of
polarization errors in Adcock-type direction finders.”
Proc. IEE (London), vol, 96, pt. 111, p. 269; 1949.
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factor for one polarization component were
much larger than the other, both compo-
nents being assumed to give correct bearings
on an unobstructed site; for, in certain cases
of operation on an imperfect site, large errors
might thereby result. Nevertheless, in my
opinion, confusion can best be avoided by
applying the term “unwanted” to the com-
ponent which introduces errors when the
direction finder is operated on a uniform
unobstructed site rather than by allowing it
to embrace the wider connotation suggested
by Hansel.

Since the additional errors which arise
when the instrument is set up in imperfect
surroundings are special to each site, it is
preferable, as Hansel proposes, to regard
these as polarization-sensitive or polariza-
tion-dependent site errors.

The distinction between the primary and
secondary classes of instrumental polariza-
tion errors, put forward by Hansel, is not
clearly drawn. It is difficult to see how errors
resulting from re-radiation from essential
conductors of the direction finder differ from
errors of the first class, since both are due to
the response of the system as a whole to the
unwanted component of the field. When,
therefore, polarization errors are measured
under controlled conditions on a uniform
unobstructed site, I suggest that they should
be considered as instrumental characteris-
tics without attempting further subdivision
as part of a general nomenclature. It must be
borne in mind that even these instrumental
errors will, in general, depend upon the
height of the system above ground and on
the ground constants.

The work described above was carried
out as part of the program of the Radio
Research Board, and this note is published
by permission of the Department of Scien-
tific and Industrial Research.

H. G. Hopkins

D.S.I.R., Radio Research Station
Ditton Park

Slough, Bucks

England

The Geographical and Height Dis-
tribution of the Gradient of Refrac-
tive Index*

SuMMARY

Charts are presented of the February and
August distribution of the effective earth’s
radius factor over the United States. Also in-
cluded is a chart showing the distribution of
refractive-index gradient for warm, tem-
perate, and cold climates.

Since the presentation of the theory of in-
ternal partial reflections by Feinstein,! there
has been increased interest in the normal
geographical and height distribution of the
refractive-index gradient. In view of this in-

* Original manuscript received by the Institute,
May 13, 1952,
19511"' Feinstein, Jour. Appl. Phys., vol. 22, p. 1952;
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Fig. 2—Effective earth’s radius factor, &, for August.

terest, the following preliminary charts are
presented.

Some work has been done? to show the
geographical distribution over the United
States of effective earth's radius but none
over a uniform height increment above the
earth’s surface. Figs. 1 and 2 are charts of
the effective earth’s radius factor, &, for the

1 R. J. Wagner, Jr.,, RCA Engineering Report
F-43-116; 1951.

months of February and August, respec-
tively. The height interval of these charts
is from the surface to 1 km above the sur-
face.

Chart 3 is an illustration of the climatic
variation of the gradient of refractive index
to the height of 90,000 feet above sea level.
San Juan in July is chosen as an example of a
warm, humid climate, Washington, D. C.
in October as a temperate or median clim-
ate, and Fairbanks, Alaska, in February as
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a dry, cold climate. The basis for extending
the curves above the tropopause is the as-
sumption of an isothermal stratosphere?® of
—65.3°C as used by Schulkin.

All data are from the 1945 Weather Bu-
reau Report, “Upper Air Average Values of
Temperature, Pressure and Relative Humid-
ity over the United States and Alaska,” by
Benjamin Ratner. These observations were
taken between 2200 and 0100, 75th meri-
dian time.

The values of effective earth’s radius,
factor, given on Figs. 1 and 2 are obtained
from the relationship:

a An
k=114 — )
+nAh

e =earth’s radius
=6,370 km

n=mean radio refractive index

of the interval
An/Ah=gradient of refractive index

of the interval.
Braprorp R. BEAN
Central Radio Propagation Laboratory
National Bureau of Standards
Boulder, Colo.

where

- 'll;'SZL. Whipple, Bull. Amer. Met. Soc., vol. 33, p.
'¢M. Schulkin, Average Radio Refraction in the
lower atmosphere, Proc. /RE, 40, pp. 544-561.

ANn PER METER

O Median climate (Washington -October)
®  Woarm humid climate ( San Juan -July)
X Cold dry climate ( Fairbanks - February)

2 An per meter is the index of
refraction gradient calculated
from the 1945 Weather Bureau
Ratner Report?

1x10°°
0]
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HEIGHT IN THOUSANDS OF FEET ABOVE SEA LEVEL

Fig. 3—Average refractive index, gradient.
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Raymond S. Berkowitz (S'47-A’48) was
born in Philadelphia, Pa. on February 21,
1923. He received the B.S. degree in electri-

cal engineering from

o *f’_%';! the University of

| Pennsylvania in Oc-

f ©  tober, 1943. Upon
graduation he joined
- the Television Termi-
. nal Equipment sec-
. - tion of the Radio Cor-

N poration of America
‘e

in Camden, N. J.
R. S. BErRKowITZ

From 1944 until 1946
he was an electronic
technician in the
U. S. Navy.

Dr. Berkowitz attended the Moore
School of Electrical Engineering, University
of Pennsylvania, receiving the M.S. degree
in February, 1948. From July, 1947 until the
present he has been on the research and
teaching staffs of the Moore School, where
he has been concerned with the theory of
fire-control equipment and also the interfer-
ence effect of various types of noise on com-
munication systems. He received the Ph.D.
degree in June, 1951.

Dr. Berkowitz is a member of Sigma Xi
and an associate member of AIEE. He is

also helping to organize the Society for In-
dustrial and Applied Mathematics.

0,
D

B. G. Bromberg was born in New York,
N. Y. on February 14, 1915. He obtained a
B.S. degree in mechanical engineering in
1936 and a M.S. de-
gree in 1937, both
from New York Uni-
versity. He entered
the aircraft industry
in 1937 and became
chief technical engi-
neer for Consoli-
dated-Vultee Aircraft
Corporation in 1943.

After World War
II Dr. Bromberg was
employed as a re-
search associate at
Massachusetts Institute of Technology, and
received his Sc.D. degree there in 1947. Since
1947 he has been employed at McDonnell
Aircraft Corporation, Missile Engineering
Division. He started as head of the guidance
and control department and is now chief
engineer.

B. G. BROMBERG

Dr. Bromberg is a member of Sigma X
and the Institute of Aeronautical Sciences

o

Theodore S. George (A’47-SM’'51) was
born on October 10, 1911 in Grove City, Pa.
He received the B.S. degree in mathematics
from Grove City Col-
lege in 1932, and the
M.A. and Ph.D. de-
grees in mathematics
from Duke Univer-
sity in 1936 and 1942,
respectively.

From 1938t0 1945
Dr. George served as
instructor and assist-
ant professor of math-
ematics at the Uni-
versity of Florida.
From 1942 to 1945 he
was on military leave as a Naval electronics
officer, leaving the Navy with the rank of
lieutenant commander. During this time, he
served at sea as radar officer aboard a car-
rier and later in the Bureau of Aeronautics
where he was in charge of development of
electronic bombing and fire-control devices.

At the end of World War II Dr. George

T. S. GEORGE
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became a consulting engineer in the research
division of the Philco Corporation, doing
theoretical work in a variety of electronic
problems until 1952. He is now at Patrick
Air Force Base, Cocoa, Fla.

M. Kamal Gohar was born in Cairo,
Egypt on February 1, 1923. He received the
B.Sc. degree in June, 1944 and the M.Sc. de-

gree in  January,
! 1948, both in electri-
cal engineering from
Fouad I University,
in Egypt. In July,
1949 he was the re-
cipient of the Ph.D.
degree fromn Alex-
andria University.

Dr. Gohar has
held the posts of a
demonstrator  and
lecturer at Fouad
University. He is
now a senior lecturer and, at the same time,
assists in the research activities of Fouad I
University's electrical department. He has
recently been selected by the Technical
Committee of the Egyptian Ministry to act
as a consultant for their Electric Power
activities.

Dr. Gohar is a member of the Institute
of Electrical Engineers, (London).

M. K. GoHAR

0
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Raymond D. Hill, Jr. was born in St.
Louis, Mo. in 1921. He received the B.S.
degree in electrical engineering from Wash-
ington University in
St. Louis in 1943.

Mr. Hill has been
closely associated
with the aviation and
electronics industries
since 1940. He has
held a private flying
license since 1941,
From 1944 to 1946,

he served in the U. S.
' Naval Reserve as an
R. D. HiLL electronic  specialist
officer.

After returning to civilian life in 1946,
Mr. Hill joined the engineering staff of the
McDonnell Aircraft Corporation, where he
is now serving as chief of electronics in the
Missile Engineering Division. He has since
been continuously involved in the design and
development of guidance and control sys-
tems for Navy and Air Force guided missiles
and of other aircraft electronic systems. He
is now completing work on the M.S, degree
in electrical engineering at Washington Uni-
versity.

Abd El-Samie Mostafa (SM’51) was
born in Cairo, Egypt on April 27, 1917. He
received the B.Sc. degree in June, 1937 and

the Ph.D. degree in
w 1946, both in electri-
cal engineering from
Fouad I University,
in Egypt.

Dr. Mostafa has
held the posts of
teaching  assistant
and lecturerat Fouad
University, and was
promoted toassistant
professor in 1948. He
is now professor of
radio  engineering,
associated with the research section in radio
and tele-communication work at Alexandria
University.

Dr. Mostafa was elected an associate
member of the IEE (London) in June, 1948,
and was awarded the Fouad El-Awal prize
for science in Egypt for 1950.

3

A. E. MosTaFA
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Herbert J. Reich (A'26-M'41-SM’43-
F'49) was born on Staten Island, N. Y., on
October 25, 1900. He received the M.E. de-
gree from Cornell
University in 1924,
and the Ph.D. degree
in physics in 1928.
In 1929 he joined the
department of elec-
trical engineering at
the University of
Illinois, where he be-
came assistant pro-
fessor, associate pro-
fessor, and professor,
successively, of elec-
trical engineering. In
January, 1944, he was granted leave of ab-
sence to join the staff of the Radio Research
Laboratory at Harvard University. In
January, 1946, Professor Reich was ap-
pointed professor of electrical engineering at
Yale University, where he is at present,

Dr. Reich has specialized in the fields of
electron tubes and electron-tube circuits,
having published numerous papers on these
and related subjects in various technical
journals, He is the author of “Theory and
Applications of Electron Tubes,” and “Prin-
ciples of Electron Tubes,” as well as co-
author of “Ultra-High-Frequency Tech-
niques,” and “Microwave Theory and Tech-
niques” which is soon to be published. Dr.
Reich is also editor of the Van Nostrand
Series in Communications Engineering.

Dr. Reich has served on numerous IRE
committees, and is a member of the Amer-
ican Institute of Electrical Engineers, the
American Association for the Advancement
of Science, the American Society for En-
gineering Education, and is a Fellow of the
American Physical Society.

HERBERT J. REICH

Kurt Schlesinger (A’41-SM’51) was born
in Berlin, Germany in 1906. After receiving
the Ph.D. degree in engineering in Berlin in
1929, he joined the
Radio Research Lab-
oratory of von' Ar-
denne, where he was
engaged in develop-
ment of oscilloscope
tubes and circuits.

From 1931 until
1938, Dr. Schlesinger
was chief engineer in
the televisionresearch
department of Loewe
Radio Berlin. During
that period a com-
plete television system was developed. From
1938 through 1940, he worked in Paris as a
consultant to Radio Gramont, and built
equipment for infra-red telephony for the
French army.

In the United States, Dr. Schlesinger
was with RCA Laboratories at Purdue Uni-
versity, from 1941 through 1944. During
that time he developed a system for tele-
vision sound multiplexing, which employed
frequency modulated wave bursts during the
picture retrace.

From 1944 until 1947, Dr. Schlesinger
was consulting engineer in the Color Tele-
vision Department of CBS. He has since
been executive engineer in charge of televi-
sion research with Motorola Inc., Chicago.

During Dr. Schlesinger's twenty years of
activity in television research he has re-
ceived more than two hundred U. S.
patents, and has authored numerous tech-
nical articles and publications. He has, also,
served on the NTSC committees, working
on television problems.

K. SCHLESINGER
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Harry Urkowitz (S'48-A’49) was born on
October 1, 1921 in Philadelphia, Pa. and
educated in the public schools there. He was
graduated from the
Drexel Institute of
Technology, Phila-
delphia, Pa. in 1948
with the B.S. degree
in electrical engineer-
ing

y 5
After graduation

Mr. Urkowitz was
employed by the

Philco Corporation in

their Philadelphia re-
searchdivision, where
he has been to the
present, He is now an acting project engi-
neer with Philco. During World War II he
served in the Army Air Forces from 1942 to
1945 as a radar bombardier-navigator.

Mr. Urkowitz is a member of Phi Kappa
Phi, Tau Beta Pij, and Eta Kappa Nu.

e

H. UrrowiTZ
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Calendar of
COMING EVENTS

IRE New England Radio Engineering
Meeting, Storrs, Conn., April 11

9th Joint Conference of RTMA of
United States and Canada, Am-
bassador Hotel, lLos Angeles,
Calif., April 16-17

IRE Seventh Annual Spring Techni-
cal Conference, Cincinnati, Ohio,
April 18

Symposium on Nonlinear Circuit
Analysis, Engineering Societies
Building, New York, N. Y., April
23-24

SMPTE Convention, Statler Hotel,
Los Angeles, Calif., April 26-30

URSI-IRE Meeting, National Bu-
reau of Standards, Washington,
D. C., April 27-30

NARTB Convention, Biltmore Hotel,
Los Angeles, Calif., April 28-
May 1

Electronic Components Symposium,
Shakespeare Club, Pasadena,
Calif., April 2-May 1

1953 National Conference om Air-
borne Electronics, Dayton, Ohio,
May 11-14

1953 Electronics Parts Show, Conrad
Hilton Hotel, Chicago, Ill., May
18-21

High Frequency Communication Sym-
posium, IRE Professional Group
on Communications Systems, Long
Lines Auditorium, 32 Avenue of
the Americas, New York, N. Y.,
June 11-12

Symposium on Microwave Optics,
McGill University, Montreal Can-
ada, June 22-24

IRE Western Convention and
Electronic Show, Civic Audi-
torium, San Francisco, Calif.,
August 19-21

International Sight and Sound Ex-
position and Audio Fair, Palmer
House, Chicago, Ill., September
1-3

National Electronics Conference,
Hotel Sherman, Chicago, Ill., Sep-
tember 28-30

1953 IRE-RTMA Radio Fall Meeting,
Toronto, Ont., October 26~28

1954 Sixth Southwestern IRE Con-
ference and Electronics Show,
Tulsa, Okla., February 4-6

TEecuNicaL CoMMITTEE NOTES

Under the Chairmanship of A. G. Jensen,
the Standards Committee met on January
8. Chairman Jensen reported on his letter
to Charles Dawes concerning ASA C42 sub-
committee activities and the scheduling of
a sectional committee meeting in the near
future. Professor Dawes had reported that
the committee was studying the status of
its various groups and that the overlapping
in definitions work within subcommittees 1,
13, and 14 might be solved by a meeting of
the chairmen before the sectional committee
meeting. Mr. Jensen commented on the
over-all question of frequency-band nomen-
clature and the progress made by CCIR
Study Group XIV on the proposed stand-
ardization of frequency-band designations.
The proposed Standard on Electron De-
vices: Methods of Measuring Noise, which
was submitted by the Electron Devices
Committee, was discussed and minor revi-
sions recommended by the Standards Com-
mittee. The standard was approved. There
was a recommendation to change the name
of Committee 26 from the Committee on
Servo-Systems to the Committee on Feed-
back-Control Systems; the change was ap-
proved.

On February 5, the Audio Techniques
Committee met under the Chairmanship of
C. A. Cady. The Committee comgleted the
proposed revision to ASA C16.5.

The Electron Devices Committee met
on January 9, under the Chairmanship of
G. D. O'Neill. Chairman O'Neill reported
on the klystron definitions now on the
Grand Tour. The comments reccived indi-
cate that no changes are needed; the defini-
tions will be considered by the Standards
Committee in the future. M. E. Hines re-
ported on the Ad Hoc Committee on Re-
organization of Committee 7. H. L. Owens
inquired when the Solid State Definitions
report would be available. Chairman
O’Neill suggested R. M. Ryder be contacted
concerning these definitions. S. F. Kaisel
has accepted an invitation to serve on the
Committee and his appointment has been
approved by the IRE Executive Committee.

On January 14 the Measurements and
Instrumentation Committee met in Wash-
ington, D. C., under the Chairmanship of
F. J. Gaffney. W. D. George reported on
the activities of Subcommittee 25.1. This
Subcommittee has accumulated definitions
on voltage measurements which will be
submitted to the Committee. The Subcom-
mittee also is working on a standard for
voltage measuremient applicable for signal-
generator output, and it is estimated that it
will be available in approximately four
months. J. H. Muncy reported for J. G.
Reid, Jr., on the activities of Subcommittee
25.14. Harold Dinger reported on the work
of the new Subcommittee 25.8 on Interfer-
ence Measurements whose first meeting was
held on January 29. As a preliminary action
the more important and fundamental terms
in the field will be defined. H. M. Joseph
attended the Measurements and Instru-

mentation meeting as representative of P. S,
Christaldi, and discussed the work of the
Subcommittee on Oscillography. A written
report on the activities of Subcommittee
25.13 on Telemetering was given.

Under the Chairmanship of P. C. San-
dretto the Navigation Aids Committee met
on January 16. The Committee completed
consideration of the third section of Harry
Davis’ list of terms.

NEwW ENGLAND RADIO ENGINEERING
MEETING

A Radio Engineering Meeting sponsored
by the North Atlantic Region of the IRE
is to be held April 11 at the University of
Connecticut, Storrs, Conn. Morning and
afternoon sessions will be held in the Stu-
dent Union Building.

Guest speaker is to be D. E. Noble, a
former professor at the University now
vice president and director of research of
Motorola, Inc. Dr. Noble was influential
in introducing frequency modulation. Six
papers are to be given.

Last CALL FOR WESTERN IRE
CoONVENTION PAPERS

Authors are invited to submit prospec-
tive papers for the IRE part of the 1953
Western Electronic Show and Convention
to be held in San Francisco, Calif., on
August 19-21. The dealine is May 1.

Papers in the fields of antennas and
propagation, circuits, communication theory,
computers, control and instrumentation,
electronic devices, uhf and microwave tech-
niques, nuclear electronics, transistors, and
non-vacuum tube electronics are particu-
larly desired, but no paper should be with-
held if it does not fall into one of these
categories. In general, the time allowed will
be 30 minutes per paper.

The following should be submitted to
B. M. Oliver, Hewlett-Packard Co., 395
Page Mill Rd., Palo Alto, Calif.: (1) name,
address, and affiliation of author, (2) title
and 100 word abstract, (3) the paper, or a
summary of 500 words.

AvutoMmATIC CONTROL COURSES
OFFERED

The University of Michigan, College of
Engineering, has announced two intensive
courses in automatic control. The classes are
scheduled for June 15-20 and June 22-23,
1953,andare intended for engineers whowish
to obtain a basic understanding of the field.

The courses are built around the princi-
ples and application of measurement, com-
munication, and control, and will include
some fundamental work in nonlinear sys-
tems. The role of analog computing methods
also will be emphasized.

The deadline for registration is April 135,
1953. Further information may be obtained
from: Professor M. H. Nichols, Room 1523,
East Engineering Building, University of
Michigan, Ann Arbor, Mich.
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Professional Group News

AIRBORNE LLLECTRONICS

The Professional Group on Airborne
Electronics sponsored a symposium on
“Electronic Control and Stabilization of
Aircraft,” and a technical session on the
“Import of Electronic Trends on Aircraft
Design” at the annual meeting of the In-
stitute of Aeronautical Sciences, held Janu-
ary 28, 1953, the Hotel Astor, New York,
N. Y. The IRE session was presided over
by General P. C. Sandretto of International
Telephone and Telegraph Corporation and
Federal Telecommunications Laboratories.

General Sandretto made the following
remarks in opening the session:

“While the Wright Brothers demon-
strated powered flight in 1903, it was sev-
eral years before the airplane had reached
the stage of development where it could be
regarded as a means of transportation and
had acquired unique navigational problems.
By one of those coincidences which have
had a profound effect on the course of his-
tory, radio development paralleled in time
that of the airplane. It was in 1902 that
John Stone obtained a patent on the first
device applying radio to navigation, and in
1910 when the airplane was in need of navi-
gational equipment, James McCurdy trans-
mitted a radio message from the air. Radio
and the aeronautical sciences were therefore
united to bring forth air transportation.

“The joining of radio and aeronautics,
was, however, a union of convenience rather
than love because two more incompatible
equipments than the airplane and the radio
set could hardly be found.

“Flight’s greatest obstacle is weight and
radio equipment is heavy. Radio equipment
is delicate and dislikes a vibrating ambient.
Yet all aircraft have pronounced vibration
characteristics. Any protusions reduce the
efficiency of an airplane, yet all radioin-
stallations operate best with large protrud-
ing antennas. And so on, and on, we could
mention the incongruity of applying radio
to aviation.

“For years the problems of incompatibil-
ity were largely ignored. It was not until
1936 that the first aircraft had radio equip-
ment engineered into it at the time of its
inception. The radio engineers did little
better in approaching the problem from
their end.”

Walter Robinson, research supervisor
and assistant professor of mechanical en-
gineering at Ohio State University presented
a paper on the systematic cooling of air-
borne electronic equipment. He described
seven methods which were applied to cooling
a power supply unit having a heat dissipa-
tion of 330 watts. Tests were conducted on
large tubes with noncylindrical shell.

Another paper, by William Sichak, J. J.
Nail, and A. G. Kandoian, of Federal Tele-
communications Laboratories, concerned
the problem of obtaining satisfactory pat-
terns from uhf antennas mounted on large
aircraft. After extensive work to determine
the patterns which could be expected from
antennas mounted in various places in the
aircraft, the authors concluded that mul-
tiple antennas must be used. Applying the
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multiple antenna system to give suitable
pattern for distance measuring or radar
beacon purposes was relatively easy, but
there were problems to be solved before it
could be used for other applications.

H. F. McKenney in his paper, “What
Magnetic Amplifiers Can Do to Increase
Aircraft Reliability,” stressed that the ad-
vantages of magnetic amplifiers were (1) no
warm-up time, and (2) no cooling problems,
After describing design criteria, applica-
tions to converters, turret drives, auto
pilot, and pulse generator were discussed.
He stated that pulses with time durations of
the order of three microseconds had been ob-
tained.

Applying electronics to aircraft engine
control was discussed in a paper by J. D.
Peterson and R. W. Curran. The cumber-
someness of the present cable and pulley
system of throttle and mixture controls was
compared to one using a servo amplifier
consisting of a five pound servo motor and a
five pound servo amplifier per engine. Only
two tubes are used in the magnetic ampli-
fiers, and in 2,000 hours of operation there
had been no failure. A number of provisions
were made to take care of the most promi-
nent failures that might occur.

The Dayton Chapter of the group met
recently at the Biltmore Hotel, under the
chairmanship of Maurice Jacobs. David
Weber of the Collins Radio Company spoke
about “Modular Airborne Electronic De-
sign,” illustrating his remarks with dia-
grams and a model of a commercial airline
transmitter receiver.

Avuplo

The Milwaukee Chapter of the Profes-
sional Group on Audio met recently at the
Engineers Society of Milwaukee Building.
D. E. Mereen presided and N. C. Pickering,
Pickering Corporation, spoke on “Pickups
and Preamps for High-Quality Audio.” Mr.
Pickering placed special emphasis on the
possibility of overloading the first audio
tube by the signal induced from the pickup
head.

The Philadelphia Chapter of the group
held two meetings recently at the Edison
Building Auditorium of the Philadelphia
Electric Company. W. E. Kock, director of
acoustics research, Bell Telephone Labora-
tories, gave a paper entitled, “The Physics
of Music and Hearing,” with demonstra-
tions. He outlined the physical concepts of
hearing and reviewed the spectral content
of musical instruments. He also discussed
electrical means for reproducing and imi-
tating existing orchestral instruments. A
motion picture, “Action Pictures of Sound,”
was also shown, At the second meeting, F. H.
Slaymaker, Stromberg-Carlson Company,
gave a paper entitled, “Performance Cri-
teria of Loudspeakers.”

BroapcasT AND TELEVISION RECEIVERS

Stephen Bushman presided over a recent
meeting of the Chicago Chapter of Pro-
fessional Group on Broadcast and Television
Receivers, held in the Western Society of
Engineers Auditorium.

L. H. Horn, Underwriter Laboratories,
Inc., presented a paper titled “Underwriters
Laboratories View Connections of UHF and
Color-Adapters to VHF-TV Receivers.”
Mr. Horn reviewed problems of receiver re-
placeable-and-attachable devices from the
pre-war era to the present. He classified
adapters into two categories, those which
can be safely installed by the customer, and
those much must be installed by servicemen.

S. W. Jacobson, director of research,
E. I. Guthman & Company, spoke on “A
New Television Horizontal Output Trans-
former.” He showed how early TV receiver
horizontal-deflecting systems, using 9-kv
high voltage and $3-degree deflection with
390-volt Bt, have been improved through
the use of ceramic transformer cores, high
perveance tubes, high inductance yokes, and
improved drive circuitry. Such systems now
give a high efficiency performance of 154-
kv and 70-degree deflection with 140-volt
Bt and 114-watts input.

CirculT THEORY

The Chicago Chapter of the Professional
Group on Circuit Theory met recently at the
Western Society of Engineers Auditorium,
L. E. Pepperberg as Chairman. Speaker
C. A. Stone of the Armour Research Foun-
dation spoke on electronics in nucleonics.

VEHICULAR COMMUNICATIONS

The Los Angeles Chapter of the Profes-
sional Group on Vehicular Communications
met in February at the Institute of Air
Sciences Building. M. E. Kennedy was the
Chairman.

W. A. Miller, Radio Division of the
Pacific Telephone and Telegraph Company,
presented a paper called, “The Use of
Vehicular Communication Equipment in
the Telephone Plant.” It concerned the de-
velopment of telephone communication to
mobile units in that area. Many technical
problems were discussed in adjacent channel
operation, intermodulation, and selective-
dial calling.

ELECTRONIC COMPUTERS

Over 700 people attended the Western
Computer Conference held on February 4-6,
Hotel Statler, Los Angeles, Calif., sponsored
by the Joint Computer Conference Com-
mittee representing the IRE Professional
Group on Electronic Computers, the Ameri-
can Institute of Electrical Engineers, and
the Association for Computing Machinery.

Reports were given on commercial appli-
cations of computers, applications to air-
craft and missile design, and new develop-
ments in digital and analog computer equip-
ment. There was also a panel discussion on
the relative merits and applications of ana-
log and digital computers. Products and
services of twenty-two organizations were
displayed.

Proceedings of this Western Computer
Conference will be available from the IRE
and can be ordered for $3.50 from: L. G.
Cumming, Institute of Radio Engineers,
1 East 79 Street. New York 21, N. Y.
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1953 Convention Record of the I.LR.E.

Join the IRE Professional Groups to Receive Convention Papers

All available papers presented at the
1953 IRE National Convention will appear
in a new publication, the CONVENTION
Recorp of THE L.R.E., to be published in
June. The CoNvENTION RECORD will be
issued in ten Parts, with each Part devoted
to one general subject.

Instructions on Ordering

1. If you are a member of an IRE Profes-
sional Group and have paid the Group
assessment by April 30, 1953, you will
automatically receive, free of charge,
that Part of the CONVENTION RECORD
pertaining to the field of interest of your
Group, as indicated in the chart below.

2. If you are not a member of an IRE Pro-
fessional Group, or if you are a member

but have not paid an assessment, pay the
group assessment listed below and re-
ceive, without additional charge, not
only the corresponding Part of the Con-
VENTION RECORD but all publications is-
sued by the Group during the assessment
Period. To join a Group, you must be an
IRE member.

. In addition, CONVENTION RECORD Parts

may be purchased at the prices listed in
the chart below. Orders must be accom-
panied by remittance, and, to guarantee
delivery, must be received by April 30,
1953, at the Institute of Radio Engineers,
1 East 79 St., New York 21, N. Y.

Group Assessments

Airborne Electronics............... $2.00

CONVENTION RECORD OF THE LR.E.

Antennas and Propagation......... $4.00
Audio.......coiviiiiiiiiiiiien, 2.00
Broadcast and Television Receivers.. 2.00
Broadcast Transmission Systems.... 2.00
Circuit Theory.................... 2.00
Communications Systems. . ........ 2.00
Electron Devices.................. 2.00
Electronic Computers.............. 2.00

Engineering Management. ......... 1.00

Industrial Electronics.............. 2.00
Information Theory............... 2.00
Instrumentation.................. 1.00
Medical Electronics. .. ............ 1.00
Microwave Theory and Techniques.. 2.00
Nuclear Science................... none
Quality Control................... 2.00

Radio Telemetry and Remote Control 1:00
Vehicular Communications. ........ 2.00

P Tit Free to Paid Members of Following Other IRE N b Public Libraries
Lts 1de IRE Professional Groups Members OnmemDBErS | and Colleges
1 Radar and Telemetry Airborne Electronics $1.00 $3.00 $2.40
Sessions: 6, 12, 37, 43 Radio Telemetry & Remote Control
2 Antennas & Communications Antennas & Propagation 1.25 3.75 3.00
Sessions: 1, 7, 13, 18, 28 Communications Systems
Vehicular Communications
3 Audio Audio 1.00 3.00 2.40
Sessions: 25, 31, 38
4 Broadcasting & Television Broadcast Transmission Systems 1.50 4.50 3.60
Sessions: 2, 8, 23, 29, 35, 41 Broadcast & TV Receivers
5 Circuit Theory Circuit Theory 1.25 3.75 3.00
Sessions: 3, 9, 15, 21
6 Electron Devices— Electron Devices 1.00 3.00 2.40
Engineering Management Engineering Management
Sessions: 16, 20, 24, 26, 39 Quality Control
Industrial Electronics
7 Electronic Computers Electronic Computers o 1.00 3.00 2.40
Sessions: 4, 10, 14
8 Information Theory Information Theory 1.25 3.75 3.00
Sessions: 22, 27, 33, 40
9 Instrumentation— Instrumentation 1.25 3.75 3.00
Nucleonics— Nuclear Science
Medical Electronics Medical Electronics
Sessions: §, 11, 17, 32, 34
10 Microwaves Microwave Theory & Techniques 1.00 3.00 2.40
Sessions: 30, 36, 42
Complete Convention Record
(All Ten Parts) 11.50 34.50 27.60
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1953 Electronic Components Symposium

An attendance of over 1,500 scientists,
engineers, and executives is indicated for the
1953 Electronic Components Symposium,
April 29-May 1, Shakespeare Club, Pasa-
dena, Calif.

The three-day meeting, which is spon-
sored by the IRE Professional Group on In-
strumentation, American Institute of Elec-
trical Engineers, Radio Television Manu-
facturers Association, and West Coast
Electronic Manufacturers Association, will
feature the theme “Critical Problems Being
Faced by the Electronic Industry in Meeting
Industrial and Military Demands.”

Sessions will be open to the public and
registration may be made by writing to: The
Symposium Headquarters of the Stanford
Research Institute, Los Angeles Division,
621 South Hope, Los Angeles 17, Calif.

The symposium program follows:

Wednesday, 9:45 A.M., April 29
WELCOME

Chairman, A. M. Zarem, 1953 Electronic
Components Symposium, Stanford
Research Institute, Los Angeles,
Calif.

Wednesday, 10:00 A.M., April 29
SEsSION 1—GENERAL

Chairman, Simon Ramo, Hughes Air-
craft Co., Culver City, Calif.

«The Development of Industry Standards
by the RTMA,” R. R. Batcher, Radio
Television Manufacturers Assn., New
York, N. Y.

“Inferences from Tests of Electronic Ord-
nance,” B. P. Ramsay, U. S. Naval Ord-
nance Lab., Silver Spring, Md.

“A Critical Compilation of Electronic In-
formation,” Richard Larson, Vitro Cor-
poration of America, Silver Spring, Md.

“The Component Problem in Industrial
Electronics,” E. D. Cook, General Elec-
tric Co., Schenectady, N. Y.

Wednesday, 12:00, April 29
LUNCHEON

Luncheon Address, Speaker and Subject to
be announced

Wednesday, 1:45 P.M., April 29

SESSION 2—ENVIRONMENT AND
PACKAGING

Chasrman, A. W. Rogers, Signal Corps
Electronics Lab., Fort Mon-
mouth, N. J.

“protective Coatings for Etched Circuit
Wiring,” Morris Weinberg and L. J.
Martin, Hughes Aircraft Co., Culver
City, Calif.

APRIL 29-MAY 1, PASADENA, CALIF.

“Review of Component Progress for Auto-
Sembled Electronic Equipments,” V. ]J.
Kublin and R. A. Gerhold, Squier Signal
Lab. and Signal Corps Engineering Lab.,
Fort Monmouth, N. J.

“Components for Mechanized Production
of Electronic Equipment,” L. K. Lee and
F. M. Hom, Stanford Research Institute,
Stanford, Calif.

“Recommended Temperature Measuring
Techniques and Ratings for Electronic
Parts,” J. P. Walsh, Cornell Aeronatuical
Laboratory, Inc., Buffalo, N. Y.

“The Behavior of Component Parts in High-
Intensity Short-Duration Environments,”
C. R. Gates and F. A. Paul, California
Institute of Technology, Pasadena, Calif.

“Temperature-Pressure Derating of Elec-
tron Tubes,” Bernard Smith, Wright Air
Development Center, Dayton, Ohio

Wednesday, 6:30 P.M., April 29
DINNER

Dinner Address, Speaker and Subject to be
announced

Thursday, 9:30 A.M., April 30

SEssioN 3—TUBES AND TUBE
RELIABILITY

Chairman, To be announced

“Electron Device Reliability vs. Post-\War
Equipment Complexity,” J. E. Gorham,
Evans Signal Lab., Fort Monmouth, N. J.

“Statistical Control of Electron Tube Re-
liability,” A. J. Heitner, Sylvania Electric
Products Inc., Emporium, Pa.

“Performance of Vacuum Tubes in Military
Applications,” E. R. Jervis and R. Madi-
son, Aeronautical Radio, Inc., Washing-
ton, D. C.

“Reliability—Tubes vs. Transistors,” C. W.
Martel, Raytheon Manufacturing Co.,
Newton, Mass.

“Improving Equipment Reliability by Tube
Aging and Inspection,” R. E. Colander,
Bendix Aviation Corp., North Hollywood,
Calif.

Thursday, 12:00, April 30
LUNCHEON

Luncheon Address, Speaker and Subject to
be announced

Thursday, 1:45 P.M., April 30
SESSION 4—RELIABILITY

Chairman, M. B. Carlton, Research and
Development Board, Washington, D. C.

“The Case of Reliability vs, Defective Com-
ponents et al.,” R. M. C. Greenidge,
Bell Telephone Lab., Murray Hill, N. J.

“The Necessity of Statistical Experimental
Design in Testing for Component Re-

liability,” J. L. Blair, Consolidated Vultee
Aircraft Corp., San Diego, Calif.

“Rudiments of Good Circuit Design,” N. H.
Taylor, Massachusetts Institute of Tech-
nology, Cambridge, Mass.

“Reliability of Transistors,” R. M. Ryder
and W. R. Sittner, Bell Telephone Lib.,
Murray Hill, N. J.

4

Thursday, 4:00 P.M., Apri} 30
RouND TABLE ON RELIA’fah;rfw

Participants, The authors of the papers in
day's sessions, and R. R. Carhart, The
Rand Corp., Santa Monica, Calif.;
R. Lusser, Los Angeles Ordnance District
Office, Pasadena, Calif.

Friday, 9:30 A.M., May 1

SEssION 5—REsIsTORs, CAPACITORS
AND DIELECTRICS

Chairman, Louis Kahn, Aerovox Corp.,
New Bedford, Mass.

“Characteristics and Applications of Voltage
Sensitive Dielectrics,” George S. Shaw
and J. L. Jenkins, Radiation, Inc., Mel-
bourne, Fla.

“Some Characteristics and Limitations of
Capacitor and Resistor Components,”
Julian K. Sprague and Leon Podolsky,
Sprague Electric Co., North Adams,
Mass.

“New Developments in General Purpose
Ceramic Dielectric Capacitors,” A. K.
Das Gupta and W. G. Delp, Solar Manu-
facturing Corp., Los Angeles, Calif.

“Recent Developments in Dielectric Mate-
rials Related to Component Develop-
ment,” G. T. Kohman, Bell Telephone
Labs., Murray Hill, N. J.

“Quality Components and Improved Di-
electrics,” A. J. Warner, Federal Tele-
communication Laboratories, Inc., Nut-
ley, N. J.

Friday, 2:00 P.M., May 1
SESSION 6—DEVICES AND MATERIALS

Chasrman, Reuben Lee, Westinghouse
Electric Corp., Baltimore, Md.

“New Ferritic Materials,” Ephraim Gel-
bard, General Ceramics and Steatite
Corp., Keasbey, N. J.

“Ferro-Resonant Devices,” Hugo Woerde-
mann, Magnetic Research, Inc., El
Segundo, Calif.

“Transformer Design Limitations,” R, M.

Hanson, Transonic, Inc., Bakersfield,
Calif.
“Selenium Rectifier Characteristics and

Limitations,” G. B. Farnsworth, General
Electric Co., West Lynn, Mass.

“Contact Phenomena as Related to Mini-
aturization,” Frank Spayth, P. R. Mal-
lory & Co., Inc., Indianapolis, Ind,
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James L. Hollis (S'37-A’40-M'44-
SM'46) has joined the E. C. Page Company
Consulting Radio Engineers of Washington,
D. C.

Mr. Hollis was
born in Omaha, Neb.,
in 1916, and received
the B.S. degree in
electrical engineering
from Kansas State
College, in 1938. He
spent one year with
First National Tele-
vision, Incorporated,
of Kansas City, and
in 1939 joined the
broadcast engineer-
ing staff of the Crosley Corporation, Cin-
cinnati, Ohio.

In 1947, Mr. Hollis joined the Collins
Radio Company, in Cedar Rapids, Iowa,
and was a project and group engineer in
charge of high-frequency transmitter de-
velopment for six years. He also was re-
sponsible for the development of a line of
high-power air-cooled communications and
international broadcast transmitters.

Mr. Hollis has been active in the Cedar
Rapids IRE Section and their 1952 Con-
ference on Communications. He is a mem-
ber of the National Society of Professional
Engineers and Kappa Eta Kappa.

J. L. HoLLis

..

Melvin Maller (M’'50) electronics
engineer with the National Bureau of
Standards, Corona, Calif., died re-
cently. He was 34 years of age.

A native of New York, Mr. Maller
received the B.S. and M.E.E. degrees
from New York University in 1939
and 1948, respectively. He also took
advanced work at the Polytechnic
Institute of Brooklyn.

In 1941 Mr. Maller became affili-
ated with the Signal Corps Engineer-
ing Laboratory in Red Bank, N. J.
From 1946-1950 he was a member of
the Watson Laboratory in Red Bank,
where he became chief of the systems
instrumentation unit.

Mr. Maller transferred to the
National Bureau of Standards in
Washington, D. C., and in 1951 he
moved to Riverside, Calif., with the
NBS missile development division.
He was leader on a classified missile
development project, and acted as
consultant to the engineering section
| on microwave designs and test equip-
ment specifications. He also was in
charge of special transformer design
and specifications.

Mr. Maller was a member of the
American Society of Mechanical En-
gineers.

Joseph M. Conroy (A'23-SM’'S1) has
been named director of engineering of
Canadian Aviation Electronics, Montreal,
Canada. He will be
responsible for ad-
vising the president
on general engineer-
ing matters, for long-
term planning of prod-
uct development, and
for the solution of
special  engineering
problems. He joined
the company in 1951
as chief engineer.

Mr. Conroy was
born in Ottawa, Can-
ada, and received the B.S. degree in elec-
trical engineering from McGill University
in Montreal.

For over twenty-five years, Mr. Conroy
has occupied engineering administrative
positions in the electronic industry in
Canada. He has been associated with such
companies as Canadian General Electric,
Canadian Marconi, and RCA Victor.

J. M. Coxroy

o,
o

John Van Nuys Granger (S'42-A’45-
M’46-SM’51) has been honored by the Eta
Kappa Nu Association as its choice of “The
Outstanding Young
Electrical Engineer
of 1952.”

A native of Mar-
ion, lowa, Dr, Gran-
ger received the B.A,
degree in 1941, from
Cornell College, and
the M.S. degree from
Harvard University
in 1942, where he
worked in the Radio
Research Laboratory
on development of
homing systems for missiles and airborne
vhf direction finders.

During World War II, Dr. Granger
joined the American-British Laboratory at
Great Malvern, England, to become group
leader of the antenna group and a technical
observer with the United States Air Corps.
Later he was a technical advisor to the First
Tactical Air Force (French-American) in
France, and helped plan and evaluate the
radar counter measures program.

After the war, Dr. Granger returned to
Harvard University as antenna group
leader of the Electronics Research Labora-
tory, and received his Ph.D. degree there in
1948. In 1949 he joined the Stanford Re-
seatrch Institute, where he is presently as-
sistant chairman of the engineering depart-
ment and head of its Aircraft Radiation
Systems Laboratory.

Dr. Granger is a member of the panel on
antennas and propagation of the Committee
on Electronics—a division of the govern-
ment’s Research and Development Board,
and, in 1951, was named chairman of the
subpanel on airborne antennas. He is a mem-

J. V. N. GRANGER

ber of the International Scientific Radio
Union and the Institute of Aeronautical
Sciences.

Group Captain E. A. D. Hutton

(M'46), Commanding Officer of

RCAF Station, Clinton, Ontario, died
recently.

Born Feb-

ruary 16, 1909,
in Manchester,
England, G/C
Hutton was
educated  at
the Polytech-
nic Institute in
London, and
engaged in the
operation and
maintenance of
commercial ra-
diotelegraph stations before enlisting
in the RCAF as an airman in 1934,

Captain Hutton was active in Air
Force signals work and co-operated
with the De Havilland Aircraft Com-
pany in developing the first RCAF
radio-trainer aircraft. He was an in-
structor until assigned to RAF
Bomber Command Headquarters in
England as signals training officer.
For this work he was on the King’s
Honours List for 1945,

Appointed to the Canadian Joint
Staff in Washington, D. C., Captain
Hutton served as chief signals officer
until 1948 when he became director of
telecommunications operations.

He was a member of the British
Institute of Electrical Engineers.

E. A. D. HuttoN

<

W. W. MacDonald (A’31-SM’52) has
been appointed editor of Electronics by the
McGraw-Hill Publishing Co., Inc.,, New
York, N. Y. Mr.
MacDonald became
associate editor of
the publication in
1941, managing edi-
tor in 1944, and
executive editor in
1952,

Mr. MacDonald
was born in Brook-
lyn, N. Y., and
studied at Columbia
University. After two
years as a field en-
gineer, he joined McGraw-Hill in 1926, and
then spent a year supervising communica-
tions equipment installations in Central and
South America.

Before becoming associated with Elec-
tronics in 1941, Mr. MacDonald was suc-
cessively managing editor of Electrical
Merchandising and editor of Radio Retailing.

W.W. MacDoxNAaLD
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Harold E. Gumbart (A’45), senior sales
engineer for New Products Division of
Corning Glass Works, has been appointed
Western district sales representative, located
in Los Angeles, Calif.

Born in Illinois, Mr. Gumbart received a
B.S. degree in electrical engineering from
the Carnegie Institute of Technology and
did graduate work in business law at Colum-
bia University.

From 1916 to 1928 Mr. Gumbart was in
the export department of Standard Oil Com-
pany of New York, then with Brown Com-
pany of Portland, Me. In 1933 he became
assistant to the president of the Fibre Con-
duit Company, and in 1936 sales manager.
Since 1941 he has been with the Corning
Glass Works.

0,
oo

Russell A. Berg (A’'37-M'45) has been
promoted to the position of chief engineer
at the New London Instrument Company,
New London, Conn.

Mr. Berg was
born in 1914 in New
York. He received
the B.E. degree from
Yale University in
1936 and did gradu-
ate work at the Poly-
technic Institute of
Brooklyn.

In 1936 Mr.
Berg was a student
engineer with the
Underwood Elliott
Fisher Company, and later transferred to
RCA Communications, Inc. He subse-
quently worked for the Westinghouse Elec-
tric Company as a tester and radio operator,
and the Hammerlund Manufacturing Com-
pany as a tester and wireman.

During World War II, Mr. Berg was a
radio engincer at the Coles Signal Corps
Laboratory, Red Bank, N. J. Prior to his
present position he was with the Trad Tele-
vision Corporation.

R. A. BERG

®,
L]

William L. Foss (A'49), consulting
engineer and a pioneer in radio elec-
tronics, died recently at his home in
Washington, D. C.

A native of Maine, Mr. Foss stud-
ied law in addition to engineering and
received a legal degree from the
American University. He started his
professional career as a director of
engineering and operational work for
a chain of New England radio sta-
tions.

From 1928-1941, Mr. Foss was a
consulting engineer in Washington,
D. C., and from 1941-1945 he worked
with Army Signal Corps and Air
Force communications. In 1951-1952
he was a liaison between the United
States and Canada for a joint radar
warning system.

Mr. Foss was a member of Radio
Pioneers and the Society of Motion

Picture and Television Engineers.
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I E. A. Nicholas (A'14-SM'46), an
executive of the International Tele-
phone and Telegraph Corporation,
died recently at the age of 59.

Long a leader in the manufacture
of television, radio, and phonograph
equipment, Mr. Nicholas directed the
patent contract department of IT&T.
He was president of the Farnsworth
Radio and Television Corporation
from 1938 to 1949, when it merged
with IT&T, and transferred to that
organization.

A native of Ohio, Mr. Nicholas at-
tended the Cleveland School of Com-
merce and New York University. He
began his career with the United
Wireless Company in Cleveland. Sub-
sequently, he became a wireless op-
erator, manager of the Marconi Com-
pany wireless station in Cleveland,
and chief operator and inspector of
the Great Lakes Division.

Mr. Nicholas served as assistant
to the vice president and general
manager of the Radio Corporation of
America in Indiana, and sales mana-
ger of the Eastern division; manager,
then vice president, of RCA Radiola
division. Next he assumed the presi-
dency of E. A. Nicholas, Inc., became
vice president in charge of sales for
RCA Victor, manager of its licensing
division, and a member of the ad-
visory board.

Mr. Nicholas was a director of the
Radio and Television Manufacturers
Association, and a life member of the
Veteran Wireless Operators Associ-
ation, which in 1944 presented him its
Marconi Memorial Commemorative
Medal of Achievement.

|
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Benedict V. K. French (A’24-M’30-
SM’43) has been appointed Chicago mana-
ger of the General Instrument Corporation,

Mr. French began
-his 31 years in the
electronic field as a
development engi-
neer with Federal
Telegraph and Tele-
phone Company.
Subsequently, he held
positions with the
American Bosch
Company, RCA Li-
cense Division Lab-
oratory, P. R. Mal-
lory Company, and
the Allen B. DuMont Laboratories, Inc. He
was responsible for the introduction of push-
button station selection and waveband
switching,

During World War II, Mr. French
served on the joint Army-Navy Standardiza-
tion Board; he also supervised, at Mallory,
research in developing a mercury-type dry
battery, extensively used in armed forces
radio equipment.

Mr. French has served as Chairman of

B. V. K. FRENCH
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the IRE Connecticut Valley and Indianapo-
lis Sections, and is a member of the IRE
Professional Group on Airborne Electronics
and the Radio Club of America.

1
o

Glen B. Ransom (M’45) has been ap-
pointed assistant engineering staff manager
of the long lines department of the American
Telephone and Tele-
graph Company, New
York, N. Y.

Mr. Ransom, a
native of Marengo,
Iowa, received the
B.S. degree in electri-
cal engineering from
the University of
Minnesota in 1922.
He then  joined
AT&T as a technical
engineer, and in 1927
became district plant
engineer in Indianapolis, and division trans-
mission engineer in Cleveland in 1928. In
1930, he transferred to the engineering
headquarters in New York. Recently he has
been an engineer of plant extension.

Mr. Ransom is a fellow of the American
Institute of Electrical Engineers and Eta
Kappa Nu.

G. B. Ransom

2,
oo

Kenneth A. Giffin (M’52) has been ap-
pointed district sales manager for the Los
Angeles tube department of the General
Electric Company.

Mr. Giffin was born in Bellaire, Ohio, on
January 15, 1911, and graduated from Pur-
due University in 1937, From 1937-1939, he
was associated with the Bendix Radio Divi-
sion as a receiver and aircraft radio systems
engineer. From 1939-1951, he worked with
the American Airlines as a communications
representative. Before joining General Elec-
tric, he was a service engineering manager
for Aeronautical Radio, Inc., in Washing-
ton, D. C.

Mr. Giffin is a member of the Armed
Forces Communications Association.

e
[

Philip D. Doersam (S'40-M’46-SM’50)
has been named manager of East coast
operations of the Univox Corporation, I.os
Angeles, Calif.

Mr. Doersam was born in Pennsylvani,
in 1917, and received the B.S. degree in
electrical engineering from Columbia Uni-
versity in 1942, He studied advanced radar
at the Massachusetts Institute of Tech-
nology.

From 1942-1945, Mr. Doersam was a
staff member at the MIT Radiation Labora-
tory, and in 1946, he became the acting
head of the electronics laboratory at the
Glenn L. Martin Company, Baltimore, Md.
From 1947-1949, he was senior engineer and
group leader at the Douglas Aircraft Com-
pany, Santa Monica, Calif. In 1949, he
joined the Hughes Aircraft Company where
he was chief, flight test engineering, until
his recent appointment.



558

Books

PROCEEDINGS OF THE I.R.E.

April

High Frequency Transmission Lines by J.
de France
Published (1952) by the Bayside Publishers, 36-35

206 St. Bayside L. 1., N. Y. 40 pages, paper bound. 34
figures. 64 X10. $0.90.

J. de France is head of the department of electric
technology, State University of New York, Brooklyn,
N. Y.

This is a booklet written to explain the
physical behavior of high-frequency trans-
mission lines to beginners who do not pos-
sess more than an elementary knowledge
of mathematics.

The first chapter describes the main
electrical quantities involved in the propa-
gation of waves on an infinite line; the
second deals with reflection on terminating
loads. Following this is a review of the usual
types of lines and applications and a brief
introduction to waveguides.

The text is in everyday, nontechnical
words and will be useful to the class of
readers for which it is planned. It also will be
of some interest to students with more tech-
nical background, for here we find an easily
readable explanation of the elementary facts
underlying the mathematical treatment of
wave transmission along lines. Other pre-
sentations of this are sometimes unneces-
sarily abstruse and theoretical, and the
author has eliminated this effect.

A. G. CLAVIER

Federal Telecommunications Labs., Inc.
Nutley, N. J.

Handbook of Engineering Fundamentals
Edited by Ovid W. Eshbach

Published (1952) by John Wiley and Sons, Inc.,
440 Fourth Ave., New York 16, N. Y. 1262 pages 4-52-
g&lig%o index+x pages. Tables and figures. 54 X8}.

Ovid W. Eshbach is the dean of Northwestern
Technological University, Evanston, Ill.

This book is a revised edition of a 1936
publication. Upon approaching it with,
“what function does this book serve, and
hence of whatuseisit,” the reviewer feels that
the material performs a very useful purpose
for the engineer and technical man. It il-
luminates those areas of engineering that
border on chemistry and physics; areas that
are apt to be considered pure theory by the
practical man.

The book embraces the fields of mathe-
matics, mechanics, aerodynamics, engineer-
ing thermodynamics, electricity and mag-
netism, radiation, light, acoustics, chem-
istry, metallic materials, nonmetallic ma-
terials, and finally, a valuable section on
engineering law. How completely these sub-
jects are covered may depend upon the size
of the book; this text is of reasonable size
and coverage.

Some may question the utility of an en-
cyclopedic type of book, but to a person who

is familiar with the subjects, such a style

can furnish a brief and useful review of
material basic to his activity, thus saving
him from wading through one or more
weighty texts on the subject. Moreover,
these articles have reasonably complete and
up-to-date bibliographies that enable the
reader to make further investigations.
Particularly noteworthy to the re-
viewer were the sections on “Mathematics,”

by O. \V. Eshbach; “Physical Units and
Standards,” by Ernst Weber; and “Engi-
neering Thermodynamics,” by Milton C.
Stuart. Although the section on mathe-
matics is necessarily brief, the presentation
is clear and adequate, as are the other sec-
tions.

The reviewer noticed a few errors which
may have escaped the eyes of the proof
reader. On page 2-201, (a possible typo-
graphical error) is given the limit value of
£J lim lim ¢'(x)

= i f .
oD instead ol v—a¥(x)

On page 9-

59, in the electrical section, wedonot find the
compensation theorem mentioned; it de-
serves notice. On page 1049, we note, “The
parabolic horn . . . is being widely used in
connection with sound motion pictures. The
exponential horn . .. is often used in loud-
speaker units for public-address systems.”

One matter which may affect the size of
the book but which merits improvement is
the size of the type. It is too small, not only
in the normal portions of the book, but much
too small in the sections devoted to illustra-
tive examples and the like.

The book does fill a need of the average
engineer, and deserves a special place in his
library. It is an excellent handbook, and
contains interesting reading material as well.

ALBERT PREISMAN

Capitol Radio Engineering Institute

Washington, D. C.

Theory of Electromagnetic Waves, A Sym-

posium Sponsored by the Geophysical Re-~

search Directorate, Air Force Cambridge

Research Laboratories, and the Institute for

Mathematics and Mechanics, New York
University

Published (1951) by Interscience Publishers, Inc.,
250 Fifth Ave., New York, N. Y. 1,393 pages +viii
pages. 72 figures. 63 X10. $6.50.

This book, which is a record of a sym-
posium on electromagnetic waves held at
New York University, June, 1950, presents
the newest developments in electromagnetic
theory on a scientific level, and reviews the
more important, unsolved problems in the
field. :

A number of the papers deal with prob-
lems in diffraction and reflection. S. A.
Schelkunoff gives an excellent review of the
approximations involved in Kirchhoff’s
formula, and shows that it is not possible to
obtain any improvement in the result by re-
peated applications of the formula. Ap-
proximate solutions based on the author’s
induction and field equivalence theorems do
not suffer from this disadvantage. A paper
by Levine and Schwinger discusses the
diffraction of a plane wave by an aperture
in an infinite screen. Two variational ex-
pressions are obtained for the far field, and
it is shown that they yield approximate re-
sults which are valid over a much wider
frequency range than most of the commonly
used approximations. An interesting paper
by Kellar and Frank gives a simple answer
in closed form for the diffraction and reflec-
tion of a pulse by a wedge or corner.

The propagation of waves in nonhomo-
geneous media is considered by a number of

authors. S. A. Schelkunoff draws attention
to the fact that in determining the reflection
coefficient for a finite inhomogeneous layer,
difficulties can arise in approximating the
finite layer with an infinite layer of appar-
ently similar nature. N. Marcuvitz discusses
the various representations of the field in a
spherically stratified region. B. Friedman
treats the propagation of waves in an in-
homogeneous atmosphere where the dielec-
tric constant is stratified in the radial
direction. The problem of the reflection of
waves from rough surfaces has been dis-
cussed by S. O. Rice and solutions obtained
for slightly rough surfaces.

The book is of interest mainly to research
engineers in the field of wave propagation.
Due to the wide range of topics covered and
use of higher mathematics, some engineers
may find the book to be incoherent and
difficult to read.

GEORGE SINCLAIR

Sinclair Radio Labs, Ltd.
Toronto, Ont., Canada

Radio Spectrum Conservation, A Report of
the Joint Technical Advisory Committee,
IRE-RTMA

Published (1952) by McGraw-Hill Book Com-
pany, Inc, 330 West 42 St., New York 36, N. Y.
198 pages+-10-page bibliography +-8-page appendix
+5-page index+xi pages. 7 figures. 8 X5%. $5.00,

This book was prepared by a group of ex-
perts and consultants under the direction of
a subcommittee of the Joint Technical Ad-
visory Committee. It is designed both as an
aid and an exhortation to those concerned
with the planning and administration use
of a limited and extremely valuable natural
resource, the radio spectrum. For this pur-
pose, it treats briefly in successive chapters
the history of allocation, the propagation
characteristics of the various bands of fre-
quencies, an idealized allocation based on a
proper co-ordination between radio propaga-
tion characteristics and service require-
ments, and a critical discussion of the
present allocation. The book concludes with
a proposed program of “dynamic conserva-
tion,” in which the planning will be done
with such foresight and the administration

. with such flexibility as to obtain the maxi-

mum utilization of the spectrum.

In general, the treatment of the various
topics is adequate for the purpose of the
book and the style is suitable to those for
whom the book is intended. However, dif-
ferences in style are readily apparent, par-
ticularly between the various sections of the
chapter on radio propagation characteristics.
Some of these sections contain passages
which may be somewhat difficult for the lay
reader. There are some omissions and some
errors, inconsistencies and duplication have
been found. Space also has been devoted to
certain characteristics or anomalies which
are believed to be more of scientific interest
than of administrative importance. These
failings are neither numerous nor fatal to
the purposes of the book, and are readily
understandable in view of the scope and
complexity of the subject matter and the
extreme difficulty of preparing a brief, but
complete summary thereof. It may be said




1953

that this is a good, informative summary,
and for those who wish to pursue the subject
in greater detail, sufficient references are
provided.

In the idealized allocation developed in
chapter 3, the propagation characteristics
appear to have been correctly applied, to
provide the kinds of communications needed
in the various services. However, little in-
formation is given to justify the amounts of
space assigned to each service, other than
certain general considerations related to
present occupancy. It would appear that this
allocation should be viewed as a recom-
mendation of the suitability of the various
frequency bands of the spectrum for the
several services, rather than a recom-
mendation for spectrum allocations at the
locations and in the amounts indicated. In
the critique of the present allocations (chap-
ter 4) a complete and well rounded discus-
sion is presented with the good and bad fea-
tures of the present allocation, together
with the reasons for the present situation.
Chapter 5, on dynamic conservation, ana-
lyzes the problems incident to the substan-
tial achievement of ideal spectrum utiliza-
tion. It recognizes, at the outset, that to be
effective, and in order to avail itself of
changing knowledge and provide for new
demands and services any program of man-
agement must be dynamic and flexible. Nine
deterrents to full occupancy are discussed
briefly. One other deterrent, that of present
spectrum occupancy by spurious signals
generated by non-ideal equipment, is not
treated at this point, although the problem
of harmonic emissions is included in the
later discussion of technical measures by
which improvements may be effected.

In summary, although one may disagree
with specific passages in the book, the over-
all objective is good, and the subject in
the main is expertly handled. It fills a need
in an area which has been all too foreign to
the general public and to those whose sup-
port is needed if the program is to be suc-
cessful. It is to be hoped that the book will
be widely read and that it will be studied and
retained for reference by all who are re-
sponsible for assuring that effective use is
made of this essential resource.

EDWARD W. ALLEN, JR.

Federal Communications Commission
Washington, D. C.

The Oxide-Coated Cathode Volume One—
Manufacture by G. Herrmann and S.
Wagener

Published (1951) by Chapman & Hall Ltd.. Anglo-
books, 475 Fifth Avenue, New York, N. Y.
pages +4-page mdex+vm pages. 78 figures. SlXBl
Set of two volumes $15

G. Herrmann is an elecmcal engineer, Berlin,
Germany. S. Wagener is a member of the Post Office
Research Station, London, England.

This is the first of a two-volume book
previously published in 1944 in Germany.
In the English translation, Dr. Wagener
presents a revised book with modern views
and methods; references include papers pub-
lished in 1950.

Of particular interest is a statement
occurring in the description of the book,
printed inside the jacket: “A review of the
oxide cathode is complicated by the close
interdependence between manufacture on the
one hand and scientific tnvestigation on the
other. Many of the measures taken during
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manufacture can only be understood by
virtue of their effect on the physical
mechanism, whilst investigation of the physi-
cal phenomena must be based on a thorough
knowledge of how to make a good cathode. 1f
this latter point is not taken into account,
phenomena may be investigated which are
certainly interesting but of little importance
for the cathodes which are actually used in
commercial valves,™

The importance of this statement can
hardly be overemphasized, and it is evident
in reading the complete two-volume work
that this thought has been a guiding prin-
ciple in the writing of the book.

Volume I contains five chapters, the first
being a brief but interesting historical re-
view with a general discussion of the types
of oxide-coated cathodes.

Chapter 2, entitled, “The manufacture
of the cathode before mounting in the enve-
lope,” is concerned with core-metal proper-
ties, preparation and application of the
coating suspension, and a description of
indirect heaters. Tables and charts are used
in discussing core materials which include
typical compositions of various commercial
alloys used in the United States. The views
expressed concerning the use of pure, un-
plated tungsten as a base metal are at vari-
ance with American experience; the reaction
between W and BaeO at normal operating
temperatures is not great enough to prevent
manufacture of tubes having a commercial
life expectancy. Discussion of such topics as
the precipitation of the carbonates, prepa-
ration of the suspension, coating methods,
sintering, etc.,, are valuable and well
handled.

Chapter 3, entitled, “Further processing
of the cathode after mounting in the enve-
lope,” covers in outline the essential facts
concerning the breakdown of the carbonate
and activation of the cathode. Since the
theory of activation is covered in Volume I1,
the discussion of this topic in Volume I is
naturally limited to a brief description of
practical procedures.

“The characteristics of the oxide cath-
ode” are discussed in chapter 4, which
contains sections on the measurement of
temperature and thermal properties, meas-
urement and comparison of emission values,
actual values of emission and efficiency ob-
tainable, undesirable features of the oxide
cathode, and life. The section “ascertaining
the saturated current from the retarding
field current” seems a bit unrealistic to one
who has spent much time pursuing this idea
experimentally, in view of the temperature
gradient along the typical cathode; the
description of actual tests for emission seems
rather brief. Apart from these criticisms, the
chapter is very useful; the sections on
sparking and the effects of impurities are
particularly interesting.

The final chapter describes, briefly, spe-
cial cathodes that have been proposed for
certain applications, including thoria and
core-activated cathodes. There is a section
of eleven pages on oxide cathode for gas-
discharge devices that is especially good.

Despite the fact that some topics might
profitably have been discussed in somewhat
greater detail, physicists and engineers on
experimental or production control work will

1 The italicizing is the reviewer's.
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find this book to be an extremely worthwhile
source of information.
Volume II has previously been reviewed
in the PROCEEDINGS.?
GEORGE D. O’'NFEILL
Sylvania Electric Products Inc.
Bayside, N. Y.

? G. D. O'Neill, *The Oxide-Coated Cathode,” by
G. Herrmann and S. Wagener Volume II, Proc.
I.R.E., vol. 40, pp. 880; July, 1952. Correction, Proc.
LR.E,, vol. 40, pp. 1741; December, 1952.

Dictionary of Conformal Representations by
H. Kober

Published (1952) by Dover Pubhcahons. Inc.,
1780 Broadway, New York 19, Y. 201 pages+4-
page xndex+3-page bxbhoxraphy+xvx pages. 447
figures. 6§ X9%. $3.95

Conformal mapping is a utilization of
the mathematical simplicity and peculiari-
ties of the complex variable in the analysis
and synthesis of the corresponding physical
peculiarities of two-dimensional fields of
steady flow or static flux. It is a powerful
tool in many fields such as the fluid dy-
namics of airfoils and the electromagnetic
plane waves guided by parallel conductors.
In the field of electrical engineering, it is
most simply applied to conduction and to
separate electric and magnetic fields, all of
which are examples of orthogonal potential
and flux.

The fundamentals of conformal mapping
have been duplicated in a number of text-
books, while the more specialized aspects
have been spread over various periodicals
and collected volumes. There has been a
dire need for some comprehensive list and
pictorial illustrations of the many problems
amenable to the techniques of conformal
mapping. Like integrals, there is no limit to
the number of variations that would be
helpful for reference.

The author of this volume has gone far
toward filling this need. His compilation has
the benefit of joint efforts first reported in
19441948, among the scientific research
groups of the British Admiralty. It is a
great credit to the individuals, the organiza-
tion, and the publisher that this collection
is now made available at a low cost to the
many scientists who need it in their life
work. It is bound to stimulate more applica-
tion of these techniques and more original
work to this end.

The book is divided into five parts. The
first part is devoted entirely to the bilinear
transformation and its important special
cases which are completely, sometimes re-
dundantly, treated. The remaining four
parts deal with mappings obtained from
algebraic functions, exponential functions,
functions composed of the Schwarz-Chris-
toffel transformation and higher tran-
scendental (especially elliptic) functions.
Proofs are omitted for brevity, while the
limitations and peculiarities of each trans-
formation are painstakingly placed in evi-
dence. In most cases, the corresponding re-
gions and their boundaries are shown in care-
fully lettered diagrams of the type which
may be familiar from Appendix II of
Churchill's “Introduction to Complex Vari-
ablesand Applications.”

In ordering the material within this dic-
tionary, it may be unfortunate that the
author, as he notes in the foreword, does
not use one system exclusively. Instead, he
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classifies usually according to the func-
tional form of the transformation and some-
times according to the geometry of the re-
gions involved. The inclusion of the Topo-
logical Index may be in recognition of the
physical importance of a completely geo-
metrical system of classification.

An excellent list of special notations and
nomenclature is placed in the front of the
book. A large number of references aregiven;
however, the practice of collecting these at
three different points in the book may be
questioned.

The minor objections noted above should
not obscure the over-all usefulness of this
large collection of mappings, gathered from
many sources and presented in a uniform
notation. The Dictionary of Conformal
Representations is highly recommended to
engineers, scientists, and applied mathema-
ticians who deal with the problems of two-
dimensional fields.

HaroLbp A. WHEELER
WAaLTER K. KABN

Wheeler Laboratories
Great Neck, N. Y.

TV Troubleshooting and Repair Guide Book
Volume I by Robert G. Middleton

Published (1952) by John F. Rider Publisher, Inc.,
480 Canal St. New York 13, N. Y. 201 pages+3-page
index. 194 figures. 81 X11. Paper bound.

In the last five years or so, much has
been written on television receiver troubles
and their diagnosis. A considerable portion
of this information pertains only to specific
problems and is widely scattered in various
texts and trade journals.

This book, written primarily with the
average television technician in mind, at-
tempts to include as much practical infor-
mation of this nature as possible under one
cover. It is a book convenient for use in the
service shop, and should be of considerable
help in solving troubleshooting.

There are ten chapters in all, presented
in an easy-to-read style. The text is well
illustrated with picture-tube patterns illus-
trating receiver faults and applicable wave-
forms, together with troubleshooting charts
for diagnosis and correction.

The author has tried to avoid any exten-
sive theoretical explanations, presenting only
as much theory as deemed necessary to
assist in practical troubleshooting, rather
than a complete theoretical analysis of the
circuits involved. :

The first chapter points out, generally,
the variations in circuitry which the tele-
vision technician might expect to encounter
in one manufacturer’s receiver to another.
Included are photographs of normal oper-
ating waveforms taken on specific receivers
from several different manufacturers.

The remaining chapters cover possible
faults which might develop in various por-
tions of the receiver. It gives the procedure
for proper diagnosis, pointers on visual align-
ment techniques, test equipment kinks and
the problem of external interference.

The sections dealing with visual align-
ment procedures and the description of
oscilloscope probes and their use should be
particularly helpful to the uninitiated.

KENNETH FOWLER

General Electric Company
Syracuge, N, Y.

PROCEEDINGS OF THE I.R.E.

Advances in Electronics, Volume IV, Edited
by L. Marton
Published (1952) by Academic Press, Inc., Pub-
lishers, 125 E. 23 St., New York 10, N. Y. 329 pages
+14-page index+x pages. 118 figures. 6 X9. $7.80.
L. Nfarton is associated with the National Bureau
of Standards, Washington, D. C

The fourth annual edition of this excel-
lent series of papers is unchanged in purpose
and format. It is regrettable, however, that
the preface to volume one was not reprinted
in the succeeding volumes. It states, among
other things, that the book does not concern
itself with electronic circuitry but with
physical electronics and the principal com-
ponents of electronic devices.

The seven papers contained in this edi-
tion are listed as follows:

1. “Electron Scattering in Solids,” by
H. S. W. Massey (68 pages). This mathe-
matical paper discusses elastic, inelastic, and
multiple scattering, also, electron energy
loss and mobility concepts. It should be of
considerable interest to scientists who deal
with such things as electron microscopes and
secondary emission problems.

2. “The Scintillation Counter,” by G. A.
Morton (37 pages). This device, which
evolved from the early spinthariscope,
counts the scintillations (flashes) produced
by nuclear radiation on a phosphor crystal.
The components and applications of the
counter are discussed.

3. “Fluctuation Phenomena,” by Aldert
Van Der Ziel (44 pages). This paper deals
with “spontaneous fluctuations of electric-
ity,” which is more commonly and perhaps
imprudently called noise. A mathematical
discussion is presented of some of the more
important problems.

4. “Electronic Digital Computers,” by
Charles V. L. Smith (28 pages). The author
gives in some detail the components and in-
formation channels of digital computers.
The SEAC and the whirlwind computers are
described. Due to the nature of the science,
the general information was up-to-date at
the time the paper was written but is pre-
sently out of date.

5. “Modulation of Continuous-Wave
Magnetrons,” by J. S. Donal (67 pages).
The various types of modulation, except
pulse modulation, are presented.

6. “The Magnetic Airborne Detector,”
by Winfield E. Fromm (41 pages). This
material describes the method used during
World War II to locate submarines with air-
borne equipment.

7. “Multichannel Radio Telemetering,”
by M. G. Pawley and W. E. Triest (28
pages). This paper gives some of the ad-
vances in the art of radio telemetering that
were made during World War II. The appli-
cations are primarily of flight testing pilot-
less aircraft.

There is evidence that some of the papers
were written in great haste. For example the
Smith paper outlined the order in which it
would discuss the various storage tubes, and
then discussed them in a different order.
Frequent use of the first person plural is
found in several papers. Also, the mathe-
matical papers could have been improved by
including tables of symbols and a more
judicious selection of type to distinguish
vectors from scalars.

Although the papers lack polish in vari-
ous ways, they do present a hard core of
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valuable information on a wide scale. The
Massey paper may not be of interest to
matriculates but most of the others are
readable for those delving in various sub-
jects. Students who participate in seminars
and declamation contests will do well to
investigate these papers as a possible source
of subject material.

PauL K. HupsoxN

University of Illinois
rbana, Ill.

The Electromagnetic Field by Max Mason
and Warren Weaver

Published (1952) by Dover Publications, Inc.’
1780 Broadway, New York 19, N. Y. 328 pages+44+
page appendixes18-page indexes+xiii pages. 6
figures. 5§ X8. $1.85 paperb d. $3.95 clothbound

Max Mason is associated with the Rockefeller
Foundation and Warren Weaver with the University
of Wisconsin,

This treatise on the fundamental ideas

of the electromagnetic field was originally
published in 1929 by the University of
Chicago Press and has now been made
available in a reasonably priced paper-
bound edition by Dover Publications. As the
authors specifically state in the introduction,
they wanted to arrive at the field equations
of Maxwell “in a way which will excite,
rather than dull, curiosity, and which tends
to produce that attitude toward funda-
mentals which must prevail before a real
electron theory of electricity replaces the
present electrical theory of electrons.”
" This is indeed the key to the organiza-
tion of the book. It is assumed that Cou-
loumb’s law is essentially a statistical law
applying between complexes of charges, and
that its validity for two isolated charges is
not established irrevocably. To build up
electrostatic field concepts for ponderable
bodies requires, then, very cautious exami-
nation of limits, of “conditions” at points in
space where no charge is present. The con-
cepts of continuous field vectors, charge
densities, potential values, forces, and the
like are critically examined. In a similar
manner is treated the topic of magneto-
statics as dealing basically with charges in
motion; starting from the fundamental
aspects of Ampere’s law of force action
between two currents, the vector potential
is established for complexes of moving
charges. Again, a critical examination is
made of the concept of continuous field vec-
tors, potential values, forces, and the like.
Very brief treatment is given to actual cur-
rent flow in conductors. In introducing the
field equations, the authors again examine
critically the continuous concepts such as
the Poynting vector, and the energy den-
sities. The theory is only carried to the
establishment of the retarded potential func-
tions and the radiation field of moving
electrons.

The book is very well written, in a
challenging manner, fully bearing out the
intent of the authors. It is of great value to
all scholars interested in the extension of the
electromagnetic field concepts to a real elec-
tron theory of ponderable matter. It is,
however, not in the purview of this book to
give actual practical applications and we will
therefore find little of direct interest to the
radio engineer.

ERNST WEBER

Polytechnic Institute of Brooklyn
Brooklyn, N. Y.
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ACOUSTICS AND AUDIO FREQUENCIES
534.15 599
Analysis of Air Vibrations in a Pipe with In-
ternal Discontinuities—]. Guittard. (Acustica,
vol. 2, no. §, pp. 231-236; 1952. In French.) A
method of investigating the effect of various
types of discontinuity, such as cross-section
variation, using fine powder as indicator.

534.26+-535.43 600

On a Multiple Scattering Theory of the
Finite Grating and the Wood Anomalies—
Twersky. (See 695.)

534.26 601

The Diffraction of Sound Pulses by an
Oscillating Infinitely Long Strip—P. J. Berry.
(Quart. Jour. Mech. Appl. Math., vol. 5, part 3,
pp. 324-332; September, 1952.) A solution is
obtained for the case of a plane pressure pulse
incident normally on an infinitely long strip of
finite width, capable of motion as a spring-sup-
ported rigid body. Numerical results are given
for the case of a sharp-fronted pulse of constant
unit pressure, with graphs showing how the
mobility of the strip affects the pressure dis-
tribution on the back of it.

534.26 602

The Diffraction of a Sound Pulse by a Non-
rigid Semi-infinite Plane Screen—F. J. Berry.
(Quart. Jour. Mech. Appl. Math., vol. 5, part 3,
pp. 333-343; Sept. 1952.) Analysis is given for
the two-dimensional diffraction of a plane-
fronted pulse, incident normally on the screen.
Two methods of finding the pressure change
across the screen are described, both involving
successive approximations. Graphs illustrate
the results obtained by one method for several
types of screen material.

534.321.9 603
Aspects of the Concentration of Ultrasonic
Energy—A. Barone. (Acustica, vol. 2, no. 5,

The Annual Index of these Abstracts and References, covering those published
in the PROC. L.R.E. from February 1952, through January 1953, may be obtained
for 3s. 9d. postage included from the Wireless Engineer, Dorset House, Stamford
St., London, S.E., England. This Index includes a list of the journals abstracted
together with the addresses of their publishers.

pp. 221-225; 1952.) For another account see
3309 of 1952.

534.321.9:534.845 604

Ultrasonic Absorption and Relaxation
Mechanism—A. K. Dutta. (Indien Jour.
Phys., vol. 26, pp. 279-282; June 1952.) Dis-
cussion leading to the conclusion that the ab-
sorption of elastic waves in liquids is mainly
due to a frictional relaxation mechanism.

534.614 605

The Velocity of Sound in Air—J]. M. A.
Lenihan. (Acustica, vol. 2, no. 5, pp. 205-212;
1952.) Pulses derived from a 13.5-kc/s trans-
mitter and a microphone receiver were dis-
played together on a double-beam cro. Coin-
cidence of the pulses could be obtained by
movement of the transmitter toward or away
from the microphone, the motion being effected
by means of an accurate screw of length 1.8 m.
Transmitter positions were noted for the
1st-5th and the 41st—45th coincidences, to ob-
tain five readings for the value of 40 wave-
lengths. Corrections were applied for the ef-
fects of temperature, humidity, and other less
important factors. The final value deduced
for the velocity of 13.5-kc sound waves in dry
air at 273.16°K and 1013.2 mb is 331.45 1£0.04
mc.

534.84 606

Review of Methods and Apparatus for
Room-Acoustics Measurements—L. Keidel.
(Arch. tech. Messen, no. 200, pp. 193-196;
Sept. 1952.)

534.84:621.396.712.3 607

The ‘Pierre Bourdan’ Low-Frequency
[broadcasting] Centre, Paris—Conturie. (See
825.)

534.845.1/.2 608

Sound Insulation by means of Rubber and
Steel Springs—M. L. Exner. (Acustica, vol. 2,
no. 5, pp. 213-221; 1952. In German.) Good
agreement was obtained between theory and
experiment in measurements on combinations
of rubber and steel springs. The high internal
damping of the rubber, whose loss factor is
about 10 times that of steel springs, results in
good insulation over the whole frequency range
investigated, 20 cps-2 kc. Mechanical filters,
consisting of masses with intervening springs,
were also investigated; they were found better
than simple systems above a certain critical fre-
quency, but had disadvantages at low fre-
quencies.

$34.845.1/.2 609

The Mechanism of Sound Transmission
through Single-Leaf Partitions, investigated
using Small-Scale Models—A. Schoch and K.
Fehér. (Acustica, vol, 2, no. 5, pp. 189-204;
1952.) A summary is given of Cremer’s results

(2904 of 1951) for transmission through plates
of infinite area, and the effect of the boundaries
is discussed qualitatively for the case of finite
plates. Measurements are reported, using
small-scale models with corresponding high-
frequency plane waves in an echo-free box of
dimensions 150X 80X 80 cm. Results for plates
of various materials, for both normal and
oblique incidence, are shown graphically and
discussed.

534.846 610
Auditorium Specifically Designed for Tech-
nical Meetingg—D. M. Beard and A, M.
Erickson. (Jour. Soc. Mot. Pic. Tele. Eng.,
vol. 59, pp. 205-211; Sept. 1952.) Description
of the auditorium, seating 550, at the Naval
Ordnance Laboratory, White Oak, Md. The
effects of poly-cylindrical sections, absorbent
plaster, serrated rear wall, and padded seats,
combine to give excellent acoustic character-
istics. Additional facilities include 21 micro-
phones distributed about the room, controlled
lighting, optical-projection booth, and an
adequate telephone communication system.

534.861.4:621.395.623.7 611
The Environment of High-Quality Re-
production—F. H. Brittain. (Wireless World,
vol. 59, pp. 2-5; Jan. 1953.) A survey of re-
producer circuit requirements and auditorium
conditions to be satisfied in order to obtain the
full benefit of good loudspeaker performance.

621.395.6:621.396.712 612
Speech Input Systems for Broadcast Trans-
mitters—Hill. (See 824.)

621.395.61 613

On the Directivity of Spherical Micro-
phones—W. Kuhl. (Acustica, vol. 2, no. 5, pp.
226-231; 1952.) The directivity patterns of
microphones with plane circular diaphragms
on the surface of a sphere were measured for
10 frequencies and compared with the patterns
computed by Schwarz (2992 of 1945) for point
microphones. Uniform response for all angles
of incidence can be obtained by adding the
voltages derived from two point microphones
located at opposite ends of a diameter of a
sphere. A frequency-response curve is calcu-
lated for a capacitor microphone with spherical
diaphragm.

621.395.623.7 614

Friction-driven Loudspeaker—(Wireless
World, vol. 59, pp. 27-28; Jan. 1953.) A loud-
speaker whose operation depended on the at-
traction between a metal surface and a poor
conductor (e.g. agate) was designed by John-
sen and Rahbek over 30 years ago. A modern
commercial public-address loudspeaker using
the same principle is described, in which a
metal band attached to the diaphragm is held
in contact with a rotating cylinder coated with
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a semiconductor. The power output is com-
parable with that of an amplifier-driven loud-
speaker of similar size.

621.395.623.8 615

P.A. [public-address] Systems in Generat-
ing Plants—S. C. Bartlett. (Radiotronics, vol.
17, pp. 159-164; Oct. 1952.) The special
conditions encountered in power stations are
discussed, and the design is considered of
suitable equipment to provide adequate speech
coverage to all personnel, with reply or break-
in from any point of the system.

789.983 616

The Chord Organ—A. Douglas. ( Electronic
Eng., vol. 24, pp. 562-566; Dec. 1952.) De-
scription of a Hammond instrument which
produces, if desired, a chord when any single
note is pressed. Tone controls are also provided.

ANTENNAS AND TRANSMISSION LINES

621.315.2/.3 617

New Cables and Conductors of the I.LK.A.
[Verwaltung flir Installationen, Kabel, Ap-
parate]—H. Géttlich and H. J. Franz. ( Deutsche
Elektrotech., vol. 6, pp. 429-432; Sept. 1952.)
Data and illustrations of various cables, in-
cluding flexible types, for counter-circuit, tele-
vision, HF and UHF applications.

621.3924621.315.212].018.44 618

Mathematical Theory of Laminated Trans-
mission Lines: Part 2—S. P. Morgan, ]Jr.
(Bell Sys. tech. Jour., vol. 31, pp. 1121-1206,
Nov. 1952)) Part 1 (25 of January) dealt
mainly with Clogston-1 lines; the present
paper deals mainly with Clogston-2 lines, which
are composed entirely of laminated material;
both parallel-plane and coaxial lines are con-
sidered. Formulae are also derived for the
general case of a line with arbitrary fractions
of space occupied by the main dielectric and
the laminations. Analysis is given for the
principal and higher modes, assuming in-
finitesimally thin laminae; the effect of finite
thickness is considered subsequently. The in-
fluence of nonuniformity of the laminations is
examined; to achieve an attenuation constant
of the order of a tenth that of a conventional
line, nonuniformities must be smaller than a
few parts in 10,000. Dielectric and magnetic
losses are discussed; their magnitude is
directly proportional to frequency provided
the loss tangents do not vary with frequency.

621.392.21 619

Calculation of Transmission-Line Constants
—R. O. Kapp. (Engineering, Lond., vol. 174,
pp. 315-316; Sept. 5, 1952.) Approximate
formulae are derived for the three line con-
stants, usually represented by the symbols A,
B and C. Errors involved in the use of these
formulae are <0.7%, for either the real or the
imaginary component of any of the constants
for line lengths up to about 600 miles. The
formulae do not involve hyperbolic functions.

621.392.21.09 620

Application Possibilities of a Surface-Wave
Mode—W. F. Gunn. (Marconi Rev., 4th
Quarter, vol. 15, no. 107, pp. 145-166; 1952.)
A summary is given of recent work on surface
waves, together with a short account of ex-
periments carried out in 1951 on a go-and-
return system of total length about 130 ft.
Relevant analysis from various sources is in-
cluded in appendices.

621.392.21.029.64 621

Microstrip—A New Transmission Tech-
nique for the Kilomegacycle Range—D. D.
Grieg and H. F. Engelmann. (Proc. L.R.E.,
vol. 40, pp. 1644-1650; Dec. 1952,) A general
description and background theory are given
for transmission lines comprising a single wire
conductor arranged parallel to a ground plane
and for flat-strip lines of the type dealt with in
2705 of 1952 (Barrett). Practical methods of
making such lines include printing and em-
bossing.
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621.392.21.029.64 622

Simplified Theory of Microstrip Trans-
mission Systems—F. Assadourian and E.
Rimai. (Proc. I.R.E., vol. 40, pp. 1651-1657;
Dec. 1952.) An analysis is made of TEM-mode
propagation in a line comprising a wire or a
finite-width strip immersed in a uniform dieleg-
tric and arranged parallel to a ground plane.
Characteristic impedance, power flow and
losses are considered. Numerical calculations
based on the theory indicate the practicability
of lines of this type at microwave frequencies.

621.392.21.029.64:621.317.3 623

Microstrip Components—]. A. Kostriza.
(Proc. L.R.E., vol. 40, pp. 1658-1663; Dec.
1952.) Standing-wave detectors are described
suitable for making measurements on lines of
the single-conductor-and-ground-plane type
dealt with in above. The deviations from
pure TEM-mode propagation for different
constructions are assessed on the basis of the
measured values of guide wavelength. Dis-
persion and r.f. impedance are also discussed.
Voltage s.w.r. measurements are reported on
components for effecting transitions to coaxial
lines. Attenuator pads and loads, crystal
mounts, directional couplers etc. using the
same constructional basis are described.

621.392.26 624

Calculation of the Propagation Constants
of an Inhomogeneously-Filled Waveguide—
J. A. Bradshaw and L. G. Chambers. (Brit.
Jour. Appl. Phys., vol. 3, pp. 332-333; Oct.
1952.) Comment on 2114 of 1952 and author's
reply.

621.392.26 625

Diffraction of Guided Waves at Plane
Diaphragms—R. Maiiller. (Z. Naturf., vol. 5a,
pp. 617-621; Nov. 1950.) The problem of
diffraction at a plane diaphragm is formulated
for the general case of a waveguide of arbitrary
cross-section. For the special case of a coaxial
aperture in a circular cylinder, a wave suffers
no transformation from E to H mode or vice
versa if incident parallel to the axis, but does
suffer transformation if incident in any other
direction.

621.392.26 626

The Concept and Measurement of Im-
pedance in Periodically Loaded Wave Guides
—E. T. Jaynes. (Jour. Appl. Phys., vol. 23,
pp. 1077-1084; Oct. 1952.) The theory of the
node-shift method of investigating transmis-
sion-line problems is reviewed. A definition
of impedance in a form applicable to the disk-
loaded waveguide is developed from ordinary
circuit theory by expressing the em field in
terms of a set of independent component fields.
An extension of the node-shift technique for
measuring impedance is described which in-
volves a determination of the parameters of a
coupling system.

621.396.67 627

Mutual Radiation Resistance of Aerials and
Arrays—L. Lewin. (Wireless Eng., vol. 30, pp.
24-25, Jan. 1953.) Comment on 32 of January
(Knudsen).

621.396.67 628

Theory of Electrically Short Transmitting
and Receiving Antennas—R. King. (Jour.
Appl. Phys.,vol. 23, pp. 1174-1187; Oct. 1952.)
Centre-driven cylindrical aerials of length
S\/7 are considered; complete quantitative
solutions are obtained by determining the dis-
tributions of current that actually satisfy the
integral equations. Components of current in
phase and in quadrature with the driving
voltage are evaluated, together with the im-
pedance, the effective length and the gain.
Quite accurate results are obtained even in a
first-order solution when the King-Middleton
method of solving Hallén's integral equation
by iteration is applied correctly. The newly de-
termined values are combined with the King-
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Middleton second-order results to obtain more
accurate values for aerials of length $1.4 A\/x.

621.396.67 629

Cylindrical Aerials—R. W. P. King. (Wire-
less Eng., vol. 30, p. 24; Jan. 1953.) Comment
on 2715 of 1952 (Storm).

621.396.67:621.317.336 630

An Antenna Impedance-Measuring Instru-
ment—]. F. Cline. (Proc. L.R.E., vol. 40,
pp. 1686-1689; Dec. 1952.) An indicating in-
strument is described which has a small
capacitive loading effect when connected di-
rectly to the terminals of an aerial. This is
achieved by isolating those conductive com-
ponents which are not part of the RF-cap cir-
cuit and operating the aerial as a receiving
aerial, so that the signal generator is some dis-
tance away and not incorporated in the meas-
uring instrument.

621.396.67:621.397.6 631

The WJZ-TV Auxiliary Antenna—]. Pres-
ton. (Tele-Tech, vol. 11, pp. 38~39; Oct. 1952.)
The emergency WJZ television aerial array
consists of four asymmetrical corner reflectors,
with A/2-dipole feed, uniformly spaced round
the conical portion at the top of the Empire
State Building and set askew in order to pre-
vent the occurrence of deep nulls in the radia-
tion pattern.

621.396.67:621.397.6 632

Aerials of Modern High-Power Television
Stations—G. Rutelli. (Alte Frequenza, vol. 21,
pp. 215-216; Aug./Oct. 1952.) Short discussion
of the radiation characteristics of the aerials at
the Sutton Coldfield and Holme Moss stations,
with reference to the theory of that type of
antenna previously published by the writer
(3331 of 1941 and 436 of 1942.)

621.396.67.001.11:517.948.32 633

Difficuities with Present Solutions of the
Hallén Integral Equation—S. H. Dike. (Quart.
Appl. Math., vol. 10, pp. 225-241; Oct. 1952.)
Dike and King (2716 of 1952) have found
serious discrepancies between experimental
values of broadside absorption gain and back-
scattering cross-section and those calculated by
the King-Middleton modification (1453 of
1946) of Hallén's first-order solution for a
cylindrical aerial. These discrepancies are here
discussed in detail and the problem is re-
examined, reference being made to the pub-
lished results of many investigators. A theory
which lends itself to practical computation of
the complete characteristics of a simple dipole
aerial does not at present seem to exist. It is
significant that the results of Van Vleck et. al.
(3035 of 1947) for the back-scattering cross-
section of a shorted dipole agree more closely
with experiment than the first-order solutions
of Hallén, King and Middleton, or Gray (1931
of 1944). Variational methods of solving
Hallén's equation have given results which are
not satisfactory in some respects. It is con-
sidered that it might be worth while to follow
up a suggestion made by Brillouin (790 of
1945) that the known function and the kernel
of the integral equation be expanded in Fourier
series with known coefficients, and that the un-
known function for the current be expanded
likewise with unknown coefficients. Term-by-
termn integration would then lead to a set of
simultaneous equations for determining the
coefficients. Results of such an approach do not
appear to have been published.

621.396.676:623.74 634

Flush-Mounted Antennas for Military Air-
craft—(Tele-Tech, vol. 11, pp. 58-59, 111;
Oct. 1952.) Illustrations of zero-drag types of
aerial developed for jet-driven fighters and
high-speced bombers and operating at fre-
quencies from 100 mc to 1.25 kme. Their func-
tions include distance measurement, com-
munications, landing approach, navigation,
and interrogation.
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621.396.677 635

Approximate Determination of Aerial Gain
—S. Giustini. (Alta Frequenzae, vol. 21, pp.
204-214; Aug./Oct. 1952.) When side lobes are
negligible, the field-strength distribution of a
directive aerial can be represented by a single
lobe generated by rotation of the polar curve
E= Epe~¢?, where Eq is the maximum field
strength and k a matching parameter. The fol-
lowing approximate expressions are derived for
the gain: G == 8h : G = 2.75/(¢")?, where ¢’ is the
angle (in radians)_corresponding to a field
strength of Eo/4/2.

621.396.677.029.62 636

U.S.W. Wide-Band Directive Aerial—H.
Bosse. (Fernmeldetech. Z., vol. 5, pp. 437-439;
Oct. 1952.) Description of an aerial system con-
sisting of a vertical stack of four pairs of
horizontal A\/2 dipoles. The dipoles of each pair
are arranged in line, and behind the whole
system at a distance of about 0.3 A is a polariz-
ing reflector grid of 20 horizontal rods. Effec-
tive bandwidth is 27 mc, centred on 54.5 mc.

621.396.67 637
Antennas: Theory and Practice. [Book
Review]—S. A. Schelkunoff and H. T. Friis.
Publishers: J. Wiley and Sons, New York,
1952, 593 pp., $10. (Proc. L.LR.E., vol. 40, p.
1742; Dec. 1952.) A complete text, intended
for students, radio engineers and applied
mathematicians and physicists; the mathe-
matics does not go beyond the calculus.

CIRCUITS AND CIRCUIT ELEMENTS

621.3.014.1:537.311.2 638
Ohm’s Law for Build-up Phenomena—V.
Kussl. (Funk u. Ton, vol. 6, pp. 527-533; Oct.
1952.) In the case of 2-pole networks, the La-
place transformation is applied in the form of
a Fourier integral of the input waveform.
Doetsch's symbolic notation for asymmetrical
transformations (3450 of 1948) is used, and the
equality sign of Olun's law is replaced by the
Doetsch transformation sign. The variation
with time of a current through a complex im-
pedance is given by the Laplace transform
product of the susceptance and the applied-
voltage spectrum. Application of the trans-
formation in quadripole theory is described. By
formulating the quadripole equation in chain-
matrix form, transient-response parameters
can be roughly estimated. Application of the
theory to the determination of transient dis-
tortion in communication systems and to the
stability testing of amplifiers is outlined.

621.3.015.7:621.387.4 639

Pulse-Amplitude Analysis in Nuclear Re-
search—A. B. Van Rennes. ( Nucleonics, vol.
10, pp. 20~27, 22-28, 32-38 and 50-56; July—
Oct. 1952)) Various voltage-discrimination
techniques are discussed in detail and de-
scriptions are given of a simple type of analyser
and a moderate-precision and a high-precision
analyser. Analysers are also discussed in which
pulse-height selection is effected either by
mechanical means or by use of diode valves,
trigger circuits, sorting-ladder circuits, or
beam-deflection techniques. Other types of
analyser described include those in which
height selection is accomplished (s) by an ex-
pander-amplifier driving a chain of discrimina-
tors, (b) by conversion of pulse amplitude to
pulse duration, (¢) by means of information-
storage devices. 55 references.

621.314.25 640

Low-Cost Variable Phase Shifter—S. Wald.
(Electronics, vol. 25, pp. 168, 180; Dec. 1952.)
The basis of the circuit is a linear resistance
potentiometer divided by tappings into four
equal sections, neighbouring sections being fed,
by a pair of transformer secondaries, with
voltages phase-separated by 90° The value of
the potentiometer resistance is not critical, pro-
viding it is large compared with the impedance
of the transformer secondaries.

Abstracts and References

621.314.7:621.396.6 641

Dynamics of Transistor Negative-Resist-
ance Circuits—B. G. Farley. (Proc. L.LR.E,,
vol. 40, pp. 1497-1508; Nov. 1952.) A general
method is presented for calculating approxi-
mately the characteristics of nonlinear cir-
cuits. The region of operation is divided into
subregions, within each of which the circuit
may be considered as nearly linear. The
method is applied to (8) analysis of a high-
speed switching circuit using a point-contact
transistor, (b) discussion of negative-resistance
relaxation oscillations, (¢) calculation of wave-
forms and rise times of a regenerative transistor
amplifier [769 below (Felker)).

621.314.7:621.396.6:512.831 642

Matrix Representation of Transistor Cir-
cuits—]J. Shekel. (Proc. I.R.E,, vol. 40, pp.
1493-1497; Nov. 1952.) Transistor circuits are
discussed in terms of measurable quantities
only. Once the admittance matrix of the
grounded-base transistor has been determined,
the matrices of the grounded-emitter and
grounded-collector transistors can easily be
derived. Matrix representation also provides a
direct method for analysis of stages in cascade.

621.314.7:621.396.6:621.396.822 643
Transistor Noise in Circuit Applications—
H. C. Montgomery. (Proc. L.LR.E,, vol. 40,
pp. 1461-1471; Nov. 1952.) Problems of linear
circuits involving multiple noise sources can be
handled by familiar methods with the aid of
certain noise-spectrum functions, which are
described. Several theorems of general interest
in circuit work, dealing with noise spectra and
noise correlation, are derived. The noise
characteristics of transistors can be described
in terms of the spectrum functions for simple
but arbitrary configurations of equivalent
noise generators. From these, the noise figure
can be calculated for any external circuit.
Numerical results for a number of n-p-n tran-
sistors are given in a table and many curves.

621.314.7.012.8 644

Junction-Transistor Equivalent Circuits
and Vacuum-Tube Analogy—L. J. Giacoletto.
(Proc. I.R.E., vol. 40, pp. 1490-1493; Nov.
1952.) A comparison is made between the
operating characteristics of a p-n-p-junction
transistor and a triode tube, using a IT net-
work to represent the transistor.

621.316.84-621.318+4621.319.4].001.8 645

Nonlinear Circuit Elements in High-
Frequency and Low-Frequency Technology—
H. E. Hollmann. (Arch. elekt. Ubertragung,
vol. 6, pp. 434-440, 478-486 and 520-531;
Oct.-Dec. 1952.) A review of the properties
and applications of nonlinear inductors, capaci-
tors and resistors of many different types. See
also 3039 of 1952,

621.316.842:621.316.7 646

New Commercial Barretters—J]. Sommer.
(Funk u. Ton, vol. 6, pp. 520-526; Oct. 1952.)
The characteristics of two tungsten-coil bar-
retters are given. The resistances when cold
are respectively 502 and 100%; a current of
about SmA doubles the resistance in each case.
Tests to determine the cooling characteristics
and the effect of ambient-temperature changes
are described.

621.318.4 647

Coil Winding Data—L. Knight. (Wireless
World, vol. 59, p. 22; Jan. 1953.) Charts give
the number of turns required in conjunction
with various values of:mpacitance for tuning
over the frequency ranges 2-70 mc and
70 kc/s-3 mc, using standard formers with dust
cores. :

621.318.57 648

New Bistable High-Speed Multi-Purpose
[switching] Device—Y. Druet (C.R. Acad.
Sci., Paris, vol. 235, pp. 494-496; Aug. 1952.)
Operating :onditions for an Eccles-Jordan
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circuit using two Type-ECH42 triode-hexode
valves are noted. With suitable diode limiting,
consistent operation is maintained at pulse
rates > 2X 10%/sec.

621.318.57:621.3.015.7 649

Arithmetical Counters for Pulses—A.
Dauphin. (Onde élect., pp. 459-463; Nov.
1952.) A list is given of 51 relevant publications,
with short notes indicating their scope.

621.318.57:621.314.7 650

A Transistor Reversible Binary Counter—
R. L. Trent. (Proc. I.R.E., vol. 40, pp. 1562-
1572; Nov. 1952.) The counter is built of ele-
mentary transistor packaged units. The
mechanism used to achieve reversibility and the
circuit for each type of building block are de-
scribed.

621.318.57:621.314.7 651

Transistor Trigger Circuits—A. W. Lo.
(Proc. 1.R.E., vol. 40, pp. 1531-1541; Nov.
1952.) Analysis is presented for transistor
trigger circuits which permits prediction as to
whether operation will be monostable, bistable
or astable (oscillatory) and also of the ampli-
tude and waveform of the output. Practical
pulse circuits for various purposes are described
which are so designed that their operation is
not affected by reasonable variations of .circuit
parameters, bias voltages, transistor charac-
teristics, or ambient temperature.

621.318.57:621.314.7 652

Transistors in Switching Circuits—A. E.
Anderson. (Bell Sys. Tech. Jour., vol. 31, pp.
1207-1249. Proc. L.R.E., vol. 40, pp. 1541-
1558; Nov. 1952. Correction, ibid., vol. 40,
pp. 1732-1733; Dec. 1952) Analysis of
transistor trigger circuits is based on an ap-
proximate representation of the negative-
resistance characteristic by three straight
fines. Circuits using point-contact transistors
for waveform generation, level restoration,
delay, storage, and counting are described, and
their properties and limitations are discussed
in detail.

621.318.57:621.314.7:518.4 653

Graphical Analysis of Some Transistor
Switching Circuits—L. P. Hunter and H.
Fleisher. (Proc. I.R.E., vol. 40, pp. 1559-1562;
Nov. 1952.) Methods are described for generat-
Ing the entire input characteristics for the
various terminals of a transistor, and graphical
methods of analysis are applied to (s) a base-
input amplifier, (b) a collector-to-emitter
direct-coupled switching circuit, (¢) a collector-
to-base direct-coupled circuit.

621.318.572 654

Electronic Switch-—K. R. Sturley. (Wire-
less World, vol. 59, pp. 11-14; Jan. 1953.) A
switching circuit for two-waveform display
with a single-beam cro uses a conventional
multivibrator for generating the switching
voltages.

621.392 655

Network Analysis by Repeated Voltage
Superposition—]J. E. Parton. (Electronic Eng.,
vol. 24, pp. 570-574; Dec. 1952.) A method of
analysis is described, with worked-out ex-
amples, which reduces considerably the number
of simultaneous equations to be solved for an
m-mesh network. The method essentially in-
volves successive applications of Thévenin’s
theorem, each application reducing by one the
number of meshes in the network considered,
with a corresponding reduction of the number
of simultaneous equations to be solved. A
similar method has been described by Tasny-
Tschiassny (3365 of 1948), who used “residual”
current generators at the final nodes instead
of residual voltage generators in the final
branches, and whose method differs from the
present method in other details.

621.392 656
Synthesis of Cascaded Three-Terminal
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RC Networks with Minimum-Phase Transfer
Functions—P. F. Ordung, F. Hopkins, H. L.
Krauss and E. L. Sparrow. (Proc. LR.E.,
vol. 40, pp. 1717-1723; Dec. 1952.) For the
realization of a particular transfer function in-
cluding complex zeros, the method of synthesis
presented yields a network with fewer elements,
simpler configurations and higher level of
transmission than previous methods (e.g. 1605
of 1950).

621.392.1 657

The Practical Significance of Complex
Frequencies in Electrical Communication
Engineering—]J. Peters. (Arch. elekt. Uber-
tragung, vol. 6, pp. 401-413; October 1952. Cor-
rection, ibid., vol. 6, p. 514; Dec. 1952.) A con-
cise general introduction tothesubject. Complex
frequencies are complex quantities whose real
part represents the gain of a system and whose
imaginary part represents the frequency in the
usual sense. The application of the Laplace
transform in analysis of transmission problems
is explained and the properties of the complex
plane and its poles and zeros are described.
The use of the poles and zeros for representa-
tion of the transmission characteristics of a
linear network is considered. Analogues of the
complex plane, such as that obtainable with a
stretched elastic membrane, are discussed and
their applications illustrated.

621.392.4/.5 658
Anode-Follower Derivatives—A. W. Keen.
(Wireless Eng., vol. 30, pp. 5-9; Jan. 1953.)
“Low output-impedance stages characterized
by anode output and feedback of the entire
output voltage are derived from the basic
‘anode-follower’ by substitution of a tube
impedance for the shunt resistor of the feed-
back path, or of a comparator stage for the
entire input-feedback potential divider, and by
replacement of the output tube by a series-
connected push-pull pair. These developments
suggest the possibility of obtaining an anode-
follower analogue of each cathode-follower
derivative, thereby increasing the number of
circuit variants available for practical use.”

621.392.4/.5:512.972 659

Applications of Tensor Theory to Linear
Electronic Circuits—A. Kaufmann. (Radio
tech. Dig. (France), vol. 6, nos. 2, 3 and 4, pp.
67-76, 157-168 and 199-209; 1952.) An ex-
planation of tensor concepts and their general
application to tube circuits, with examples il-
lustrating the determination of input imped-
ance and gain of feedback, cathode-follower,
and grounded-grid circuits.

621.392.5 660

On the Approximation Problem in Network
Synthesis—A. D. Bresler. Proc. I.R.E., vol.
40, pp. 1724-1728; Dec. 1952.) A method of
synthesis is presented in which a desired fre-
quency-response characteristic is replaced by
an approximation consisting of a sequence of
rectilinear segments. The method is illustrated
by application to the design of attenuation

equalizers with constant-resistance ladder
sections.
621.392.5 661

The Parallel-T Resistance-Capacitance
Network—L. G. Cowles. (Proc. I.R.E., vol.
40, pp. 1712-1717; Dec. 1952.) Analysis is
given for the general case of finite source and
load resistances. When these two resistances
are appropriately related the network loss is
the same at low and high frequencies; the
transfer characteristic is then a circle in the
complex plane. This “symmetrical” network is
equivalent to a simple series-resonant circuit
as regards its transfer characteristic.

621.392.5 662

RC Cathode-Follower Feedback Circuits—
S. C. Dunn. (Wireless Eng., vol. 30, pp. 10-19;
Jan. 1953.) When certain RC circuits are as-
sociated with a cathode-follower circuit, a
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voltage gain can be obtained over a band of
frequencies. A number of prototype and
derived RC circuits which can be used in this
way are analysed and their response curves are
determined. The matrices of the derived net-
works can be formed easily from those of the
corresponding prototypes. The effect of cir-
cuit termination on response is discussed and
the use of these circuits as feedback clements
in amplifiers is considered in some detail. Ex-
periments in confirmation of the theory are
mentioned.

621.392.5 663

Resistance-Capacitance Networks with
Over-Unity Gain—W. Bacon and D. P. Sal-
mon. (Wireless Eng., vol. 30, pp. 20-23; Jan.
1953.) Longmire (2702 of 1947) and Epstein
(2940 of 1951) have described RC circuits with
greater output than input voltage. A method
of increasing the voltage gain by feeding the
output voltage of one network into a second
network is described. The process cannot be
extended indefinitely, the voltage gain attain-
able being limited by the impedance increase
necessary at cach stage. Experiments con-
firmed the theory. Such networks can be used
with a cathode follower to construct oscillators
in which the valve gain is less than unity. An
experimental circuit is described.

621.392.5 664

Response of a Linear Network to an Input
with Linearly Variable Frequency as obtained
in Sweep-Frequency Testing—H. Ekstein and
T. Schiffman. (Proc. nat. Electronics Conf.,
Chicago, vol. 7, pp. 454-471; 1951.) Application
of an input voltage with linearly increasing
frequency to a linear network produces an
output curve which, for very slow frequency
variation, is an image of the admittance
plotted as a function of frequency. When the
rate of frequency variation is not negligible, the
response curve is a distorted image of the ad-
mittance. The nature of this distortion is in-
vestigated. A quantitative approximation
method is presented which uses the theory of
functions for evaluation of an integral. The
result is expressible in terms of elementary
functions. Explicit expressions are given for
the dynamic corrections to be applied to the
“observed” resonance frequencies and peak
admittances. The method is applied to several
simple circuits in addition to the LCR circuit
which has been previously treated by other
authors.

621.392.52 665
Fundamentals of Filter Theory and Tech~
nique—K. H. Haase. (Funk u. Ton, vol. 6,
pp. 505-519; Oct. 1952.) Description of the
application of the wave theory and the operat-
ing-parameter theory in the design and cal-
culation of different basic types of filter.

621.392.52 666

Formulas for Ladder Filters—H. J.
Orchard. (Wireless Eng., vol. 30, pp. 3-5; Jan.
1953.) Four related sets of explicit formulas for
the clements of a basic low-pass filter network
are presented with a common notation. Three
of the sets have been published previously
[2900 of 1937 (Norton); 1543 of 1952 (Bosse);
1541 of 1952 (Belevitch)], the fourth being
new; all have reference to the image-parameter
theory due to Norton and Darlington (1361 of
1940). If corresponding formulae could be
found for a general type of filter with response
depending on Jacobian sn elliptic functions,
they would represent a considerable contribu-
tion to filter-design technique.

621.392.52 667

A Nonlinear Statistical Filter—A. W.
Sullivan and J. M. Barney. (Proc. Nat. Elec-
tronics Conf., Chicago, vol. 7, pp. 85-91; 1951.)
A method is described for using the statistical
differences between a periodic rectangular
pulse (the wanted signal) and the envelope of
fluctuation noise (the interfering signal), for
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the purpose of discriminating between the two
signals. Expressions are derived for the density
distribution probability of noise and of signal
plus noise. A description is given of a practical
filter which was checked experimentally under
conditions when the signal was completely
masked by the noise, both aurally and visually,
but could be reliably detected by means of
the statistical filter. Possible application to
secrct-transmission systems is discussed.

621.392.52:518.12 668

Numerical Calculation of Filter Circuits
with Tchebycheff Characteristics after the
Method of W. Cauer—V. Fetzer. (Arch. elekt.
Ubertmgung, vol. 6, pp. 419-431; Oct. 1952.)
Formnulas for Tchebycheff-type filters are
derived from those previously given for
filters with generalized parameters (1545 of
1952.) Three types of antimetrical filter are
considered. The formulas necessary for nu-
merical calculation of both symmetrical and
antimetrical normalized filters are derived and
applied to examples. By suitable frequency
transformation the normal type of Tchebycheff
filter can be dealt with. A complete set of
curves is provided for evaluation of the re-
quired parameters.

621.392.52:621.315.212 669

Coaxial Transmission-Iine Filters—D. E.
Mode. (Proc. I.R.E., vol. 40, pp. 1706-1711;
Dec. 1952.) Analysis for coaxial-line band-pass
filters is given based on TEM-mode transmis-
sion. The influence of the nature and spacing
of the obstacles on the bandwidth is discussed.
Measurements on filters of various construc-
tions support the theoretical results. A TE-
mode high-pass filter is also discussed. For
narrow-band applications this type of filter is
inferior to the cavity type.

621.392.52:621.396.49 670

Nonlinear Filtering and Waveshape Multi-
plexing—R. E. Scott, S. Fine and A. Mac-
mullen. (Electronics, vol. 25, pp. 146, 148; Dec.
1952.) A method of providing two channels on
one carrier consists of differentiating the com-
bined signal, clipping to remove one com-
ponent, and re-integrating to restore the other.
The removed component is recovered by sub-
tracting the retained component from the
original input. Experimental circuits and wave-
forms obtained are illustrated, the two com-
ponents being respectively a sine wave and a
square wave,

621.394/.396].6:003.63 671

Functional Circuit Diagrams—C. E. Wil-
liams. (Wireless World, vol. 59, pp. 19-21; Jan.
1953.) Shortened version of paper abstracted
in 63 of January.

621.396.6:€21.314.7:629.13 672

Transistors in Airborne Equipment—O. M.
Stuetzer. (Proc. I.R.E., vol. 40, pp. 1529-1530;
Nov. 1952.) Discussion of the advantages of
using transistors instead of valves in aircraft
equipment.

621.396.6:621.317.755 673

Slow-Speed Circular Timebase—(Radio
Tech. Dig. (France), vol. 6, no. 4, pp. 179-193;
1952.) French version of paper by Hardie and
Thomas (2755 of 1952) supplemented with
references and a note on earlier types of sine-
cosine potentiometer,

621.396.6.002.2:621.314.7 674
Printed Circuitry for Transistors—S. F.
Danko and R. A. Gerhold. (Proc. I.R.E., vol.
40, pp. 1524-1528; Nov. 1952.) The auto-
sembly technique [355 of February (Danko)] is
suggested as a simple and effective method for
the production of compact transistor circuits.

621.396.611.1 675

Resonance  Curves—“Cathode  Ray.”
(Wireless World, vol. 59, pp. 29-33; Jan. 1953.)
Deviations encountered in practical circuits
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from the ideal conditions dealt with in ele-
mentary theory are simply explained.

621.396.611.1:621.396.822 676

Spontaneous Voltage Fluctuations in a
Resonant Circuit—E. Paolini. (Alta Fre-
quensga, vol. 21, pp. 199-203; Aug./Oct. 1952.)
The rms value of voltage fluctuations, of
thermal origin, at the terminals of a parallel
RLC circuit, is determined for the unusual
case where the frequency range in question is
not negligible in comparison with the band-
width of the resonant circuit. Curves are given
to facilitate numerical calculation,

621.396.615 4+ 621.396.645]:621.314.7 677

A Junction-Transistor Tetrode for High-
Frequency Use—R. L. Wallace, Jr., L. G.
Schimpf and E. Dickten. (Proc. I.R.E., vol.
40, pp. 1395-1400; Nov. 1952.) Application of
suitable bias to a fourth electrode connected to
the p-type central section of an n-p-n-junction
transistor causes a considerable reduction of
the base resistance. This reduction enables the
transistor to be used at frequencies over ten
times the normal limit. Circuits are given for a
variable-frequency tuned amplifier, a band-
pass amplifier, and a sine-wave oscillator for
40-115 mc.

621.396.615:621.314.7 678

Transistor Oscillators—W. Herzog. (Arch.
elekt. Ubertragung, vol. 6, pp. 398-400; Oct.
1952.) The characteristics of transistor oscilla-
tors are established by analysis in which the
conductance form of the transistor equations
is used. The following circuits are considered:
(@) transistor with frequency-determining
quadripole and overall feedback; (b) as in (a)
but with transformer coupling betwcen transis-
tor and quadripole; (¢) transistor oscillator
with a Il-arrangement of three parallel-
connected tuned circuits.

621.396.615.029.4:621.314.7 679

Low-Drain Transistor Audio Oscillator—
D. E. Thomas. (Proc. I.LR.E., vol. 40, pp.
1385-1395; Nov. 1952) Description of the
design and performance of a 130-c/s oscillator
using a Western Electric Type-A1768 point-
contact transistor supplied from a single 6-V
battery, the power drain from which does not
exceed 35 mW.

621.396.615.11 680
A Low-Frequency Function Generator—
R. H. Brunner. (Electronics, vol. 25, pp. 114-
117; Dec. 1952.) Description of a relaxation
oscillator capable of giving a constant-ampli-
tude output of sine, square or triangular wave-
form, in the frequency range 0.01 ¢ps—1 kc.

621.396.615.12.078 681

Automatic Tuning Control of H.F. Genera-
tors with Varying Load—H Hertwig. (Elec-
tronic Appl. Bull., vol. 13, pp. 9-18; Jan. 1952.)
The phase relation between the primary
voltage and the seccondary current of the out-
put transformer of a crystal-driven 40-mc
500-W generator is used for automatic control
of the tuning of the output circuit under vary-
ing load conditions. Control is effected via a
bridge type of phase-measurement unit using
a pair of Type-EQ80 enncodes, which actson a
control unit using a pair of Type-PL21 thyra-
trons. Circuit details, photographs and per-
formance figures are given.

621.396.615.17:621.314.7 682

Pulse Duration and Repetition Rate of a
Transistor Multivibrator—G. E. McDuffie, Jr.
(Proc. ILR.E, vol 40, pp 1487-1489; Nov.
1952.) Expressions are derived for the pulse
duration and repetition rate of an astable
(oscillatory) multivibrator circuit using a
point-contact transistor. The formulas are
confirmed experimentally for repetition rates
from 200 to 10,000 per sec and pulse durations
from 30 to 900 us.
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621.396.619.13:621.318.4 683

Variable Inductance and its Application in
Frequency-Sweep Oscillators—W. Lange.
(Funk u. Ton, vol. 6, pp. 534-540; Oct. 1952.))
The modulation principle described consists in
varying the voltage across an inductor I,
while the current through it is maintained con-
stant. Alternations of the control-grid voltage
of a pentode cause anode and screen-grid cur-
rents to vary in magnitude, developing a volt-
age variation across an anode inductor I,
coupled to the inductor I, in the cathode
circuit. The current through L, is maintained
constant by an alternating voltage applied to
the suppressor grid. A frequency shift of +209,
around 470 kc is attainable. The use of the
method for f.m. and frequency-sweep tuning
is indicated.

621.396.622.7:621.396.619.13 684

Double-Counter FM and AFC Discrim-
inator—]J]. J. Hupert, A. Przedpelski and
K. Ringer. (Electronics, vol. 25, pp. 124-125;
Dec. 1952.) A frequency discriminator with
large bandwidth and good stability comprises
a pair of pulse-counter circuits, each preceded
by mixer and pulse-forming circuits, with their
outputs connected in series.

621.396.645+4621.396.615 685

Vacuum-Tube Circuits without Plate Sup-
plies—P. B. Clark. (Electronics, vol. 25, pp.
192, 199; Dec. 1952.) The existence of thermal
emf and contact potential makes circuit
operation possible without application of volt-
age to tube anodes. A limiter, a low-gain
amplifier, a multivibrator and an oscillator
circuit are described.

621.396.645 686

Volume Compression and Expansion—
B. D. Corbett: G. J. Pope. (Electronic Eng.
vol. 24, p. 580; Dec. 1952.) Comment on 365
of February and author’s reply.

621.396.645:621.313.2.026.441/.442]-9 687

Calculations for a Power Amplifier for a
D.C. Motor—]. Zakheim. (Onde elect. vol. 32,
pp. 455-458; Nov. 1952.) The design is con-
sidered of valve circuits for driving low=
power motors {(5-15W), such as are often used
in control or telemetry equipment.

621.396.645:(621.314.7 688

Transistor Operation: Stabilization of Op-
erating Points—R. F. Shea. (Proc. I.R.E., vol.
40, pp. 1435-1437; Nov. 1952.) The provision
of optimum emitter and collector bias currents
for a transistor amplifier is discussed, and a
relation between the values of resistors and
voltages is derived which should be satisfied
if stable operation is to be achieved.

621.396.645:621.314.7 689

Transistor Amplifier Cut-Off Frequency—
D. E. Thomas. (Proc. 1.R.E,, vol. 40, pp. 1481—
1483; Nov' 1952.) The effect of the positive
feedback associated with the internal base
resistance of a transistor on its cut-ofi fre-
quency is analysed. Expansion of the expression
for current gain a in a Taylor series shows that
only the phase shift in « is important in reduc-
ing the cut-off frequency.

621.396.645:621.314.7 690

Frequency Variations of Current-Amplifi-
cation Factor for Junction Transistors—R. L.
Pritchard. (Proc. I.R.E., vol. 40, pp. 1476~
1481; Nov. 1952.) In a grounded-emitter or
grounded-collector connection of a junction-
type transistor, the effective current amplifica-
tion is proportional to 1/(1—e), where «a is
the current gain of the transistor. As a result
of the phase shift associated with «, the value
of 1/(1—a) decreases rapidly with increasing
frequency, so that the upper frequency limit
of the grounded-emitter or grounded-collector
arrangements may be considerably lower than
has been expected. Results of measurements
of the frequency variation of « for several fused-
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impurity p-n-p-junction transistors developed
by Saby (877 below) are shown graphicalty.

621.396.645:621.387.4 691

The Reproduction of Voltage Pulses by
means of a Proportional Amplifier—U. Cap-
peller. (Z. angew. Phys., vol. 4, pp. 330-343;
Sept. 1952.) Analysis of an amplifier for
nuclear-physics investigations is based on
Laplace transformations. A characteristic
transmission function is introduced which
completely describes the transmission proper-
ties of the amplifier and represents the com-
bined pulse-distorting influences of the indi-
vidual circuit elements. The transmission
functions of single-stage and multistage ampli-
fiers are derived and a detailed exposition is
given of the distortion experienced by a typical
exponential decay pulse. Optimum reproduc-
tion of such a pulse requires a particular rela-
tion between pulse duration and the time con-
stants of the amplifier circuits. Improvement
of time-resolution involves closer restriction of
this relation and greater complexity of circuits.
Use of negative feedback offers advantages; a
two-stage feedback amplifier is a useful unit
in a large amplifier system. The transmission
function can alternatively be determined from
the response of the amplifier to steady alter-
nating voltage; a suitable method of measure-
ment is described.

621.396.645.371.029.45 692

A Photocell Amplifier for Infra-Red Spec-
troscopy—D. A. H. Brown. (Jour. Sci. Inst.,
vol. 29, pp. 292-294; Sept. 1952.) Description
of a highly linear amplifier for use at a chopping
frequency of 800 c/s. Gain variation is <3%
for 109, variation of supply vloltage.

621.396.822 693

Symposium on Noise. General Introduc-
tion—H. B. G. Casimir. (Tijdschr. ned.
Radiogenool., vol. 17, pp. 199-206; Sept./Nov.
1952.) Discussion of the mathematical repre-
sentation of noise.

GENERAL PHYSICS

534.01+538.56):621.319.55 694

A Coherent Theory of Relaxation Phe-
nomena—E. Hiedemann and R. D. Spence.
(Z. Phys., vol. 133, pp. 109-123; Sept. 5, 1952.)
The theory presented is based on the theory of
functions. General formulas are derived and
the particular case of elastic relaxation oscilla-
tions is discussed. Conditions for the occur-
rence of discrete and of continuous relaxation
spectra are determined and a formula is de-
rived for the distribution function of the con-
tinuous spectrum.

534.264-535.43 695

On a Multiple Scattering Theory of the
Finite Grating and the Wood Anomalies—V,
Twersky. (Jour. Appl. Phys., vol. 23, pp. 1099—
1118; Oct. 1952.) The problem is treated by
applying the solution previousty obtained
(2685 of 1952) for multiple scattering from an
arbitrary configuration of parallel cylinders.
Both the transmission grating and the reflec-
tion grating comprising semicylindrical bosses
on a perfectly conducting plane are considered.
The complete expression for the scattered
wave is given for the case of grating width
small compared with distance to observation
point and cylinder spacing large compared
with A. The case of radii<{]\ is investigated in
detail; bright and dark hands in the intensity
curves, similar to the grating anomalies found
by Wood in 1902, are related to the magnitudes
and phases of the various orders of scattering.
The theory is extended to gratings with ele-
ments other than cylinders.

535.42.001.11 696

Removal of Inconsistency in the Theory of
Diffraction—D. S. Jones. (Proc. Camb. Phil.
Soc., vol. 48, part 4, pp. 733-741; Oct. 1952.)
In certain cases the integral equations involved
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in analysis of the diffraction of small-ainplitude
acoustic or e.m, waves give a solution which
does not satisfy the boundary conditions im-
posed, but which agrees with the solution found
by other means. This inconsistency is removed
if different boundary conditions are imposed in
the formulation of the problem; this is illus-
trated by discussion of two-dimensional diffrac-
tion of a plane e.m. wave by a perfectly con-
ducting semi-infinite plane.

537.12 697

The Rydberg Constant and the Atomic
Mass of the Electron—E. R. Cohen. (Phys.
Rev., vol. 88, pp. 353-360; Oct. 15, 1952.)
Re-evaluation of the spectroscopic data perti-
nent to the Rydberg constant and the mass of
the electron yields the values R»,=109737.326
+0.014 cm™ and m=(54.895 +0.008) X 10~
atomic mass units. From microwave measure-
ments m =(54.8785 +0.0019) X 100~ a.m.u. and
R,=109737.311 £0.012 ¢cm™. Houston's and
Chu's data can be brought into agreement
with those of Drinkwater, Richardson and
Williams by assuming differences in the wave-
length standards used.

5$37.226.2/.3:541.135 698

Dielectric Dispersion in Pure Polar Liquids
at Very High Radio Frequencies: Part 3—
The Effect of Electrolytes in Solution—]. A.
Lane and J. A. Saxton. (Proc. Roy. Soc. A,
vol. 214, pp. 531-545; Oct. 1952.) A description
is given of measurements, at mm and cm
wavelengths, of the absorption of electrolytic
solutions, of concentrations up to 3N, water
and methyl alcohol being used as solvents. The
results obtained are analyzed in terms of
Debye’s theory of dispersion in a polar dielec-
tric, and modifications of the theory necessary
to take account of the ionic conductivity of an
electrolyte are indicated. Measurements on
aqueous solutions of NaCl are discussed in
relation to Hiickel's theory of electrolytic
solutions. Part 2: 3400 of 1952.

537.228.1:548.0 699
Piezoelectricity, Ferroelectricity, and Crys-
tal Structure—A. von Hippel. (Z. Phys., vol.
133, pp. 158-173; Sept. 15, 1952. In English.)
By visualizing polar crystals as a network of
permanent dipole moments, the piezoelectric
and ferroelectric properties of dielectrics may
be deduced from considerations of molecular
symmetry. This approach is used to clarify the
relation between the sphalerite (cubic) and
wurtzite (hexagonal) structures, the ferroelec-
tric feedback effect in BaTiQ;, aspects of
domain formation, and the interrelation be-
tween ferroelectiricity and piezoelectricity.

537.311.1:538.632 700

Carriers of Electricity in Metals exhibiting
Positive Hall Effects—S. Brown and S. J.
Barnett. (Phys. Rev., vol. 87, pp. 601-607;
Aug. 1952.) Measurements on samples of Mo
and Zn, made by an inertia method, showed
the sign of the charge:mass ratio of the car-
riers to be negative, the mean value of over 100
measurements being within 3% of the value
for free electrons.

$37.523/.527 701

Electrical Discharges in Gases—F. ]J.
Jones. ( Nature, Lond., vol. 170, pp. 601-603.
Oct. 1952.) A summarized account of six papers,
with discussion, presented at a meeting of
Section A (Mathematics and Physics) of the
British Association, Belfast, September 1952.

537.523/.525]: 546.292: 538.56.029.63 702

High-Frequency Breakdown in Neon—
A. D. MacDonald. (Phys., Rev., vol. 88, p.
420; Oct. 1952.) Preliminary report of the
results of measurements of breakdown fields
for cylindrical cavities of heights 0.317 and
0.634 cm. over the pressure range 0.5-300 mm
of Hg. A detailed report is to be published in
the Canadian Journal of Physics.

PROCEEDINGS OF THE I.R.E.

537.525 703

An Explanation of the Extremely Low Nor-
mal Running Potential of a High-Frequency
Discharge between Plane Plates—F. Schneider
(2. angew. Phys., vol. 4, pp. 324-325; Sept.
1952.) A tentative explanation is provided by
taking account, in the equation of electron
motion, of a restoring force indicated by
plasma diffusion theory.

537.533.75 704

Chromatic Losses of Electrons in Passage
through Matter—G. Mdllenstedt. (Optik,
Stuttgart, vol. 9, No. 10, pp. 473-480; 1952))
An account of investigations of the velocity
distribution of electrons after passage through
various gases and solid materials.

537.533.8 705

The Theory of Secondary Emission—]. F.
Marshall. (Phys. Rev., vol. 88, pp. 416-417;
Oct. 1952.) Preliminary note; to be treated in
detail in a forthcoming paper.

538.113/.114 706

Antiferromagnetism—Ochsenfeld, (Z. an-
gew. Phys., vol. 4, pp. 350-360; Sept. 1952.)
A comprehensive review of the subject, with 42
references.

538.3 707

A Simplified Form of the Relativistic Elec-
tromagnetic Equations,—N, W. Taylor. (Aust.
Jour. Sci. Res., Ser. A, vol, 5, pp. 423-429;
Sept. 1952.) Maxwell's equations are expressed
in the form of a single four-vector density
equation, in which the field tensor has only
three distinct complex components. The num-
ber of equations is reduced, but all the usual
classical formulas may be obtained by sepa-
rating the real and imaginary parts.

538.521 708

The Induction of Electric Currents in a
Uniformly Conducting Circular Disk by the
Sudden Creation of Magnetic Poles—A. A.
Ashour. (Quart. Jour. Mech. Appl. Math.,
vol. 5, part 3, pp. 379-384; Sept. 1952.) Using
toroidal coordinates, a Riemann space of two
regions is constructed, as in Sommerfeld's
method of multiform potentials, and the Rie-
mann potential for a single magnetic pole is
determined. Jeans' treatment of uniform finite
plane current sheets is applied to the case of
the circular disk, numerical results being given
for a particular example.

538.56+4535.14 709

Hertzian Waves and Photons—L. de
Broglie. (Onde &lect., vol. 32, pp. 393-396. Oct.
1952.) Discussion of the implications, in physi-
cal theory, of an uncertainty relation between
(e) the number of particles of the Bose-
Einstein type associated with a wave and (b)
the phase of that wave. 0

538.566:535.42 710

Diffraction of Electromagnetic Waves by
Apertures in Plane Conducting Screens—
J. P. Vasseur. (Ann. Phys. (Paris), vol. 7,
pp. 506-563; July/Aug. 1952.) See 2184 of
1952.

538.566:535.42 711

Diffraction by an Edge and by a Corner—
D. S. Jones. (Quart. Jour. Mech. Appl. Math.,
vol. §, Part 3, pp. 363-378; Sept. 1952.) Con-
ditions are given which are sufficient to ensure
that the current density normal to an edge is
zero at the edge and that there is no line dis-
tribution of charge on the edge. An extra con-
dition is given which makes the components of
the field parallel to the edge finite. The solution
is then shown to be unique. Simpler conditions
are given for two-dimensional fields. The agree-
ment of various known solutions with the con-
ditions here determined is discussed. Certain
simple types of current and charge distribution
lead to a unique solution for the diffraction
by corners formed by flat surfaces.

April

538.566:537.562 712
Propagation of Electric Waves in Stratified
and Continuously Variable Plasmas—W., O.
Schumann. (Z. Naturf., vol. 5a, pp. 612-617;
Nov. 1950.) For a plasma of sandwich structure,
with the denser medium inside, there are two
possible frequency ranges for propagation in
which the phase velocity falls from the value
¢ at the lower limiting frequency to zero at the
upper limiting frequency. When the density
varies linearly towards the interior to an
arbitrarily high value, the wave is strongly
concentrated at the plane for which ¢=0 and
the phase velocity tends to zero. For a plasma
of uniform density and natural frequency
wg, with outer layers in which density falls off
linearly, propagation is possible only when
w.<wo?/2. The more the wave is concentrated
at the region €=0, and the smaller its phase
velocity, the nearer w? approaches to we?/2.

538.632 713

Hall Effect—O. Lindberg. (Proc. I.R.E.,
vol. 40, pp. 1414-1419; Nov. 1952.) Discussion
of the Iall, Ettingshausen, Nernst, and Righi-
Leduc effects.

539.234:537.311.1 714

Mean Free Paths of Electrons in Evapo-
rated Metal Films—F. W. Reynoldsand G. R.
Stilwell. (Phys. Rev., vol. 88, pp. 418-419;
Oct. 1952.) Estimates of the mean free paths of
the conduction clectrons in Cu and Ag films,
based on resistivity measurements on films of
thickness from 100 to 1500 u, are found to be
in good agreement with values calculated from
Dingle’s theory (2189 of 1950).

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA

523.746/.75 715

Sunspot Areas, Flares and Filaments ob-
served at the Stockholm Observatory in the
Years 1950 and 1951—Y. Ohman and L. O.
Lodén. (Tellus, vol. 4, pp. 241-248; Aug. 1952.)

523.755:523.78 716

Comparison of Photographs of the Corona
obtained at the Eclipse of 1952, February 25,
with Simultaneous Observations by Lyot
Coronagraphs—H. von Kliber. (Observatory,
vol. 72, pp. 207-209; Oct. 1952.) Photographs
of the solar corona taken at Khartoum are
reproduced and discussed in relation to routine
estimates of the intensity of the green corona
line A5303. Possible correlation of particular
features of the corona with geomagnetic effects
is noted,

523.85:621.396.822 717

The Positions of Six Discrete Sources of
Cosmic Radio Radiation—B. Y, Mills. (Aust.
Jour. Sci. Res., Ser. A. vol. 5, pp. 456-463;
Sept. 1952.)

523.854:621.396.822.029.63 718

A Preliminary Survey 1420-Mc/s Line
Emission from Galactic Hydrogen—E. N.
Christiansen and J. V. Hindman. (Aust. Jour.
Sci. Res., Ser. A. vol. 5, pp. 437-455; Sept.
1952.) Report of measurements on a radiation
source having the form of a band of varying
intensity along the galactic equator.

551.510.52 719

The Ionic Equilibrium of the Lower At-
mosphere and Recombination Theories—B.
Vitale. (Ann. Geofis., vol. 5, pp. 257-271; April
1952.)

551.510.535 720

A Note on Ionospheric Wind Measurements
at 150 ke/s—G. H. Millman. (Ann. Géophys.,
vol. 7, pp. 272-274; Oct./Dec. 1951 In English.)
Report of measurements made in Pennsyl-
vania, using a three-receiver technique similar
to that of Mitra (96 of 1950).

551.510.535 721
The Ionization of the E Layer:its Measure-
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ment and Relation to Solar Eruptions—K.
Bibl. (Ann. Géophys., vol. 7, pp. 208-214;
Oct./Dec. 1951.) Criteria for distinguishing
between normal and abnormal layers are dis-
cussed. Relatively thin layers are classed as
abnormal; their ionization distribution corre-
sponds to a power law with index >2. A defi-
nition of fE is given which remains valid for
complex layers; foE is the highest critical fre-
quency of a normal layer preceding or coincid-
ing with the first discontinuity betwecen the E
and F echoes. Application of this definition to
the evaluation of ionosphere observations made
at Freiburg during 1950 and 1951 leads to
greater constancy of the daily variations and
monthly means of foE. Examination of the
values of foE for three summer months indicates
that all deviations >0.2 mc above the monthly
mean are attributable to sudden ionospheric
disturbances.

551.510.535:523.854:621.396.822 722

The Diffraction of Galactic Radio Waves
as a Method of Investigating the Irregular
Structure of the JIonosphere-—A. Hewish,
(Proc. Roy. Soc. A, vol. 214, pp. 494-514;
Oct. 1952.) An account of an investigation of
ionospheric characteristics by observation of
changes in the diffraction pattern of radio
waves from the galaxy. Ionospheric irregulari-
ties cause irregular changes of phase in the
galactic waves passing through them. Observa-
tions at two stations about 1 km apart indicate
that such ionospheric irregularities may have a
lateral extent of 2-10 km and a variation of
electron density of about 5X10%/cm3; their
height is about 400 km. they are most pro-
nounced about midnight, and they show little
annual variation. Such portionsof the ionosphere
have a wind-like motion with velocities of the
order of 100-300 m/s. The velocity decreases
after midnight, and large velocities are associ-
ated with periods of geomagnetic disturbances.

551.510.535:546.21-1:537.56 723

Production of the E-Layer in the Oxygen-
Dissociation Region in the Upper Atmosphere
—D. C. Choudhury. (Phys. Rev., vol. 88, pp.
405-408; Oct. 1952.) The probable value of the
absorption cross section of Oz for the ionization
causing the E layer is calculated, using the Oq
height-distribution data obtained by Moses and
Wu (129 of 1952). Discussion indicates that
the pre-ionization by solar radiation in the
range 900-1000 A suggested by Nicolet (420
of 1947) and ionization by high-energy photons
emitted from the solar corona [Hoyle and
Bates (388 of 1949)) are both operative in
producing E-layer ionization. The former pro-
duces the normal E layer and the latter is
responsible for the fine structure of the E
layer recently reported by Naismith and
Bramley (473 of 1952).

551.410.535:621.3.087.4 724

A New Ionosphere Sounder—K. Bibl.
(Ann. Géophys., vol. 7, pp. 265-267; Oct./Dec.
1951.) Frequency-sweep apparatus covering
the range 1-16 Mc/s is described. The antenna
circuit is eliminated, the high-impedance
rhombic aerial being directly matched to the
power valves. The frequency range is covered in
the other circuits in two wavebands each with
a 1:4 ratio; quick waveband changing is
achieved by means of carbon brushes rotating
with the variable capacitors. The transmitter
and receiver have a common oscillator. The
power-supply arrangements are particularly
described; the unit is of small size.

551.510.535:621.087.4 725

Improvements to the Berkner-Wells-Seaton
Type of Ionosphere Sounder—E. Harnisch-
macher. (Ann. Géophys., vol. 7, pp. 262-264;
Oct./Dec. 1951.)

551.510.535:621.317.083.7 726

High-Altitude Research—E. Burgess. (En-
gineer. Lond., vol. 194, pp. 338-340 and 370-
373; Sept. 1952.) An account of methods and
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equipment used with rockets for investigations
at heights up to 250 miles; physical phenomena
observed include the ion and electron densities
in the inosphere. A description is given of a 23-
channel telemetering system transmitting at
1 kme with a peak power of 1 kW,

551.510.535:621.396.11.039.55 727

Ionospheric Measurements at Oblique
Incidence over Eastern Australia—Stroh-
feldt, McNicol and Gipps. (See 807.)

551.594.5:621.396.9 728

Localization of Aurorae with 10-m High
Power Radar Technique, using a Rotating
Antenna—G. Hellgren and J. Meos. (Tellus,
vol. 4, pp. 249-261; Aug. 1952.) Radar equip-
ment with a peak pulse power of 100 kW, pulse
width 40 us, and 3-element Yagi aerial rotating
at 2 r.p.m., has been used since May 1951 at
Kiruna Geophysical Observatory for the loca-
tion of aurorae. Preliminary results of the
observations indicate good correlation between
auroral activity, geomagnetic activity, and
the appearance of the N, layer, a special type
of sporadic-E ionization often appearing in
connection with magnetic bays. The distribu-
tion in range and bearing of the recorded
aurorae agrees with the simple theory that most

Jof the radio-wave scattering comes from those

points where the radar beam is perpendicular
to the surface of the auroral discharges. The
calculated height distributions of the reflection
centers have maxima around 120 km.

551.594.6: 538.566.029.45/.51 729

Propagation of Very Long Electromagnetic
Waves, and the Wave Spectrum of Lightning
—Schumann. (See 802.)

LOCATION AND AIDS TO NAVIGATION

621.396.9 730

Commercial Radar System—W. F. John-
son. (Elec. Mfg, vol. 47, pp. 72-77; Feb. 1951.)
General description of navigational radar
equipment for merchant ships. Both 3-cm
and 10-cm wavelengths are catered for and a
standard 16-in. television CR-tube provides a
satisfactory display. Accessibility of the vari-
ous units to facilitate maintenance work is a
special feature of the design. The reflectors for
the aerial systems consist of expanded metal
attached to a suitable framework.

621.396.9:621.677.088.22 731

Scanning Aberrations of Radio Lenses—
T. C. Cheston and D. H. Shinn. (Marconi Rev.,
4th Quarter vol. 15, No. 107, pp. 174-184;
1952.)

MATERIALS AND SUBSIDIARY
TECHNIQUES

535.215:546.472.21 732
Photoelectric Measurements on ZnS Sin-
gle Crystals—J. Krumbiegel. (Naturwissen-
schaften, vol. 39, p. 447; Oct. 1952.) Measure-
ments on a number of specimens, using mon-
ochromatic irradiation of wavelength ranging
from 450 to 2000 mu in steps of 50 my, indi-
cated two peaks of photoconductivity, at about
750 and 1150 mpu respectively. Time lag of
the photocurrent was observed in all cases.

535.215:546.883 733

Photoconduction in Anodic Ta;Os—L.
Apker and E. A. Taft. (Phys. Rev., vol. 88, pp.
58-59; Oct. 1952.) Observations show that
fundamental optical absorption occurs for
hv>4.6 eV. The resultant photoconduction
between electrolyte and Ta substrate shows a
quantum yield near 0.5 when the field in the
film is of the order of 107 V/em.

535.376 734

Light Emission and Destruction of Phos-
phors due to Electron and Ion Impact—W.,
Hanle and K. H. Rau. (Z. Phys., vol. 133, pp.
297-308; Sept. 15, 1952.) Measurements were
made of the light emission from ZnS-Ag,
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ZniSiOi-Mn and MgWO, pliosphors under ex-
citation by Hi, He, Ne, Ar and Xe canal rays.
The emission depends only to a very slight ex-
tent on the energy of the ions and is independ-
ent of the ion density. With increase of ion mass
the emission decreases, with a jump in passing
from He to Ne ions. Destruction of the three
phosphors by canal-ray bombardment was found
to increase with ion mass and to follow a simple
law; it was about 10 times more rapid for ZnS
than for the other two phosphors. Organic
phosphors were found to undergo deterioration
when bombarded by electrons, the effect being
correspondingly smaller than in the case of
ion bombardment.

537.228.1 735

Voltage Measurements on Rochelle Salt
under Compressive Stress—B. Piischel. (Arch.
tech. Messen., pp. 197-198; Sept. 1952.) A 50-g
weight was dropped from different heighst on
to a Rochelle-galt crystal contained between
brass plates 1 mm thick. Voltages up to 600 V
were developed.

537.311.33 736

Electronic States in Crystals under Large
Over-All Perturbations—P. Feuer. (Phys.
Rev., vol. 88, pp. 92-100; Oct. 1952.) Solutions
of the three-dimensional Schrédinger equation
are discussed for a potential which is the sum
of a potential with the periodicity of the
crystal lattice plus a disturbing potential.
General theory developed for large perturba-
tions is applied to a one-dimensional crystal in
a uniform electric field, using the narrow-band
approximation; the probability for an electron
to cross a forbidden energy band is calculated.
The results are considered in relatio nto the
observations of McAfee et al. (164 of 1952) on
Ge p-n junction.

537.311.33 737

On the Electrical Properties of Porous
Semiconductors—E. B. Hensley. (Jour. Appl.
Phys., vol. 23, pp. 1122-1129; Oct. 1952.)
Calculations are made of the component of
conductivity due to the presence of an electron
gas in the pores of a semiconductor, such as the
oxide coating of a cathode, on the basis of
simplified pore models. The conditions are
indicated for which this component can become
an appreciable part of the total conductivity.
The thermoelectric power is also investigated.

$37.311.33:[546.28 4 546.289 738
Properties of Silicon and Germanium—
E. M. Conwell. (Proc. I.R.E,, vol. 40, pp. 1327~
1337; Nov. 1952.) The latest available informa-
tion on the fundamental propertics of Ge and
Si is presented in tables and curves. Electrical
properties, especially carrier density and
mobility, are treated in greatest deaial.

537.311.33:546.289 739

P-N Junctions by Impurity Introduction
through an Intermediate Metal Layer—L. D.
Armstrong. (Proc. ILR.E., vol. 40, pp.1341—-
1342; Nov. 1952.) Indium is melted on to a
gold-plated area on the surface of a Ge n-type
crystal and diffuses into the Ge toforma p-n
junction with a well-defined area.

537.311.33:546.289 740

Lifetime of Injected Carriers in Ger-
manium—D. Navon, R. Bray and H. Y. Fan.
(Proc. ILR.E., vol. 40, pp. 1342-1347; Nov.
1952.) Carrier lifetime was determined from
measurements of the variation of the conduc-
tance of the test piece after production of
excess carriers by applying a voltage pulse.
The effect of heat treatment was also investi-
gated.

537.311.33:546.289 741

Measurement of Minority-Carrier Life-
time in Germanium--L. B. Valdes. (Proc.
I.LR.E., vol. 40, pp. 1420-1423; Nov. 1952.)
Equipment is described in which the carriers
are liberated optically on a flat face of a crystal,
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their concentration then being measured as a
function of distance from the point of liberation.
Lifetimes from a few to several hundred micro-
seconds can be determined.

5§37.311.33:546.289 742

Activation Energy of Heat-Treatment-
Introduced Lattice Defects in Germanium—
R. M. Baum and C. S. Hung. (Phys. Rev.,
vol. 88, pp. 134-135; Oct. 1952.) Hali-coeffi-
cient and resistivity measurements are reported
on two single crystal samples converted from
n-type to p-type by heat treatment. The values
deduced for the thermally produced acceptors,
viz. 0.058 and 0.047 eV respectively, are con-
siderably higher than for chemically produced
acceptors; this result is in general agreement
with that of Duniap (Phys. Rev., 1st July
1952, Vol. 87, No. 1, p. 190.)

5§37.311.33:546.289 743
p-n Junctions produced by Growth-Rate
Variation—R. N. Hall. (Phys. Rev., vol. 88,
p. 139; Oct. 1952.) More than 100 uniformly
spaced p-n junctions have been formed in an
ingot of Ge by periodically varying the rate of
growth of the crystal from the meit. The proc-
ess depends on the presence in the melt of two
impurities of opposite type, eg Sb (» type) and
Ga or In (p type), whose segregation constants
vary at different rates with rate of growth.

537.311.33:546.289:548.55 744

Preparation of Germanium Single Crystals
—L. Roth and W. E. Taylor. (Proc. LR.E.,
vol. 40, pp. 1338-1341; Nov. 1952.) Descrip-
tion of two methods, using a vacuum furnace
with HF induction heating. In the first method
the crystal is grown in the crucible by control-
ling the rate of cooling; in the second, a seed
crystal is gradually withdrawn from the sur-
face of the melt.

5§37.311.33:621.314.632 745

Cadmium-Sulfide Crystal Rectifiers—(Elec-
tronics, vol. 25, pp. 189, 192; Dec. 1952.)
Long hexagonal n-type CdS crystals were
tested for rectifier properties; the influence of
orientation, mounting, and impurities was
investigated. Point-contact rectifiers were
obtained, optimmum rectification occurring at
7 V. Transistor action was not obtained, but
is thought to be possible.

5§37.311.33:621.314.7 746

Transistor Electronics: Imperfections, Uni-
polar and Analog Transistors—W. Shocklev.
(Proc. LLR.E., vol. 40, pp. 1289-1313; Nov.
1952.) A detailed discussion of the physics of
trangistors, particularly as regards the proper-
ties of holes and electrons and the effects of
impurities, together with a description of
transistor action and of a new class of unipolar
transistors, some of which, from their similarity
to tubes, are termed analogue transistors.

537.311.33:621.396.822 747
Current Noise in Semiconductors. A Re-
examination of Bernamont's Data—D, A.
Bell. (Phil. Mag., vol. 43, pp. 1017-1111;
Oct. 1952.) The resuits obtained by Bernamont
(1715 of 1937) on thin metal films, here re-
garded as semiconductors, indicated that cur-
rent noise varied approximately inversely with
frequency over the range 96 cps-162 kc. On
adjusting his results to make allowance for
Johnson noise and for the supposed loss of a
factor of 10 in the calculations, the noise from
hig resistor “B” closely follows the inverse-
frequency law for all current densities.

537.311.33:621.396.822 748

Current Noise in Semiconductors—D. A,
Bell. (Wireless Eng., vol 30, pp. 23-24; Jan.
1953.) Discussion of the law relating the fre-
quency spectrum of the noise voitage with the
current in a semiconductor.

538.114 - 749
Magnetic Domains—H. J. Williams. (Bell

PROCEEDINGS OF THE LR.E.

Lab. Rec., vol. 30, pp. 385-396; Oct. 1952.)
The domain structure of magnetic materials is
shown by numerous microphotographs and
diagrams, and electron-spin changes and do-
main-boundary movement under the action of
a magnetic field are illustrated by diagrams and
models,

§38.221 750

Applications and Properties of Ferroxcube
—(Electronic Appl. Bull., vol. 13, pp. 44-58;
March/April 1952.) Tables and numerous
curves are given which show the properties and
operating characteristics of the various avail-
able types and grades of ferroxcube, so that the
material most suitable for a particular applica-
tion can easily be selected.

538.221 751

Ferromagnetic Properties of Hexagonal
Iron-Oxide Compounds with and without a
Preferred Orientation—G. W. Rathenau, J.
Smit and A. L. Stuyts. (Z. Phys., vol. 133, pp.
250-260; Sept. 15, 1952, In English.) An
account of ferroxdure, a ceramic material
with the composition BaQ.6Fe;O;, has previ-
ously been given [2824 of 1952 (Went et al.)).
Materials of about this composition are here
discussed. The variation of the magnetization
with the strength of the applied field is shown
graphically. The formation of Bloch walis
resuits in irregularities in the crystal structure.
With regular crystal distribution and crystals
above a certain critical size, demagnetization
by Bloch-wall displacement can occur for
positive field strengths of about 4XI,, where I,
is the saturation magnetization. When crystal-
orientation processes are applied to ferroxdure
materials, BHnax values of 3 X 108 gauss.oersted
can be reached. An improvement of the texture
of these ceramics is obtained by increase of
grain size,

538.221 752

A New Method of Melting Ferromagnetic
Semiconductors. BaFe 3027, a New Kind of
Ferromagnetic Crystal with High Crystal
Anisotropy—H. P. J. Wijn. ( Nature (London),
vol. 170, pp. 707-708; Oct. 1952.) An account is
given of the HF method used in meiting a
mixture of FesOq and BaCO; in an atmosphere
of Ns; an alumina crucible was used, with a
lid of Rh or Ir to give additional surface heat-
ing. From one melt a crystal with the composi-
tion BaFe;3057 was obtained. This has a struc-
ture resembling that of BaFe 0y [2824 of 1952
(Went et al.)] and exhibits very high crystal
anisotropy.

538.221:548.0 753

Coercive Force and Crystal Energy—\W.
Gerlach. (Z. Phys., vol. 133, pp. 286-290;
Sept. 15, 1952.) Sintered Ni rods show an
increase of coercive force with decreasing tem-
perature proportional to the square root of the
crystal energy. Wires of solid Ni annealed for
a long time at a moderate temperature show a
similar effect, but sintered Fe and Co rods
exhibit anomalous effects.

538.221:548.1.023 754

Crystal Structure of BaFe;s0.7—P. B.
Braun. (Nature (London) vol. 170, p. 708;
Oct. 25, 1952.) Resuits are tabulated of an
X-ray investigation of the crystal mentioned
by Wijn (752 above).

538.221:621.392.26 755

Magnetic Double Refraction at Microwave
Frequencies—M. T. Weiss and A. G. Fox.
(Phys. Rev., vol. 88, pp. 146-147; Oct. 1952.)
Magnetic double refraction has been observed
at 24 and 9 kmc, evidenced by a conversion
from linear to elliptical polarization of a domi-
nant TE wave in a circular waveguide filled
with ferrite and subjected to a dc magnetic
field transverse to the direction of propagation
and at 45° to the initial direction of polariza-
tion. The double refraction is attributed to the
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difference between the RF permeability parallel
to and transverse to the field.

538.23 756

A Relation between Hysteresis Coefficient
and Permeability—M. Kornetzki. (Z. angew.
Phys., vol. 4, pp. 343-345; Sept. 1952.) As-
suming for simplicity that the magnetization
curves of various materials, measured in closed
magnetic circuits, are distinguished from one
another only by different scale factors, it is
shown that the relative hysteresis coefficient
is proportional to the initial permeability
and inversely proportional to the saturation
induction. Measurements on Ni-Zn ferrites
with initial permeabilities of 30-1500 indicate
hysteresis coefficients differing among them-
selves by a factor of 50, though the ratio of
hysteresis coefficient to initial permeability
varies only by a factor of 3.

538.242 757
A New Gyromagnetic Effect in Permalloy
and Iron—S. J. Barnett and L. A. Giambomi.
(Phys. Rev., vol. 88, pp. 28-37; Oct. 1, 1952.)
Experiments were made with long cylinders of
compressed powder material magnetized axially
nearly to saturation and subjected to a weak
transverse alternating magnetic field of period
much greater than the relaxation time. A trans-
verse magnetization was observed perpendicu-
lar to the applied alternating field. Measured
values of the effect are in substantial agree-
ment with results of earlier experiments.

539.234 758

The Contamination in Evaporated Films by
the Material of the Source—O. S. Heavens.
(Proc. Phys. Soc., vol. 65, pp. 788-793; Oct.
1952.) A microchemical and a radioactive-
tracer method were used to investigate con-
tamination of Ag and Ge films by the boats or
filaments used in the vaporization process.
One or two parts of W or Mo in 107 can be
detected by the tracer method. Minimum
contamination attainable was of the order of
a few parts in 108,

546.431.824-31:539.11 759

Domain Properties in BaTiOy—W. J. Merz.
(Phys. Rev., vol. 88, pp. 421-422; Oct. 1952.)
Short account of investigations of the arrange-
ments and movements of the ferroelectric
domains in single crystals of BaTiO; under
the influence of an electric field. Only so-called
90° walls have hitherto been reported, but the
smaller 180° wails constituting the true domain
boundaries have now been observed. The aver-
age width of these antiparailel domains, as
measured by means of a microscope, is from
0.1 u to about 10 . Observations were made of
domain movements corresponding to each
step of a hysteresis loop. More detailed studies
of the number of domains, their velocities and
relaxation times, are being made by applying
very short rectangular electrical puises.

621.3.042.143:538.221 760

Ultrathin Magnetic Alloy Tapes with Rec-
tangular Hysteresis Loops—M. F. Littmann.
(Elec. Eng., N.Y., vol. 71, pp. 792-795;
Sept. 1952.) Text of paper presented at A.I.E.E
General Meeting, June 1952. Report of an
experimental study of high-permeability and
high-resistivity tapes, suitable for cores for
hfi applications. Thicknesses range from 4 to 1
mil.

621.314.2.042.143 761

Core Materials for Small Transformers—
C. C. Horstman. (Tele-Tech, vol. 11, pp. 40-42,
90; Oct. 1952.) Discussion of the reduction in
transformer weight and electrical losses effected
by the use of hypersil cores produced from
strip material of thickness 1-5 mil. A recent
development is the fonning of longitudinal
grooves in the thin strip prior to winding into
a core. This resuits in increased rigidity and
higher stability under temperature cycles,
Improvements in Ni-alloy materials are also
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noted, such as the production of strip materials
of thickness only 1 mil, with retention of high
permeability and low coercive force.

621.318.1.042.15 762

The Production and Application of Magnetic
Powders—G. R. Polgreen. (G. E.C. J., vol. 19,
pp. 152-169; July 1952.) A description is given
of modern methods and equipment for the
manufacture of Fe and Cu-Ni-Fe-alloy (Gecal-
loy III) powders; the chemical methods used
result in reduced losses and improved stability.
The properties of these powders and of the
resulting cores are compared with correspond-
ing properties of commercially available sheet
materials and ferrites.

MATHEMATICS

517.511 763

The Decomposition of Functions—]. W.
Head. (Proc. Camb. Phil. Soc., vol. 48, part 4,
pp. 742-743; Oct. 1952.) Discussion of func-
tions of the step-voltage type. If (1) approaches
asymptotically the value tn ¢~ when the time
scale is suitably chosen, f(#) can be decomposed
into a series of Laguerre functions which are
mutually orthogonal over the range 0—«. The
coefficients in this series are here obtained in
terms of the various Laguerre functions and
of f(t) and dLa(#)/dt when the Laguerre func-
tion La(¢) has a zero. An explicit formula is
derived involving functions which can be calcu-
lated and tabulated.

517.942.82 764

General Rules for Laplace Transformation
U. Kirschner. (Funk u. Ton, vol. 6, pp. 541-
547; Oct. 1952.) A statement of general rela-
tions applying in different mathematical opera-
tions.

681.142 765
MONECA-—A New Network Calculator for
Motor Performance Calculations—C. G. Vei-
nott. (Elec. Eng. N.Y., vol. 71, pp. 795- ,01;
Sept. 1952.) Text of paper presented at
A.LE.E. General Meeting, January 1952.
Description of an analogue computer for calcu-
lations on single-phase inductior. motors.

681.142:621.314.7 766

An Optical Position Encoder and Digit
Register—H. G. Follingstad, J. N. Shive and
R. E. Yaeger. (Proc. [.R.E., vol. 40, pp. 1573~
1583; Nov. 1952.) Transistor circuits are used
in a small unit which performs the operations
of 6-digit photoelectric encoding, pulse regener-
ation, digit storage, reflected-to-natural binary
translation, and digit shifting.

681.142:621.314.7 767

A Transistor Shift Register and Serial
Adder—]. R. Harris. (Proc. 1. R.E. vo.. 40,
pp. 1597-1602; Nov. 1952.) Equipment is
described which can store a pair of binary
numbers, add them, and produce the sum a
digit at a time. The equipment is constructed
from primary transistor units including a flip-
flop circuit, pulse amplifiers with and without
delay, and diode gate circuits.

681.142:621.395.625.3 768

On Two Problems in Potential Theory and
their Application to the Design of Magnetic
Recording Heads for Digital Computers—A. D.
Booth. (Brit. Jour. Appl. Phys., vol. 3, pp.
307-308; Oct. 1952.) Both theory and experi-
ment indicate that the field outside the gap
depends very little on the particular shape of
pole-piece.

681.142:621.396.645:621.314.7 769

Regenerative Amplifier for Digital Com-
puter Applications—]J. H. Felker. (Proc. I.R.E.
vol. 40, pp. 1584-1596; Nov. 1952.) An ampli-
fier using a point-contact transistor is used to
regenerate digital information at a rate of 10%
/sec and to develop pulses with rise times
<0.05 us.

Abstracts and References

MEASUREMENTS AND TEST GEAR

531.76 770

A Combined Timer and Cycle Counter—
P. Huggins. (Electronic Eng., vol. 24, pp. 578-
579; Dec. 1952.) Description, with full circuit
details, of a unit which combines the functions
of timer and cycle counter (2841 of 1952)
within the range 0.02-2.64 sec. Two 12-
position dekatron tubes are used which pro-
vide visual indication of the time, in steps of
1/50 sec, as the apparatus operates. Conversion
from timer to cycle counter is effected by a
simple switch.

531.76:621.318.57:621.317.755 771

A Dekatron C.R.O. Time Marker—]J. H. L.
McAuslan. (Electroinc Eng., vol. 24, pp. 567-
569; Dec. 1952.) Description, with detailed
circuit diagram, of equipment using Type-
Gcl0OB dekatrons to provide longer time-
markers on the screen of a cro at each tenth
pulse, with additional negative markers for
each hundredth pulse.

621.316.8(083.74) 772

Gold-Chromium Standard Resistors—A.
Schulze and H. Eicke. (Z. angew. Phys., vol. 4,
pp. 321-324; Sept. 1952.) Experiments during
the last 15 years have shown standard resistors
made of Au-Cr alloy to be superior to those
made of manganin. New constructions are de-
scribed in which the resistance coil is housed
in an argon-filled glass envelope; these types
are suitable for measurements of the greatest
precision, and are designated principal stand-
ard resistors.

621.317.328.089.6 773

Calibration of Commercial Field-Strength
Meters—C. C. Cook. (Tele-Tech, vol. 11, pp.
44--46. 99; Oct. 1952.) An account of the serv-
ice provided by the National Bureau of
Standards, with an outline of the methods of
calibration of meters operating in the ranges
10 kc-30 mce and 30-300 mc.

621.317.336.029.64 774
The Determination of Impedance with a
Double-Slug Transformer—R. C. Ellenwood
and E. H. Hurlburt. (Proc. L.R.E., vol. 40,
pp. 1690-1693; Dec. 1952.) Formulae are de-
rived by means of which the required impe-
dance can be determined from a knowledge of
the length, spacing, position and “effective”
dielectric constant of the slugs. A method of
determining the “effective” dielectric constant
experimentally is described. Results of accuracy
comparable with those given by a precision
slotted-line method have been obtained.

621.317.337:621.396.611.1 775
Q-Factor Measurements—A, G. Wray
(Marconi Instrumentation, vol. 3, pp. 118-123;
Oct. 1952.) The Q factors of single reactive
components and of complete oscillatory cir-
cuits are discussed. The principles of measure-
ment methods are outlined, and resistive,
inductive and capacitive methods of injecting
the necessary small test emf are considered.

621.317.351:534.442.2 776

Audio-Frequency Spectrum Analysis—W,
Sagajiblo: S. V. Soanes. (Electronic Eng.,
vol. 24, p. 581; Dec. 1952.) Comment on 3171
of 1952 and author’s reply.

621.317.352:621.395 777
Reference-Level Test Equipment with
Direct Indication, and its Importance for the
Improvement of Telephony—K. Braun and
H. Koschel. (Fernmeldetech. Z., vol. 5, pp. 447-
455; Oct. 1952.) Description of apparatus,
including artificial mouth and artificial ear,
suitable for tests on complete telephone cir-
cuits or on individual items of equipment.

621.317.7.029.6:621.396.615.141.2 778

Microwave Devices for Magnetron Pro-
duction Testing—M. Nowogrodzki. (Tele-
Tech, vol. 11, pp. 36-37, 111; Oct. 1952.)
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Qutline description of (@) a cavity-resonator
type of wavemeter using a neon lamp for visual
indication of resonance, (b) equipment for
measurement of output power, using a water
load, (¢) a rf power monitor for use in life
tests,

621.317.7.029.62/.63:621.392 779

Helical Measuring Line for Microwaves—
F. Tischer. (Z. angew. Phys., vol. 4, pp. 345—
350; Sept. 1952.) A line of considerably reduced
length and of characteristic impedance 50
Q comprises a helical conductor wound in a
groove in an insulating sleeve on an axial
conductor, the whole being enclosed in a
coaxial tube with a slot through which projects
as inductive probe of a type previously de-
scribed (3048 of 1951). When the parameters
are correctly chosen, phase and amplitude
fluctuations along the line are <1% over the
frequency range 250 mc-2 kmc. The accuracy
of measurements made with this line is equal
to that with a medium-quality straight line.

621.317.725.088.22:621.385.2 780

Diode Tube-Voltmeter Errors—G. D.
Morgan. (Electronic Eng., vol. 24, pp. 575-577;
Dec. 1952.) Discussion based on experience
with a voltmeter using a Type-VR78 (Mazda-
D.1) diode, of the magnitude of the possible
errors in diode voltmeters.

621.317.733:621.317.374 781

New Method for the Measurement of
Dielectric Loss Angle—L. Schnell (Elektro-
technika, Budapest, vol. 45, pp. 264-268. Dis-
cussion, pp. 268-269; Sept. 1952.) A bridge
arrangement is described in which the voltage
across the meter diagonal is a nearly linear
function of tan é.

621.317.733.029.51/.63:621.317.335 782

A Measurement Bridge for 0.1-1000 Mc/s
—H. Voigt. (Arch. elekt. Ubertragung, vol. 6,
pp. 414-418; Oct. 1952.) The four capacitors
constituting the arms of the bridge are formed
by a set of parallel disks within a cylindrical
screen. A flat test sample of a material whose
dielectric propertics are to be determined is
introduced between one end plate and the
removable end of the screen. The other end
plate has a micrometer adjustment for bal-
ancing the bridge. A rectifier and tube volt-
meter serve as balance indicator. A cylindrical
type of construction is also shown that is
suitable for measurements on liquid dielectrics.
Typical results for the variation of dialectric
constant and loss angle of PVC with the
amount of softening agent and with frequency
are shown in diagrams.

621.317.737.088.22:621.3.012.3 783

Q-Meter Correction Chart for Q-Voltmeter
Loading—R. Lafferty. (Tele-Tech, vol. 11, p.
43; Oct. 1952.) An abac is given for correcting
errors due to the shunting effect of the input
resistance of the tube voltmeter used in the
measurements.

621.317.755:621.314.7.012 784

Oscilloscopic Display of Transistor Static
Electrical Characteristics—N. Golden and R.
Nielsen. (Proc. I.R.E., vol. 40, pp. 1437-1439;
Nov. 1952.) Description, with schematic cir-
cuit diagram, of cro equipment permitting
rapid comparison with a standard.

621.317.755:621.396.6 785
Slow-Speed Circular Timebase—(See 673.)

621.317.78.029.6 786

A Laboratory Power Meter—E. F. Schelisch.
(Marconi Rev., vol. 15, pp. 167-173; 4th
Quarter 1952.) Two cartridge-type Si-crystal
diodes are connected as shunt elements No/4
apart in a coaxial line, a matching transformer
being fixed between them. Power measurement
to within 0.1 db is achieved over a range of
40 db or more in the microwave band. Possible
uses of the device as a FM discriminator, an



570

a.m. demodulator, or a frequency multiplier,
are illustrated and discussed.

621.396.645.35 787

A High-Sensitivity Direct-Voltage Ampli-
fier with High Input Resistance—W. Kroebel.
(Z. Phys., vol. 133, pp. 30-40; Sept. 1952.) A
new type of contact breaker is described which
uses a flexural type of double quartz plate as
its vibrator. A type of construction is used in
which the contact gap is completely screened
from the exciting voltage applied to the crystal.
Application is made to the amplification of
direct voltages fromn sources of very high in-
ternal resistance. Full circuit details of an
amplifier are given with which, for a band-
width of 1 ¢/s and input resistance of 100
MQ, a power of about 5 1072 W can be meas-
ured.

621.396.822.029.64:621.327.3 788

The Design of Microwave-Noise Genera-
tors—P. M. Ratcliffe. (Marconi Instrumenta-
tion, vol. 3, pp. 124-127; Oct. 1952.) Mumford
(929 of 1950) showed that an ordinary Hg-
vapor discharge lamp mounted in a wave-
guide acts as a good noise source for the 6-cm
band. Similar sources have now been produced
for the Sand X bandsat 10 cm and 3.2 cm. The
new tubes are about 9 in. long and § in. in
diameter, and are filled with a Hg-vapor and
Ar mixture at a pressure of 30 mm Hg, the
dc power consumption for reliable operation
being about 10 W. A filament is fitted at each
end, one being heated by ac to assist in starting
the discharge. Matching of the source to the
waveguide is effected for the X-band mounting
by insertion of the tube in the E plane of the
waveguide at an angle of 10° to the waveguide
axis. For the S-band mounting an H-plane
fitting is used with the tube at right angles to
the narrow walls of the waveguide. The genera-
tors deliver a noise-power output about 15 db
above zero level.

OTHER APPLICATIONS OF RADIO
AND ELECTRONICS

53.087.55:771.4 789

Photographic-Exposure Timers providing
Compensation for Supply-Voltage Variations—
R. J. Hercock and D. M. Neale. (Proc. I.R.E.,
vol. 99, pp. 507-515; Part II, Oct. 1952.) De-
scription of a circuit giving exposure times, at
the nominal supply voltage, continuously ad-
justable from 1 sec to 1 min or more, with an
intengity-time product constant to within

+5% for supply-voltage variations from
+15% to —20%,.
534.1.08 790

Vibration Measurements—R. Winslade.
(Electronic Eng., vol. 24, pp. 553-557; Dec.
1952.) Description of a pickup unit, with
spring-supported coil moving in a magnetic
field, for measuring vibration amplitudes,
velocities and accelerations.

621.315.3.001.41 791
Continuous Measurement of Cable Diam-
eters—E. C. R. Scarfe. (Elect. Times, vol. 122,
pp. 399-401; Sept. 1952.) The extruded cable
runs between a pivoted tungsten-carbide stylus
and a rotating anvil. Movement of the stylus
varies the air gap between a fixed quartz
crystal and one of its electrodes. The frequency
variations derived from the capacitance change
modulate a 100-kc carrier. The direct voltage
obtained via conventional discriminator and
output circuits is applied to a meter, cali-
brated in thousandths of an inch, which shows
deviations from a preset nominal diameter.

621.316.7:621.314.7 792

Control Applications of the Transistor—
E. F. W. Alexanderson. (Proc. I.R.E., vol. 40,
pp. 1508-1511; Nov. 1952.) The possibility is
examined of using transistors for control func-
tions at present performed by magnetic ampli-
fiers, amplidynes and thyratrons. A transistor
controlled by auxiliary transistors can function

PROCEEDINGS OF TIIE I.RE.

in a manner similar to that of a phase-controtled
rectifier, and has certain definite advantages.

621.317.083.7:551.510.535 793
High-Altitude Research—Burgess. (See
726.)

621.384.6:621.317.083.7 794

A Telemetering System for a Large Electro-
static Accelerator—C. W. Johnstone, J. F.
Kalbach and H. J. Lang. (Proc. I.LR.E., vol.
40, pp. 1664-1674; Dec. 1952.) Description of
the 16-channel pulsed-light-beam system used
for monitoring and controlling the ion source,
focusing and belt charging in the 12-MeV es
accelerator nearing completion at Los Alamos.

621.385.833 795

Electron-Optical Properties of Electrostatic
Lenses—W. Lippert and W. Pohlit. (Optik,
Stuttgart, vol. 9, no. 10, pp. 456-462; 1952.)
Results of experimental investigations are pre-
sented as families of curves from which the
electron-optical properties of an e.s. lens of the
symmetrical 3-electrode type can be deter-
mined from the parameters of the electrode
system.

621.387.4 796

Self-Quenching Parallel-Plate Vapour-
Filled Counters with Operating Voltages below
the Static Breakdown Field Strength—]J.
Christiansen. (Z. angew. Phys., vol. 4, pp. 326—
329; Sept. 1952.)

621.397.424 797

Geiger Counter Tubes-—N. B. Balaam.
(Electronic Eng., vol. 24, pp. 558-561; Dec.
1952.) Description of the construction and
characteristics of a series of counter tubes for
various specific purposes. All are of the cylin-
drical gas-filled type, with halogen or organic
quenching agent.

621.387.424:537.525.92 798

Remark on the Space-Charge Sheath of the
Geiger Counter—D. H. Wilkinson. (Rev. Sci.
Instr., vol. 23, pp. 463-464; Sept. 1952.) The
popular notion of the Geiger-counter space-
charge sheath as a thin expanding shell re-
quires modification. Owing to the considerable
charge transported in the sheath, it grows in
thickness as it crosses to the cathode and may
occupy more than half the total volume of the
counter. The attendant wide spread in arrival
time of the positive ions at the cathode may
explain, to some degree, the time distribution
of spurious counts.

621.387.424:539.26 799

A [Geiger-Miiller] Counter Arrangement
for X-Ray Interference Measurements—R.
Berthold and A. Trost. (Schweiz. Arch. angew.
Wiss. Tech., vol. 18, pp. 277-282; Sept. 1952.)

621.791.3:534.321.9 800

Ultrasonic Tinning Techniques for Alumi-
num—A. E. Crawford. (Electronics, vol. 25,
pp. 102-105; Dec. 1952.) The ultrasonic iron
described uses a self-driving longitudinally ex-
cited magnetostriction element made of Co-Fe
alloy laminations and operated as a A/2 resona-
tor. The frequency is about 20 kc. A proposed
plant for continuous tinning of Al wire is also
described.

621.791.3:534.321.9 801

Ultrasonic Tinning of Aluminum-—P. Wenk
and H. Boljahn. (Z. Metallkde, vol. 43, pp.
322-324; Sept. 1952.) Description of an ultra-
sonic soldering tool using a 20-kc¢ Ni magneto-
striction oscillator, with illustrations of tests on
sheet Al, using pure Sn as solder.

PROPAGATION OF WAVES

538.566.029.45/.51:551.594.6 802

Propagation of Very Long Electromagnetic
Waves, and the Wave Spectrum of Lightning—
W. O. Schumann. (Naturwiss., vol. 39, pp.
475-476; Oct. 1952.) Regarding lightning as a
Dirac current pulse, a formula derived for the
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wavelength of maximum intensity (A\m) shows
that A, increases as the square of the distance
from the point where the flash occurs. The im-
pulse received at a distance from the flash is
the Fourier integral of the gpectral components
of the wave, a formula for which is given. The
actual pulse shape for a lightning flash prob-
ably favors the lower frequencies in the spec-
trum. A detailed account of the investigation is
to be published in Z. angew. Phys.

538.566.2 803

A Method of Solving the Wave Equation in
a Region of Rapidly Varying Complex Refrac-
tive Index—]. J. Gibbons and R. L. Schrag.
(J. Appl. Phys., vol. 23, pp. 1139-1142; Oct.
1952.) The equation for wave propagation in
an ionized medium is transformed into an
integro-differential equation with only one real
dependent variable, thus avoiding the need to
solve two simultaneous differential equations.
The solution yields one of the two wave func-
tions directly, the second being derived from
the first by direct integration. The method is
illustrated by computing the reflection co-
efficient for a region where the refractive index
passes through a sharp peak.

621.396.11 804
Scattering of Electromagnetic Energy in a
Randomly Inhomogeneous Atmosphere—H.
Staras (Jour. Appl. Phys., vol. 23, pp. 1152~
1156; Oct. 1952.) First-order perturbation the-
ory is used to derive an integral representing
the scattered power at a receiver resulting from
random inhomogeneities in the propagating
medium. The expression obtained corresponds
with that used by Booker and Gordon (1757 of
1950), but instead of the space-correlation
function of refractive index used by them a
time-correlation function is introduced which
permits evaluation of the time average of the
scattered power; this time-correlation function
is directly measurable. For small-scale turbu-
lence the average scattered power is not
affected by the particular model of atmospheric
turbulence chosen; for large-scale turbulence
the results depend on the particular time-
correlation function chosen and on particular
assumptions regarding the scattering bodies.

621.396.11 805

Effect of Magnetic Field in Oblique Propa-
gation over Equatorial Region—B. Chatterjee.
(Indian J. Phys., vol. 26, pp. 297-312; June
1952.) Curves of the Booker type (422 of 1939)
are presented for the case of propagation across
an equatorial region, and the phenomenon of
lateral deviation is discussed. Propagation
curves are also given for the particular trans-
mission paths Calcutta-Bandoeng and Cal-
cutta-Bombay. The calculations were made
for the case of a flat stratified layer over a flat
earth, so that correction factors are required to
take account of the earth’s curvature.

621.396.11.029.51:551.510.535 806

The Polarization of Vertically Incident
Long Radio Waves—]. M. Kelso, H. J. Necar-
hoof, R. J. Nertney and A. H. Waynick. (Ann.
Géophys., vol. 7, pp. 215-244; Oct./Dec. 1951,
In English.) Analytical expressions relating the
distribution of clectron concentration and col-
lision frequency in the ionosphere to the
polarization characteristics are derived, the
wave being treated as a single magneto-ionic
component. Measurements made on a frequency
of 150-kc are reported and interpreted. A model
of the D and E layers is assumed which gives
theoretical results in good agreement with ex-
perimental observations. See also 517 of Feb-
ruary (Gibbons and Nertney).

621.396.11.029.55:551.510.535 807

Ionospheric Measurements at Oblique In-
cidence over Eastern Australia—M. Stroh-
feldt, R. W. E. McNicol and G. de V. Gipps.
(Aust. Jour. Sci. Res., Ser., vol. 5, pp. 464-472;
Sept. 1952.) An account of attempts made to
identify night-time ionosphere reflecting layers
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by measuring apparent path lengths of pulsed
transmissions on 5.8 mc over a baseline of 763
km, using responder technique. The charac-
teristics of beacon triggering are discussed in
relation to the type of echo received. Correla-
tion was established between occurrences of
E, observed at oblique incidence and at vertical
incidence near the mid-point of the trajectory.
Unusual records of Pedersen rays are shown,
and sudden height increases and diffuseness of
F1 echoes are discussed. A check on the oblique-
incidence theory, using a Millington transmis-
sion curve in conjunction with vertical-
incidence A’f records, yietlded resonable agrce-
ment between measured and deduced reflec-
tion heights. A rough analysis of oblique-
incidence pentrations showed that the average
frequency separation of the ordinary-ray and
the extraordinary-ray m.u.f. was about half
the gyromagnetic frequency.

621.396.81 808
A Comparison of C.W. Field Intensity and
Backscatter Delay—W. L. Hartsfield and R.
Silberstein. (Proc. 1.R.E., vol. 40, pp. 1700-
1706; Dec. 1952.) The relation between back-
scatter and skip phenomena was investigated
by comparing the intensity of the 15-mc
WWYV signals, received at White Sands in New
Mexico, with the recorded delay times for the
back-scatter received at Sterling, Virginia,
from a pulse transmitter operating at about
the same frequency. Rapid variations in the
back-scatter records for disturbed days corre-
spond in order of magnitude with previously
observed motions of ionosphere irregularities.

621.396.81.029.62 809

Field Strengths Recorded on Adjacent
F.M. Channels at 93 Mc/s over Distances
from 40 to 150 Miles—G. S. Wickizer and
A. M. Braaten. (Proc. .R.E., vol. 40, pp.
1694-1699; Dec. 1952.) Analysis of records of
the field strength received from stations
KE2XCC (93.1 mc, Alpine, N. J.) and WB2-
FM (92.9 mc, Boston, Mass.) over a period
of more than a year at two places on Long
sland. For the evening hours there is a sea-
sonal trend towards higher intensities in sum-
mer. The over-all variations were larger for the
longer transmission paths. The hourly dis-
tribution curves are discussed in relation to
possible modes of propagation.

RECEPTION

621.396.62 810

Receiver Production of the VVB-RFT—A.
Blaha. (NachrTech., vol. 2, pp. 261-264;
Sept. 1952.) Short descriptions of the special
features of some of the best types of receiver
produced by this East German nationalized in-
dustry in 1952,

621.396.62(083.7) 811
Standards on Receivers: Definitions of

Terms, 1952—(Proc. L.R.E., vol. 40, pp. 1681—

1685; Dec. 1952.) Standard 52 RE 17.51.

621.396.621:621.396.662 812

A Method of Band-Spreading—C. A.
Parry. (Proc. L.R.E., vol. 13, no. 10, pp. 365—
369; Oct. 1952.) Analysis of a capacitive
type of circuit for use in communication re-
ceivers shows that it is possible to obtain fre-
quency bands of equal width and constant gain
with simple circuits, certain requirements being
imposed on the tuning inductors used on each
range. Errors due to stray capacitance increase
with frequency and cannot be neglected beyond
a certain limit, but this limit can be made to lie
above the highest operating frequency by
suitable circuit design. A suggested design pro-
cedure is outlined.

621.396.621.54:621.385.5 813

Application of the DK92 Tube on 30 Mc/s—
H. H. van Abbe and J. Jager. (Electronic Appl.
Bull., vol. 13, pp. 1-7; January, 1952.) Full
circuit details are given of a frequency changer

Absiracts and References

for the ranges 3.3-10 mc and 8.8-30 mc. A
single Type-DK92 heptode is used; this is a
50-mA miniature heptode with a variable-u
characteristic making it suitable for agc.

621.396.621.54:621.396.82 814

Microphony in Superhet Oscillators—H.
Stibbé. (Wireless World, vol. 58, pp. 504-506;
vol. 59, pp. 35-38; Dec. 1952 and Jan. 1953.)
Microphony in the oscillators of superhetero-
dyne receivers is caused by a frequency-
discriminator action of the IF amplifier plus
detector when the tuning is not quite cor-
rect. It can be prevented in some circumstances
by using an over-critically coupled IF am-
plifier, thus permitting a greater degree of de-
tuning before the discriminator action starts.
A numerica! calculation is made of the effect of
vibration of tuning-capacitor plates for a
typical case; the figures indicate that the
highest possible degree of rigidity and sym-
metry are required in the assembly of this com-
ponent. Methods are described for mounting it
with good mechanical insulation. Measure-
ments of the microphony-free output of a
receiver are also described.

621.396.822:621.396.62 815

Noise in Receivers and Amplifiers—S.
Gratama. (Tijdschr. ned. Radiogenoot., vol. 17,
pp. 207-247; Sept./Nov. 1952.) The various
causes of noise in receivers are surveyed. The
physical mechanisms of shot effect, induced
grid noise and total-emission noise in valves
are explained. Practical use can be made of
the correlation which exists between induced
grid noise and shot effect to reduce the noise
caused by the latter. 59 references.

621.396.822:621.396.621 816

A Note on the Approach of Narrow-Band
Noise after a Nonlinear Device to a Normal
Probability Density—G. R. Arthur. (Jour.
Appl. Phys., vol. 23, pp. 1143-1144; Oct. 1952.)
From the integral equation derived by Kac and
Siegert (3645 of 1947) for the output of a low-
pass filter preceded by a nonlinear device
excited by a noise source, the first three central
moments of the probability density of the out-
put signal are obtained and the approach of
these moments to those of a Gaussian density
is demonstrated.

621.396.822.029.62 817

V.H.F. Radio Noise—E. G. Hamer. (Wire-
less World, vol. 59, p. 43; Jan. 1953.) Total-
noise measurements were made at typical
sites, during the latter part of 1950, at fre-
quencies of 77 and 172 mc. The noise level
was much less in the country and in residential
areas than in industrial areas; there was no
noticeable difference between the levels ob-
taining with horizontal and with vertical
polarization. The variation of noise level with
distance from a main road was also investi-
gated. The general atmospheric noise level
was greater in all cases than that due to
thermal noise alone, but was less at the higher
frequency; in an industrial area the net result
might be appreciably better reception at 172
than at 77 mc.

621.396/.397].828 818

Radio Interference Suppression [Book Re-
view]—G. L. Stephens. Publishers: Iliffe &
Sons, London, 132 pp., 10s 6d; 2nd ed. 1952,
(Electronic Eng., vol. 24, no. 298, p. 585; Dec.
1952.) A practical guide to the various methods
of eliminating interference with radio and
television reception.

STATIONS AND COMMUNICATION
SYSTEMS

621.39.001.11:519.272 819

Contribution to the Statistical Study of
Communications—S. Malatesta. (Alta Fre-
quensa, vol. 21, pp. 163-198; Aug./Oct. 1952.)
An introduction to the application of statistical
methods in network theory, making use of the
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spectral-density and correlation functions and
a criterion of network efficiency based on dis-
tortion. The statistical method is applied to the
optimum noise filter of Wiener.

621.395.521.3:621.396.97 820

A Variable Equalizer for Broadcast-Pro-
gramme Circuits on Trunk Lines—C. M. Hall.
(Telecommun. Jour. (Australia), vol. 8, pp.
311-313; Oct. 1951.) Description of equipment
designed to facilitate the work involved in
equalizing trunk routes in Queensland, where
several circuits are over 800 miles in length and
two exceed 1000 miles. The equalizer finaily
adopted includes three units, one for correction
of the low-frequency slope of the response
curve, the next for the response hump usually
occurring at about 150 ¢/s, and the last section
for the high-frequency response. Plug-in at-
tenuation pads are provided so that any
reasonable degree of equalization can be ob-
tained in each section.

621.396.333 +621.396.5]:621.396.71 821

Navy V.L.F. Transmitter will radiate 1000
kW.—T. D. Hobart. (Electronics, vol. 25, pp.
98-101; Dec. 1952.) Description of transmitter
sited at Jim Creek Valley, near Arlington,
Washington, and planned to provide both cw
and frequency-shift teleprinter communica-
tion with ships throughout the Pacific area,
including submerged submarines. The twin
500-kW power amplifiers use a push-pull ar-
rangement of Type-5831 water-cooled triodes,
with 6-V thoriated tungsten filaments taking
about 13 kW of heating power, and 11.5 kV
anode voltage; each amplifier feeds half of the
aerial. The tuning range is 14.5-35 kc. The
aerial is suspended between two 3000-ft moun-
tain ridges, and comprises a horizontal zig-zag
of ten spans, arranged in two groups of five,
with a 900-ft down-lead at the mid-point of
each span. Facilities for a 46-man staff are
provided on the 7000-acre site.

621.396.4 822

A Beam Radio System with Pulse-Phase
Modulation for 12- and 24-channel Telephony
Transmission—E. Holzler and H. Holzwarth;
H. Holzwarth and W. Arens; E. Schulz, G.
Piefke and E. Seibt; W. Wild, U.v. Kienlin and
H. Simon. (Fernmeldetech. Z., vol. 5, pp. 397~
405 and 456-467; Sept. and Oct. 1952.) Section
A, Survey, by Hélzler and Holzwarth, outlines
the general characteristics of the system,
whose 4-mc frequency band can be selected at
will in the range 2.45-2.7 kmc.

Section B, Modulation Equipment, by
Holzwarth and Arens, describes in detail the
modulation and demodulation arrangements
for the two 12-channel groups.

Section C, High-Frequency Equipment, by
Schulz, Piefke and Seibt, gives an account of
the transmitters and receivers, and of the ring-
modulator type of mixer used at the receiver
input. One transmitter, with a power of 0.5 W,
uses a disk-seal triode, Type 2C40, the other,
with an output of 5 W, uses a Type-2C39A
valve. Tuning is effected by varying the length
of the grid cylinder. Control and monitoring
equipment is also noted.

Section D, Aerial System, by Wild, v.
Kienlin and Simon, describes the lens-type
and parabolic aerials used, and also the filter
and feeder arrangements. The radiation dia-
gram of a parabolic aerial 3 m in diameter is
shown and the operating characteristics of
aerials respectively 3m, 2m and 1.2m in
diameter are compared.

621.396.5:621.396.8 823

Comparison of Mobile Radio Transmission
at 150, 450, 900, and 3700 m¢c—W. R. Young,
Jr. (Bell Sys. Tech. Jour., vol. 31, pp. 1068
1085; Nov. 1952.) An account is given of tests
conducted in and around New York City.
Sufficient test locations were used to give a
statistical indication of the trend of perform-
ance with frequency variation. Variations of
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aerial gain and frequency stability with fre-
quency variation are taken into account. The
transmitter power required to achieve the
same coverage at different frequencies depends
on the variation with frequency of both path
loss and strength of signal required to produce
satisfactory communication. The combination
of these factors fixes a broad optimum-
frequency band at about 500 mc; this frequency
band is more suitable than all the others for a
mobile radiotelephone service. The 900-mc
band may be preferable to the 150-mc band if
full use is made of aerial gain, but above 900
mc performance falls off rapidly.

621.396.712:621.395.6 824

Speech Input Systems for Broadcast Trans-
mitters—S, Hill. (Jour. Brit. I.R.E.,vol. 12, pp.
533-541; Oct. 1952.) Text of paper presented
at 1951 Radio Convention, London. Technical
and economic factors involved in the design
of the a.f. equipment are considered. Layout
and switching requirements are reviewed.
Microphones, amplifiers, level indicators,
faders, mixers and recording arrangements are
discussed.

621.396.712.3:534.84 825

The “Pierre Bourdan” Low-Frequency
[broadcasting] Centre, Paris—L. Conturie.
(Onde élect., vol. 32, pp. 397-410; Oct. 1952.)
A detailed account of the general lay-out of
the establishment, the various studios and con-
trol and recording rooms, with particular refer-
ence to the methods of construction giving good
sound insulation between the studios and their
surroundings, and to the treatment of studio
walls, ceilings, etc., to obtain the desired
acoustic properties for faithful recording or
high-quality transmission of programmes. See
also 3318 of 1952 (Pujolle).

621.396.712.3:621.396.6 826

Broadcasting-Studio Installations and the
New S.F.R. Equipment—]. Cordonnier and
M. Bernard. (Onde élect., vol. 32, pp. 411-422;
Oct. 1952.) The relative merits of centralized
and decentralized installations are discussed
and descriptions are given of new equipment
units, developed by the Société Frangaise
Radioélectrique, which are economical in use
and retain all the essential advantages of the
mixed type of installation. The units have been
designed so that various combinations can be
adopted to meet the requirements of different
studios; they include microphone and line
amplifiers, attenuators, etc., which can be
assembled into monobloc programme consoles.
Performance data are tabulated and illustra-
tions are given of typical units and assemblies,
including sound-pickup consoles and con-
solettes.

621.396.822:621.395.44 827

Intermodulation Noise—]. L. Bordewijk.
(Tijdschr. ned. Radiogenoot., vol. 17, pp. 261~
279; Sept./Nov. 1952.) Intermodulation noise
in multichannel telephony systems increases as
the signal level rises, in contrast to noise from
other sources, which becomes more noticeable
as the signal level decreases. An optimuin
signal/total-noise ratio generally occurs at the
point where intermodulation noise and noise
due to other causes are about equal. The in-
termodulation-noise spectrum can be calcu-
lated either from the intermodulation products
or by using correlation functions.

621.396.822:621.396.619.1 828

Signal/Noise Ratio for Various Modulation
Systems—F. L. Stumpers. (Tijdschr. ned.
Radiogenoot., vol. 17, pp. 249-260; Sept./Nov.
1952.) Comparison is made between the two
broad groups of modulation methods respec-
tively using (a) nonquantized and (b) quantized
signals. The signal/noise ratio in the output of
the different systems is related to the sig-
nal/noise ratio in the transmission channel and
to the required bandwidth. When non-
quantized signals are used the effects of noise
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in the successive stages of the system are
cumulative; when quantized signals are used
(as in p.c.m. and delta modulation) noise is
introduced by the initial quantization process
but the system is nearly immune to channel
noise. For ratios of useful energy to noise
energy in the transmission channel greater
than a threshold value of about 20 db, the
quantized system is practically fault-free.

621.396.93 829

Maritime Distress Frequency—W. Blow.
(Wireless World, vol. 59, p. 16; Jan. 1953.) The
frequency of 1.65 mc hitherto used in European
waters is to be replaced by 2.182 mc from Ist
May 1953; this will be a world-wide distress
and calling frequency.

SUBSIDIARY APPARATUS

621-526 830

Servomechanisms, a Survey—G. R. Ar-
thur. (Jowr. Brit. I.R.E., vol. 12, pp. 507-516;
Oct. 1952.) Design techniques discussed include
frequency and time analysis and statistical
methods; an indication is given of problems
not yet solved. 55 references.

621~526 831

Nonlinear Servomechanisms—]. Locb.
(Onde élect., vol. 32, pp. 431-437; Nov. 1952.)
The various factors limiting the application of
the linear theory of servomechanisms are dis-
cussed, the theory of “filtered” systems using
relays, developed independently by Dutilh
(743 of 1951) and Kochenburger (Elect. Eng.,
N. Y., Aug. 1950), is outlined, and two new
criteria applicable to all “filtered” servo-
mechanisms are established. The first criterion
is concerned with the possibility of hunting
taking place and includes the criteria of Ny-
quist and Kochenburger as special cases. The
second criterion determines the stability of
such oscillations of the system. See also

621-526.001.11 832
A Formula for an Integral occurring in the
Theory of Linear Servomechanisms and Con-
trol Systems—H. Biickner. (Quart. A ppl.
Math., vol. 10, pp. 205-213; Oct. 1952.)

621.311.6:621.396.615:621.314.7 833

Application of Transistors to High-Voltage
Low-Current Supplies—G. W. Bryan, Jr.
(Proc. L.R.E., vol. 40, pp. 1521-1523; Nov.
1952.) A transistor oscillator is used to develop
the hv required for such devices as Geiger-
Miiller counters. The oscillations have a saw-
tooth waveform, the flyback being used for
shock excitation of the hv transformer.

621.314.632:546.289]4621.314.7 834

Power Rectifiers and Transistors—R. N.
Hall. (Proc. L.R.E., vol. 40, pp. 1512-1518;
Nov. 1952.) Power rectifiers with rectification
ratios as high as 107 can be made by fusing
donor and acceptor contacts to the opposite
faces of a Ge wafer. Analysis of the character-
istics of such rectifiers gives results in good
agreement with experimental values. The
properties of transistors prepared in a similar
manner, and capable of outputs as high as 100
W, are described. At present the operation of
these power units is limited to about 20 k¢ by
transit-time effects.

621.314.632:546.289 835

A High-Voltage, Medium-Power Rectifier
—C. L. Rouault and G. N. Hall. (Proc. I.R.E,,
vol. 40, pp. 1519-1521; Nov. 1952.) A descrip-
tion is given of the operating characteristics of
p-n-junction rectifiers prepared by fusing im-
purity metals to Ge wafers. The addition of
cooling fins enables higher powers to be
handled.

621.314.65 836

The “Nevitron” Mercury-Arc Rectifier—
(Engineering (London), vol. 174, no. 4521, p.
373; Sept. 19, 1952, Overseas Eng., vol. 26, p.
163; Dec. 1952.) Description of a new type of
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rectifier with the Hg pool in a Mo cup with
external Al cooling fins. Provided the Mo cup
is wetted by the Hg to give a concave meniscus,
the cathode spot runs in a continuous line
round the edge of the Hg. The cooling system
ensures no excessive emission of vapor. An
auxiliary electrode, lifted from the Hg by
means of a solenoid, serves to start the arc. The
voltage drop across the arc is 12.5V. The
weight of a 50-A 500-V Nevitron is only 2.5
1b, excluding the ignition solenoid. Types with
grid control have also been tested. The power
required in the grid circuit for full control is
only one-thousandth of that for a multianode
rectifier.

621.316.722.1:621.387 837

Improved Stabilization from a Voltage-
Regulator Tube—M. D. Armitage. (Electronic
Eng., vol. 24, pp. 568-569; Dec. 1952.) By
using a suitable barretter in place of the re-
sistor usually connected in series with a voltage-
regulator tube, a definite improvement in per-
formance is obtained. The barretter type of
circuit is most useful when the load current is
relatively high.

621.316.722.1.027.3 838

Stabilizer for Control of High Direct
Voltages—]. Serny. (Rev. gén. élect., vol. 61,
Pp. 411-420; Sept. 1952.) The development
and performance of a stabilizer for direct
voltages of the order of several thousands of
volts are described. The application of the
stabilizer to voltages of any value (a) using as
variable resistor a large number of triode valves
in series, (b) suppressing the voltage-divider
bridge generally used to control the regulator
system, is also discussed. Rectifier ripple can
be eliminated, so that a simple type of filter
can be used.

621.318.435.3:621 311.62 839

The Transbooster—A. H. B. Walker. (Elec-
tronic Eng., vol. 24, pp. 546-550; Dec. 1952.)
Description of circuits in which a transductor
is used for regulation of the output voltage of a
rectifier, fed from ac mains, under varying load
conditions. If the transductor is connected on
the dc side of the main rectifier, a smaller
transductor can be used, since it will only have
to handle the total boost voltage required to
cover rectifier regulation and mains-voltage
variation.

621.316.7:621-526 840

Automatic Feedback Control [Book Review]
—W. R. Ahrendt and J. F. Taplin. Publishers:
McGraw-Hill, New York, 1951, 412 pp., 64s.
(Electronic Eng., vol. 24, p. 584; Dec. 1952.)
Theory and applications of servo control sys-
tems,

TELEVISION AND PHOTOTELEGRAPHY

621.397 841

A High-Speed Direct-Scanning Facsimile
System—C. R. Deibert, F. T. Turner and R. H.
Snider. (Elect. Eng. N. Y., vol. 71, p. 784;
Sept. 1952.) Digest of paper presented at
A.LE.E. General Meeting, January 1952, A
description is given of the Western Union
system, which handles copy up to 8% in. by
15 in. at the rate of 2% in.%/sec. Using d.s.b.
transmission, the required bandwidth is 30 mc.
The transmitter comprises two identical
scanning units, which are used alternately to
save time while copy is changed. The copy-
holding cylinder rotates at 1800 r.p.m., and the
controls are partly electromechanical and
partly electronic, with tuning-fork frequency
standards for synchronization.

621.397.5 842

Television Program Origination: The Engi-
neering Technique—D. C. Birkinshaw. (Proc.
IEE, part 11IA, vol. 99, pp. 43-73. Discussion,
pp. 174-178; April/May 1952.) A comprehen-
sive review of the development of the BBC.
television service, including discussion of ap-
paratus and techniques for studio and outside
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broadcasts and for telecine and telefilm re-
cording.

621.397.5 843
Television Program Production Problems
in Relation to Engineering Technique—I.
Atkins. (Proc. IEE, part IIIA, vol. 99, pp.
74-81. Discussion, pp. 174-178; April/May
1952.) Discussion of production planning
camera technique and lighting problems.

621.397.5 844

Determination of the Number of Lines to
be chosen for a Television System, as de-
pendent on the Size of the Receiver Screen—
P. Stroobants. (Onde élect., vol. 32, pp. 438-
444; Nov. 1952.) See 3245 of 1952.

621.397.5:061.4(443.611) 845
The Second Television Salon—(Onde élect.,
vol. 32, pp. 464-466; Nov. 1952.) Discussion of
design trends for receivers, cr tubes, aerials
and feeders, as exemplified in the equipment on
show at the 1952 Salon. For other accounts see
Télévision, Nov. 1952, No. 28, pp. 255-258;
TS e TV, Nov. 1952, vol. 28, no. 289, pp.
333-335; Toute la Radio, Nov. 1952, vol. 19,
no. 170, pp. 398-402; Radio Télév. prof., Paris,
Oct. 1952, vol. 21, no. 210, pp. 14-15 .. . 20.

621.397.5:534.86 846

Problems of Sound in Television Pro-
grammes—R. F. A. Pottinger. (Proc. IEE,
Part I1IA, vol. 99, pp. 145-149. Discussion,
pp. 174-178; April/May 1952.)

621.397.5:778.5 847

Television Recording—W. D. Kemp. (Proc.
IEE, part IIIA, vol. 99, pp. 115-127. Dis-
cussion, pp. 174-178; April/May 1952.) Vari-
ous methods of photographic recording on
film, with intermittent or continuous motion
of the film are discussed and the two methods
now used by the BBC are described in some
detail,

621.397.5(091) 848
The History of Television—G. R. M.
Garratt and A. H. Mumford. (Proc. IEE,
part 'I1A, vol. 99, pp. 25-40. Discussion, pp.
40-42; April/May 1952.) A review of develop-
ments in various countries. 45 references.

621.397.6:535.317.5 849

A 5:1 Television Zoom Lens—H. H. Hop-
kins, (Proc. IEE, part IIIA, vol. 99, pp. 109-,
112, Discussion, pp. 174-178; April/May
1952.) Performance requirements of zoom
lenses for television are discussed and a lens
system satisfying the requirements, designed
for the BBC, is described. The aberrations of
such lens systems are considered and methods
of correction are outlined.

621.397.6:621.385.832 850

The Monoscope—R. D. Nixon. (Proc. IEE,
part IIIA, vol. 99, pp. 132-135. Discussion,
pp. 174-178; April/May 1952.) Discussion of
the operating principles and factors affecting
the design of cr tubes for generating a sta-
tionary-picture signal. The picture is printed
on a conducting plate, usually Al, using print-
ing material finally converted to carbon with
a low secondary-emission ratio. Since Al has a
relatively high secondary-emission ratio at low
voltages, scanning of the picture by the cr
beam results in a picture signal being produced
in the lead connecting the Al plate to the final
accelerator electrode. Such devices have re-
cently been used by the BBC for test-card
transmission. See also 2865 of 1938 (Burnett).

621.397.6:778.5 851

A Continuous-Motion System for Televis-
ing Motion-Picture Films—H. E. Holman and
W. P. Lucas. (Proc. IEE, part I11A, vol. 99,
pp. 95-108. Discussion, pp. 174-178; April/May
1952.) Detailed description of BBC equip-
ment for 35-mm film and of the special equip-
ment required for 16-mm film on account of the
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increased magnification from film to viewing
screen. The flying-spot system is used.

621.397.611:778.5 852

The Development of a High-Quality 35-mm
Film Scanner—T. C. Nuttall. (Proc. I EE, (Lon-
don), part I11A, vol. 99, pp. 136-144. Discussion,
pp. 174-178; April/May 1952.) Detailed de-
scription of BBC equipment using the flying-
spot system.

621.397.611.2 853

A Small High-Velocity-Scanning Television
Pickup Tube—]J. E. 1. Cairns. (Proc. IEE,
(I.ondon), part ITIA, vol. 99, pp. 89-94. Discus-
sion, pp. 174-178; April/May 1952.) The tube
described, scaled down from one of the super-
emitron type [756 of 1951 McGee)], has a
superior performance and is two or three times
as sensitive as its predecessor. This superiority
is due to increased mosaic storage, which re-
duces the shading signal but increases the
picture lag. The lag is unnoticeable except for
very rapidly moving objects.

621.397.611.2 854

The Influence of Tube Characteristics and
other Factors on Camera Design—L. H. Bed-
ford. (Proc. IEE (London), part I1IA, vol. 99,
pp. 82-88. Discussion, pp. 174-178; April/May
1952.) The principal types of camera tube are
discussed and their transfer characteristics are
shown graphically. Factors affecting camera de-
sign are considered and the principal features of
eight modern cameras are tabulated.

621.397.611.2 855

An Investigation into the Use of Secondary-
Electron Signal Multipliers in Image Icono-
scopes—R. Theile and H. McGhee. (Proc.
IEE, part IIIA, vol. 99, pp. 159-165. Discus-
sion, pp. 174-178; April/May 1952.) By using
an electron-transmissive screen in front of the
first multiplier dynode, complete collection and
sufficient acceleration of the secondary elec-
trons leaving the target can be accomplished.
Further, with a suitable geometrical arrange-
ment of the muiltipliecr and target, un