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A wide range of units for every application

CG VARIMATCH OUTPUTS FOR P, A.

Universol vnits designed to motch ony tubes within the roted output

power, to line or voice ¢coil. Oulput impedonce 500, 200, 50, 16, 8, 5,

3, 1.5 ohms. Primory impedonce 3009, 5000, 6000, 7000, 8000, 10,000,
14,000 ohms.

List

Watts Typical Tubes Price

1. 48, 45, 17, 2A3. 646, 6F6, 25L6 ] _$9.00

42, 45, 2A3, 6L6. 6V6. 6B3 14.00

16’3, 50°s, JOOA's, 6L.6's, 801, 807 20,00

800°s, BOl's, BO7's, 3-6L.5's, 85's 29,00

211 s, 20313, 838’5, | ' 50,00

CG VARIMATCH LINE
TO VOICE COIL TRANSFORMERS

The UTC VARIMATCH ftine to voice coil tronsformers will motch any
voice <oil or group of voice coils to o 500 ohm line, More thon 50
voice coil combinations con be obtoined, os follows:

2, 4,5 .62,1,1.25 1.5, 2, 2.5, 3, 3.3, 3.8, 4, 4.5,
5, 5.5, 6, 6.25, 6.6, 7, 7.5, 8, 9,10, 11, 12, 14, 15,
16, 18, 20, 25, 28, 30, 31, 40, 47, 50, 63, 69, 75,

Type Audlo Primary Secondary
No, Watts Impedance impedance

CVL-I 15 500 0hms 21075 obms

cvL.2 10 500 ohms 21075 ohms

cvL-3 75 500 ohms 21075 ohms

CG VARIMATCH MODULATION UNITS

Will motch ony modulotor tubes to ony RF lood.

Primory impedonces from 500 to 20,000 ohms
Secondory impedances from 30,000 to 300 ohms

Max. Max
Type Audio Class €
No. Watts Input Typical Modulator Tubes _
CVM-0 12 2! 30. 49, 79, 6A8, 33, 2A3, 6B5 $ 6.50

CVM.1 30 60 6V6, 685, 243, 32, 46, 6L6, 210 14.00
CVM-2 60 125 801, 6L6, 809, 1-46. T-20, 1608 2050
125 250 800, 807, 845 TZ-20, RK-30, 35-T 30.00
300600 50-T, 203A, 805, 838, T-55, ZB-120 50.00
600 1200 805, HF-300, 2041, HK- 351, 250TH_ 115.00

150 VARICK STREET

U.T.C. Commercial Grade components
employ rugged, drawn steel cases
for units from 1” diameter to 300

VA rating . . . vertical mounting,
permanent mold, aluminum castings
for power components up to 15 KVA.
Units are conservatively designed

+ + . Vacuum impregnated . . . sealed
with special sealing compound to
insure dependability under
continyous commercial service.

A few of the large number of

standard C.G. units are described

below. In addition to catalogued units,

special C.G. units are supplied to
customer’s specifications, ™

INPUT, INTERSTAGE, MIXING AND
LOW LEVEL OUTPUT TRANSFORMER

{200 ohm windings ore bolonced ond con be used for 250 ohms)

CG Primary Secondary
Impedance Impedance List
Application Ohms Ohms Price

135,000 3:1 ratlo  $ 9,50

133,000 centertapped 10.00
3:1 ratio overal)

2 plates to 2 grids 30,000 P o P 80.000 overall  12.50
1.6:1 ratio overall

134 Llne to 1 grld o, 200, 500 80,000 T 1250
hum-bucking

! plste to 1 grld 15,000

1 plate to 2 grids 15,000

135 Line to 2 grids 3, 200, 500 120,000 overall 13.50
hum-bucking
Line to 1 or 2 grids, 50. 200, 300 88,000 overail 17.50
hum-bucking. mul- ohms
tiple atloy shielded
for low hum plckup

136 Single plate and low 13,000, 30, 200 80,000 orerall 13.50
impedance mike or
line to 1 or 2 grids
Hum-bucking

PP 6C5, 56, similar 30,000 I to I 23,000 overall
9

triodes to AB 15's
ZA3’'s, 61.6"s, etc

PP 6C5, 56, stmilar 30,000 I (0 P 7.500 overall
lﬁrlll:;des to Hxed hias 5:1 ratlo orerall
08

1 ratio overall

—
2A3. similar 5,000 I" to P 1,250 overail 12.00
o fixed bias 3:1 ratio overall
2 or i 6L6's
137 Mixing 50, 200, 300 50, 200, 500 10,00

140 Trlode plate to Hne 13,000 50, 200, 500 12.00

141 PP trlode plates to 15,000 “200, 500 13.50
line
=== - =

L NEW YORK 13, N. Y.

EXPORT OIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: “ARLAB"

gas

For full detoils on this line, write for Cotolag




1950 New England
Radio Engineering
Meeting and Show
Saturday, 9 AM to 5 PM

April 15

At Hotel Somerset
400 Commonwealth Avenue
BOSTON, MASS.

7 Excellent Technical Papers:

10 A.M.—Industrial Television—
V. K. Zworykin
Both a demonstration and paper will be given
of television applications outside of the broad-
cast field. A new photoconductive camera tube,
and television link will be demonstrated.
10:45 A.M.—New Pulse Generator
for Television—Calvin L. Ellis

A new television synchronizing generator using
circuits which eliminate the majority of con-
trols will be described.

11:20 A.M.—Transient Phenomena
in Loud Speakers—O. K. Mawardi

and A. A. Janszen

Phonographic records will be presented of a
study of the applied transient signal on various
types of speakers.

12:30 P.M.—Luncheon

2:15 P.M.—A Multichannel PAM-
FM Radio Telemetering System—
E. F. Buckley and G. W. Farnell
Equipment for pulse-amplitude modulation for

flight testing of small objects is described.

2:50 P.M.—A Four-Phase Radio

Frequency Oscillator—C. Robert
Paulson

Design, construction and usefulness of such an

oscillator for ijonosphere studies will be dis-

cussed.

3:25 P.M.—A Novel Coaxial Noise
Diode Termination—M. W. P.
Strandberg and Dale Pollack

A coaxial noise diode provides a conveniently

calibrated signal for receiver sensitivity tests.

4 P.M.—Experimental AM Trans-

mitter with Crystal-Controlled Mag-

netron—D. S. Bond, D. G. Moore,
J.S. Donal

Carrier power of the order of a kilowatt has
been obtained from a magnetron In the region
of 800-900 megacycles.

About 40 New England
Manufacturers will
provide engineering
equipment exhibits

Cincinnati Spring Meeting
Fourth Annual

TELEVISION

Conference

April 29
™\

”“
<«

F. W. KING
Choirmon

>

A. B, BERESKIN
Vice-Choirman

Papers Scheduled for Presentation

“Television Test Equipment and Techniques
for Use at U.H.F.” 30 minutes—Frank H. Mar-
ble, Kay Electric Co.

“The Application of Recent Developments of
the Communications Theory Including the Art
of Sampling to Color Television.” 30 minutes—
Frank Bingley, Philco Corp. =
“Television Trends.” 30 minutes—Dr. A. N.
Goldsmith, LLR.E.

" A Practical Industrial Television System.” 30
minutes, R. W. Sanders—Capehart-Farnsworth
Corp.

«Practical Experience with a 4 MC LF. Tele-
vision Receiver.” 30 minutes—D. W. Pugsley,
General Electric Co.

“An Integrated Nation-wide Television Alloca-
tion Plan for the VHF and UHF Bands.” 30
minutes—Robert P. Wakeman, Allen B. DuMont
Labs.

“A UHF-VHF Tuner for Television.”’ 15 min-
utes—John Bell, Zenith Radio Corp.

“UHF Tuners.” 15 minutes—Nicholas T. Simop-
oulos, Arbor Tool Corp.

BANQUET

"Seeing Light & Color”
Ralph M. Evans, Eastman Kodak Company

&

J. P. QUITTER C. C. BOPP
Secretory Treasurer
(Shillite’s)

The Conference will be held at the Engineering
Socleties Building located at McMillan and
Woodburn Sts., Cincinnati, Ohio.

E MEETINGS

Modern Trends in
Airborne Electronics

1950 Dayton IRE
Technical Conference

May 3-4-5

57 important papers on various phases of
airborne electronics from Aircraft anten-
nas to computors, and from components
to navigation will be given in 14 well
grouped sessions, starting Wednesday
afternoon, May 3, and running through
Friday, May 5.

The Conference will be held at The Bilt-
more Hotel in Dayton, Ohio. An outline
of the sessions follows:

Wednesday P.M.: General Session—
“Some Psychological Characteristics of
the Human Operator,” “Trends in Elec-
tronic Developments,” “Military Aircraft

Communication Systems.”

Wednesday P.M.: Technical Session on
Vacuum Tubes, 5 papers.

Wednesday P.M.: Technical Session—

5 Papers on Antennas, General.

Thursday A.M.: Three Sessions—“Com-
putors” treated in 3 papers. “Aircraft
Antennas I” 3 papers. “Transmission
Line Circuits” 3 papers.

Thursday P.M.: Three Sessions: “Com-
munications and Navigation” 4 aircraft
equipment papers. “Radio Noise and In-
terference” 5 papers. “Antenna Theory”
4 papers.

Friday A.M.: Three Sessions—"“Elec-
tronic Instrumentation” 2 papers. “Cir-
cuits” 3 papers. “Aircraft Antennas II”
3 papers.

Friday P.M.: Three Sessions—“Propa-
gation” 4 papers. “Electronic Compon-
ents and Techniques” 5 papers. “Meas-
urements” 5 papers.

Banquet Friday Evening.

IRE Regional Meetings Accelerate Electronic Progress!

ProceroiNGs oF TiE I.LR.E. April, 1950, Vol. 38, No. 4
21, N.Y. Price $2.25 per copy. Subscriptions:

United State

Published monthly by The Institute of Radio Engineers, Inc., at 1 East 79 Street, New York
and Canada, $18.00 a year; foreign countries $19.00 a year, IEntered as second class

matter, October 26, 1927, at the post office at Menasha, Wiscons'n, under the act of March §, 1879. Acceptance for mailing at a special rate of postage is
provided for in the act of February 28, 1925, embodicd n Paragraph 4, Section 412, P, L. and R., autherized October 26, 1927

Table of Contents will be found following page 32A
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-hp- 608A VHF SIGNAL GENERATOR

SPECIFICATIONS

FREQUENCY RANGE: 10 ta 500 mc in 5 bands.
ACCURACY: Calibration * 1%. Re-setability better than 1
mc, at high frequencies. Tatal scale tength, apprax. 90",

QUTPUT: 0.1 av ta 1.0 v. cantinvously variable. Calibrated in
volts and dbm.
IMPEDANCE: 50 (1. Moximum VSWR 1,2,
ACCURACY: * 1 db entire range.

MODULATION:
AMPLITUDE: Fram 0 to 90% indicated by frant panel meter.
ENVELOPE DISTORTION: 1% at 30% madulatian.
INTERNAL: Fixed modulatian at 400 and 1,000 cps.
EXTERNAL: Any frequency 50 cps ta | mc. 4.0 v. input.

EXTERNAL PULSE: Positive ar negative, 4 v. peak. Gaad
pulse shape. Square wave to | tsec length,

LEAKAGE: Less than 1 gty

RESIDUAL FM: Nat aver .0025% at 90% madulation.

POWER: 115/230 v. 50/60 cps. 150 watts.

SIZE: 127 x 14" x 18" deep. -hp- grey finish. Cabinet maunting.
PRICE: $850.00 f.0.b. Palo Alto,

Data Subject 1o Change Without Notice

A NEW VHF SIGNAL GENERATOR

10 to 500 mc

High power output...Constant internal im-
pedance...Wide frequency range...Broad
modulation capabilities...Master oscillator
power amplifier circuit...Microsecond pulses
...Small residual FM...CW, AM or pulsed output

Here is a new general purpose laboratory gencrator of
broadest application. It offers a directly calibrated output
from 0.1 yv. to 1 v. for measuring gain, selectivity, sensi-
tivity or image rejection of receivers, I-F amplifiers, broad
band amplifiers and other VHF cquipment. The 1 v. out-
put (to a 50 ohm load) is available throughout the entire
frequency range for driving bridges, siotted lines, anten-
nas, filter networks, etc. The output circuit is directly cali-
brated in volts and dbm for fast reading. No charts are
necessary.

DIRECT CALIBRATION

Frequencics from 10 to 500 mc are covered in 5 bands
and calibrated directly in mc on a drum-type dial having
effective scale length of 90”. The single-dial, ball-bearing
frequency control insures maximum convenience and ac-
curacy in tuning and re-sctting.

Master oscillator and power amplifier circuits are enclosed
in a heavy cast aluminum shield, insuring high stability
and low electrical leakage.

NEW -hp- 417A VHF DETECTOR

This new -bp- instrument is a
super-regenerative (AM) re
cewver covering all frequencies
hetween 10 and 500 mc. in 5 '
bands. It is designed for usc with the -hp- 803A VHF
Bridge. It offers 5 yv sensitivity over entire band, quick,
easy opcration, and a direct-reading trequency control.
The instrument is thoroughly shielded, and is suitable for
general laboratory use ; for making approximatc frequency
checks, determining noisc, interference, cte. Price $200.00
f.0.b. Palo Alto.

PROCEEDINGS OF 1111 I.RE April, 1950




ASKED US FOR!

A NEW VHF BRIDGE

50 to 500 mc

First commercial VHF bridge...Based on an
entirely new principle...Direct impedance
readings, 2 to 2,000 ohms...Wide phase angle
...Useful to 1,000 mc...Makes every kind of
VHF impedance measurement

The new -hp- 803A VHF Bridge is the first commercial
instrument built to give you fast, direct impedance read-
ings in the 50-to-500 mc band. It can be used for any type
of VHF impedance measurement. This includes character-
istics of transmission lines, antennas, resistors, rf chokes
and condensers ; impedance of connectors, standing wave
ratios; percentage of reflected power, VHI' system flat-
ness, etc.
BROAD FREQUENCY RANGE

The Model 803A operates on an entirely new principle
suggested by Mr. John Byrne of the Airborne Instrument
Laboratories.* It determines impedance by sampling the
magnetic and electric fields of a transmission line. Phase
is measured by determining the point of cancellation of
these samples along a sccond transmission line. This meth-
od effectively overcomes the narrow frequency limitations
of conventional bridges, and permits the new -hp- VHF
bridge to make readings at frequencies up to 1,000 mc and
down to 5 mc.

s A complete description of this principle and 15 application in
the -hp- VHF Bridge will appear in an early issue of the -hp-
Journal. Free copy on reques!.

For complete details of these and other
-hp- precision instruments
see your local -hp- representative
or write direct to factory.

HEWLETT-PACKARD COMPANY
2046D Page Mill Road + Palo Alto, California

Expart: FRAZAR & HANSEN, Ltd., 301 Clay Street, San Francisco,
Calif., U.S. A. Offices: New York, N.Y. and Los Angeles, California

-hp- 803A VHF BRIDGE

SPECIFICATIONS

MEASUREMENT RANGE: Impedance magnitude, 2 to 2,0009.
{Higher ond lower values moy be measured by using o
known length of transmission line os an impedance trans-
former.}

Phase angle from —90° to +90° at 50 mc ond obove.

CALIBRATION: Impedonce: Directly in ohms,

Phase angle: Directly in degrees at 100 mc. Moy be readily
computed at other frequencies.
[0 (actual) =O (read) x Frequency, me/100.])

ACCURACY: Impedonce magnitude, opprox. +5%.

Phose angle, approx. +3 degrees {over range 50 to 500 mq).

FREQUENCY RANGE: Maximum occuracy 50 to 500 mc. Useful
down to 5 mc and up to 1,000 mc. Maximum meosurable
phase angle at 5 mc is =9 to +9°.

EXTERNAL rf GENERATOR: Requires an AM signol source of at
least ¥ mw. High signal level is desirable. (-hp- Modet 608A
VHF Signal Generotor is ideal for this purpose.}

rf DETECTOR: Requires a well-shielded VHF receiver of good
sensitivity. {-hp- Model 417A VHF Detector is designed for
this use.)

SIZE: 14" x 14" x 8" deep. Smooth -hp- grey finish.

Cabinet mounting.
PRICE: $495.00 f.0.b. Palo Alto.

Data Subject 10 Change Without Notice

HEWLETT () PACKARD

PROCEEDINGS OF THE I.R.E. April, 1950
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Throughout history, scouting par-
ties have gone out ahead of man
ahead of setilements. ahead of civi-
lization itself. Today, Bell System
scouts are engaged in a new kind of
exploration — charting a path for
microwaves — using equipment spe-
cially designed by Bell Telephone
Laboratories.

The portable tower shown is con-
structed of light sections of alumi-
num and in a few hours may be
built up to 200 feet. Gliding on roll-

BELL TELEPHONE

ers, the “dish,” with its microwave
transmitter or receiver, is quickly
positioned for line-of-sight trans.
mission, then oriented through
electric motors controlled from the
ground.

Test signals show how terrain
and local climate can interfere with
microwave transmission. Step by
step. Bell’s explorers avoid the ob-
stacles and find the best course
for radio relay systems which will
carry television pictures or hun-

dreds of simultaneous telephone
conversations.

A radio relay link similar to the
one between New York and Boston
will be opened this year between
New York and Chicago. Later it
will be extended. perhaps into a
nation-wide network — another ex-
ample of the way Bell Telephone
Laboratories scientists help make
the world’s bhest telephone system
still better each year. and at lowest
cost.

LABORATORIES

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES [N TELEPHONE SERVICE
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SALES OFFICES: New York, Philadolphia,
Deltroit, Chicago, Los Angelos Myrtle Boach, S. C.
EXPORT ADDRESS: 41 E. 42nd St., Now York 17, N. Y., U, S. A,

Though Hi-Q Ceramic Components are pro-
duced at a rate of several million a month, each
and every single one is individually tested at each
stage of production and as a part of final inspection
before shipment. That is one of the reasons why
you can depend on all Hi-Q Components to pre-
cisely meet specifications, ratings and tolerances.
That is one of the reasons why they are used by
virtually all leading producers of television, com-
munications and electronic equipment.

You are invited to write now for a copy of

the brand new Hi1-Q Datalog just off the press.

JOBBERS — ADDRESS: 740 Belleville Ave., New Bedford, Mass.

Zeemm Reactance (Cort.

FRANKLINVILLE, N. Y.

.

PLANTS: Franklinville, N. Y., Jessup, Pa.,
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COMPLETE LINE OF CORES
TO MEET YOUR NEEDS

Y Furnished in four standard
permeabilities —125, 60, 26
and 14,

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

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

6A

® ® % 0002 00000020009 0c00000000s06000

HIGH Q TOROIDS for use in
Loading Coils, Filters, Broadband
Carrier Systems and Networks—
for frequencies up to 200 K ¢

For high Q in a small volume, characterized by low eddy current
and hysteresis losses. ARNOLD Moly Permalloy Powder Toroidal
Cores are commercially available to meet high standards of physical
and electrical requirements. They provide constant permeability
over a wide range of flux density. The 123 Mu cores are recom-
mended for use up to 15 ke, 60 Mu at 10 to 50 ke, 26 Mu at 30 to 75 ke,
and 14 Mu at 50 to 200 ke. Many of these cores may be furnished
stabilized to provide constant permeability (£0.1%) over a specific
temperature range.

* Manufactured under licensing arrangements 10ith Western Electric Compan

Y. waD 2930
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DELIVERS

CM 15 MINIATURE CAPACITOR

Actual Size 9/32" x 15" x 3/16"

For Television, Radio and other Electronic
Applications

2 — 420 mmf. cap. at 500v DCw

2 — 525 mmf. cap. at 300v DCw

Temp. Co-efficient +50 parts per million
per degree C for most capacity values.
6-dot color coded.

SPECIFIED

EL-MENCO
CAPACITORS

EL-MENCO is the standard of dependability in capaci-
tors. Each tiny El-Menco Capacitor delivers at maximum
in any climate under the most crnitical operating condi-
tions. Before leaving the factory, they are tested for dielec-
tric strength at double working voltage; for insulation
resistance and capacity value. Each tiny El-Menco Capaci-
tor meets and beats strict Army-Navy standards. Put them
in your product and get real performance.

A COMPLETE LINE OF
CAPACITORS TO MEET
EVERY REQUIREMENT

THE
ELECTRO MOTIVE MFG. CO., Inc.

E WILLIMANTIC CONNECTICUT
Write on your
bl firm letterbead for
Catalog and Samples
MOLDED MICA Encnrmu\ TRIMMER

CAPACITORS

FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR INFORMATION.
ARCO ELECTRONICS INC. 135 Libgrty St., New York, N. Y.—Sole Agent for Jabbers ond Distributors in U.S. ond Conoda

PROCTEDINGS OF THE I.R.E. April, 1950
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Mallory Inductuner*

In Television Receiver

Provides Effective Means
For Later UHF Conversion

An increasingly important consideration in the design of television receivers i
the eflectiveness with which thev can later be coupled with a converter for
UHF reception. Thorough analvsis reveals that a front end unit built around
a Mallory Inductuner provides flexibility and freedom from interference which
are unequalled for this purpose by any other tuning device.

Because of the continuously variable inductance provided bv thie Inductuner.
it is possible to select a conversion frequency that is most desirable from the
standpoint of both harmonic and direct IF interference. Simply by the addition
of a dial marking at the most desirable point in the unused frequency range
between existing channels 6 and 7. the receiver manufacturer can prepare for
later UHF conversion under ideal conditions.

This advantage is inherent in the unique design of the Inductuner. It is an
important addition to the desirable features listed at the right. These exclusive
advantages are available to you at a price no higher than other tuning devices.

Thar’s value beyond specification!

That’s why the Inductuner has become the center of growing respect and
interest throughout the industry. Your request for detailed technical data will
be welcomed.

Outstanding Advantages

of the new

‘Iullnr_v Spiral Inductuner:

1

9.

10.

A single control for easy selection
and fine tuning of any television or
FM channel

- kasily adapted toUHF converteruse.

Excelient stability eliminates fre-
quency drift

- Supplied in three- or four-section

designs,

- Var more quiet operation; permits

high signal-to-noise ratio_in front
end designs.

- Free from microphonics.
. Greater selectivity on high fre-

quency channels

- Eliminates “bunching” of high

band channels. Covers entire range
m only six turns

Snmrhlles front end design and
production,

Reduces assembly costs.

*Reg trade mark of P. R, Mallory & Co., Inc.

for inductance

tuning  Jdevices covered by

Mallory -W e patents

Television Tuners, Special Switches, Controls and Resistors

P.R. MALLORY & CO. Inc.

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

8a
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SERVING INDUSTRY WITH

Capacitors Contacts
Controls Resistors
Rectifiers Vibrators
Special Power
Switches Supplies

Resistance Welding Materials

April, 1950



Bent-Gun, exclusive DuMont
design, bends the electron
beam only once instead of
twice as in other designs.
Permits sharper spot focus.

® New Du Mont gray face plate

Specifications

Overall Length ... ... .. vk AR

Diameter of Bulb . . ) 12¢5”

Useful Screen Diameter ... ... 2ty 18

Base ... SRR . A 1%L, .. Duodecal 5 Pin

Bulb Contact . ... .. Recessed Small Cavity Cap

Anode Voltage ... ... ..11,000 Volts D. C. . . .

Grid No. 2 Voltage ......... ... .250 Volts D. C. For the first time this popular tube

Focusing Coil Current ......110 Approx. Ma D. C. A type is offered with all the refine-

Ion Trap Current.... ... 120 Approx. Ma D. C. i

ments of the Du Mont design.

Grid No. 1 Circuit Resistance ..... 1.5 Max. Megohms

Modification of the Bent-Gun
makes possible the use of single
or double magnet beam-benders
thus assuring direct interchange-
ability with other 12LP4's, yet as-
suring that extra sharpness pos-
sible only with the Du Mont gqun
structure.

An ideal tube for improving the
performance of existing receivers,
using the Type 12LP4, or for incor-
poration in new receiver design.

Literature and quotations on request

% Trade-Mark

ALLEN B. DU MONT LABORATORIES, INC., Tube Division, Clifton, N. J. Plants at Allwood and Passaic, N. J. |

T SR I S S a e -
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EIMAC TUBES CHOSEN FOR
COLLINS' 50 KW (W TRANSMITTER

CW communications transmitter type 205E is an outstand-
ing example of engineering craftsmanship by Collins Radio
Designed for military and civilian service between 4 and 26
Mc. the 205E will provide 50 kw CW output with remarkable
economy from the standpoint of both power consumption
and tube cost.

Overall efficiency of the transmitter through all stages, from
the 230 volt power line to the antenna, is 55% to 609.

Collins engineers say, “We can attribute the largest per-
centage of this performance to our use of Eimac tubes The
3X2500A3 triodes operate with low filament-power, and
their high power-gain and high efficiency permit economical
exciting equipment. Further power saving is effected be-
cause of the simple air-cooling requirement.”’

You, too, can take advantage of Eimac tubes’ functional
design, economical operation, and higher performance

Complete catalogues covering operational data and charac-
teristics on all Eimac tubes are available without charge . . .
write today.

EITEL-McCULLOUGH, INC.
San Bruno, California
Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California

205E efficiency 60%
Power line to Antenna

50 Kw

Output
POWER AMPLIFIER
55 kv
6 3X2500A3
10 amps. grounded grid

App. stage eff. 90 . 937,

15 Kw

IPA STAGE

2 3X2500A3
Stage eff. 75 .83%

IPA STAGE
I 4.400A

plus r-f exciter

R

Power supplies 230 volts
controls
blowers, etc 85 Kw
Input

Follow the Leoders 1o

/555

The Power for R-F

PROCEEDINGS OF THE LR F April, 1950
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If you are in need of accurate test
equipment why not consult with PRD?
You'll no doubt find we have just the item
you require. Consider, for example, the
versatile new instruments illustrated on this

page which embody the carefully thought out

design features characteristic of all of
PRD’s precision test equipment. These and
many other new instruments are now being
offered to fulfill your VHF, UHF, and
microwave requirements.

LENER (R

YRE-URE NOLST

This calibrated braadband naise saurce permits direct
measurement af naise factars as high as 20 db far r-f

amplifiers and receivers aperating in the range fram 10
ta 1000 me/sec.

For complete information and a
copy of our latest catalog, write
to Department R-7.

April, 1950

& DEVELOPMENT COMPANY, Inc.

Bl

This direct-reading bridge may be used with either
pasitive ar negative temperature ca-efficient balameters
far the accurate determinatian of r-f pawer. Full scale
ranges of 0.1, 1.0, 10, and 100 milliwatts permit 1nea-
surement over a wide range af pawer levels.

«e These new
instruments furnish c.w, pulsed, ar frequency madvulated
r-f signals far the 3650-7300 and 6800-10,900 mc/sec.
bands. Direct reading frequency dials and autamatic
made tracking are emplayed, tagether with a 0-120 db

cutatf attenuatar calibrated directly in —~dbm.
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20 years ago, IRC advertised resistors for television!
And right now, while we produce for today’s
requirements, electronics 1970 is on our drawing
boards. 25 years young this year, IRC combines
a quarter-century of specialized engineering with free,
fresh thinking on new resistance problems.
Result of this concentration: —A unique variety
of high-quality, lower-cost resistance products, '
plus unbiased recommendations. !

TELEVISION IN 1930

Advertising resistors for tele-
vision 20 years ago was not
nearly so advanced as IRC’s
Present planning for the future.




important

AFTER 10,000 CYCLES

of rotation IRC's new Q Control
shows less than 10% change in
resistance for values below 1 meg-
ohm, and not over 15% change for
values of 1 megohm and above.
Noise level after the same rigorous
tests remains well within the industry
standard for new controls. Investigate
the many advantages of this modern
size 15/16'" diameter control. Com-
plete mechanization in manufacture
assures you of pbsolute uniformity
and a dependable source of supply.
Coupon brings you full details on
Bulletin A-4.

INTERNATIONAL
RESISTANCE COMPANY

40] N. Broad Street, Philadelphia 8, Pa.
In Canedar Internetional Reslstance Co., Ltd., Toronto, Licenses

‘.ESS THAN 3% change

from original value due ta aging
has been proven for MV High
Voltage Resistors. The
tance coating of Type MV's is
stabilized ‘at high temperature.
Application of this filament coat-
ing in helical turns on a ceramic
tube gives a conducting path of
long effective length and permifs
the use of up to 100,000 volts

voltages where high resistance
and power ore required Type
MV’s are available in a wide
range of values, sizes and termi-
nals, all described in Bulletin G-1.
Use the coupon to get your copy.

Wherwer, the, G, S V-
Power Resistors « Voltmeter Multipliers '
¢ Insulated Composition Resistors*Low
Wottdge Wire Wounds ¢ Controls

e Rheostots ¢ Voltage Dividers © I
Precisions ¢ Deposited Corbon
Precistors » High Frequency and High
Yoltage Resistors © Insulated Chokes

resis- -

for the MVR resistor. For high -

878
miniature
2 watt

BTR
- Yawatt

AGING IS NO PROBLEM

with Advanced BT Resistors. Filaments
are pre-cured and stabilized, proctically
eliminating any possibility of resistance
change throogh aging. Enginecred to
meet JAN-R-11 specifications for fixed
composition resistors, IRC BT’s have -
established their superiority in ail ‘im-
portant characteristics, Let us prove it
to you . . . check the coupon for 12 page
technical data Bulletin B-1, 21 character-
istic charts compare IRC performance to
rigid JAN specifications.

-

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

Please send me complete information on the ftems checked
below:

MV High Voltage Resistors (G-1)
Advanced BT Resistors (B-1)

New @ Controls (A-4)
Name of Local IRC Distributor

COMPANY

ADDRESS.......

J. 7. ARNDY & CO., AOV. AGENCY

aun e e a b o

- AN IS D D S . — —— D S M G —— e fD ——
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TRUSCON STEEL COMPAN

YOUNGSTOWN 1, OHIO
Subsidiory of Republic Steel Corporation

WXEL Excels in TV Service

to the populous Western Reserve area

The northeast Ohio area established as the Western
Reserve in 1785, is today a nation’s center of indus-
trial, agricultural and intellectual advancement, The
17-county arca now included in the original govern-
ment grant has been served on Channel 9 since
December 17, 1949, with a widely diversified
program for all types of audiences.

For its visual power of 21 KW, and oral power of

\}

TOWER OF STRENGTHIBAS

13.5 KW, station WXEL uses a self-supporting
Truscon Steel Radio Tower with an overall beight
of 437 feet to the top of a General Electric 6-bay
television antenna. This js another example of the
specialized services of Truscon engincers, long skilled

in designing radio towers to meet specific conditions
all over America.

Truscon offers a world-wide background of experi-
ence to call upon in fitting Radio Towers to specific
needs. Whether your own plans call for new or
enlarged AM, FM or TV transmission, Truscon will
assume all responsibility for tower design and erec-
tion ... tall or small . . . guyed or self-supporting . . .
tapered or uniform in cross-section. Your phone call
or letter to our home office in Youngstown, Ohio—
or to any convenient Truscon District Service Office
—will rate immediate, interested attention.

TRUSCON é A

SELF-SUPPORTING

awoss sicron aoves JOWERS

TRUSCON COPPER MESH GROUND SCREEN

PROCEEDINGS OF THE [.R.E
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QUALITY . . . Plus ADAPTABILITY
CLEVELAND

COSMALITE* AND CLEVELITE* SPIRALLY LAMIN-
ATED PAPER BASE PHENOLIC TUBES

Cosmalite is known for its many years of high quality per-
formance. Clevelite is the new improved tubing designed
to meet more exacting specifications.

“Cleveland” has an enviable record of service and de-
pendability. Your orders receive prompt attention. De-
liveries are made in time for your production schedules.

For the best . . . "Call Cleveland." Samples on request.

*Trade Mark

Of Proven Performance in
the Radio and Television
fields.

Excellent for Motors,
Relays, Transmitters,

CLEVELAND CONTAINERGF

6201 BARBERTON AVE. CLEVELAND 2, OHIO

PLANTS AND SALES OFFICES ot Plymouth, Wisc, Chicago, Deteolt, Ogdensburg, N.Y., Jomesburg, N.J
ABRASIVE DIVISION at Clevelond, Ohio
CANADIAN PLANT: The Cleveland Container, Conada, Lid., Prescott, Ontarlo

\ REPRESENTATIVE

;"':LFO""O'S: :W"Chesu CANADA WM. 1 BARRON, EIGHTH LINE, RR #1, OAKVILLE, ONTARIO
obbins, an many "‘N':S'%;':“ | R 1 MURRAY, 614 CENTRAL AVE, EAST ORANGE, N.J

others.

WEW ENGLAND  E. P PACK AND ASSOCIATES, 968 FARMINGTON AVE
WEST HARTFORD, CONN

PROCEEDINGS OF THE I.R.E Aprit, 1950 15A




DEVELOPED BY STODDART
FOR THE ARMED FORCES.

AVAILABLE COMMERClALLY.

vHF! VLF!

15 MC 14 KC
to to
400 MC 250 KC

Commercio! equivalent of AN/URM:6
A new achievement in sensitivity! Field intensity measure:
ments, | microvolt-per-meter using rod; 10 microvolts-per:
meter using shielded directive loop. A3 two-terminal volt-
1 microvolt.

Commerciol equivolent of 15.587 V.
Sensitivity o3 1wo-terminol voltmefer, (95 ohms bolonced)

2 microvolts 15:125 MC; S microvolts 88.400 MmC. Field
intensity measurements using calibrated dipole. Frequency

range includes FM and TV Bands. meter,

vHF!

375 MC
to
1000 MC

Commercial equivalent of AN PRM-1
Self-contoined batteries. A.C. supplY optional. Sensitivity 03
two-terminol volimeter, 1 microvolt. Field intensity with %2
meter rod antennd, 2 microvolts per-meter; rototable loop
supplied. Includes standard broadcast bond, radio ronge.
WwWYV, and communications frequencies.

Commercial equivolent of AN URM-17.
Sensitivity 0% two-terminal volimeter, (50-chm coaxiol input)
10 microvolts. Field intensity measurements using calibrated
dipole. Frequency range includes Citizens Bond and UHF
calor TV Bond.

ve established the The rugged and reliable instruments illustrated obove serve

Since 1944 sroddart RI-F1° instruments ho
rformance. equolly well in field or laboratory. individually calibrated

standard for superiof quality and unexcelled pe

These instruments fully comply with test equipment require: for consistent results using internal standord of reference.
ments of such radio interference specifications o3 JAN-1-225, Meter scoles marked in micravalis and DB cbove ane microvolt.
ASA C63.2, 16E4(SHIPS), AN.l.240, AN.1.42, AN-1-270, AN-1-40 Function selector enables meosurement of sinusoidal or complex
and others. Many of these specificoiions were written or re- waveforms, giving average, peak or quasi-peak values.
vised to the standards  of performance demonsirated in Accessories provide means for measuring either conducted

stoddart equipment. or radiated r.f. voltages. Grophic recorder ovailable.

*Radio Interference and Field Intensity.

Precision Attenuation for UHF ¢

sTO :
DDART AIRCRAFT RADIO CO. iRCa I
° L]

Attenvator:

664 0. 10, 20, 30
4 SANTA MONICA BLVD., HOLLYWOO Accuracy + .5 ;g 50 DB.
o D 38, CALIF '

Hillside 9294 . f’o'en's opplied for.

PROCEEDINGS OF THE I.R.E
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gquality control

At every production step, American Lava
Corporation makes periodic checks to assure

exact compliance with all specifications.

Savings in both time and cost result by preventing sub-standard production.
Quality is maintained. Delivery schedules are adhered to more closely.
Cost savings permit lower prices.

The well developed system of quality control at the American Lava
Corporation is another reason why it is known as Headquarters for quality

production of Custom Made Technical Ceramics.

48TH YEAR OF CERAMIC LEA
CHATTANOOGA 5, TE

AMERICAN LAVA CORPORATION
NNESS

R 1P
E EE

Offices: Metropolitan Areo; 871 Broad St., Nework, N. J., Mitchell 2-8159 © Chicogo, 9 South Clinton St., Central
6-172) * Philodalphia, 1649 North 8rood St,, Stevenson 4-2823 Los Angeles, 232 South Hill St., Mutual 9076
Mew England, 38-8 Brattle St., Combridge, Moss., Kirklond 7-4498 © St. Lovis, 1123 Washington Ave., Gorfield 4959



NEW PRODUCTS

ANEWS and

APRIL, 1950

CORRECTION NOTICE

New Model Direct
Coupled Amplifier

The Type 112 dc amplifier, with a
bandwidth of dc to 1 Mc when used at
a maximum voltage gain of 5,000, is
being manufactured by Tektronix, Inc.,
712 S.E. Hawthorne Bivd., Portland
14, Ore

For voltage gain requirements of
166 and less, the bandwidth extends to
2 Mc. An output of approximately 150
volts (peak to peak) is available to a
high impedance load such as cathode-
ray tube deflection plates. Continu-
ously variable control of gain, 0.5 (o
5,000 is accomplished by the com-
bination of a step and variable attenu-
ator

The amplifier has an input imped-
ance of 1 megohm—45 ppf each side to
ground, or 10 megohms—14 puf each
side to ground when using the supplied
probes.

A 1 ke square wave calibrating volt-
age from 0 to 50 volts is available by a
nine position range switch in conjunc-
tion with a calibrated potentiometer
providing an accuracy of +35 per cent.

UHF Oscillator

Measurement Corp., 116 Monroe St.,
Boonton, N. J., announces a new instru-
ment, the Model 112 UHF oscillator,
covering the frequency range of 300 to
1,000 Mc. The frequency calibration is
accurate to 0.5 per cent.

This instrument employs the same type
oscillator used in Model 84 Standard
Signal Generator built into a compact,
portable unit with self-contained power
supply. Provision has been made for the
use of & direct-current power source when
maximum stability is required.

The Model 112 has a maximum output

18a

These manufacturers have invited PRO-
CEEDINGS readers to write for literature
and further technical information, Please

mention your |.R.E, affiliation.

voltage, varying with frequency, between
0.3 volt and 2 volts. The output voltage is
not calibrated in absolute value, how ever,
an output dial calibrated in db makes
possible relative voltage measurements.

The oscillator provides a tunable signal
source between 300 and 1,000 Mc for
measurements and testing, such as track-
ing and alignment of uhf receivers:
standing-wave neasurements, transmis-
sion line measurements, antenna pattern
measurements, impedance measurements,
and many other applications.

Connection-Less Ammeter

A “burnout-proof ™ ammeter operating
over an extremely wide range in checking
current flow, is announced by Industrial
Devices, Inc., E.dgewater, N. J.

Of unique design, the Mini-Amp does
away with the usual delicate meter move-
ment. No binding post connections have to
be made. Instead, the current-carrying
wire is slipped through the opening in the
case of the Mini-Amp, and the knob is
turned until the indicator light extin-
guishes, whereupon the current is read in
amperes directly off the dial. The range of
the meter may be changed by increasing
the number of turns of wire passed
through the opening. The scale range of
Model 810 is 10-24 amperes, but by pass-
ing the wire through the necessary num-
ber of times, the range may be extended
down to as little as 0.1-0.24 ampere,

PROCEEDINGS OF THE I.R.E.

Television Signal Generator

The Superior Instruments Co., 227
Fulton St., New York 7, N.Y. is now
marketing their new line of television test-
ing equipment. The Model TV-30, a tele-
vision signal generator, enables alignment
of television IF and front ends without the
use of an oscilloscope.

The company claims the Model TV-30
permits alignment operation in the same
manner normally employed to align broad-
cast and short-wave receivers. Four fre-
quency ranges are 18-32 Mc, 35-65 Mc,
5498 Mc, and 150-250 Me, without
switching. Audio modulating frequency,
400 cps (Sine \Wave).

Cabinet measures 6X79
Shielded coaxial lead is supplied.

inches.

VHF Receiver and Trans-
mitter for Aircraft
Application

A new “instrument type” vhi receiver
and transmitter in narrow panel designs
for installation and location in aircraft
instrument panels is announced by Lear,
Inc., 110 lonia Ave., N\, Grand Rapids
2, Michigan

The receiver, Model LR-5Bn (illus-
trated) has continuous tuning for all
tower, radio range and VOR reception
facilities. Weighing only 4 Ibs. 4 oz., it
takes no more cquivalent mounting space
than two standard aircraft instruments
(over-all size 3767 X6 %" X T11").

The 2-wary, O-frequency transmitter,
I\lod.el RT-10CH, weighs just 13 oz., and
fits into a standard aircraft instrument
mounting hole (over-all sjze 31" X317 X 7).

(Continued on Page 264 )

April, 1950



COMMUNICATIONS AIRCRAFT NAVIGATIONAL

Complete systems . . . built from your own blueprints, or designed and developed
from an idea.

Modern, up-to-the-minute U.H.F. facilities are available to convert these designs
into complete assemblies fabricated to do the job dependably. Quantity no
problem, and competent understanding of government contract procedures.

A LAVOIE Facilities Report may be had if you will

address us on your letterhead, or a consultation will
ical
A Few Typ!

e be arranged to suit your convenience . . . without
jons . .
lnstallono 5 d_‘ono\ be arrong
VHF Ommdlre
Radio Range ‘
UWE Commun’ncuhon
o

e Microwave

Navigation®! Rids

wnclude:
pcts ol e .
LAVOE ":’,De\emomyw"’" 3

Sawoie Laboralorios
RADIO ENGINEERS AND MANUFACTURERS
MORGANVILLE, N. J.

Specialists in the Development and Manufacture of UHF Equipment

frequent
Meters, Squore

etc., e
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2_-WATT TYPE

... 10 meet JAN and other exacting specifications

Only } " long by #%” in diameter. Range

from 10 to 100,000 ohms in tolerances

of +5, 10 or 20%. Fully insulated and
highly moisture resistant.

FIXED RESISTORS

Stackpole fixed resistors of molded carbon composition are now avail-
able in a complete range of 12+, 1- and 2-warr sizes to match modern
design and production requirements. Deliverics are good —quality and
prices are right—and Stackpole engineers welcome the Oopportunity
to cooperate in matching your specifications to the letter. Samples to
quantlty users on request.

ELECTRONIC COMPONENTS DIVISION

STACKPOLE CARBON COMPANY - ST. MARYS, PA.

FIXED AND VARIABLE RESISTORS IRON CORES SINTERED ALNICO I
PERMANENT MAGNETS o INEXPENSIVE LINE AND SLIDE SWITCHES CONTACTS o BRUSHES
FOR ALL ROTATING ELECTRICAL EQUIPMENT and dozens of carbon and graphite specialties

201 PROCEEDINGS OF THE R.E April, 1950




1)
Bendix
golve Yout
Problems

TEMR RISZ

D Bank
2 RE DIVIS|
aes nﬁ!."?{.‘;."'&fﬁ’.".?ggf"

Bendix dynamotors are built to supply the
exact power requirements of your equip-
ment—to work from any input voltage and
to deliver the necessary power at any out-
put voltage. Dual or triple output voltages
are available for high and low-level por-
tions of the circuit, or for biasing. For crit-
ical circuits, regulated outputs will simplify
your design problems, especially since a
regulated filament supply can be obtained
as a bonus when regulating the high voltage

» Sizes—2%" to 54" diameter

o Power Range— 10 to 1500 valts

500 watts

® Input Voltage —6 to it

115 volts

RED BANK DIVISION OF BENDIX AVIATION CORPORATION

RED BANK, NEW JERSEY

DINGS OF THE I.R.E. April, 1950

. P'rnmptly an at ‘M'od“e‘raté cnst'

THE RIGHT DYNAMOTOR FOR EVERY PURPOSE
e Output Valtage—6 to

® Single and muitiple output

® Plain and regulated types

SPECIALIZED
DYNAMOTORS

S et SRS i N

output. Bendix will build your dynamotors
to the usual military specifications or to
meet even more rigid requirements, such
as operation at higher temperature, or
altitudes in experimental equipment.

Samples or production units of special dyna-
motors are priced competitively. A definite
proposal will be made upon receipt of the details
of your problem. For immediate information
call our Engineering Staff — Red Bank 6-3600,
Red Bank, New Jersey.

nzol';_(f\nx

DIVISION

AVIATION CORPORATION
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Announcing

NEW MEMBER OF THE

/\VCALE)\ FAMILY

9 Pin Miniature Tube Sockets

Enlargement of the new 9 (NOVAL) pin minig-
ture tube socket.

We are proud to announce the addition of a 9 pin
(NOVAL) miniature tube socket to the MYCALEX
line. It has all the electrical characteristics of the
widely used MYCALEX 410 and 410 X 7 pin tube
sockets and fully meets RMA standards.

The NOVAL is injection molded and produced in two
qualities to satisfy different requirements.

Above: Complete 9 pin minioture socket.

Below: Precision ‘moldiags in MYCALEX actuol
size two views.

MYCALEX 410 for applications requiring close di-
mensional tolerances. Insulation loss factor of .015

(at 1 MC) yet compares favorably in price with mica
filled phenolics. :

MYCALEX 410X for applications where general pur-
pose bakelite was acceptable but with an insulation
loss factor of only .083 (at 1 MC). Prices compare
with lowest quality insulation materials.

Write us today ond let us quote you prices on your porticulor requirements. We

will send you somples and complete doto sheets by return moil.
are ot your disposol ond would be glod to consult with you on your de

Our engincers
sign problems,

Mycalex Tube Socket Corporation

“Under Exclusive License of Mycalex Corporation of America”
30 Rockefeller Plaza, New York 20, N. Y.

——

SINCEI9I9

MYCALEX CORP. OF AMERICA

FHE T LATOR Owners of 'MYCALEX Patents"

TRADE MARK REG.US. PAT. OFF

Executive Offices: 30 Rockefeller Plaza, New York 26. N Y. Plant and General Offices: ulll;n NJ

PRUOCEEDINGS OF riE L.R.E. April, 1950
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X-ray reveals solid molded construction
of Allen-Bradley

These unusual photographs tell a convincing
story . . . about Bradleyunit resistors!

Solid molded . . . through and through . . .
their leads are imbedded in the densely com-
pacted body of the resistors.

This construction assures unbeatable perform-
ance . . . stability . . . and long life. Heat, humid-
ity, and high load do not affect Bradleyunits,
which are available in ali standard R.M.A. values
in %2 and 2 watt ratings from 10 ohms to 22
megohms; 1 watt from 2.7 ohms to 22 megohms.

Fixed Resistors

Fixed resistors are usually rated at ambient
temperatures of 40 C. Bradleyunits are rated
at 70 C. At this high temperature they will oper-
ate at full rating for 1000 hours with less than
59, resistance change.

Bradleyunits need no wax impregnation to
pass salt water immersion tests. They have high
mechanical strength. The leads are differentially
tempered to prevent sharp bends near the re-
sistor. Let us send you a complete Allen-Bradley
resistor chart.

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

ab

ALLEN-BRADLEY

FIXED & ADUUSTABLE RADI

Sold esclusively to manufacturers

April, 1950

> QUALTYVS

RESISTORS

of radlo ond electronic squipment
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(Top left) 414" high vacuum triode. All copper parts of Revere
OFHC Copper. (Bottom left) Country’s most powerful high fre-
quency transmitting tube; 343% " high. (Above right} Parts of
large tube that are made of Revere OFHC Copper: Anode,
Anode Shield, Grid Ring with glass bead omitted from fop edge,
and 2 of the 6 filament terminals with which tube is aquipped.

NATION’S
MOST
POWERFUL

Transmitting Tube

made with OFHC COPPER
supplied by REVERE

OFHC Copper also used by Federal Tele-
phone and Radio Corporation in its 4% "
Triode with maximum rating of 600 MC.

THE large tube which you see at left stands
34%3" high and is the most powerful high
frequency transmitting tube in commercial use
today. Two of these tubes used in the radio
station operated by the State Department make
it one of the most powerful short wave trans-
mitters in the country. That these tubes have
been in tonstant use for more than 4 years is a
tribute to the ingenuity of their makers and the
quality of the materials used in their con.
struction.

These transmitting tubes operate up to 22 MC.
delivering 200 kw at that frequency. An un-
usual feature of construction is the water-cooled
anode which is 19” long and is made from
Revere 6" copper tubing with 15" wall, fluted
for more efficient heat dissipation and tapered to
Paper thinness where it is sealed to the glass.
Bottom of anode is drawn OFHC Revere Copper
silver brazed to the OFHC Revere Copper
tubing.

The small 414" high vacuum triode shown in
the upper left corner is used as a power amplifier
or oscillator and is the only tube of its size that
can handle up to 600 MC per second. It will de-
liver up to 750 watts. Anodes used on both these
tubes are Revere Copper.

In this application, where the copper must be
free from Oxygen to protect the vacuum and
must have the ability to expand and contract
with the glass to which it is sealed as tempera-
tures change, without altering the characteristics
of the metal, only OFHC copper can be used. It
is because of the importance of the purity of
OFHC copper that Revere is most meticulous
In segregating it in processing. Each lot and
shipment is kept separate and conducted person-
ally through the mill.

In addition to utmost care In manufacture of
copper, brass and jts alloys, Revere also offers
you the benefits of jts Technical Advisory Serv-
ice. Many manufacturers of materials used in
electronics have found this service useful in
helping them iron the kinks out of their manu-
facturing difficulties, so it is entirely possible this
Revere service can be of help to you. Why not
call us in and see?

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York

. .
Mills: Baltimore, Md.; Chscago, 11l; De, it, Mich.;
Los Angeles and R'ireru:{e Calif.; New éerlmo'n{, '1:14:«:.;
Rome, N. Y.TSqlrx dﬂi«x 3 Pn'ncipa/ Cities,
Distributors E verywhere,

PROCEEDINGS OF TUHE I.R.E April, 1950
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News—New Products

These manufacturers have invited PROCEEDINGS

readers to write for literature and further technice

nformation. Please mention your |.R.E. atflliation
A

I
Electronic Resistance Welding
Control Equipment

I'wo new, all-clectronic, high-speed

Istan welding control equipments, for
ynchronous and nonsynchronous opera
ton, are available from Westinghouse

Electric Corp., I".0. Box 868 I’ittsburgh
30, 1a

[ CC ' I i L { (
P in K N rectifier tube firg
I vnch 1S Units a at
mg  panel  (for synchronous
i I'hese basic controls include also the
B sequence weld timer, which control
squeeze time, weld time, hold time, and off
for a single impulse spot welding. |
des r us timing with re
nonre) nt 1 nonbecat
c I'he tic
\\(" 1 i 1D [l raad 'i ] I ¢C 1

timer provides synchronous precision
co | ¢ heat control panel

| 1atic ’ sufiic or

1y €O n resistance welding control

requirements. However, space is also pro
vided for the addition of auxiliary ¢
vhen the heat control panel is use

New Coaxial Switches

General Communication Co., 530 Cor
monwealth Ave,, Boston 15, Mass. an
nounces their new hin ~0Q) g

o
fud '




MORE 74)1 {2600 FIXED STATION ANTENNA
EQUIPMENT IS USED THAN ANY OTHER KIND!

HERE'S WHY: The topnotch engineering that only the world's largest antenna equip-

ment speciallsts can give _ the uniform dependability af Andrew equipment . . .
its superior performance the fact that only Andrew makes a complete line of

fixed stotian antenna equipment

But that's not all. An imposing parade af “firsts’" maintain Andrew lcadership.
Some current Andrew “firsts’ are 1) the exclusive Folded Unipole Antenna, 2) the
new Hurricane Models, 3) the Carner Reflector Antenna, and 4) a Very High Gain

Communications Antenna soon lo be annaunced.

COAXIAL CABLE, Type 737. Significantly, there is more of this Andrew 74" diameter
cable now in use than all similar makes combined! You get a bonus of extra miles

L
|
1

added to your scrvice radius because loss characteristics arc exceptionally low.

'*' FOLDED UNIPOLE ANTENNAS. Another Andrew “first” and made only by Andrew.
—~—— Thousands of these popular antennas are in usc at fixed stations throughout the
world. More new stations are using it than any other antenna. Users acclaim 1) its
quicter reception produced by the grounded radiating clement, 2) the excellent im-
pedance match, and 3) its greater transmitting coverage.
Extra! Now available in Hurricane Models to insure uninterrupted operation
when you need it the most

COAXIAL ANTENNAS. Most economical where signal-to-noise ratio is high. Above
108 MCS only

CARDIOID ANTENNAS. If you operatc along a shore or border line and want your
signal o cover only a certain 180 arca, this rugged antenna is made to0 order for
you. lt concentrates your signal where you want it and doesn’t waste radiation where
you don’t want it

CORNER REFLECTOR ANTENNAS. For narrow angle coverage of point-to-point relay-
ing. Concentrates your signal in the exact arca where you want it, using a 60° beam.
Avoids interference to and from the remaining arca. For the 72-76 and 148-174 MCS
bands. Only Andrew makes a commercial mode! of this special purpose antenna—
another Andrew “first.”

VERY HIGH GAIN
COMMUNICATIONS ANTENNA

It will pay yau, too, ta use Andrew fixed station (s0on lo be announced)

equipment. Write for further infarmatian —today!

The highest gain antenna in mabile cammunica-
tians history. It actually delivers the full gain af
6.5 db as claimed —the same as increasing your
pawer 4% times| Think af the ecanamy. Naw, far
the first time, you can cover areas you cauldn’t

reach beforel It's another pace-sefting Andrew
‘first.”’ Frequency range is 148-174 MCS.

CORPORATION
363 EAST 75th STREET - CHICAGO 19

World's Largest Antenna Equipment Specialisis

TRANSMISSION LINES FOR AM-FM.TY o ANTENNAS < QIBECTIONAL ANTENNA EQUIPMERT - ANTENNA TUNING BNITS < TOWER LIGRTING EQRIPMENT - COMSULTING ENCINEERING SERVICES
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NEW...1aN cOMPONENT STANDARDS BRING DEPENDABILITY

All components meet the latest JAN {Joint Army-Navy] specifications.
This means maximum resistance to wear, corrosion, humidity, fungus,
temperature, and time. Thus, equipment failure is minimized and main.
tenance and replacement costs are reduced to the absolute minimum.,

Temperature—equipment operates dependably from —55°C +to
+75°C {~67°F to +167°F).

Humidity—equipment performs normally at 1009, humidity with con-
densation.

Altitude —equipment operates at full power at altitudes up to 10,000
feet {3,048 meters), and withstands shipping altitudes up to 30,000 feet
(9,144 meters).

NEW...unim coNsTRUCTION PROVIDES OPERATING FLEXIBILITY

A flexible, multifrequency station can be formed from a combination
of 96D and 96-200C Transmitters, one or two 50H Modulators and a
36D Rectifier. This provides for either simultaneous transmission on
several frequencies or the selection of an individual frequency best
suited to your particular communication problem.

NEW... tRoNT CONTROLS PROVIDE ADIUSTMENT CONVENIENCE

All controls are located on the front of the transmitter: all R. F. stages
and antenna tuning, under and overload and tone-keying adjustments,
selection switch for external frequency shitt excitation, rotary meter
switch, exciter output control.

NEW...0RAWER-TYPE CONSTRUCTION Means Easy Maintenance

Ball bearing, drawer-type construction permits the transmitter to be
quickly withdrawn from cabinet. All components are instantly accessible
- no components are hidden or buried.

Write Today

for complete information and specifications.

WILCOX

ELECTRIC COMPANY
KANSAS CITY 1, MISSOURI » U.S. A,
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Here's a line of capacitors specifically developed for
operation at high ambient remperarures. These G-E
units require no derating at temperatures up to
100°C; can be used, up to 125°C. Similar in con-
struction to other General Electric d-c paper-
diclectric capacitors, these Permafil units  are
treated with 2 compound which retains its elec-
trical stability at high operating temperatures.
Permafil capacitors, now part of G-E's standard
line, are available in case styles 61, 63, 65 and 70,
as covered by specifications JAN-C-25, in ratings

of .10 to 10.0 muf; and 600-, 1000- and 1500-volts.
All have metallic containers which are sealed with
G-E's new long-life all-silicone bushings.

When continual operation at ambient tempera-
tures above 85°C is indicated, consider the special
characteristics of these G-E capacitors. Their
“custom-made’’ qualities may go hand-in-glove
with your product designs.

For further information, on these or on ca-
pacitors for other applications, write Capactror
Sales Div., General Electric Co., Pittsfield, Mass.

Apparatus Department, General Electric Company, Schenectady 5, N. Y.

BT T Y R
Industrial control

Rodio filters

Rador equipment
Eloctronic equipment Television,
FOR * Communication Dust precipitators
"Mo':n 4ub systems . Rodio interference
uminous-tube
transformers Capacitar discharge . suppression

Fluarescent lomp . Weiding
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Flozﬁ. photography

Strobascopic

impulse generotors

AND MANY OTHER APPLICATIONS
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Widely Used —=—
Electrolytics in
— TV Receivers Today

- Television set makers are turning to Sprague
as their major source for electrolytic capacitors.

- Stability under maximum operating condi-
tions plus outstandingly l-0-n-g service life are
the reasons for this preference.

- And expanded facilities, now being com-
pleted, permit Sprague to accept a larger portion
of your requirements.

R n G u E SPRAGUE ELECTRIC ComPpAny
Narth Adams, Massachuysetts
PIONEERS |IN .

ZELECTRIC AND ELECTRONIC DEVELOPMENT

PROCEEDINGS OF THE I.RE




> 4

‘---------------.

e ACCURACY--

Model

30

ONLY 847.50 AT YOUR -DISTRIBUTOR
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HQOCL 6304
Ressol
orens o8 vOLY

. UINE
Sk A 3.000

CAUTION ON HIGH VOLTS

6000
000__——— off  —1200]
200 , ———300|A
— !
A 0‘300 | —-—-60lc
Cleo— ;
ADJ

Designed for the engineer and technician who wants
laboratory accuracy. Achieved in Model 630-A

by more accurate components and hand-drawn scales
that compensate for the average individual
characteristic of each instrument. Also includes knife-edge
pointer and mirror scale to eliminate parallax

Aprid, 1950
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LONG :
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DEVELOPED BY RCA ° o

symbols of RCA’s engineering leadership

The tubes illustrated, and described in
the adjoining columns, are a few of the
more recent types designed by RCA engi-
neers. Each represents a distinct advance-
ment over previous comparable types . . .
either by virtue of its improved perform-
ance or its contribution to the simplifica-
tion of circuit design

These tubes . . . and other new RCA
tubes like them . . . provide wide design
latitudes . . . aid in reducing equipment
manufacturing costs. They can be used
with confidence in new circuit designs.

In the future, as in the past, the vast en-
gineering resources of RCA will be
directed toward the development of tubes
best suited to meet the cost and per-
formance requirements of equipment
designers.

RCA-6CB6 Sharp-Cutoff Pentode. A minj-
ature type, designed for use asan i-f amplifier
operating at frequencies in the order of 40 Mc,
or as an r-f amplifier in vhf television tuners.
Its transconductance is 6200 micromhos.

RCA-6CD6-G Horizontal-Deflection Ampli-
fier. For 16GP4 sysiems, and for other
similar wide angle systems, it makes possible
the design of efficient horizonul-deflection
circuits in which the plate voliage for the tube
is supplied in part by the circuit and in part
by the power supply.

RCA-654 Vertical-Deflection Amplifier. A
high-perveance miniature triode of the heater-
cathode type. In suitable circuits it will deflect
fully a 16GP4 or similar kinescopes having a
deflection angle of 70 degrees and employing
an anotle voltage up 10 14,000 volrs.

RCA-5879 Sharp-Cutoff Pentode. Of the
9-pin miniature type, the 5879 is designed

1.
s‘q.;

ROAZ:

The Fountainhead of Modern Tube Development is RCA

for a-f applications where reduced micro-
phonics, noise, and hum are essenual. It is
especially useful in the input stages of medium
zain amplificrs.

RCA-5675S “Pencil-Type” Triode for UHF.
Employs double-ended coaxial-electrode
structure, for use in grounded-grid circuits
As alocal oscillator, jr will deliver 475 mili:

watts at 1700 Mc. and about 50 milliwaus
at 3000 Mc.

RCA-5794 Fixed-Tuned Oscillotor Triode.
Designed for Radiosonde Scrvice, the 5794
employs two resonators integral with the tube
The outpue resonator is uned 1o 1680 Mc
by means of an adjusting screw. The useful
poweroutputis in the order of 500 milliwats

For. data on any of the tubes described above
write RCA, Commercial Engineering, Section
D47R, Harrison, N. J.

RADIO CORPORATION of AMERICA

ELECTRON TUBES

PROCEEDINGS OF THE IL.R.E

HARRISON. N. J.

Aprit, 1950
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Ferdinand Hamburger, Jr.

REGIONAL DIRECTOR, 1950-1951

Ferdinand Hamburger, Jr., Regional Director of the
Central Atlantic Region, was born at Baltimore, Md.,
on July 5, 1904. He was graduated with the degree of
Bachelor of Engineering in electrical engineering from
The Johns Hopkins University in 1924. After participat-
ing in a program of diclectric research for several vears,
he earned the degree of Doctor of Engineering from that
University in 1931. He was a Charles A. Coffin Fellow
in 1930-1931.

Dr. Hamburger, who has been on the stafl of the
electrical engineering department of The Johns Hopkins
University since 1931, was appointed professor of clec-
trical engineering in 1947. e served as chief test en-
gineer for Bendix Radio Division from 1942 to 1945
while on partial leave of absence from the University,
as Consultant for the NDRC, Section 17-2, during 1944~
1945, and as Consultant to the Research and Standards
Section, Bureau of Ships, Navy Department during
1945-1946. He is Associate Director in charge of Engi-

neering of the Systems Rescarch contract between The
Johns Hopkins University and Special Devices Center,
Office of Naval Research, at the present time.

Dr. Hamburger joined The Institute of Radio En-
gineers as an Associate Member in 1931, and became a
Member in 1939 and was clevated to the grade of Senior
Member in 1943. He was largely responsible for the
formation of the Baltimore Section of the Institute in
1939 and for its reorganization in 1944,

He has served as Chairman of the Section in 1940-
1941, and has been a member of its Executive and Meet-
ings and Papers Committees since its inception. Dr.
Hamburger has been the IRE representative at The
Johns Hopkins University since 1941,

He is also a Fellow of the American Institute of Elec-
trical Engineers, a member of the Socicties of Sigma
Xi and Tau Beta Pi, and a Director of The Engineers
Club of Baltimore. Dr. Hamburger is the author of
numerous technical papers.
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As long as science was an abstract and remote thing having no substantial relation to everyday
living, men in general were willing to leave the nature and effects of science to the ivory-towered
scientists.

But now science and its many engineering applications profoundly affect every man, whether
he knows it or not. The coolie gathering rice in China may be influenced by the invention of a
machine for making breakfast foods in Battle Creek, Mich. A clerk in any city may meet a
sudden doom as a result of the discovery of the equivalence of mass and energy and the resulting
implications (and atomic-bomb applications) of that startling fact.

Mankind can no longer disregard the scientist. Conversely, the applied scientist can no longer
slight human needs, neglect the social consequences of his work, or close his mind to urgently needed
expansions of the scientific method.

In the following thoughtful discussion, a necessary first step is proposed to ward off major
injury to our civilization in an analysis written by a former Director of the Institute, a member
of its Editorial Administrative Committee, and Vice-President in charge of engineering of Sylvania
Electric Products Inc. He has suggested a promising line of thought and action.—The Editor.

The Reality of Invisible Forces

E. FINLEY CARTER

No one has ever seen a force of any kind. We are too prone to think that our operating de-
vices and activities are forces in themselves, whereas they are only tangible evidence of invisible
forces at work. A realization of that fact is needed as a starting point for a fresh consideration of
the power of great spiritual forces at work within our human society.

From the viewpoint of the physicist, force may be defined as that which changes the state of
rest or motion in matter. Its effect is measured by the rate of change in momentum. Spiritual
forces also tend to change the state of rest or momentum, not so much of matter as of events.
These are positive as well as negative forces. Their names in our everyday language are love,
hate, hope, fear, faith, and despair. They are as difficult to define as electricity and magnetism,
but there are many analogies that can be drawn between these forces and the physical forces
with which engineers deal. Though we have become accustomed to dealing with great forces,
many have not become real to us because we have not learned to know them.

The forces of gravity, electricity, and magnetism were not accepted as real until relatively re-
cently. It has not been long since their manifestations were looked upon with awe and surrounded
by superstition. Lightning was the wrath of the gods. Those who dared explore the unknown
were often jeered and even persecuted. It took brave men, compelled by faith and conviction,
to risk being different in their urge to know the truth. But there were such pioneers who brought
forth basic knowledge and who dared toapply it. Asa result, the method of invention was born.
From invention has sprung the Industrial Revolution, and with it, the engineer as the applied
scientist. Just as the Industrial Revolution awaited sound and wide-spread application of the
invisible physical forces discovered and defined by the great scientific thinkers, so may a Spiri-
tual Revolution result from the sound application of spiritual forces that have been enunciated
and displayed by great thinkers and great lives who have preceded us. Such arevolution is await-
ing the applied social scientist or the “human engincer.”

The discovery or enunciation of a scientific principle, no matter how profound, is not enough.
It must be applied to be effective. The engincer, who has applied the invisible but real physical
forces of the universe so effectively during the recent past, can contribute toward the applica-
tion of the great spiritual forces which inspire one’s finer emotions. It is about time that we turn
a portion of our thoughts to the seeking of a further understanding in order that we may better
apply these great forces which motivate our very existence and govern our relationships with
one another. They work on the hearts and wills of men and nothing is accomplished that is not
first willed. It is within the province of each of us to devote some time to a better understanding
of human relations and of the impact of new scientific developments upon society. Life is becom-
ing increasingly complex. We, as enginecrs, have helped to make it that way. It is high time
that we learn better how to live with our inventions and with each other. We can ill afford to

ignore this fact, unless we wish to invite chaos which will make of little real importance the
material wonders of our age.
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Telcvision—VVhy the Deep Freeze?”

OR MORE THAN fifteen months, the

television industry of the United

States has been subjected to a frecze
which has stopped all acjion at the Federal
Communications Commission directed to-
ward granting additional stations. This
paper will discuss the events leading up to
the freeze and point out the reason why it
was imposed. It will also describe the pres-
ent situation in Washington where a hearing
is being held which will determine the future
of the industry,

It is assumed that everyone knows that
the allucation of all radio-frequency chan-
nels in this country, with the exception of
those used by the United States Govern-
ment, are handled by the Federal Com-
munications Commission. Many also know
that allocations to radio broadcast services
have raised some of the most difficult ques-
tions the Commission has had to answer,
For example, with more than 100 channels
available for AM broadcasting, the demand
has always in the past far exceeded the
supply, requiring extended hearings by the
Commission to determine the most qualified
applicant.

The problems of television allocation are
many times greater than those encountered
in any other broadcast service due to factors
inherent in the service itself. Television is
a voracious devourer of space in the spec-
trum-—one black-and-white 1elevision chan-
nel under the present standards requires a
full 6-Mc bandwidth—enough to provide
100 to 150 communication channels. In spite
of the best efforts of industry and the Fed-
eral Communications Commission, it has
not been possible to find roon for more than
twelve such channels in the entire radio
spectrum below 300 Mc.

It is perhaps surprising to know that the
space available for television tuday in the
region below 300 Mec is less than that which
was available before the war. A little con-
sideration, however, will show that the
tremendous growth of services other than
broadcasting since the war, particularly the
safety and mobile services, has made neces-
sary a shrinking of the television space. This
has been accompanied by an increased de-
mand from the military for assignments in
this region.

It is not necessary 1o go backwar many
years to trace the development of television
allocations if we limit ourselves to a study
of such allocations which provided for a
reasonably high-definition service requiring
a bandwidth of several megacycles. It was
not until about 1933 that the requirement

* Decimal classification: RS83XR007, Original
manuscript received by the Institute, January 10,
1950; revised manuscript received, January 23. 1950.
resented. IRE Kansas City Section, December 13,
1949. Kansas City, Mo., and IRE Boston Section,
January 26, 1950, Boston, Mass.

t Jansky and Bailey, Washington, D. C.

STUART L. BAILEY{, FELLOW, IRE

for a large bandwidth was recognized in al
location proceedings. In 1936, the Commis-
sion held an informal engineering conference
and, the following year, adopted an order
allocating a total of 19 channels to television.
All activity at this time was devoted to the
development of equipment and experimenta-
tion, and this continued until 1939 when
the Conunission began to receive applica-
tions for television stations which con-
templated broadcasting to the general public
on a commercial basis. After a thorough
study, the Commission decided that tele-
vision broadcasting was stil} in a develop-
mental stage and that because system
standards could not be agreed upon by the
industry, the Commission would not adopt
any standards at that time,

Late in 1939, the Commission again re-
viewed the television situation and issued
proposed rules which would provide for the
licensing of stations to render sponsored pro-
grains to the public. Hearings were held on
these proposed rules in January, 1940, and
these hearings immediately disclosed the
fact that there was still a consideralile dif-
ference of opinion relative to the standards.
particularly for line and frame frequencies.
The result of this hearing was to keep tele-
vision in the experimental stage and to
point out to industry that the Commission
felt that further experimentation was neces-
sary before standards could be adopted
which would forever set the quality of very-
high-frequency television broadcasting he
tween 30 and 300 NMc. However, certain lin-
ited operation with programs was allow ed

In spite of a strongly worded Commis-
sion warning in its report on these hearings,
the television industry began a large-scale
campaign to sell receiving sets to the public.
The Commission, feeling that this Campaign
was designed to force one system of stand-
ards by getting many receivers in the hands
of the public, took punitive measures by re-
pealing all authorizations for limited pro-
gram operation.

This action led to the formation of the
National Television Systems Cominittee
which was an industry commitiee formed
at the request of the Federal Communica-
tions Commission and charged with the re-
sponsibility of bringing divergent elements
together in an effort to agree on a uniform
set of standards. It is greatly to the credit of
the industry that it was able to settle most
controversial points and that the report of
the National Television Systems Committee
contained, in most part, the standards w hich
are in use today. These standards w cre
adopted on April 30, 1941, and provided for
eighteen commercial channels.

Following the adoption of the rules
which, in effect, gave a “green light” to com
mercial television broadcasting, the build-
ing of a nation-wide system was interrupted

hy the advent of the war. Only five 1cle
vision stations were installed before the war
stopped all construction in 1942; and it
might be said that these five stations kept
television alive during the war. The war
restrictions built up a backlog of demuand for
television assignments, and by the middle of
1945 there were 118 applications for com
mercial television facilities. In October of
that year, the Commission removed the
restrictions on new construction allowing
the industry to proceed.

About a year earlier, the Commission
realized that it would be necessary to re
examine the entire radio structure anticipat
ing that war developments would cause a
tremendous increase in demand for radio
facilities throughout the entire spectrum
The fall of 1944 saw the beginning of the
most comprehensive proceeding of its kind
in the history of radio. Because of the man
services to be considered, the Federal Com
munications Commission requested the In
stitute o1 Radio Engineers and the Radio
Manufacturer's Association to co-operate in
setling up an organization which could pre
sent the views of many of the diverse users
of radio throughout the country. This rc
sulted in the establishment of the Radio
Technical Planning Board which presented
testimony on many different subjects at the
hearings. The story of the Radio Technical
Planning Board and the results it obtained
is far 100 long to discuss here. It recom-
mended that television be assigned eighteen
channels between 60 and 218 megacycles,
sharing with other services where necessary
I'think it is fair 10 say that its major recom-
mendations concerning allocations for F)M
broadcasting and television to the Federal
Communications Commission in this hearing
were not reflected in the Commission’s final
decision. This final decision allocated but
twelve channels 1o television in the very high
frequencies; and after long argument, one
additional television channel w 1s found, re-
sulting in  thirteen very-high-frequency
channels, some of which were to be shared
with fixed and mobile services.

On November 21, 1945, the Commission
adopted rules governing television alloca-
tion; and these rules contained a table show-
ing allocation of television channels to 140
mctropolitan districts in the United States.
Here, for the first time in the history of
broadeast  allocations we encounter the
principle of reserving channels for use in
certain. communities by the procedure of
‘ncorporating them in the rules of the Com-
mission. This may seem inconsequential, but
I would like to point out that it has a very
!mportant bearing on the problems facing us
n tclc.vismn allocation today. It means that
by this procedure, the Commission has a
plan and this plan cannot be modified with-
out a mechanism known as “rule-making
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procedure.” For example, if a person finds
that it is possible to establish a station in a
city and on a channel not provided for in the
plan, he cannot file an application for such
afacility, but must first request rule-making
procedure which will be in the form of a
hearing to determine whether the rules shall
be modified to provide for the facility in
question. Of course, if he is successful in
getting the rules modified, it is possible that
he still will be faced with a hearing to deter-
mine whether he will be the person who fi-
nally receives the grant. Important in this
consideration is the fact that the Commis-
sion is not required to grant a request for
rule-making procedure, which could have
the effect of arbitrarily denying the appli-
cant his “day in court.”

Subsequent to adoption of the rules
above referred to, it became apparent that
it would not be satisfactory to have mobile
and safety services sharing channels with
television. Therefore, after another hearing,
the Commission deleted Channel 1 from the
television list and assigned the frequencies
therein to various mobile and safety services,
leaving Channels 2 through 13 exclusively
for television.

In May, 1948, the Commission pro-
posed the adoption of a new table of alloca-
tions, providing outlets in many cities and
towns not covered by the original table and
at the same time taking into account the
deletion of Channel 1. In general this re-
vised allocation attempted to provide at
least one outlet in cities and towns having
a population of 10,000 and over; and, in
fact, approximately 450 such communities
were included. This proposed change was
made the subject of rule-making procedure,
the hearing on which was started in June,
1948; and, while there have been many
changes since then, this hearing is still in
progress.

Let us go back now and lay the ground-
work for the engineering considerations
which, of course, must be the basis of any
allocation table. At the transmitter, the
effective radiated power and the transmit-
ting antenna height must be known. At the
receiver, the type of antenna to be employed,
its average height above the surrounding
terrain, and the noise levels present at the
receiver are pertinent factors, as well as the
selectivity characteristics which affect the
adjacent channel rejection. Between the two
we have the propagation medium with all its
vagaries, and the effect of this medium on
transmission must be determined. In addi-
tion to the foregoing, subjective factors must
Le evaluated which determine the ratio of
desired to undesired signals necessary to
avoid interference between stations operat-
ing on the same and adjacent channels.
Many of these factors were fixed, perhaps
arbitrarily, by the Commission in establish-
ing its present allocation which, incidentally,
is still the one of November, 1945. At the
transmitter, the Commission assumed that
metropolitan stations would operate with an
effective radiated power up to 50 kilowatts
at a height of 500 feet above the average
surrounding terrain. It was further assumed
that the average receiving antenna would
be a dipole located 30 feet above the ground
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and that in rural areas the noise level would
be low enough so that good service could be
provided with a field intensity of 500 micro-
volts per meter. Recognizing that noise
levels encountered in cities are higher, the
rules indicate that field intensities up to
5,000 microvolts per meter might be neces-
sary for service in the larger cities. Propaga-
tion factors were determined by supplying
charts for various frequencies between 60
and 200 megacycles, which charts were
based upon theoretical calculations giving
the field intensity versus distance, assuming
a smooth homogeneous earth between trans-
mitter and receiver and a so-called standard
atmosphere, i.e., one in which the dielectric
constant of the air changes progressively
outward from the earth’s surface in accord-
ance with a standard curve. In addition, the
Comimission standards provided that a ratio
of desired to undesired signals of 100 to !
was necessary to prevent objectionable inter-
ference between stadons on the same chan-
nel, and that a ratio of 2 to 1 was necessary
if the stations were on adjacent channels.
Use of all these factors resulted in an aver-
age spacing between co-channel stations of
150 miles and between adjacent channel
stations of 75 miles. The standards recog-
nize the possible existence of tropospheric
effects which would cause interference
greater than that predicted by the curves
but suggest that a tropospheric curve
would be appended to the standards at some
later date. This curve was never supplied
and, therefore, all proceedings were on the
basis of ground-wav e consideration only.
During the course of the rule-making
hearing which began in June, 1948, it was
apparent that the possibility of tropospheric
interference could not be ignored and that,
for this reason, the service areas predicted
by the Commission for its proposed alloca-
tion would be smaller than anticipated. At
this point, the hearing was halted, and an
engineering conference was called in Sep-
tember, 1948, to determine whether sufficient
information was available to evaluate the
effect of the troposphere as a factor in caus-
ing interference. This September conference
immediately disclosed the fact that there
were very little data which could be used in
studying the tropospheric effect and that
what were available would require a great
deal of study and analysis. Realizing that
it would be unsafe to proceed with an alloca-
tion which ignored the tropospheric effects,
the Commission, about the first of October,
1948, announced that it would freeze all
present and future applications for televi-
sion until such time as a proper study could
be made. At this time there were 303 appli-
cations pending for television stations, 37
stations were in operation, and construction
permits had been granted for 86 more. The
announcement of the freeze made it clear
that those holding television construction
permits would not be prevented from going
ahead with construction; and later action of
the Commission practically required such
stations to proceed even though some may
have desired to hold off, awaiting the out-
come of the proceedings. At that tine it was
felt that the freeze could probably be lifted
in approximately six months. However, after
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fifteen months, the freeze is still in force and
none of us can foresee when it might be
lifted.

During the period of the freeze, there
have been some very important changes in
many of the factors affecting television allo-
cations, as well as in the thinking of the
Commission as to the theory of such alloca-
tion. These should be understood in order
to realize the difficulty which now faces the
Commission and the entire industry. At the
time of announcing the freeze, the Commis-
sion called another engineering conference
for the end of November, 1948, and said that
in the intervening time the Commission en-
gineers would study the data and release re-
ports giving their interpretations which
could be discussed at the conference. How-
ever, the conference disclosed that there were
some very serious questions as to the meth-
ods used in analyzing the data as well as the
results obtained; and at this point an ad hoc
committee was appointed consisting of rep-
resentatives from the Federal Communica-
tions Commission, the Central Radio Prop-
agation Laboratory, and industry for the
purpose of making the necessary study and
bringing in a report which could be used as
a basis for future allocations. As a member
of the ad hoc committee I can assure you
that the long delay in producing a report of
the committee was not due to any lack of
effort on the part of the members. They met
every week for a period of several months
and throughout their deliberation had the
full co-operation of industry, the Federal
Communications Commission engineers,
and members of the staff of the Central
Radio Propagation Laboratory. However,
the very meager amount of data available
for study was appalling to all; and a portion
of the delay was caused by the necessity of
digging out new sources of information and
adding such information from time to time
as it became available. The report of the ad
hoc committee was issued on the last day of
May, 1949; and, while every effort was
made in the report to point out that the re-
sults are only rough approximations, it is
probable that the curves contained therein
will be used for many years in allocation
procedures.

It should be understood that the ad hoc
committee attempted to limit its activities
to the determination of engineering factors
necessary to the prediction of service and
interference from very-high-frequency sta-
tions. [t made no attempt to determine how
far apart stations should be placed on the
same and adjacent channels because it was
felt that this involved policy decisions which
would have to be made by the Commission.
The Commission did, in fact, use the ad hoc
committee report in preparing its next pro-
posal for television allocations. Before dis-
cussing this proposal, two other considera-
tions which have complicated the allocation
picture should bLe reviewed. The first is the
possibility of using frequencies well above
the present very-high frequencies for a gen-
eral television broadcast service, and the
second is the recurrent proposal that color
television should be provided for within the
framework of any rules which are adopted
at this time.
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With respect to the first, members of the
Federal Communications Commission have
repeatedly stated for several years that it
will not be possible 10 provide a nation-wide
competitive television service utilizing the
limited number of channels available in the
very-high-frequency band, and they have
repeatedly emphasized to industry that the
only hope of achieving such an end would
be to expand into the ultra-high frequeuncies,
specifically to the region bhetween 480 and
920 megacycles which for some years has
been set aside for experimental television
operation. It is true that much of the Com-
mission emphasis on this region suggested
that it might be used for an improved type
of service, either color television or high-
definition monochrome, and that it is not
until recently that the Commission thinking
has turned to the possible expansion to these
frequencies using the standards now in
effect.

There are, of course, many deterrents to
the use of these ultra-high frequencies for a
broadcast service, some of which may be
classed as temporary because they involve
the state of the art as regards transmitter
and receiver development. Others are less
tangible because they admit a general lack
of information as to what the actual trans-
mission conditions are at these higher fre-
quencies and whether or not they will be at
all suitable for a general broadcasting scrv-
ice. Furthermore, the tremendous expan-
sion of the number of television receivers in
the hands of the public makes very difficult
an extension of the television service in a
part of the spectrum where the present re-
ceivers are not at all suitable even when
used with converters. Not until the Com-
mission released its latest proposed tele-
vision allocation on July 8, 1949, did the
industry realize that the ultra-high frequen-
cies might have to be incorporated in the
present television structure, using the pres-
ent standards of bandwidth, and that it
might be faced with situations where both
very-high-frequency and ultra-high-fre-
quency channels would be used in a single
community, requiring provision in receivers
for the full frequency range. How this hap-
pened is largely a matter of conjecture, but
I believe it can be explained by a statement
which I made at a meeting in Philadelphia
in April, 1949. This statement is as follows.

“Many have asked what the probable
outcome of these deliberations will be, and
I can say that one man’s guess is as zood as
another. I am willing to predict that the next
allocation from the Federal Communica-
tions Commission will incorporate spacings
between stations considerably greater than
those which were used in the proposed allo-
cation of May, 1948. I estimate that the
co-chanuel separation will be increased from
the old 150 miles to something between 200
and 250 miles and that adjacent channel
spacing will be increased in approximately
the same ratio. Therefore, the next alloca-
tion will provide for fewer outlets in many
of the major cities and will probably deny
any outlets to certain communities which
were covered in the previous allocation.
Spokesmen for the Federal Communications
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Commission have already stated that tele-
vision should provide a nation-wide competi-
tive service, and it is obvious that any in-
crease in the spacings will make this goal
even more difficult to attain than in the past.
This will place the Commission upon a
most uncomfortable spot, and | think that
these same spokesmen have indicated how
they expected to get ofi—namely, by pro-
viding for commercial operation with the
present standards in part or all of the ultra-
high-frequency band between 480 and 920
megacycles. Understand that this does not
eliminate the spot. It merely takes the Com-
mission off and places the industry upon it,
and I am sure that this spot will be just as
uncomfortable for industry as it was for the
Commission, unless ways can be found to
elininate it. I hope that if this happens, in-
dustry will take up the challenge and bend
every effort to a solution of the ultra-high-
frequency obstacles which today seem so
insurmountable.”

This statement was made with no inside
knowledge as to what was going on at the
Commission, and it is interesting 1o sce that
the proposed allocation set forth in the Com-
mission’s release of July, 1949, provided for
co-channel spacing in the very high frequen-
cies of 220 miles and adjacent channel spac-
ing of 110 miles.

The document of July 8, 1949, announc-
ing the new proposed rules and standards
and the new allocation table, is so far-reach-
ing in its import as to merit further study.
Time will not permit a detailed explanation,
but I will attempt to list those fundamental
changes in the theory of television alloca-
tions which are important.

As | have said, by this document the
Federal Communications Commission pro-
posed to add channels in the ultra-high-fre-
quency region between 480 and 920 mega-
cycles—forty-twochannels more, to be exact.
Thirty-two of these channels are to be used
by so-called metropolitan stations and ten
channels by community stations.

The allocation table contained in this
document which assigns channels to cities
and communities is prepared on a principle
entirely new in television planning, that is,
that the first priority of allocation will be “to
provide at least one television service to all
parts of the United States.” Second in pri-
ority is the desire to provide at least one tele-
vision outlet to each community in the
country. The third objective is to provide a
choice of at least two television services to all
parts of the United States and fourth to pro-
vide two outlets to each community. Here,
for the first time in television history, do we
have a proposal to give square miles priority
over people in the assignment of channels.
This is a most important departure and
should be kept in mind throughout the re-
maining discussion.

Another fundamental change in alloca-
tion thinking abandons the use of contours
of equal field intensity as definitions of serv-
ice and substitutes “iso-service” contours,
that is, contours along which the probability
1s equal that a certain percentage of possible
receiving locations will receive a stated grade
of service for a given percentage of the time.

April

This principle recognizes the fact that propa-
gation in both the very-high-frequency and
ultra-high-frequency portions of the spec-
trum is subject to wide variation with both
time and location and that a statistical
method of presentation is necessary to a
study of the service problem. It must be
remembered, however, that our present data
are very limited and statistical methods of
analysis do not add to the knowledge. This
is a fundamental law which is of ten lost sight
of by the practicing statistician. Wiener!
makes the following statement which should
be posted prominently in many Washington
oftices: “. . . if in a function of several vari-
ables we allow some of them to range unim-
peded over their natural range of variabil-
ity, we lose information. No operation on a
message |he is speaking of the transmission
of information) can gain information on the
average. Here we have a precise application
of the second law of the thermodynamics in
communication engineering.” Therefore

the curves used by the Federal Communica-
tions Commission to define grades of service,
taken as they were from the report of the ad
hoc committee, are no better than the orig-
inal information available to that commit-
tee. In addition, the Commission by its own
assumption has extended the use of the
curves to the ultra-high frequencies, an ac-
tion not contemplated by the ad hoc com-
mittee.

The result of applying the above-men-
tioned system of priorities, together with
the methods of defining service and interfer-
ence, is an allocation table assigning televi-
sion channels to more than 1,400 cities and
towns in the United States. Only 200 of these
get very-high-frequency channels. The re-
mainder must depend on the development of
ultra-high-frequency equipment. The pri-
ority system, which has placed first empha-

. sis on square miles, has resulted in assigning

channels to more than 800 cities or towns of
less than 10,000 people and, in fact, to many
towns of less than 1,000 persons. Combining
these figures with the knowledge that the
assignments contemplate using effective
radiated power of 100 kilowatts for very
high frequencies and 200 kilowatts or even
2,000 kilowatts for ultra-high frequencies,
the conclusion is inescapable that the ob-
jective of the first priority requirement will
never be realized. However, this priority
system is the basis of the plan proposed for
the hearing now in progress.

Whether we like it or not, we now come
1o the role color television is playing in the
present situation. Remember that prior to
the July 8, 1949, release of the Commission,
the space between 480 and 920 megacycles
was assigned to experimental television and
was intended as a place where the industry
co'ulc’l try out different standards of trans-
mission, looking toward the development of
higher definition monochrome and color. In
the fall of 1946, the Columbia Broadcasting
System petitioned the Commission for the
establishment of color television standards
in the ultra-high-frequency band, arguing
that they had carried their experiments to a

¥ N. Wiener. “Cybernetics,” Wi
Inc.. New York, N, Yo 1948?' Jomn Wiley and Sons.
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point where additional information could be
gained only by standardization and subse-
quent commercial operation. Hearings were
held in December, 1946, and January, 1947,
following which the Federal Communica-
tions Commission decided that it was too
early to standardize on color and denied the
Columbia petition, thus apparently closing
the door on the specter of color for some
time. Significantly, much of the opposition
to the Columbia Broadcasting System pro-
posalat that time was based on the argument
that the ultra-high frequencies were inferior
to the point of being useless for the estab-
lishment of any television broadcast service.

Little more was heard of color television
until 1948 when Columbia, apparently try-
ing to salvage some of their efforts in the
field, built some color equipment for a
medical supply house and started demon-
strations of the practicability of reproducing
operating room techniques in color at a
distance. The equipment used in these
demonstrations departed from the old wide-
band requirements and used a frame and
line frequency which could be accommo-
dated in a 6-megacycle channel. Of course,
the over-all resolution was degraded, but
the addition of color made the degradation
less noticeable. Aware of these demonstra-
tions and having received some communica-
tions from members of Congress indicating
that color should be further considered, the
Federal Communications Commission in-
vited testimony from those who had experi-
mented with color as follows:

“B. The Commission will give consider-
ation to proposals for a change in Trans-
mission Standards on Channels 2 through §5
looking toward color television or other tele-
vision systems. Any such proposal shall:

1. Be specific as to any change or
changes in the Transmission Stand-
ards proposed; and

2. Shall contain a showing as to the
changes or modifications in existing
receivers which would be required in
order to e¢nable them to receive pro-
grams transmitted in accordance with
the new standards.

C. It is proposed to consider changes in
Transmission Standards for Channels 2
through 55 only upon a showing in these pro-
ceedings that:

1. Such system can operate in a 6-mega-
cycle channel; and

2. Existing television receivers designed
to receive television programs trans-
mitted in accordance with present
transmission standards will be able to
receive television programs transmit-
ted in accordance with the proposed
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new standards simply by making
relatively minor modifications in such
existing receivers.”

This release opened up the old color
television question again and resulted in
appearences at the hearing which have de-
layed the entire procedure. The interpreta-
tion of the last paragraph in the above quo-
tation has been the subject of prolonged
argument and has caused the issue of com-
patibility to become most important. Por-
tions of the industry have defined a com-
patible system as one in which no changes
are necessary in existing receivers to enable
them to receive transmissions using the
color standards (in black and white), where-
as others feel that it is satisfactory to use a
new set of standards even though it requires
circuit modifications (which might be made
by servicemen in the field) in existing re-
ceivers.

Two systems have been demonstrated to
the Federal Communications Commission
to date. The first is the Columbia system
which is “field sequential” using 405 scan-
ning lines per frame interlaced two to one,
the frame frequency being 48 per second and
the feld frequency 144 per second. Qbvi-
ously, these standards would require some
changes in the circuits of existing receivers.
The second system, developed by the Radio
Corporation of America, may be described
as a “dot sequential” system employing dot
interlacing and which, by a process of elec-
tronic sampling, theoretically maintains the
resolution of the present black and white
standards and a the same time is fully com-
patible in that it requires no changes in
existing receivers if their owners are satisfied
to receive black and white reproduction from
a station transmitting a color program. A
third system, which is to be demonstrated in
February, 1950, is one developed by Color
Television, Incorporated, which may be de-
scribed as a “line sequential” system and
which apparently is also fully compatible.

The hearing on all of the issues raised in
the Commission’s new proposed rules and
standards was resumed on September 26,
1949;"and the order of procedure was such
that the first part of the hearing would be
devoted to general problems whereas the
second portion would cover specific assign-
ments of channels to specific areas. Further-
more, the Commission decided that the color
question would be the first general issue to
be heard. As a result, there have been weeks
of testimony on the subject interspersed
with individual and comparative demonstra-
tions, and it is anticipated that this phase
will continue at least through I‘ebruary,
1950. Following this, all of the other general
issues must be taken up; and thereafter the
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Commission will hear individuals arguing
against or for specific channel allocations.
Thus, at the present time, it does not appear
that the television freeze can be lifted before
late in the fall of 1950 or early in 1951,

There are many opinions as to the effect
of such an extended freeze on the television
industry, some stating that it is good to call
a halt and see where we are going before the
system is forever tied to the present stand-
ards, while others say that a continued freeze
will seriously hurt the industry at a time
when it should be growing rapidly. Remem-
ber that when further grants were stopped
fifteen months ago, only 37 stations were in
operation and there were 86 outstanding
construction permits. Since that time, prac-
tically all of the construction permit holders
have completed work, and by the end of
1949, 98 stations were in operation, leaving
but a few to open new markets for television
receivers or absorb the output of transmitter
manufacturers. In the meantime, those who
have been able to get on the air are experi-
menting with program techniques and ex-
ploring sources of revenue which may give
them a favored position when competitive
stations are again authorized.

Summarizing the situation, the television
freeze was instigated fifteen months ago,
particularly for the purpose of investigating
the effect of tropospheric transmission on
the predicted service areas of television sta-
tions. Since that time, new issues have been
raised, particularly a priority system which
puts the emphasis on coverage of area rather
than population, the usability of the ultra-
high frequencies, the definition of service
areas on a statistical basis, and a possible
change in the standards to provide for the
use of color television. All of these add up to
a variegated ball of wax which must be
molded into some acceptable shape before
the industry can proceed. Unfortunately,
there is little opportunity to turn back be-
cause the issues are so intermixed. At one
time it might have been possible to go back
to the proposed allocation of May, 1948, and
show that the use of palliatives such as off-
set carrier and directional receiving an-
tennas would make a usable allocation with-
out the necessity of venturing into the ultra-
high frequencies. However, adoption of the
priority system would make such a move
impossible. It is certain that no single deci-
sion can satisfy all, and it is possible that a
criterion of a good decision is one which dis-
satisfes all elements approximately equally.
‘T'here is no question but what the freeze was
necessary. It will remain for posterity to de-
termine whether its long continuance is con-
structive or destructive.
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Reliability in Electronic Equipmcnt*

Summary—Since the last years of World War
I1, the use of electronic equipment has come more and
more into being. Maintensnce and repalr techniques
have 50 lagged behind this development that, in the
case of military electronics, maintenance costs are
sometimes one hundred times the production cost.
Motlvated by rising costs, the need for safety, and the
lack of trained repair personnel, steps are being taken
to provide greater rellabillty in electronic equipment,
Using relisbility data obtained from effective tele-
phone repeater equipment and other systems, at-
tempts are now being made to effect on-the-spot re-
placement of fauity subassemblies and to make
avallable better vacuum tubes, Progress has been
made with printed wiring components imbedded in
plastic compounds. The military, faced with over-
burdening maintenance problems, production de-
mands in times of mobilization, and untrained
personnel, looks to development of greater reliability,
inbred into equipment design. At present the military
is seeking to have the manufacturer join, with com-
parable resesrch, into the search for greater reliabil-
ity. The Office of Naval Research is carrying out a
regearch program in analyzing electronic maintenance
minimization.

SINCE THE LAST years of World War
11, the need for improved reliability in
electronic equipment has become ap-
parent. Reliability takes into account such
factors as over-all cost, maintenance re-
quirements, complexity, frequency of fail-
ures, and assembly ‘techniques. The several
aspects of reliability have come to the front
largely because electronics has matured. Al-
though many modern equipments are assem-
blies of conventional circuits tailored to per-
form specific tasks, the rapid growth in
quantity use of electronic equipments has
outstripped the growth of reliability of
equipment performance. Reliability of other
engineering achievements is sometitnes con-
pared to that of electronic equipments; in
the main, such examples as electric refriger-
ators, motors, alternators, spark plugs, and
other obvious examples are very reliable,
and failures, if any, can be predicted accu-
rately enough to pernit preventive mainte-
nance measures. Only toa limited extent is
this possible with electronic equipment.
Extensive repair and maintenance facil;-
ties make it possible for the user to have an
acceptable performance standard for elec-
tronic equipment; this is costly. So expensive
is it thatan estimate of the maintenance bill,
in the case of military electronics, is about
ten to one hundred times the cost of the orig-
inal equipment! So complex are the problems
of large volume procurement, test and in-
spection, transportation, personnel training,
spare parts supply, and storage, that a defi-
nite monetary estimate is virtually impossi-
ble. Although the military is the largest sin-
gle consumer of electronic products, it is not
alone in this problem. Commercial interests
have recognized the inadequacy of current
standards of construction and are taking
steps to rectify present troubles. In many
instances, cost is the motivating f{actor to-
wards more reliable equipment; in other

¥ Decimal classification: R700, Original manu-
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cases the factor of safety is paramount. Con-
sider the hazard to which an airplane is ex-
posed when communication equipment is
inoperative, the danger a steamship faces
when her radar fails in a heavy fog, the ca
tastrophe possible when an electronic com-
puter controlling a guided missile interceptor
falls out of adjustment, and the consterna-
tion caused by the infrequent malfunction of
traffic signals in a large city. It is here that
reliability should be most meaningful. These
considerations must demand equipment
which can be depended upon in emergency.
Those whose primary consideration is main
tenance will profit as equipment reliability
is increased.

Unfortunately, it is almost axiomatic
that the more important the application of
clectronics, the more complex becomes the
cquipment needed to fulfill the design and
operational requirements. More complex
circuitry requires highly trained technicians
and expensive test equipment for mainte-
nance and repair, Unless reliability is built
into an equipment, it is likely that the bur-
den of maintenance will be out of proportion
to the uscfulness of the equipment.

Certain electronic equipments have been
entirely reliable over a period of years.
Outstanding in this respect is telephone re-
peater equipment where dependable opera-
tion without vacuum-tube failure has been
reported for years of continuous operation.
However telephone equipment is the excep-
tion, rather than the rule. More applications
of electronics to important control problems
in industry are foreseen when dependability
reaches a universally acceptable level.

Design data on outstandingly reliable
equipments and information from present-
day pioneers in reliability research are be-
coming available and will offer iinpetus to
further endeavor. Progress towards absolute
reliability is indicated by several examples
of work now under way. Plug-in subassem-
blies, constructed according to functional
units, are a convenient way to insure mini-
mum repair time from a failure. The concept
here is for the user to effect on-the-spot re-
placement of the faulty subassembly by in-
serting pretested units in the equipment un-
til the faulty unit is found and replaced. The
faulty assembly is then returned to a central
depot for repair. Although this is not a new
idea, it is a convenient way to effect repairs
and eliminate the need for an established
service facility by the consumer.

Another endeavor towards rehability
concerns vacuum tubes. It has been said
that vacuum tubes would not be designed
for insertion into a socket if they were con-
structed with the expectation of reliable
operation; few tubesare wired into circuits,
as they must be replaced. Even guaranteed
life tubes are made so that they may be
fitted into a socket for convenient remova!.
Commercial interests, the airlines in par-
ticular, and the military services, are taking
great strides towards making available relj-
able tubes. Tube dependability can be in-
creased by employment of mechanical ar-
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rangements designed to enable the elements
hetter to withstand shock; better materials
can be used for tube elements, cathodes in
particular; perhaps constant-voltage heater
circuits are demanded in the equipment de
sign to relieve strain from a fluctuating volt-
age supply, or perhaps a short life-test
“run-in period” is necessary. This latter con-
sideration is important, since it is known
that a high percentage of tube failures occur
in the first few hours of operation. The time
necessary for testing cach tube will vary ac-
cording to the type of tube and the operating
life guarantee based on a predetermined
statistical performance standard.,

The remnarkable progress in the various
ramifications of printed wiring, components
imbedded in plastic compounds, and the
open wiring concept in subassembly con-
struction has made available new techniques
which are applicable to greater reliability

For the military services two factors are
of extreme import: (1) an overwhelming
problem of equipment maintenance, and (2)
an almost insuperable demand on production
facilities of the clectronic industry in the
event of total military mobilization. These
problems facing the military services are
acute. Studies show that the caliber of tech-
nicians required to service adequately exist-
ing electronic equipment under conditions
of mobilization is higher than the quantity
potentially available to the nation. Nor is it
indicated that training of technicians, what-
ever their intelligence level, can keep in step
with the demands for such services. During
World War I1, it was not unusual to find
men with advanced degrees in engineering
in the positions of electronic equipment re-
pair men. Unfortunately, although their
services could be put to good use in develop-
ment laboratories or production plants, their
abilities had 1o be exploited in the field. It
15 not intended to argue that these men
should not have been'on the scene of battle
their presence was required if the complex
electronic equipment was to operate success-
fully. The point is that electronic equipment
might better be built with greater refiability
to reduce the need for college-trained tech-
nicians, The thousands of men graduated
from maintenance schools during the war
helped relieve the serious situation, but all
too often it was necessary to replace elec-
tronic equipment (aircraft equipment in
particular) by a completely new equipment,
rather than repair the old. Frequently,
neither time nor talent was available for re.
pairs or routine maintenance. With the
rapid growth of electronics for military pur-
poses, it is evident that much niore elec-
tronic equipment will be necessary for a pos-
siblefuture war than was required during the
last. Each man added to the maintenance
sta_ﬂ reduces the stpply of combat men. The
serious competition for technical personnel
In various scientific ficlds among the highly
mechanized branches of (he services and in-
dustry might be critical.

During World War I1 the electronic in-
dustry rallied to the need and produced the
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necessary electronic material for the Armed
Services. Even conservative estimates of
requirements for any future emergency show
that a prodigious amount of material will be
required, an amount which may exceed the
ability of an industry expanded under the
exigencies of emergency to produce the quan-
tities required as soon as required; thatis, to
produce according to present concepts of
electronic equipment design and construc-
tion practices.

\Vith mechanized assembly processes in
use in so many of our industries, it is aston-
ishing that the electronics industry has not
adopted automatic equipment assembly
techniques to any great extent. Machines
can be designed for automatic assembly of
equipment and can be made adjustable for
diverse applications. Even without complete
machine assembly of components, it is possi-
ble to employ other automatic processes. For
example, telephone switchboards can be
wired with wiring automatically pre-formed
on a machine and so designed as to seat in
appropriate positions on selector switches in
a4 dial system panel; therefore mistakes in
assembly are considerably lessened. The
adoption of automatic assembly techniques
may be essential if production volume is to
be achieved and the necessary degree of reli-
ability attained.

The most obvious way to circumvent the
manpower and production problems is to
strive for greater reliability. Greater reli-
ability of equipment reacts on the equip-
ment availability problem at every point.
Fewer men 4re required to service equip-
ment; thus, fewer men must be trained,
thereby freeing thousands to other endeav-
ors. Greater reliability means that the prob-
lem of spare parts is diminished; thus, less
concern is directed to the very complex
problem of provision of warehouse space and
transportation (overseas and continental)
facilities. Additional numbers of men and
quantities of material will therefore be re-
leased. Production of spare parts can be cut
back; thus, the component parts manufac-
turer is relieved of a burden. (This considera-
tion is based on a single unit of electronic
equipment. More and more applications of
electronic equipment will necessitate a very
high volume of production.)

The military worth of electronic equip-
ments, measured in terms of reliability, is
more important than the factor of cost alone.
A chain is as strong as its weakest link; elec-
tronic equipment is as useful as its reliability
factor. A long-range radar equipment, costly
and complex, has no kinetic military worth
when out of operation, undergoing repair.
Contrariwise, a short-range equipment of
potentially limited military worth is valu-
able if it is operable when needed.

There are several ways in which reliabil-
ity can be achieved. The first, and preferable
way, is to inbreed reliability into equipment
design; this is a direct approach to the prob-
lem. The second, that which is attempted
today, is to effect preventive maintenance

Devey: Reliability in Electronic Equipment

and repairs as necessary; this is an indirect,
and failing, approach to the problem. A third
attack at the problem would be to provide
duplicate equipment for use when the pri-
mary system fails; this, of course, is very
impracticable.

Consider the situation when $1,000,000
is expended in electronic equipment procure-
ments. [t has previously been indicated that
the cost of maintenance is at least tenfold
more than the acquisition cost. A conven-
ient way to indicate over-all effort is to em-
ploy a dollar volume figure. In the case of
the $1,000,000 procurement, there is a simple
relationship between supplier (the electronic
industry) and the consumer (the military
services). This relationship can be repre-
sented as indicated in the diagram below.

| \
‘ $10,000,000 ‘

$1,000,000 ]

Civilian effort Military effort

Without investigating the complexities
involved in ascertaining effort expended in
the above illustration, a conservative figure
would be as indicated, 10 parts military en-
deavor to 1 part civilian. As with the con-
servation of energy, the total expended
effort remains constant. However, a shift of
emphasis in endeavor will pay dividends.
Suppose that the effort could be divided as
shown in the diagram below.

$8,000,000

[ ' $3,000,000
) _ —

Civilian effort Military effort

By shifting a larger portion of the total
effort to the manufacturer, the problem fac-
ing the military is greatly reduced. This is
not a selfish desire to place a load on other
shoulders. Military worth of equipment is
measured in the field; shift of the mainte-
nance load to the manufacturer reflects back
to the field in the form of the required reli-
ability. The manufacturer is better able to
cope with the problems attendant to equip-
ment design than is the military able to cope
with the now unwieldy problem of mainte-
nance and repair.

Obviously the problem of induction de-
ferment of technical and scientific personnel
must be solved, if the supplier is to furnish
this reliable equipment. Highly trained per-
sonnel are necessary in the production of reli-
able electronic equipment, and they must be
available to a manufacturer in time of emer-
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gency. Reliable equipment must be designed
now to prove that highly trained technical
and scientific personnel are not needed on a
battle field as has been true in the past.

Certain considerations are indicated if a
program of equipment reliability is to be pros-
ecuted. 1t is first necessary to consider that
the use to which equipment is put usually
dictates the reliability required. A radar
equipment used aboard an aircraft should
have a reliable maintenance-free life com-
parable to the average useful life of that air-
craft. A guided missile, on the other hand,
requires a short operating life and a long
shelf life.

It is seen, therefore, that the length of
maintenance-free operating life will vary
fmcording to equipment application. The
important thing is that a guaranteed period
of maintenance-free operation be provided
during which time the only checks required
will be of the “go—no go” variety, capable
of being carried out by a person trained in
nothing but the rudiments of electronics.
If this can be achieved, the contribution to
efficiency will be profound.

Although the cost and volume of pro-
curement may be increased considerably
over present values, this additiona! outlay
could be doubled or tripled, and the total
savings would still be impressive when one
again considers that present maintenance
costs are from 10 to 100 times the acquisition
cost of the equipment itself! Even though
more money, time, and men are needed per
unit to construct reliable electronic equip-
ment, the decrease in quantity production
for any one application because of increased
reliability will easily make it profitable. Fur-
thermore, the equipment will be in operation
when needed in an emergency.

Much effort is yet to be expended before
the necessary reliability is achieved. Cer-
tainly, nothing less than a radical engineer-
ing solution, backed up by research, develop-
ment, and test information of new compo-
nents, will bring about the desired results. A
change in specification philosophy may be
indicated. Perhaps it is not necessary to de-
Iinee.xte the specifications of components that
go into an equipment; a performance-life
test of the equipment itself may be indicated.
New testing procedures will have to be de-
vise.d to determine if a production run of
equipments will provide the reliability re-
quired by the specification. Many other
technical considerations must be coped with
if guaranteed reliability is to be realized.

The Office of Naval Research is prose-
cuting a “Program Analysis in Electronic
Maintenance Minimization.” Through pub-
lished findings of this program, it is hoped
that laboratories and development activities
will more than before realize the importance
of electronic equipment reliability, and that
endeavors towards absolute reliability will
be accelerated. Certainly, the anticipated
results will be of mutual benefit to the mili-

tary services and to the electronics industry
in general.
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Recent Applications of Electron Multiplier Tubes”

JAMES S.

Summary—Recent applications of the electrostatic, electron
multiplier tube to problems which require the measurement of very
small currents or the counting of single ions or electrons are de-
scribed in this paper. The characteristics of secondary electron
emitting surfaces suitable for use in multiplier tubes are discussed in
the first section. The next section is devoted to recently developed
tubes having one or more stages of electron multiplication. Following
this is a section dealing with the application of these tubes to prob-
lems involving electron and ion counting. The paper is concluded by
a section on the statistical treatment of the distribution in pulse sizes
from multiplier tubes.

I. INTRODUCTION

IE SECONDARY electron multiplier is an elec-
Ttronic tube in which the amplification of the ini-

tial current of electrons or ions results from elec-
tron multiplication at one or more electrodes having
secondary to primary electron ratios greater than unity.
This type of tube has appeared in many designs and
modifications. Although there have been a number of
attempts to include one or more stages of electron
multiplication in a conventional amplifier tube, this
has not proved to he entirely successful. The most
widely used multiplier tube at present is the photomul-
tiplier which contains a photocathode and one or more
stages of electron multiplication. The special properties
and characteristics of this type of multipher tube have
been discussed in reviews by various authors.!—

Bay®? and Allen®! have shown that multiplier
tubes may be used directly as particle counters. In this
application the primary particle ejects secondary elec-
trons from the first electrode of the tube and these are
multiplied at additional electrodes and finally are re-
corded by suitable counting circuits. This type of par-
ticle counter has proved to be nearly 100 per cent ef-
ficient as a detector of positive ions and low energy
electrons, However, the efficiency for the detection of

* Decimal classification: R339%535.38. Original manuscript re-
ceived by the Institute, January 9, 1950.

t University of Illinois, Urbana, I1I.

' V. K. Zworykin, G. A. Morton and L. Malter, “The secondary
emission multiplier—a new electronic device,” Proc. I.R.E,, vol. 24,
pp. 351-375; March, 1936.

? G. Weiss, “Uber Sekundirelectronen Vervielfacher,” Zeit. Tech.
Phys., vol. 17, pp. 623-629; 1936.

3 V. K. Zworykin and A. J. Rajchman, “The electrostatic electron
multiplier,” Proc. I.R.E., vol. 27, p. 558; September, 1939.

‘ J. R. Pierce, “Electron multiplier design,” Bell Lab. Record, vol.
16, p. 305; 1938.

*W. H. Rann, “Amplification by secondary electron emission,”
Jour. Sci. Inst., vol. 16, pp. 241-254’; 1939,

¢ Z. Bay, “Electron multiplier as a counting device,” Nature, vol.
141, p. 284; 1938. Also, vol. 141, p. 1011; 1938.

7Z. Bay, “Electron multiplier as an electron counting device,”
Rev. Sci. Inst., vol. 12, pp. 127-133; 1941.

8 J. S. Allen, “The detection of single positive ions, electrons and
photons by a secondary electron multiplier,” Phys. Rev., vol. 55, pp.
966-971; 1939.

* J. S. Allen, “The X-ray photon efficiency of a multiplier tube,”
Rev. Sci. Inst., vol. 12, pp. 484-488; 1941.

10 J. S. Allen, “Improved electron multiplier particle counter,”
Rev. Sci. Inst., vol. 18, pp. 739-749; 1947.

1 J.S. Allen, “Particle detection with multiplier tubes,” Nucleon-
1cs, vol. 3, pp. 34-39; 1948.
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high-energy beta particles and gamma-rays usually is
considerably lower than that of a Geiger counter. An
extremely promising technique for the detection of en
crgetic particles has been developed by Kallman,'2.3
Coltman and Marshall,** and others. In this application,
part or all of the energy of the incident particle is con
verted into light in a fluorescent screen placed in front
of the photocathode of the photomultiplier. Preliminar
tests have indicated that when a suitable phosphor has
been chosen, the fluorescent counter is a highly efficient
detector of high energy beta-particles and gamma-rays.
Since the technical applications of electron multiplier
tubes have increased rapidly during the last two or three
years, only the most recent developments in the special
techniques and properties associated with these tubes
will be discussed in this review. The literature on the
earlier developments in this field is extensive and, for
more detailed information, the reader is directed to the
reviews listed in the references given in this paper.

I1. S:coNpary ELECTRON EMISSION
A. General

Since the operational characteristics of a multiplier
tube depend to a large extent upon the type of second
ary electron emitting surface surfaces adopted for the
multiplying electrodes, a description of certain technical
aspects of secondary electron emission will be given in
this section. The standard reference on the subject up to
1936 is a review by Kollath.’s A more recent publication
in book form by Bruining's deals with the subject up to
1941. Additional sources of information on secondar
electron emission are given in the list of references.!?

We shall adopt a rather gencral definition of second
ary electron emission from a solid. Whenever a solid is
bombarded with a beam of primary particles, electrons
will be emitted from the surface of this solid. The emit-
ted electrons will be referred to as secondaries. In par-
ticular, the secondaries with energies less than 50 elec-
tron volts are most effcctive in the operation of a multi-

plier tube. In this review the following abbreviations
will be used:

* H. Kallman, “The counting of high ener i
an, ; ng of | y particles and quanta
by ph.otoe'l'ectnc detection of individual lighgt ﬂgshes in ﬂuo?escent
materials,” Natur und Technik, July, 1947.

1320} ’l'(allman. “Quantitative measurements with scintillation
counters, “Phys. Rev... vol. 75 PP. 623-626; 1948. M. Blan and B.
Dreyfus, “The multiplier tube in radioactive measurements,” Rev.
Sci. Inst., vol. 16, pp. 245 248, 1945. R. Sherr. “Scintillation counter
g(;at?lme detection of a-particles,” Rey. Seci. Inst., vol. 18, pp. 767-770;

14 J. Coltman and F. Marshall, “The pl iplier radiati
teclor[,{" Phys. fev., vol. 72, p. 528; 1947;).lotomult|pl|er R0 Tion do-

% R. Kollat » “Sekundarelectronen-emiss; O 7
Zei. l\_/'ol.li38. BE. 20220005 JOLEt emission fester Korper, Phys.

1 H. Bruining, “The Secondar Electr issi ids,”
Sprinear, Bgrlin, W) Y Electron Emission of Solids,

7 J. H. Owen Harries, “Secondary electron radiati " Electron
vol. 17, p. 100; 1944. “Industrial Electronics Reflerelr?:e.s B(f(c)km"n:f;r
26-29, John Wiley & Sons, Inc., New York, N. Y., 1948, “Advance:
in Electronics,” pp. 66-120, Academic Press, 1948.
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SE =Secondary electron emission
m=The average number of secondary electrons di-
vided by the total number of primary particles
V,=Energy of the primary particles, assumed to be
mono-energetic, in electron volts.

B. Energy Distribution of Secondary Electrons

Although many measurements have been made of the
energy distribution of the secondary electrons emitted
from solids, it is difficult to estimate the accuracy of
these results because of the absence of data regarding
the condition of the surface of the solid. However, the
general form of the distribution curve for 20 < V;,<1,000
clectron volts is very nearly the same for all the surfaces
which have been investigated. It is found that the great
majority of the electrons are emitted with energies of a
few electron volts. These are usually regarded as “true”
secondaries. The shape of this part of the curve is simi-
lar to a Maxwellian distribution in which the most
probable secondary clectron energy ranges from about
2 to 6 electron volts for various surfaces. In general, the
peak of the energy distribution is lower for insulators
than it is for conductors. The additional features of the
complete distribution curve include a small group of
inelastically reflected primaries with energies merging
with those of the “true” group and extending rather uni-
formly out to energies nearly equal to V,. Finally, there
is a sharp peak corresponding to elastically reflected
primaries. The ratio of the elastically reflected to low
energy secondary electrons increases rapidly with the
energy of the primaries for Vy> 1,000 electron volts.

The curves obtained by Kollath!® will serve as exam-
ples of typical energy distributions. In this experiment
the analysis of the momenta of the secondaries was made
by means of a longitudinal magnetic field. The beam of
primary electrons was parallel to the direction of the
magnetic field and, consequently, was not deflected.

100

RELATIVE NUMBER

0 10 N 20
ENERG( OF SECONDARY ELECTRONS

Fig. 1—Energy distribution curves as obtained by Kollath!® for
secondary electrons emitted from various solids. The measured
curves fell between the two solid curves. The I,roken curve repre-
sents a Maxwellian distribution.

18 R, Kollath, “Zur Knergicvertcilungen der Sekundirelectronen,”
Ann. Phys., vol. 1, pp. 357-380; 1947.
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However, by means of suitable apertures, all secondaries
emitted within a certain cone entered the analyzer.
Since this arrangement is equivalent to the well-known
long lens beta-ray spectrograph, the momentum of the
secondaries corresponding to a given value of the mag-
netic field can be determined from the geometry of the
apparatus and the strength of the field. It was found
that the general shape of the energy distribution curves
was the same for all the metals which were investi-
gated. The results are illustrated in Fig. 1 where therela-
tive number of secondaries per unit energy interval is
plotted against the energy. All the distribution curves
fell between the two solid curves with maxima at 1.4 and
2.2 electron volts, respectively. The broken curve rep-
resents the plot of a Maxwellian distribution with a
maximum at 1.75 electron volts. The shapes of the dis-
tribution curves showed only minor changes, as V, was
varied from 100 to 1,000 electron volts. However, in the
case of BeCu and BeNi alloys, there was some evidence
of a secondary maximum at about 5.5 electron volts.

C. SE Yield Due to Primary Electrons with V,<5 ,000
Electron Volts

In this section the properties of various surfaces hav-
ing large values of m and therefore suitable for use in
multiplier tubes will be described. Since the maximum
value of m for a given surface depends to a large extent
upon the activation of the sample, large discrepancies
exist in the tabulated values of the secondary electron
yield. The nature of the activation depends upon the
particular surface employed. Usually, a combination of
oxidation and heat treatment in a high vacuum will in-
crease the value of m.

The shapes of the m versus V, curves for V,<§,000
electron volts are essentially the same for both conduc-
tors and insulators. In general, the value of m increases
with increasing V,, goes through a broad maximum and
then slowly decreases as V), is further increased. In the
case of metal surfaces the value of V, corresponding to
the maximum of m varies from about 100 to 800 elec-
tron volts. However, for insulators the maximum usu-
ally occurs at much higher-values of V. A very qualita-
tive explanation is that the average range of the sec-
ondaries is much greater in insulators than in conduc-
tors, since there are relatively few conduction electrons
to which they can lose energy. Hence, the higher energy
primaries are more effective in releasing secondaries in
insulators than in conductors.

In Fig. 2 are shown the m versus — V, curves for two
activated composite surfaces and, for comparison, the
curve for an oxide free nickel surface.® The complex Cs
surface has been widely used in photomultiplier tubes
for both the photosensitive cathode and the multiplying
clectrodes. A photocathode may be formed by oxidizing
a sheet of silver until the thickness of the layer of silver
oxide is several hundred molecules. If cesium vapor i8
then admitted, it will be completely absorbed by the

1 R. Warnecke, “fmission sccondaire de métaux purs,” Jour.
Phys. Radium, vol. 7, pp. 270-280; 1936.
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silver oxide. When the surface is heated at a tempera-
ture of 250° C a reaction takes place between the silver
oxide and the cesium giving cesium oxide and free silver.
Some excess cesium is absorbed on the surface of the
complex layer and a sensijtive photoelectric surface re-
sults. Zworykin, Morton, and Malter' and also Timo-

IOr
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Fig. 2—SFE yield curves for MgAg 2 Cs—Cs,0—Ag !
and oxide free Ni!? sirfaces.

feev and Pynatnitski?® have shown that the amount of
free cesium required for the highest secondary electron
yield is less than that needed for the maximum photo-
sensitivity. An alloy consisting of about 2 per cent mag-
nesium and the rest silver can be activated by radio-
frequency heating in an atmosphere of O, The curve
for this alloy in Fig. 2 was obtained by Zworykin, Ruedv
and Pike.?* The maximum value of m obtained as a re-
sult of the activation was about 9.5, However, the mul-
tiplication slowly decreased with time and finally
reached a stable value of 7 at V, =400 electron volts.
Friedheim and Weiss?? have been able to activate MgAg
alloy surfaces by heat treatment at a temperature of
450° C at a pressure of 7 X105 mm of Hg. A multiplica-
tion of 14 to 16 at V, =500 electron volts was observed,

Gille® and Matthes™ have studied BeNi and BeCu
alloys. In the case of BeNij a multiplication of 5 or 6
could be obtained by heating the alloy to 600°C in a
vacuum at a pressure of 10~5 to 10~ mm of Hg A
further increase in the multiplication to a value of 10
occurred after a combination of oxidation and heat
treatment. A similar activation of BeCu at a tempera-
ture of 500° C resulted in a multiplication of 10 or more.

* P. V. Timofeev and A. L. Pyatnitski, “Die Sekundirelectron-
enemission Einer Sauerstoff Cisiumelectrode,” Phys. Z. Sowjetunion,
vol. 10, pp. 518-530; 1936,

1 V. K. Zworykin, J. E, Ruedy, and E. W. Pike, “Silver-magnes-
ium alloy as a secondary electron emitting material,” Jour, Appl.
Phys., vol. 12, pp. 696-698: 1941,

# ]. Friedheimand . G. Weiss, “Sekundiremission ausbeute von
Silber—Magnesium ligierungen,” Naturwiss, vol. 29, P. 777; 1941.

* G. Gille, “Die Sekundirelectronen von Nickel-Beryllium Le-
gierungen,” Zeil. fiir Tech. Phys., vol. 22, pp. 228-232; 1941,

# I, Matthes, “Untersuchungen iiber die Sekundairelectronene-
mission von verschiedenen Legierungen,” Zeit. fur Tech. Phys., vol.
21, pp. 232-236; 1941.
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The curves illustrated in Fig. 3 represent data ob-
tained by the author for the secondary electron (SE)
yield from a sample of commercial BeCu. A strip of the
alloy was polished with 4/0 emery polishing paper,
washed with a detergent and distilled water and finally
rinsed several times in ethyl alcohol. Curve 1 represents
the multiplication of the freshly polished strip before
heat treatment. Curves 2 and 3 show the multiplication
after heat treatment. Activated BeCu surfaces may he
exposed to air without a serious decrease in the multi-
plication. For example, the maximum multiplication of
the surface shown by curve 3 was 5.7 after a one hour
exposure to air and 5.3 after an exposure of two hours.
This alloy is suitable for the electrodes of a multiplier
tube since a relatively stable multiplication may be at-
tained with negligible thermionic emission at room tem-
perature.
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Fig. 3—SE yield curves for BeCy: (1) in the unactivated state; (2)
afte( rf heating for 15 minutes at 650°C in a vacuum; (3) after rf
heating at 650°C for 30 minutes in dry oxygen at 5X1072 mm of
Hg, followed by the activation described in (2). ¢From unpub-
lished results of the author.)

D. Variation of the SE Vield with the Angle of Incidence
of Primary Particles

The SE yield measurements described in the previous
section were made with the heam of primary electrons
normal to the surface under investigation. Since the pri
maries do not impinge u pon the electrodes at normal in
cidence in most multiplier tubes, the variation of the SE
yield with this angle is of importance in the design of the
electrode system. A number of investigators have ex-
amined the variation of the SE vield with the angle of
incidence and have concluded that the yield is approxi-
mately proportional to 1/cos 0 where § is the angle be-
tween the beam of primaries and the normal to the sur-
face. A qualitative explanation of thig relation can be
found if we assume that the average range of the pri-
maries in the target is greater than that of the second-
aries and also that the rate of production of secondaries
is independent of the energy of the primaries. With
these assumptions, the fraction of the range of the pri-
maries which is effective in ejecting secondaries from the
surface can be shown to be proportional to 1/cos 6. Like-
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. wise, the variation in yield should be nearly independent
of the angle of incidence for low energy primaries where
the range may be less than that of the secondaries.
These relations have been verified experimentally by
Bruining® and also by Muller.?® The curves shown in
Fig. 4 were reproduced from the work of Muller and
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Fig. 4—Variation of SE yield with the angle of incidence made by
the primary beam. The energy of the primary electrons was 2.5
Kev (after Muller®).

represent the variation of the SE yield with the angle of

incidence for several surfaces. The energy of the pri-

mary electrons was 2.5 Kev for these measurements.
The author?? has investigated the variation of the SE

yield with the angle of incidence for 120 Kev protons on
a nickel surface. The yield followed a 1/cos 8 law for
5° <0< 65°. In this experiment the conditions were fa-
vorable for a 1/cos @ relation, since the range of the pri-
maries was much greater than that of the secondaries
and the rate of production of the secondaries was very
nearly constant along the effective path of the primaries
in the nickel.

E. SE Yield Due to Iligh- Energy Electrons

The information regarding the SE yield due to clec-
trons with V,> 10 Kev is very meager. The interpreta-
tion of the results obtained with high-cnergy primaries
is complicated by the presence of a relatively large
number of elastically scattered primaries. In practice,
the presence of these high-energy clectrons may intro-
duce large errors in the measurement of the primary and
sccondary currents. Stehberger?® has measured the pro-

_ ®11. Bruining, “The depth at which secondary clectrons are
liberated,” Physica, vol. 3, pp. 1046-1052; 1936.

MBI 0. Muller, “Nie Abhangigkeit der Sekundirelectronene-
mission eciniger Metalle vom Einfallswinkel des primiren Katho-
denstrahls,” Zeil. frir Phys., vol. 104, pp. 475-480; 1937

17 | S Allen, “The emission of secondary electrons from metals
bombarded with protons,” Phys. Rev., vol. 55, pp. 336-339; 1939.

. 1 K. H. Stehberger, “Uber Riickdiffusion und Sekundiirstrahlun
mittelschneller Kathodenstrahlen an Mectallen,” Ann. Phys., vol. 80,
pp. 825-863; 1928.
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portion of high energy secondaries emitted from a gold
target. The relative number of high energy secondaries
increased from 20 to 48 per cent as V, increased from 1
to 11 Kev.

Trump and Van de Graaff?® have investigated the SE
yield from various surfaces using mono-energetic elec-
trons accelerated by an electrostatic, high voltage gen-
erator. A replot of their results is shown in Fig. 5. The

- TUNGSTEN

O ——— ALL SECONDARIES
— ——~ SECONOARIES WITH
ENERGIES LESS THAN

A 80 VOLTS
N
\
N
N
N
~
~
2 el
AN e ALUMINUM
~ S
> Tmmem e TUNGSTEN
e e R
s
~—e
N T T T .. ALUMINUM
ol | | l | | B
° 50 100 150 200 250 300 3%0

ENERGY OF PRIMARY ELECTRONS IN KEV

Fig. 5—SE vyield curves for tungsten and aluminum surfaces bom-
barded with high energy electrons (after Trump and Van de
Graaff??).

yield of low energy secondaries decreases with increasing
1", and remains essentially constant for V,>250 Kev.
According to these curves, an electron multiplier should
show a counting efficiency of from 5 to 10 per cent when
250 Kev electrons are allowed to strike the first elec-
trode.

F. SE Yield Due to Positive Ions and Neutral Atoms

In this section information regarding SE yields due
to positive ions will be presented. These data should in-
dicate the performance of an clectron multiplier tube
when used cither to amplify a current of positive ions
or to count single ions.

Hecalea and lontermans?® have investigated the SE
yields due to 2%, D).+, He*, Net and A* ions bombard-
ing an outgassed nickel target. In each case the curves
indicated an almost linear increase in the SE yield with
the energy of the ions in the range from 0 to 1,500 elec-
tron volts. A vield of one clectron per jon was observed
for 1,500 electron volts Ie* ions.

I1ill, Buechner, Clark, and Fisk® have measured the
SE yields from various metals bombarded by high en-
crgy positive ions. Curves 2 and 4 of Fig. 6 represent the

[ G, Trump and R. 1. Van de Graaff, “Secondary emission ot
electrons by high energy electrons,” Phys. Rev., vol. 75, pp. 44-45;
1949.

10 M. FHealea and C. Houtermans, “Relative secondary electron
emission due to He, Ne, and A ions bombarding a hot nickel target,”
Phys. Rev., vol. 58, pp. 608-610; 1940. i .

% A, G. Hill, W. W. Buechner, J. S. Clark,and J.B. Fisk, “Emis-
sion of secondary electrons under high energy positive ion bombard-
ment,” Phys. Rev., vol. 55, pp. 463 70; 1939.
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data obtained by these authors for H+ and He* ions on
a molybdenum surface not previously outgassed. Curves
I and 3 show data obtaineil by Allen?” for 11+ ions on
outgassed targets of nickel and beryllium. The effect of
absorbed gas on the SE yield can be estimated from a
comparison of curves 1 and 2, Apparently, the effect of
the gas is greatest for the low energy primaries and is
not series for energies greater than 400 Kev.
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Fig. 6—SE yield curves for high energy positive ions. Curves 1 and 3
from the work of Allen.2” Curves 2 and 4 from the work of Hjlln
and co-workers.

Berry® has recently shown that fast neutral atoms
will eject secondary electrons from a metal target. When
a beam of either He or A atoms or N, molecules was al-
lowed to bombard a tantalum target, the SE yield in
each case increased with the energy of the primary par-
ticles in the range from 0 to 4 Kev. At the highest en-
ergy the vield was about 2 to 3 electrons per neutral
particle. This value was almost identical with that ob-
tained for singly charged ions of these same gases.

I1I. ELECTRON MuLTIrLIER TURES
A. Electrode Surfaces

Electron multiplication has been extensively used as
a method of amplification of the current from a photo-
cathode. Since both the photocathode and the multiply-
ing electrodes are located in the same tube envelope, the
photoelectric and multiplying surfaces usually are of the
same material. The earliest photomultipliers had com-
posite Cs-Cs;0-Ag surfaces which are frequently given
the designation S-1. The spectral response of a typical
S-1 surface in a tube with a lime glass envelope has a
maximum sensitivity at 8,000 A and a long wavelength

2 H. W. Berry, “Secondary electron emission by fast neutral
molecules and neutralization of positive ions,” Phys. Rev., vol. 74,
p. 848; 1948,

limit of 12,000 A. According to Fig. 2, the SE vyield for
this surface should be about 5 for V, =200 electron volts,
The relatively large thermionic current from this type
of surface is a serions disadvantage when the phototube
is to be used to measure very low light levels. The meas-
urements of Engstrom® indicate a thermionic current
from the cathode of 10-12 to 10— amperes at room tem-
perature.

In recent years a photosurface formed from a cesium
antimony layer on a nickel base has been widely used in
photomultipliers. This type of surface is often desig-
nated as S-4 and is characterized by a maximum sensi
tivity at 4,000 A and a long wavelength limit at 7,000
A Presumably, the secondary electron properties of this
surface are similar to those of the Cs-CsO;-Ag surface.
In general, the dark current is of the order of 10" am
pere per cm? at room temperature. In addition, the S-4
surface is more stable in respect to the photoelectric and
SE yields than the S-1 surface.

Bay” and Allen'® have shown that high work function
surfaces can be used in multiplier tubes designed for
particle counting. The thermionic emission from these
surfaces at room temperature is of the order of 10 elec-
trons per minute per cm? At present, BeCu, BeNi, and
BeAg alloys seem to be the most suitable materials for
the electrodes. SE yield curves for a sample of com-
mercial BeCu alloy have been given in Fig. 3. Addi-
tional details concerning the method of activation and
the stability of BeCu surfaces have been discussed hy
Allen.10

B. Photomultiplier Tubes

The subject of photomultiplier tubes has been covered
in reviews bv mumerous authors. For a survey of the
developments in this field up to 1941 the reader is re
ferred to papers by Zworykin and Rajchman, Rann,?
and Glover.* In order not torepeat too much of the ma-
terial coveredl in these reviews, this section will be lini-
ited to a description of the charaeteristics of several
recently developed tubes.

The RCA-931A tube is an example of a photomulti-
plier utilizing two dimensional, electrostatic fields. The
clectrodes in the multiplier section of this tube form a
series of electron optical lenses which prevent the elec-
tron beam from diverging during the multiplication
process. The rubber membrane model described by
numerous authors.3.3 |54 proved to be a convenient
method for the determination of the correct shapes for
the electrodes in this type of tube. This method is based
upon the analogy between the path of a spherical ball
rolling on a suitably stretched rubber sheet and that of a
charged particle moving in an electrostatic field.

# R. W. Engstrom, “Mul{j lier tub istics; icati
to low light levels,” Jour. Opt. g‘)oc. A merc.,(\t];lll.'a‘?cil,e:zlsgbﬂ);llI:C?Qtilo’?n
A ML Glover, “A review of the development of sensitive photo-
tubes,” Proc. I.R.E, vol. 29 pp. 413-423; 1941,
B . PO Klevnen, “The motion of an electron in two-dimen-
?1903:17111 electrostatic fields,” Philips Tech, Rev., vol. 2, pp. 338-345:
% 0. H. Schade, “Beam pow i E
R 1ty P power tubes,” Proc. LR.E,, vol. 26, pp.
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The model is constructed by placing on a horizontal
surface portions of cylinders whose directrices are simi-
lar to those of the electrodes under investigation. The
vertical heights of the cylinders are made proportional
to the potentials of the corresponding electrodes. A rub-
ber membrane, previously stretched over a frame, is
then pressed down on the model in such a manner that
the sheet makes contact with the top edges of the cylin-
ders. The paths followed by balls rolling on this mem-
brane approximate rather closely the actual electron
trajectories in the electrostatic fields. Hence, the shape
of the model electrodes can be modified until the balls
leaving a given clectrode converge toa reasonably good
focus on the next. The dimensions of the model can then
be scaled down to fit the requirements of the actual elec-
trode system.

A diagram of the electrode system of the 931-A tube
is shown in Fig. 7. Multiplication occurs at electrodes 1
through 9. The final collector is a grid shielded by the
ninth electrode. A shield serves to isolate the photo-

Light
\sh?eld

“/~-.Incident
light

0 = Photocathode
10 = Anode

Mica shield” 1-9 = Dynodes

Fig. 7—Schematic arrangement of the electrodes in a
931-A photomultiplier tube.

cathode from the final collector in order to reduce the
danger of positive ion feedback. The sensitive surfaces
of the photo-cathode and electrodes 1 through 9 are of
cesium antimony alloy. Data concerning the multipli-
cation and spectral sensitivity of this type of tube are
listed in the manufacturer’s handbooks and also in pa-
pers by Engstrom,® Glover* and by Glover and
James.¥

The so-called dark current in a photomultiplier tube
originates in the following sources: ohmic leakage over
the insulators inside the tube and between lead wires at
the tube base; field-enhanced emission and thermionic
emission from the photocathode; and positive ion feed-
back. The curves of FFig. 8 have been reproduced from
the work of Engstrom® and show the relative importance
of the various sources of the dark current in a tube of
the 931-A type. It is evident that the amplified ther-
mionic emission increases more rapidly with the voltage

17 A, M. Glover and R. B. Janes, “A new high sensitivity photo-
surface,” Electronics, vol. 13, pp. 26-27; 1940,
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per stage than does the ohmic leakage. In practice, the
tube is operated in a region of the characteristics such
that the current due to thermionic emission is the pre-
dominating factor. In general, this current can be re-
duced by refrigeration of the tube. The unstable region
beginning at 110 volts per stage is due to regenerative
positive ion feedback between the photocathode and the
last few multiplying electrodes. This effect increases
with the residual pressure in the tube and may become
so large as to maintain continuous oscillations within
the electrode system. The presence of positive ion feed-
back can be easily detected when the dark current pulses
are viewed on a scope with a triggered sweep. If positive
ion feedback is present, multiple pulses consisting of the
initial pulse followed by one or more secondary pulses
will be observed. The pulses will be separated by inter-
vals of the order of 10~7 seconds.
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Fig. 8—Dark current in photomultiplier tubes of the
931-\ type (after Engstrom®).

An clectrode structure resembling a venetian blind
has been developed in several laboratories. This struc-
ture is well suited for use in photomuitiplier tubes with
large area photocathodes. Fig. 9 shows the schematic
arrangement of the venetian blind electrodes used in
the E.M.I. type Vx 5031 tube. This tube was developed
by A. Sommer and W. E. Turk of the E.M.I. laborator-
ies. The individual slats of the blind structures are of
stainless steel or nickel and are coated with an antimony
cesium layer. No interstage focusing lens is employed,
but cach electrode has attached to its front surface a
low shadow ratio mesh which serves to prevent the sup-
pression of secondary clectrons by the preceding nega-
tive field. The secondaries are, therefore, influenced only
by the positive field of the following stage and are ac-
celerated through between the slats, and themselves
undergo multiplication at the next clectrode.

The Vx 5031 has a flat end window with a transparent
cestum antimony photocathode 1.0 ¢cm in diameter on
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the inner surface. The sensitivity of the photosurface is
20 to 30 microamperes per lumen. The eleven stages of
rultiplication produce a total multiplication of from
107 to 108 with 160 volts per stage.
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Fig. 9—Schematic arrangement uf the electrodes in 4
Vx 5031 photomultiplier wbe.

C. Grid-Controlled Multiplier Tubes

If one or more stages of electron multiplication are
introduced hetween the control grid and the anode of a
conventional thern ionic amplifier tube, the effective
grid to plate transconductance is multiplied by the gain
of the multiplier unit. In addition, the static current
through the multiplier unit will he increased by the
san e factor. The use of electron multiplication should
result in an improvement of the figure of merit of a tube
for the amplification of ultra high-frequency signals
since a high transconductance may be realized with a
small, low capacity, grid structure. The apphcation of
electron multiplication to conventional grid-controlled
amplifier tubes has been discussed by Thompson 38

The problenis concerning the design of an electrode
structure for the efficient use of electron multiplication
have been investigated in various laboratories. Since
most secondary electron surfaces are poisoned by ma-
terial evaporated from the oxide coated cathode, it is
necessary to place a shield between the cathode and the
emitting surface. By means of suitable detlecting elec-
trodes the beam of primary electrons is constrained to
follow a curved path around the cathode shield.

Wagner and Ferris* have described an orbital beam
electron multiplier suitable for wide hand amplification

® B, ]J. Thompson, “Voltage-controlled electron multipliers,”
Proc. LRE., vol. 29, pp. 583-587; 194].

3 H. M. Wagnerand \V. R. Ferris, “The orbital-beam secondary-
electron multiplier for ultra-high-frequency amplifications,” Proc.
[.R.E., vol. 29, pp. 598-602; November, 1941,
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at 500 megacycles. The grid plate transconductance was
15 ma/volt and the figure of merit gm/+/C,C, was nearly
three times that of a 6AC7 tube operated with about the
same plate current. In this expression for the figure of
merit, gm is the transconductance and G and Ciare the
effective input and output capacitances of the tube.

Fig. 10 illustrates the electrode structure of the
L2 M1.-E1945 grid-controlled multiplier tube. This tube
has been chosen as an example since the design is typical

Fig. 10—Schematic ars wgement of the electirodes in 4 typical
(EMI-11945) grid-controlled amplifier with one stage of electron
multiplication.

for this type of tube and also because the tube has re-
cently appeared on the market. I'he cathode K, con-
trol grid g, and screen grid g perform the usual func-
tions, The electron beam from the primary cathode Sys-
tem is focused by the clliptical electrode S, on to the
secondary cathode A, which js surfaced with a complex
coating of mixed oxides. The secondary electrons are
collected by the grid anode ¢. The grid anode trans-
conductance is 20 ma/volt when the tube is operated
with an anode current of 25 ma. The figure of merit is
approximately three times that of a 6AC7 tube.

IV. ParticLr: CouUNTING wiITH
MurripLieg Tusi:s

A. Muliiplier T'ube Design

Electron multiplier tubes have been used with con.
siderable success to count single electrons or positive

multiplier and eject one or more secondary electrons,
The secondaries undergo further multiplication within
the tube and the resulting puises of current are re-
corded by conventional methods.

Bay7 has described multiplier tubes with surfaces pro-
duced by heating magnesium in oxyvgen. The work func-
tion of this type of surface is sutticiently high to reduce
the thermal emission of clectrons (o 3 negligible value.
Single electrons, alpha barticles, and
were detected with these tubes.

The problems pertaining to the construction and
operation of multiplier particle counters with oxidized
beryllium surfaces have heen discussed by Allen.s A

X-ray photons
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multiplier tube of improved design has also been de-
“scribed by Allen.!® This tube is a 13-stage multiplier
having electrodes of BeCu alloy. The average multi-
plication of the electrodes is similar to that represented
by curve 2 of Fig. 3. A schematic diagram of the elec-
trode assembly used in this tube is shown in Fig. 11. In
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11—Electrode structure of a 13-stage multiplier tube with
BeCu alloy electrodes (after Allen!?).

Fig.
order to activate the electrodes, the entire electrode
structure is placed inside a suitable glass tube. After
evacuation of this tube, the electrodes are heated by
radio-frequency induction at a temperature of about
600° C for 10 minutes. The assembly is then removed
from the tube and mounted in the tube shell. The com-
pleted electrode system and metal tube shell are shown
in Iig. 12. For additional information concerning the

Fig. 12—The completed electrode system and metal tube shell for a
13-stage electron multiplier (after Allen!?).

design of this type of tube the report by Dare and
Rowen*? is suggested as a reference.

Certain experiments require tubes with cither a rela-
tively large area photocathode or first multiplying elec-
trode. The most efficient method for providing the large
arca surface is to introduce an electron lens hetween this
surface and the usual multiplier structure. By means of
this lens, the photocelectrons or secondary electrons are
concentrated upon the first clectrode of the multiplying
unit.

Snell and Miller® have designed a tube with an elec-
trode structure similar to that shown in Fig. 11, but

0 J. A. Dare and W. H. Rowen, Report No. 6, Lab. for Nuclear
Science and Engineering, M.1.T,

a4 A, H. Snell and C. Miller, ’rivate communication to the
author
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with a first electrode of approximately three times the
area of one of the succeeding electrodes. Particles en-
tered the multiplier through a rectangular hole in an
aperture plate which was separate from the multiplier
proper and was bridged witli a grid of fine wires. The
application of an adjustable bias voltage between the
grid and the first electrode, resulted in considerable dis-
crimination between the pulses from alpha particles, 8
Kev protons and $% betas.

Farago* has given a brief description of a tube with
an enlarged photocathode of 100 cm? with an electron
lens between this surface and the multiplier unit. A de-
velopmental tube C-7132 has been announced by RCA.
This is a multiplier phototube with a transmission pho-
tosurface at one end of the tube. The area of this sur-
face is 1.8 inches?. Asin the tubes mentioned above, the
photoelectrons from the cathode are focussed into the
multiplier structure.

B. Electron Counting

An electron multiplier with BeCu alloy surfaces has
been used as an electron counter by Allen.!® In this ap-
plication, a well defined beam of mono-energetic elec-
trons was allowed to strike the first electrode of the
multiplier. In order to mcasure the absolute efficiency
of the multiplier a relatively large current of primary
clectrons was measured by means of a Faraday cage and
a direct-current amplifier. By means of a suitable slit
system a known fraction of this current was allowed to
enter the multiplier. The pulses from the multiplier were
amplified by a conventional pulse amplifier and re-
corded by a scale of 4,096.
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Fig. 13—The efficiency of a 13-stage multiplier tube as an electron
counter. The gain of thc(rulse amplifier for the data of the upper
curve was twice that used for the lower (after Allent®)

Fig. 13 shows the counting efficiency as a function of
tlie energy of the primary electrons. The multiplier was
operated witli 375 volts per stage. The gain of the ampli-
fier for the data of the upper curve was twice that used
for the lower. The efficiency reached 100 per cent at 300
volts within the limits of accuracy imposed by the slit
calibration. It can be seen that the efficiency was in
creased at the high encrgy end of the curve as the gain

4 P S, Farago, “Electron multiplier tube of large effective cath-
ode surface area,” Nature, vol, 161, p. 60; 1948,
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of the amplifier was increased. This effect indicated that
the relative number of low-energy secondary electrons
per primary decreased as the energy of the primarics
increased. As the amplifier gain was increased propor-
tionably more of the smaller pulses were recorded for
high-energy primaries.

Experiments with high-cnergy electrons have demon-
strated that the counting efficiency is of the order of 5 to
10 per cent for 10° electron volts electrons. Eisenstein®
has determined the electron counting efficiency of a
tube having the 931-A electrode structure with beryl
fium coated surfaces. When a primary beam of 35 Kev
electrons was allowed to fall on the cathode of this tube,
the efficiency reached a value of 0.23 at 300 volts per
stage of the multiplier. This value is in good agreement
with that obtained from Fig. 5 using the dashed curve for
aluminum. This curve represents the average number of
low-energy secondaries cjected from an aluminum sur-
face by a high-energy primary electron. The counting
efficiency of a multiplier with a first electrode of a low Z
element such as Be or Al is expected to show a similar
variation with the energy of the primary beam. In order
to increase the efliciency, the first electrode should be
made of W or, perhaps, Pt rather than Be or BeCu.

C. Positive fon Counting

The curves of Fig. 6 indicate that the SE yield for
positive ions is considerably greater than unity for most
metal surfaces. When the data of llealea and Honter-
mans®® are combined with these curves, the complete
SE yield curves are found to increase almost linearly
with the energy of the positive ions in the region from 0
to about 4 Kev. The yield curves remain essentially con-
stant for energies greater than 4 Kev. In view of these
large values for the SE yield, the positive ion counting
efficiency of an electron multiplier tube should be very
nearly 100 per cent for energies greater than a few Kev.

The work of Allen® has shown that a 12-stage multi-
plier tube with Be coated clectrodes is a reliable instru-
ment for counting low energy H* ions. A more detailed
study of the counting efficiency of a multiplier tube for
positive ions has been made by Morrish and Allen.* The
apparatus was identical with that used to obtain the
electron efficiency data of Fig. 13. However, in this ex-
periment a source of singly charged lithium ions was
substituted for the electron source. The curves shown in
Fig. 14 represent the counting rate as a function of the
energy of the positive ions. The data for energies less
than 4.5 Kev were obtained with the first electrode of
the multiplier at ground potential and the data for
higher energies were obtained with this electrode at
—4.5 Kev. The data for each curve were recorded with
a constant discriminator bias. A counting efficiency of
100 per cent corresponded to 375 counts per minute as
recorded by the register of the scale of 256 counting cir-

¥ A.S. Eisenstein, O.N.R. Quarterly Report from the University
of Missouri, IJecember 15, 1948,

% A. H. Morrish and J. S. Allen, “Performance of the Allen type
multiplier tube for lithium ion counting,” Phys. Rev., vol. 74, p. 1260;
1948.
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cuit. The curves indicate that, for a sufficiently small
discriminator bias, the counting efficiency approached
100 per cent for 2 Kev Li ions and probably remains at
this value as the energy is increased.

RELATION 'BETWEEN COUNTING RATE AND ENERGY OF IONS
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Fig. 14—The counting efficiency of a 13-stage multiplier tube for

singly charged lithium ijons. A rate of 375 counts per minute
(scale of 256) corresponds to an efficiency of 100 per cent (after
Morrish and Allen®).

Robson* has determined the absolute counting ef
ficiency of a multiplier for low energy protons by a
method similar to that described above. Fig. 15 has
been reproduced from his paper and shows a series of
bias curves for protons of various energies and also a
bias curve for gamma ravs. Ile concluded that the
counting efficiency approached 100 per cent for protons
of 5.75 Kev to 10 Kev energy. Absolute efficiency meas
urements were not made for protons with energies less
than 5.75 Kev.
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Fig. 15—Bias curves for an electron maltiplier counting protons. The
absolute counting efficiency approached 100 per cent for protons
of 5.75 Kev to 10 Kev eneryy (after Robson*).

Experiments using alpha particle sources indicate
that an alpha particle will eject, on the average, about
10 secondary clectrons from a BeCu surface. The
counting efticiency of a multiplier for alpha particles is
very nearly 100 per cent, and should remain constant
for a wide range of alpha particle energies.

# J. M. Robson, “Electron

) . multiplier as a counter for 10-kev
protons,” Rev. Sci. Inst.,

vol. 19, pp. 865-871; 1948,
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D. Application of Multiplier Tubes to the Mass Spec-
trometer

Although the multiplier tube can be used as a sensi-
tive positive ion detector, very few applications of this
tvpe of detector to the mass spectrometer have been re-
ported. The most extensive studies of this application
have been carried out by several students working un-
der the direction of A. O. C. Nier of the department of
physics, University of Minnesota. A preliminary report
of an isotopic analysis of Rh, Cb and Ce has been pub-
lished by Cohen,* and a more detailed report of this
same investigation is to be found in his thesis.*’ In order
to indicate some of the possibilities of a multiplier as ap-
plied to a mass spectrometer, a short summary of Co-
hen's work will be presented in this section.

A tube with multiplication at 11 stages was used by
Cohen. The electrodes were of nonmagnetic, Nichrome
V, and were coated with Be. The tube was operated with
265 volts per stage of multiplication. A schematic dia-
gram of the tube at one end of a 60° Nier*® type mass
spectrometer is shown in Fig. 16. The collector of the
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Fig. 16—Schematic diagram of an electron multiplier mounted on a
Nier type mass spectrometer (after Cohent7)

multiplier tube could be connected either to an elec-
trometer tube, dc amplifier, or to a pulse amplifier and
scaling circuit. [Fig. 17 shows the mass spectra of Ce ob-
tained with this spectrometer. In this case, the output
of the multiplier was connected to the dc amplifier. The
current at the collector of the multiplier tube ranged
from 10~9 to 108 amperes at the peak corresponding to
mass 140. The fluctuations in this current were small,
even at the lowest current levels.

In addition to the work mentioned above, Cohen has
made a comparison of the signal to noise ratio expected
when the positive ion current from the spectrometer is

“ A A. Cohen, “The isotopes of cerium and rhodium,” Phys.
Rev., vol. 63, p. 219, 1943.

" A A. Cohen, “The application of an electron multiplier mass
spectrometer to the isotopic analysis of rhodium, columbium and
cerium,” IPh.1), thesis, Department of Physics, University of Minne-

ta,
“ A. 0. C. Nier, “A mass spectrometer to routine isotope abun-
dance mcasurements,” Rev. Sci. Inst., vol. 11, pp. 212-216; 1940.
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measured either by a dc amplifier or by a multiplier plus
this same amplifier. Since this analysis is somewhat sim-
ilar to that carried out by Zworykin, Morton and
Malter,! and Shockley and Pierce,*® the details will not
be discussed here, but will be included in section V.Asa
result of his comparison, Cohen was able to show that
the signal-to-noise ratio of the multiplier method is su-
perior to that of the usual dc amplifier for ion currents
less than 10~ amperes.
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Fig. 17—The mass spectra of Cerium as obtained with the multiplier
mass spectrometer shown in Fig. 16 (after Cohent®.!7).

As an example of a more recent application of a mul-
tiplier to a mass spectrometer, a photograph of an elec-
trode structure assembled on a flange is shown in Fig.
18. This flange may be mounted at the collector end of

Fig. 18 —The electrode structure of a multiplier tube used on a mass
spectrometer. The entrance slit for the ion beam is located be-
tween the two parallel plates at the top of the structure (after
W T. Leland, Dept. of Physics, University of Minnesota).

a Nier-type mass spectrometer. The electrodes are held
in place by glass spacers, rather than by lavite strips as
in some carlier models. The ion beam enters the elec-
trode structure through the opening between the two
parallel plates at the extreme top of the structure. In
this installation the ion pulses are not counted, instead

© W, Shockley and J R. Pierce, “A theory of noise for electron
multipliers,” ’roc. I.R.E., vol. 26, pp. 321-332; March, 1938.
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the output current from the multiplier is amplified by a
dc amplifier and the final output is read on a recording
meter. Fig. 19 shows mass spectra obtained with this
spectrometer when iodine is present. The mass 127 peak
represents the single stable isotope of I and the peak at
128 is due to a small amount of I present. No indica-
tion of an isotope at mass 129 is evident. Further spec-
tra have shown that the relative abundance of this iso-
tope, if it exists, is less than 3X10-7 that of 1'?7, The
background fluctuations in the multiplier collector cur-
rent are of the order of 1017 amperes.
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Fig. 19—The mass spectra in the region around mass 127 when jodine
is present in the spectrometer. The 128 peak is due to a small
amount of Hi present in the tube. The background fluctuations in
the anode current of the multiplier are of the order of 10-17
amperes (after W. T. Leland).

The electron multiplier tube appears to have definite
advantages over the usual methods of current measure-
ment when the current is less than 10~ amperes. In this
current range the signal-to-noise ratio and stability of
the multiplier are superior to that of a dc amplifier.

V. StatisticaL FLucTuaTIONS IN SECONDARY
ELECTRON EMIssION

The problem of noise in electron multipliers is essen-
tially that of evaluating the fluctuations in the output
current in terms of the fluctuations in the input current
and in the manner in which the secondaries are pro-
duced. This fluctuation noise may appear as relatively
small fluctuations in a much larger current at the output
of the tube, or as fluctuations in the pulse sizes recorded
in a counting experiment. It will be convenient to con-
sider separately these two types of noise, although they
are actually identical.

A. Fluctuations in the Output Current of a Multiplier
Tube

A theory of noise applicable to multistage electron
multipliers has been developed by Shockley and Piercet®
using methods similar to those employed by others for
the analysis of the shot noise in the temperature limited

current through a diode. In the case of multiplication at
a single surface, the expression for the fluctuations in the
current of secondary electrons becomes

ALY = m?A] 2 + 2¢l ,mbAf, (1)

where

m=average number of secondaries per primary
electron

?=mecan-square deviation of this number

and b=4?/2, the relative mean-square deviation. I, and
I, are the average primary and secondary currents and
AT,;? and AT.2, respectively, are the mean-square values
of the fluctuations in 7, and 7,. The amplitude of the
noise is assumed to be constant within the frequency
interval Af. We may note that, except for the factor
(mb), the second term is just the mean-square noise cur-
rent to be expected for shot effect in the current I..
Thus the plate of a multiplier multiplies the input noise
to it like a signal and adds to this a noise equal to (mb)
times the shot noise corresponding to the output cur-
rent.

An expression for the total noise in the output cur-
rent of a multistage multiplier was obtained by Shock-
ley and Picrce after applying (1) to each stage of the
tube. If » and & are the same for all stages, the expres-
sion is

Al,E = M2, + 2L [(M ~ 1)/(m — 1))mbrf, (2)

where 7, is the average output current and A/ is the to-
tal multiplication of the » stages.

An expression identical to (2) was obtained by Zwory-
kin, Morton, and Malter! with the assumption that the
probability for the production of secondaries at each
surface is given by Poisson's formula. Then 8=m,
bm =1, and the total noise current becomes

AT = 2l [(Mm — 1)/(m — 1)]af. (3)

If there were no fluctuations in the multiplication proc-
ess, b=0 and

Al.% = M2A1,2 = 2¢MT,\f. 4)

A comparison of (3) and (4) shows that the fluctua-
tions in the multiplicative process increase the noise
current at the output of the multiplier by the factor
m/(m—1) when Mm>1. Since in practice m=4 to o8
the mean-square fluctuations in the output curient are
approximately 30 per cent greater than those expected
if the primary current were multiplied by a noise-free
amplifier of the same gain.

The results of various investigators have shown that,
in general, the fluctuations in values of the multiplica-
tion at a surface do not follow a Poisson distribution.
Ziegler®® and Kurrelmeyer and Hayner® have made
measurements of the average multiplication and the shot
noise resulting from the fluctuations in this multiplica-
tion for a single secondary emitting surface. The curves
of Fig. 20 represent the values of m and bm plotted

5 M. Ziegler, “Shot effect of seconds ission.” S
pp. 307-316: 1936, adary emission,” Physica, vol 3,

"B, Kurrelnnpyer and L. J, Hayner, “Shot effect of secondary
gggssllgg; from nickel and beryllium,” Phys. Rev., vol. 52, pp. 952-
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igainst E, as obtained by these investigators for a sur-
‘ace of activated BaO and SrO and for a surface of oxi-
jized Be. As mentioned earlier in this section, §=m
ind bm =1 if the fluctuations in m follow a Poisson dis-
‘ribution. The values of bm are approximately equal to
inity for V,=100 ev, but increase rapidly with in-
sreasing V. This indicates that the spread in the values
5f m is considerably greater than that predicted on the
nasis of a Poisson distribution.

T T T 1 1 J T

m OR &% m s bm

o ] 02 03 04 05 06 o7 oL} 9 10
E’ iN KEV

Fig. 20—m and 8/m for an oxidized Be surface and a surface of
activated BaO plus SrO. If the fluctuations in m follow a Poisson
distribution, then 8/m=1. The curves for the Be surface were re-
produced from the work of Kurrelmeyer and Hayner®! and those
for the BaO-SrO surface are from the work of Ziegler.%°

As an example, we may now complete the total mean-
square noise expected when an n-stage tube with oxi-
dized Be electrodes operated at 450 volts per stage is
used to multiply a current of electrons or ions. Using
m=4.3 and bm =2.0, (2) becomes

AT,% = 2eMI,Af + 0.6(2eM1,)Af, (5)
Or
ATt = 2eMT,(1 + 0.6)Af. (6)

In this case, the mean-square current fluctuations are
160 per cent greater than those expected if the primary
current were amplified by a noise-free current amplifier
of gain M.

B. Pulse Size Fluctuations

When an electron multiplier tube is used with a pulse
amplifier and scaling circuit to count single electrons or
positive ions, a wide spread of pulse sizes is observed at

I the output of the multiplier. If identical particles are
being counted, this distribution is due to the fluctuations
in the value of the multiplication at each stage.

The statistics of the multiplicative process occurring
in a multistage multiplier tube may be handled by the
i method of probability generating functions which was
first used by Laplace.® The theory and several applica-
tions of this method have been reviewed by Frisch®

2 “Oeuvers de Laplace,” vol. 7, p. 1, Gauthier-Villars, 1886.

#.0. R. Frisch, “The statistics of multiplicative processes,”as yet
unpublished. P P ' Y
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and also by Jorgensen.® The basic equation for dealing
with multiplicative processes was discovered by Ulam
at the Los Alamos Laboratory and developed in a report
by Hawkins and Ulam.® Since it is not the purpose of
this report to develop the entire theory, only the results
applicable to multiplier tubes will be given here.

We will consider an application in which a photomul-
tiplier tube is used as a particle counter. A fluorescent
material such as anthracene is placed near the photo-
cathode and the absorption of a single particle in the
anthracene will result in the ejection of photoelectrons
from the cathode. Let the average number of photoelec-
trons per flash of light be m, and the mean-square devia-
tion of this number be 8,2 In addition we will use the
following definitions:

m, = average number of secondaries produced per pri-
mary at the first multiplying electrode

;2 = the mean-square deviation in m;

m = average number of secondaries produced per pri-
mary at each of the succeeding (n—1) stages of
multiplication

6? = the mean-square deviation in m

M =mym™1, the over-all multiplication of the n stages
of multiplication.

The expression for the relative mean-square deviation
in the number of secondary electrons leaving the first

multiplying electrode for each pulse of photoelectrons

becomes
A,’/m&m,’ = 502/"102 + 512/"!0"112. (7)

If single photoelectrons rather than groups leave the
photocathode, mo=1 and 8,*=0 and (7) becomes
Ap2=42

A relation similar to (7) may be applied to each of the
stages in succession in order to obtain the relative mean-
square deviation in the number of electrons per pulse at
the output of the tube. The expression is

A2 m*M? = 802/mo® + 6:2/mom,?
1 — mr!
+ 62/ mom m" [— —:l.
1 —m

Since n*~1>>1 for a multistage tube, (8) may be reduced
to .

Anz/M()zAMz: Bo’/mo’+612/mom|’+6’/mom1m(m— 1)

(8)

9

An equation of the same form as (9) has been derived by
Shockley and Pierce*® by essentially the same method as
that employed here.

As an example, the relative mean-square deviation in
the pulse sizes will be computed for an experiment in
which single 450 ev electrons are being counted directly
with a multiplier. The tube is assumed to have Be-

# T, Jorgensen, Jr., “On probability generating functions,” Amer.
Jour. of Phys., vol. 16,§)p. 285-289; 1948.

1. Hawkinsand S. Ulam, “Theory of multiplicative processes I,
LADC-265.”
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coated clectrodes, and is operated with 450 volts per
stage. In this case, mo=1, 8,=0, m=m=4.3 and
0.2 =082=8.6. After substitution in (9),

3

M?

= 0.47 4 0.14 = 0.61. (10)
This example indicates that most of the noise originates
in the first multiplication process, and that the distribu-
tion of pulse sizes at the output is exceedingly broad.
Since the ratio 62/m? increases with m, the noise will also
increase with m for this secondary emitting surface.

As a second example we may estimate the spread of
the pulse size distribution when a photocathode is added
to the tube described above. A crystal of anthracene is

Radio Progress

Introduction

S WE ENTER 1950, it is interesting to take a quick
glance at the first half of the twentieth century,
which witnessed a greater improvement in the

standard of living throughout the civilized world than
occurred in any equivalent period of time. While sci-
entific and engineering developments tend to dominate
our view of these advances, a certain intangible, but
very real, factor must be recognized. This is the change
in the attitude of the people and governments toward
science, engineering, and industry. Particularly with re-
gard to engineering, that attitude has changed from an
initial incredulity at the turn of the century, on through
an age of tolerant acceptance, to an enthusiastic demand
for numerous products that have become household
necessities even though of great technical complexity.

As might well be expected, this acceptance has been
most complete among the younger members of our
society. Their ready absorption of technical training,
both in schools and through their immersion in the
technical aspects of every-day life, contributes an in-
valuable running start to the next half century of prog-
ress.

In reviewing and assembling the items of progress for
1949 as reported by its special group of review experts,
the committee was struck by the diversity of subjects
about which radio engineers are thinking, as typified by
the record of their reports and discussions. These differ
quite a bit from the activities by which the radio in-
dustry presently derives the bulk of its income. Ex-

* Decimal classification: R090.1. Original manuscript received by
the Institute. January 30, 1950. This report is based on material from
the 1949 Annual Review Committee of The Institute of Radio
Engineers, as co-ordinated by the Chairman.
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placed near the photo surface and this crystal is bom-
barded with beta-particles. If we assume that, on the
average, 10 photoelectrons are recorded per pulse and
that the fluctuations in this number follow a Poisson
distribution, we have

A2 me?M?

0.1 4 0.06. (11)

In this case the fluctuations due to the variation in the
number of photoelectrons per pulse will be of the same
order of magnitude as the fluctuations due to the multi-
plicative process. If the average number of photoelec-
trons per pulse is 100 rather than 10, the relative mean-
square deviation in the output will be 0.016 correspond-
ing to a rather narrow distribution of pulse sizes.

During 1949°

perience has shown that the problems of research and
engineering of one period become the items of produc-
tion five years later.

This multibillion dollar industry today is concerned
with items that have become commonplace matters in
most of its engincers’ thinking at least. In most cases
their present daily operations relate to the results of
solutions of the problems that were discussed at meet-
ings and in the technical press a few years ago.

From the viewpoint of the public, the most valuable
contributions of the year were matters which received
scant attention in the technical press: the many in-
genious ways of improving the components or of simpli-
fying circuits and systems whereby better but cheaper
apparatus is offered for sale. During the year, hundreds
of such expedients were utilized, the results of different
methods of thinking in the engineering organizations of
dozens of radio manufacturers, cach spurred by an
active competition for a higher placement in a growing
market. These matters are rarely publicly reported and
so do not get attention in scientific reports such as fol-
lows.

The example of television receiver design is typical—
the more effective utilization of all materials in the set
has given the public larger viewing screens, with fewer
tubes ar}d at cheaper prices—building up a former
novelty into a national industry that is bringing about
unusual changes in the country’s spare time entertain-
ment customs.

Along with this keen competition
facturers for marketable fe
has .witncsscd, finest co-operation is noted in the pro-
motion of industry standards, Engineering time of
inestimable value has been applied to IRE committee

Iwork. This has proved of great value to the industry at
arge,

among manu-
atures in desiga the year

1

1
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Activities in new fields have been undertaken by some
committees, and a new IRE Committee has been set up
to correlate and standardize methods in the field of
measurements, a broad problem entering into all phases
of the art.

Engineers have also co-operated in studying basic
system possibilities that will help in formulating general
communication standards by the national government
agencies, and in establishing rules and recommended
practices so that the best over-all results are assured.

Antennas and Waveguides

Antenna Theory

Books of interest to antenna engineers that appeared
during 1949, included:

(1) S.Silver, “Microwave Antenna Theory and Design,” Rad. Lab.

Series, vol. 12, McGraw-Hill Book Co., New York, N. Y., 1949.

(2) “Tables of Generalized Sine- and Cosine-Integral Functions,”

Parts 1 and 2, Annals of the Computation Laboratory of
Harvard University, Boston, Mass., 1919,

Electromagnetic horn radiators received considerable
attention in the literature. The radiation patterns of
horns having moderate flare angles were calculated from
assumed field distributions over the aperture, using
Schelkunoff's equivalence principle. An investigation
showed that calculations of patterns using the Kirchhoff
approximation to determine the far field can be sur-
prisingly accurate. The impedance properties of sectoral
horns were obtained using transmission line theory.

(3) C. W. Horton, “On the theory of the radiation patterns of
electromagnetic horns of moderate flare angle,” Proc. I.R.E.,
vol. 37, pp. 744-749; July, 1949.

(4) G. A. Woonton, D. R. Hay, and E. L. Vogan, “An experi-
mental investigation of formulas for the prediction of horn
radiator patterns,” Jour. Appl. Phys., vol. 20, pp. 71-78;
January, 1949.

(5) H. S. Bennett, “Transmission-line characteristics of the
sectoral horn,” Proc. 1.R.E., vol. 37, pp. 738-743; July, 1949,

(6) J. T. Bolljahn, “Some properties of radiation from rectangular-
waveguides,” Proc. I.R.E., vol. 37, pp. 617-621; June, 1949,

Super-gain antennas received further attention in a
paper that discussed the dependence of gain on the
phase distribution across the aperture of the antenna.

(7) D. A. Bell, “Gain of aerial systems,” Wireless Eng., vol. 26, pp.
306-312; September, 1949.

Further advances were made in the theory and ap-
plication of lenses for controlling the radiation from
antennas. A new type of artificial dielectric lens using
baffle plates to effect a wave delay which produces a
focusing effect, was described.

(8) S. B. Cohn, “Analysis of the metal-strip delay structure for
microwave lenses,” Jour. Appl. Phys., vol. 20, pp. 257-262;
March, 1949,

(9) S. S. D. Jones and J. Brown, “Metaltic delay lenses,” Nature
(London}, vol. 163, pp. 324-325; February 26, 1949.

(10) W. E. Kock, “Path-length microwave lenses,” ’roc. I.R.E.,
vol. 37, pp. 852-855; August, 1949,
(11) H. B. DeVore and H. lams, “Microwave optics between
arallel conducting planes,” RCA Rev., vol. 9, pp. 721-732;
ecember, 1948.

The theory of radomes was extended by a theoretical
and experimental investigation of the effects of dielec-
tric sheets placed near antennas.

(12) R. M. Redheffer, “Microwave antennas and dielectric sur-
faces,” Jour. Appl. Phys., vol. 20, pp. 397-411; April, 1949.
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An experimental and theoretical investigation of Yagi
antennas produced methods for the approximate design
of such antennas.

(13) R. M., Fishenden and E. R. Viblin, “Design of Yagi aerials,”
Jour. IEE, (London), part 3, vol. 96, pp. 5-12; January, 1949.

The current distributions on infinitely long cylindrical
antennas were calculated for excitations by a narrow
axial slot and by a narrow transverse gap.

(14) C. H. Pappas and R. King, “Currents on the surface of an in-
finite cylinder excited by an axial slot,” Quart. Appl. Math.,
vol. 7, pp- 175-182; July, 1949.
(15) C. H. Pappas, “On the infinitely long cylindrical antenna,”
Jour. Appl. Phys., vol. 20, pp. 437-440; May, 1949.
Further data on the helical antenna for producing
circularly polarized waves were published. A general
formula was shown for calculating the power received
by an arbitrary antenna when receiving waves of arbi-
trary polarization.

(16) J. D. Kraus, “The helical antenna,” Proc. I.R.E., vol. 37, pp.
263-272; March, 1949.

(17) Yung-Ching Yeh, “The received power of a receiving antenna
and the criteria for its design,” Proc. L.R.E., vol. 37, pp. 155-
158; February, 1949.

A mathematical analysis of some experimental data
on short antennas showed good agreement with theory.
Also an investigation was made to determine the radia-
tion resistances of antennas loaded with metal disks or
dielectric sheaths to decrease the resonant frequency.
Measurements of the mutual impedance between two
parallel linear antennas showed fair agreement with
theoretical values.

(18) L. C. Smeby, “Short antenna characteristics—theoretical,”
Proc. I.R.E., vol. 37, pp. 1185-1194; October, 1949.

(19) R. C. Raymond and W. Webb, “Radiation resistance of
loaded antennas,” Jour. Appl. Phys., vol. 20, pp. 328-330;
April, 1949.

(20) P. Starnecki and E. Fitch, “Mutual impedance of two centre-
driven parallel aerials,” Wireless Eng., vol. 25, pp. 385-389;
December, 1948.

Antenna Measurements

The effects of ground planes of finite dimensions on
the measured impedances of vertical antennas mounted
on them were shown to be quite appreciable. These
measurements were made using a method described by
Chipman that was shown to be closely related to the
usual method of determining the standing-wave ratio
directly.

(21) A. S. Meier and W. P. Summers, “Measured impedance of
vertical antennas over finite ground planes,” Proc. LLR.E.,
vol. 37, pp. 609-616; June, 1949.

Methods were described for determining the distribu-
tion of current and charge along an antenna, and some
comparison of measured distributions were made with
the theoretical distributions. A method was described
for measuring the scattering of waves by antennas. A
discussion of methods of measuring the gains of electro-
magnetic horns was presented.

(22) G. Barzilai, “Experimental determination of the distribution
of current and charge alon cylindrical antennas,” PRroc.
I.R.E, vol. 37, pp. 825-—829;july, 1949.

(23) W. Webb and R. C. Raymond, “Current distributions on some
simple antennas,” Jour. Appl. Phys., vol. 20, pp. 330-333;

April, 1949.
(21) D.D.King, “The measurement and inter retation of antenna
scattering,” Proc. LR.E., vol. 37, pp. 776 777; July, 1949.
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(25) A.S. Dunbar. and M. D. Adcock, “Measurement of the gain
of electromagnetic horns,” Jour. Appl. Phys., vol. 20, pp. 226
227; February, 1949.

Slot Antennas

Theoretical and experimental data were published on
the horizontal radiation patterns of axial slots in vertical
cylinders with emphasis on methods of obtaining
horizontally polarized nearly circular patterns.

Two articles dealt with radiation patterns of open
ended waveguides, one a simple method of calculation
by which a limited amount of information may be ob-
tained, and in the other data were presented for a
variety of shapes of the open end, and showing a shape
which gave nearly uniform field over a wide angle. The
fourth paper described the radiation patterns of circular
slot antennas for mobile use.

(26) G. Sinclair, “The patterns of slotted-cylinder antennas,” Proc.
I.R.E., vol. 36, pp. 1487-1492; December, 1948.

(27) J. T. Bolljahn, “Some properties of radiation from rectangular
waveguides,” Proc. I.R.E., vol. 37 pp. 617-621; June, 1949.

(28) R. E. Beam, M. M. Astrahan, and H. F. Mathis, “Open-ended
waveguide radiators,” Proc. NEC, vol. 4, pp. 472—486; 1948.

(29) D. R. Rhodes, “Flush mounted antennas (e)r mobile applica-
tions,” Electronics, vol. 22, pp. 115-117; March, 1949.

Amplitude- Modulation Broadcast Antennas

The wide use of directive antennas has disclosed in-
adequate co-ordination of the characteristics of trans-
mitter output circuits and those of the associated an-
tennas. Two papers reported investigations pointing the
way to improved performance in both fidelity of output
signal and stability of operation.

(30) W. H. Doherty, “Operation of AM broadcast transmitters into
sharply tuned antenna systems,” Proc. 1.R.E., vol. 37, pp.
729-734: July, 1949.

(31) J. C. Nonnekens, “Design considerations for directive an-
tennas-arrays at medium-wave broadcast frequencies, taking
into account the final radio-frequency amplifier circuits,” HF
(Brussels), pp. 26-31; 1949. (In English.)

Simplified methods were developed for calculating
antenna radiation patterns for broadcast arrays.

(32) J. H. Battison, “Directional antennas for AM broadcasting,”
Electronics, vol. 22, pp. 101-103; April, 1949.

Frequency-Modulation Broadcast Antennas

A new design of “Cloverleaf” antenna, having power
gains up to 12 and relatively free from the effects of
icing, was described, as well as a “Multi-V” antenna
having relatively broad-band characteristics.

(33) Phillip H. Smith, “A high gain cloverleaf antenna,” Proc.
NEC. (Chicago), vol. 4, pp. 497-504; published February,
1949,

(34) M. \W. Scheldorf, “Multi-V antenna for FM broadcasting,”
Electronics, vol. 22, pp. 94-96; March, 1949.

Television Antennas

The requirements and mechanical construction of a
loaded dipole suitable for indoor television reception
were discussed. A reversible beam receiving antenna
capable of covering 12 television channels was described.

(35) N. M. Bestand P. J. Duffell, “Indoor television aerial,” Wire-
less World, vol. 55, pp. 255-258; July, 1949.

(36) O. M. Woodward, Jr., “Reversible-beam antenna for twelve-
channel television reception,” RCA Rev., vol. 10, pp. 224-240;
June, 1949,

(37) “Built-in TV Aerial,” Tele-Tech, vol. 8, pp. 37, 60; October,
1949,
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Waveguides .

During the year study was continued of the effect of
various types of discontinuity in waveguides. The re-
sults obtained by loading the guide by disks or partitions
were given further consideration.

(38) E. L. Chu, and W. W. Hansen, “Disk-loaded wave guides,”
Jour. Appl. Phys., vol. 20, pp. 280-285; March, 1949. )

(39) W. Walkinshaw, “Notes on wave guides for slow waves,” Jour.
Appl. Phys., vol. 20, pp. 634-635; June, 1949.

(40) E. Kettel, “A waveguide with phase velocity V< C for the Ey,
Wave,” Frequenz, vol. 3, pp. 73-75; March, 1949.

The effect of slots in waveguide walls was treated
rather simply, using transmission line theory with good
agreement reported between theory and practice.

(41) A. L. Cullen, “Laterally displaced slot in rectangular wave-
guides,” Wireless Eng.. vol. 26, pp. 3-10; Januarv, 1949.

(42) G. Klages, “The effect of openings in the walls of metal wave-
guides on the wave propagation,” Arch. Elek., (Ubertragung)
vol. 3, pp. 85-92; March, 1949.

The propagation of T'E,; waves in curved guides was
considered, and the reflection from corners in rectangu-
lar waveguide was treated using conformal transforma-
tion.

(43) W. J. Albersheim, “Propagation of TEn waves in curved wave
guides,” Bell Sys. Tech. Jour , vol. 28, pp. 1-32; January, 1949.

(#4) S. 0. Rice, “Reflection from corners in rectangular wave
guides—conformal transformation,” Bell Sys. Tech. Jour.,
vol. 28, pp. 104-135; January, 1949,

(45) S. O. Rice, “A set of second-order differential equations as-
sociated with reflections in rectangular wave guides—applica-
tion to guide connected to horn,” Bell Sys. Tech. Jour., vol. 28,
pp. 136-156; January, 1949,

The theory of microwave filters was extended and a
parallel-resonator type of filter was described.

(46) S. B. Cohn, “Analy~is of a wide-band waveguide filter,” Proc.
I.R.E., vol. 37. pp. 651-656: June, 1949.

(#7) ]. Hessel, G. Goubau, and L. R. Battersby, “Microwave filter
theory and design,” I’roc. ER.E vol. 37, pp. 990-1000; Sep-
tember, 1949

(48) J. R. Pierce, “Paralleled-resonator filters,” Proc. I.R.E., vol.
37, pp. 152-155; February, 1949,

A method was indicated for reducing the reflection
that occurs at a junction between uniform and tapered
sections.

(49) L. Lewin, “Reflection cancellation in waveguides,” Wireless
Eng., vol. 26, pp. 258-264; August, 1949,

The effect of surface roughness on eddy current losses
was treated theoretically, and it was shown that
scratches transverse to the direction of current flow mayv
increase the power loss by as much as 100 per cent.

(50) Samue: IP. Morgan, Jr., “Eﬁ'?ct of surface roughness on eddy
current losses at microwave frequencies,” Jour. A ppl. %
vol. 20, pp. 352-362; April, 19-:& e Rl b

Transmission Lines

The characteristics of high-impedance coaxial cable
having a helical inner conductor were calculated in two
papers.

(51) S. Frankel, “High-impedance cable ” s, Vv
o 406;}.’\pril, 1930, p able,” Proc. 1.R.E,, vol. 37,
(52) J. A. Hedelin, “Coaxial cable with high characteristic im-
pedance,” Radio Frang., pp. 23-24; Febr.garyc, laﬁ{-;‘;.le. e

The theory and method of construction of the “slab”
transmission line were summarized.

(53) W. B. Wholey and \V. N. Eldred, “A .
section,” Proc. NEC, vol. 4, p. 221; 1948n.ew type of slotted line
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A coaxial line bridge-type of network was described to
deliver equal power to two inverse load impedances.

(54) R. W. Masters, “A power equalizing network for antennas,”
Proc. I.R.E., vol. 37, pp. 735-738; July, 1949.

Conditions in the terminal zone of a transmission line
were investigated. It was shown that the effects of
coupling between load and line may be allowed for by
substitution of a terminal-zone network which must be
evaluated for each type of termination.

(55) Ronold King and K. Tomiyasu, “Terminal impedance and
generalized two-wireline theory,” Proc. 1.R.E., vol. 37, pp.
1134-1139; October, 1949.

Audio Techniques

During the year the Audio and Video Techniques
Committee was replaced by three technical committees,
the Audio Techniques, the Video Techniques, and the
Sound Recording and Reproducing Committees.

The applications of audio design techniques to the
solution of design problems involving both broadcasting
studios and their associated equipment were reported.
Another report covered the use of audio techniques in
preventive medicine. Still another discussed the aural
portion of television programs.

(56) W.W. Carruthers and D. P. Loye, “Building to the acoustical
optimum. New Mutual-Don Lec Broadcast.ng Studios,” Jour.
Acous. Soc. Amer., vol. 21, pp. 428-434, July, 1949.

(57) R. V. Kenney, “Studio control room design,” Audio Eng., vol.
33, pp. 21-23, 35-36; January, 1949. -

(58) M. E. Gunn, “WMGM master control equipment design,”
Audio Eng., vol. 33, pp. 24-28, 39-40; March, 1949.

(539) W. H. Offenhauser and M. C. Kahn, “The sounds of disease-
carrying mosquitoes,” Jour. Acous. Soc. Amer., vol. 21, pp.
259-263; May, 1949.

(60) R. H. Tanner, “Audio Technique in television broadcasting,”
Audio Eng., vol. 33, pp. 9-13, 41-44; March, 1949,

Excellent summary reviews appeared covering several
aspects of the application of audio design techniques
and the physical and physiological factors underlying
audio-frequency engineering.

(61) H. A. Chinn, “Audio system design fundamentals,” Audio
Eng., vol. 32, pp. 11-14, 41; November, 1048.

(62) W. K. Grimwood, “Volume compressors for sound recording,”
Jour. Soc. Mot. Pic. Eng., vol. 52, pp. 49-76; January, 1949.

(63) L.S.Goodfriend, “Problems in audio engineering,” Audio Eng.,
vol. 33, pp. 22-23, 45, May, 1949; pp. 15-17, 34-35, June,
1949; pp. 20, 21, 37, July, 1919; pp. 19-20, 31, August, 1949,
gp. 18-19, 46-47, September, 1949; pp. 23-25, October, 1949.

(64) S. J. Begun, “Magnetic Recording,” Murray Hill Books, Inc.,

_. New York, N. Y.; 1949.

(65) ]. G. Frayne and H. Wolfe, “Elements of Sound Recording,”
John Wiley and Sons, Inc., New York, N. Y.; 1949.

The factor of quality in the reproduction of sound re-
ccived considerable coverage. Two reports covered
listener reactions. The first discussed program material,
associated acoustical and electronic equipment, size and
nature of the audience, method used in reporting
audience response, and statistical analysis of the
audience response. The second discussed psychological
factors, including listener fatigue and refers to the re-
ported results of several other previous tests. A panel
discussion on the general subject of high-quality re-
production took place in November, 1948, at a meeting
of the Acoustical Socicty of America. The final item
reported on quality improvement possibilitics.
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(66) L. S. Goodfriend, “Sybjective testing of sound reproducing
equipment,” Jour. Acous. Soc. Amer., vol. 21, pp. 81-84;
March, 1949.

(67) C.J. LeBel, “Psycho-acoustic aspects of higher quality repro-
duction,” Audio Eng., vol. 33, pp. 9-11, 32-34; January, 1949

(68) Summary review of panel discussion, “What constitutes high
fidelity reproduction?,” Audio Eng., vol. 32, pp. 8, 36-38; De-
cember, 1948.

(69) D. Sarser and M. C. Sprinkle, “Mus'cian's amplifier,” Audio
Eng., vol. 33, pp. 11-13, 53-55; November, 1949.

(70) J. M. Van Beuren, “Cost vs. Quality in a.f. Circuits,” FM and
Telev., vol. 9, pp. 31-32, 34; February, 1949

A trend toward size reduction was indicated in tele-
phone repeaters, sound-level meters, and condenser-
microphone assemblies.

(71) F. A. Minks, “The V3 Repeater,” Bell Lab. Rec., vol. 28, pp.
45-47; February, 1949,

(72) H. H. Scott, H. Chrystie, and E. G. Dyett, Jr., “Application of
miniature circuit techniques to the sound level meter,” Proc.
NEC, vol. 4, pp. 3345, 1948.

(73) J. K. Hilliard. “An omnidirectional microphone,” Audio Eng.,
vol. 33, pp. 20-21; April, 1949.

The continued attention to audio-frequency meas-
urements is typified by several reports appearing during
the year. One of these reviews, in correlated form, the
theorv involved in making measurements of gain, fre-
quency response, distortion, and noise at audio fre-

., . . .

quencies, with particular emphasis on such measure-
ments made on high-gain systems. Another, presented
at the IRE National Convention in March, 1949, dis-
cussed the measurement of distortion with particular
emphasis on comparisons among single-frequency har-
monic measurement results and two intermodulation
methods result. Another, an English report, reported
measurement of audio-frequency noise. Two others re-
ported the use of the cathode-ray oscilloscope and audio
sweep frequency. Another report considered a method
for the conversion of an audio signal to an output volt-
age which is proportional to sound level.

(74) W. L. Black and H. H. Scott, “Audio frequency measure-
ments,” Proc. I.R.E., vol. 37, pp. 1108-1115 (condensed);
October, 1949. Also Audio Eng., vol. 33, pp. 13-16, 38—43;
October, 1949 and pp. 18-19, 48-50; November, 1949.

(75) A. P. G. Peterson, “The measurement of non-linear distor-
tion,” Engineering Department, General Radio Company,
Technical Publication B-3; 1949.

(76) H. G. M. Spratt, “Noise and its measurement,” Elec. Rev.
(London), vol. 144, pp. 565-567; April 8, 1949,

(77) G. A. Argabrite, “Audio sweep frequency generator,” Audio
Eng., vol. 33, pp. 11-13, 40-41; May, 1949.

(78) R. Toomin, “A new electronic audio sweep-frequency gener-
ator,” Audio Eng., vol. 33, pp. 23-26, 28-29; August, 1949,

(79) C. J. LeBel, “New developinents in logarithmic amplifiers,”
Audio Eng., vol. 33, pp. 15-17, 45-46; September, 1949.

Significant progress was made in standardization’
“Definitions and Symbols for Audio Systems and
Components,” and “Methods of Measurement and Test
for Audio Systems and Components,” are the titles of
two IRE subcommittces working in this field. In ad-
dition, the Engineering Department of the Radio Man-
ufacturers Association brought to final stage a number
of audio standards. In addition to those cited as ac-
tually published during the year, particular note
should be taken of several others originated by the
committee on Audio Facilities of the Transmitter Sec-
tion of the RMA Engincering Department which were
declared as RMA Standards: “Audio Iacilities: Symbols
and Designations for Single Line Diagrams,” “Cable
Connectors for Audio Facilities for Radio Broadcast-
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ing,” and “Standards for Audio Facilities for Radio
Broadcasting Systems,” the last of these being a re-
vision and expansion of RMA Standard TR105A of the
same title, published in May, 1948.

(80) RMA Standard, “Amplifiers for Sound Equipment,” Engineer-

ing Department, RMA, SE-101-A; July, 1949,

(81) RMA Standard, “Panel Mounting Racks, Panels, and Asso-
ciated Equipment,” Engineering Department, RMA, SE-102;
February, 1949.

(82) RMA Standard, “Speakers for Sound Equipment,” Engineer-
ing Department, RAM A, SE-103; April, 1949,

(83) RMA Standard, “Engineering Specifications for Amplifiers for
Sound Equipment,” Engineering Department, RMA, SE-104;
May, 1949,

(84) RMA Standard, “Sound Systems,” Engineering Department,
RMA, SE-106; July, 1949,

Network and Circuit Theory

Linear Lumped-Constant Passive Circuits

The year was marked by the appearance of a book
which presents a complete mathematical structure for
the theory of circuit analysis, and the announcement of
a surprising theorem. The theorem asserts that any
driving-point impedance function has a physical repre-
sentation which is free of transformers. It detracts but
little from this astonishing and useful res:lt that the
representation may include a large number of super-
fluous elements.

(85) E..\. Guillemin, “The Mathematics of Circuit Analysis,” John
Wiley and Sons, New York, N. Y.: 1949,

(86) R. Bott and R. J. Duffin, “Impedance synthesis without use
of transformers,” Jour. Appl. Phys. vol. 20, p. 816; August,
1949,

There has been continuing interest in the develop-
ment of analogue devices to facilitate solution of the
synthesis problem. These devices, of which the electro-
Iytic tank is the prime example, make use of the
analogue relating nctwork functions to the two-
dimensional electrostatic potential function.

(87) J. F. Klinkhamer, “Empirical determination of wave-filter
transfer functions with specified properties,” Philips Res. Re-
ports, vol. 3, pp. 60-80; February, and pp. 378-400; October,
1948.

(88) A.R. Boothroyd, E. C. Cherry, and R. Makar, “\n electrolytic
tank for the measurement of steadv-state responee, transient
response and allied properties of networks,” Proc. IEE part
I, vol. 96, pp. 163-177; Mav, 1949,

Linear Varying— Parameter Circuits and Nonlinear Cir-
cuits

Several general reviews appeared summarizing past
work and bringing the reader up to date concerning the
tyvpes of problems which have been studied and the
methods which are available for their solution.

(89) Mary L. Cartwright, “Nonlinear vibrations,” Adranc. Set.,
vol. 6, pp. 64-75; April, 1949.

(90) A. A. Andronow and C. E. Chaikin, “Theory of Oscillations,”
English edition edited under direction of S. Lefschetz from 1937
?ussian edition. Princeton University Press, Princeton, N. J,

58 p.

(91) W. R. Bennett, “A general review of linear varying parameter
and nonlinear circuit analvsis,” presented, 1949 IRE National
Convention, New York, N. Y., March 7, 1949,

Linear Active Networks

There was a noticeable consolidation of the theoreti-
cal progress of recent years. The versatility of feedback
networks was emphasized in several novel applications.

PROCEEDINGS OF TIIE I.R.E.

April

Of considerable interest was the increased use of com-
bined positive and negative feedback. One such applica-
tion employed controlled regeneration to compensate
degenerative losses resulting from the elimination of
bulky bypass capacitors.

(92) J. M. Miller, “Cathode neutralization of video amplifiers,”
Proc. I.R.E,, vol. 37, pp. 1070-1073; September, 1949.

(93) P. G. Sulzer, “Circuvit techniques for miniaturization,” Elec-
tronics, vol. 22, pp. 98-99: August, 1949. ) ) .

(94) A. B. Bereskin, “Cathode-compensated video amplification,
Electronics, vol. 22, Part 1, pp. 98-103; June, 1949. Part 11,
pp. 104-107; July, 1949,

(95) G. Newstead and D. L. H. Gibbings, “Error-actuated power
filters,” Proc. .LR.E , vol. 37, pp. 1115-1119; October. 1949.

(96) C. F. Brockelsby, “Negative-feedback amplifiers,” Wireless
Eng., vol. 26, pp. 43—49; February, 1949,

(97) H. Mayr, “Feedback amplifier design,” Wireless Eng , vol. 26,
pp. 297-305: September, 1949, ) )

(98) F. D. Clapp. “Some aspects of cathode-follower design at radio
frequencies,” Proc. L.LR.E.. vol. 37, pp. 932-937; August,
1949,

(99) P.R. Aigrain, B. R. Teare, jr_, and E. M. Williams, “General-
ized theory of the band-pass low-pass analogy,” Proc. I.R.E .,
vol. 37, pp. 1152-1155; October, 1949.

(100) E. Labin, “Wideband television transmission systems,” Elec-
tronics, vol. 22, pp. 86-89: May, 1949,

(101) P. A. T. Bevan, “Earthed-grid power amplifiers,” Hireless
Eng., vol. 26, part I, pp. 182-102; June, 1949. Part II. pp
235-242; July, 1949,

(102) A. Pinciroli and A. Taraboletti, “On the matrix analvsis of
linear networks comprising active four-terminal networks,"
Alta Frequenza. vol. 18, pp. 73-82, April, 1949,

(103) E. de Gruvter, “Re<onance phenomena in oscillating circuits,”
Assoc. Suisse Elect. Bull., vol. 39, pp 791-801; November 27,
1948.

Time Domain Analvsis and Svnthesis

There appears to be a growing interest in the prop-
erties of signals and circuits expressed as functions of
time rather than frequency. Despite the fact that much
of our network theorv and practice has grown around
the sinusoidal function of time, the steadyv-state con-
cepts of the frequencv domain possess a certain arti-
ficiality when applied to communication svstems that
must transmit information. A sinusoidal signal is com-
pletely determined for all time from the outset whereas
a signal that represents a message must contain un-
predictable elements if it is to carry information. For
this reason, the statistical properties of messages mav
best be formulated in the time domain, as may also
various criteria of performance for the linear circuits
and filters through which these messages must pass.
Many of our familiar concepts in the frequency domain
have their counterparts in the time domuain '(c.g., the
correlation function versus the power-frequency spec-
trum, or the impulse response versus the gain and phase
characteristics). The up-to-date communication engi-
neer will find travel between the two domains necessary
for a complete understanding of some problems. Two
useful guides are:

(104) S. Goldman, “Transformation Calculus and Electric Tran-
__ sients,” Prentice Hall, Inc., New York, N. Y.: 1949,
(105) C. C}Jerry, “Pulses and Transients in Communication Cir-
cuits,” Chapman and Hall, Ltd., London

The main benefit of working in the time domain is
that one may formulate logical design criteria for
optimizing the performance of the circuit under a given
set of conditions. There is, for example, the matched-
filter criterion for obtaining the greatest peak-signal
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1oise ratio from an input consisting of pulses of known
hape corrupted by white noise. This criterion, which
tates that the impulse response of the filter should
Jave the same shape as the input pulse except reversed
n time; does not appear to be well known, even though
t was stated several years ago in language of the fre-
juency domain by Van Vleck and Middleton.

For optimum recovery and preservation of the wave-
form of a message that has been corrupted by noise, the
“least-square” criterion is a reasonable basis for design.
This criterion, which minimizes the average squared-
difierence between the desired response and that ac-
tually obtained, was used by N. Wiener in 1942 to de-
velop a statistical theory of prediction and filtering.
With the recent publication of his work, and the exposi-
tion, application, and extension of the theory by Y. W.
Lee and others, the importance of the statistical point of
view in communication engineering is emphasized.

(106) N. Wiener, “Extrapolation, Interpolation and Smoothing of
Stationary Time Series,” The Technology Press, MIT, and
John Wiley and Sons, Inc., New York, N.Y.; 1949,

(107) Y. W. Lee, “Filtering and prediction,” Lecture 5, AIEE-IRE
Theory of Communication Series, New York, May 9, 1949,

(108) Y. W. Lee and C. A. Stutt, “Statistical prediction of noise,”
MIT Research Laboratory of Electronics Technical Report No.
129, July 12, 1949. Also, Proc. NEC, vol. 5; 1949.

(109) Y. W.Lee, T. P. Cheatham, and J. B. Wiesner, “The applica-
tion of correlation functions in the detection of small signals in
noise,” MIT Research Lab. of Electronics Technical Report
No. 141; October, 1949.

Unfortunately, the mathematical machinery avail-

able for use in the time domain is far more cumbersome:

and less satisfactory than that available in the fre-
quency domain. Several related papers dealing with this
difficulty were presented at the IRE National Conven-
tion last March. Summaries of these papers may be
found in the PROCEEDINGS OF TIE L.LR.E. for February,
1949.

Several interesting methods for approximating a
specified time response appeared during the year. These
methods include a continued-fraction expansion of the
Poisson-Stieltjes integral to obtain directly the driving-
point impedance in the form of a ladder; expansion of
the specified time response into a set of Laguerre func-
tions and a network approximation thereunto in the
sense of least-square error; and an interpretation of the
transient response in terms of the critical frequencies of
the system. The potential analogue was used to interpret
the initial amplitudes of the transient oscillations in
terms of the critical frequencies. '

(110) M. Nadler, “The synthesis of electric networks according to
prescribed transient conditions,” Proc. LR.E., vol. 37, pp.
0627-630; June, 1949,

(111) . R. Aigrain and E. M. Williams, “Design of optimum tran-
sient response amplifiers,” Proc. LR.E,, vol. 37, pp. 873-879;
August. 1949,

(112) §J.H. Mulhg:m,]r., “T'he effect of pole and zero locations on the
transient response of linear dynamic systems,” PROC. I.R.E,
vaol. ._37,_Kp. 516-529; May, 1949,

(113) W. E. Thomson, “Transient response of wideband amplifiers,”
Wireless Fng., vol. 26, pp. 264-266; August, 1949

(114) R. C. Palmer and L. Mautner, “A new figure of merit for the
transient response of video amplifiers,” Proc. LR.E., vol. 37,
Y,p. 1073'—10.77'. September, 1949,

(115) P. R. Aigrain and E. M. Williams, “Synthesis of n-reactance
networks for desired transient response,” Jour. Appl. Phys.,
vol. 20, pp. 597-600; June, 1949.

To minimize the dispersion of pulsed signals, the time
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delay of the circuit should be constant over the fre-

quency band of importance. This has been the subject

of the following papers:

(116) M. H. Hebb, C. \V. Horton, and F. B. Jones, “On the design of
networks for constant time delay,” Jour. Appl. Phys., vol.
20, pp. 616-620; June, 1949.

17 J. Laplume, “On the reduction of phase distortion in stages

with coupled circuits,” Comp. Rend. Acad. Sci. (Paris), vol. 227,
pp. 1213-1215. See also pp. 187-188 and pp. 675-677; vol. 227,

1948.

(118) R. D. Kell and G. L. Fredendall, «Standardization of the
transient response of television transmitters,” RCA Rev., vol.
10, pp. 17-34; March, 1949.

Circuit Components

A useful book, and one of the few written on the sub-
ject by the equipment designer rather than the manu-
facturer, is the “Components Handbook,” which was
released in 1949 as one of the MIT Radiation Labora-
tory Series.

The principle of the magnetic-fluid clutch has now
been applied to several other applications. In one, a
remote-controlled resistor is obtained by varying the
magnetic field through a magnetic-fluid resistor consist-
ing of an oil and’ ferrous-particle mixture, thus causing
the suspended particles to reorient themselves and
change the resistivity. In another, the material is used
as a mold for small castings. This is done by placing the
object to be cast in the fluid mixture, solidifying the
mixture by means of a magnetic field, removing the pat-
tern and pouring the casting, then liquifying the mold
by removing the magnetic field.

The use of miniature tubes and components has be-
come standard practice, and there is accelerated activ-
ity in subminiature development. Printed circuit tech-
niques are also gaining ground.

(119) J. Markus, “Magnetic fluid uses,” Electronics, vol. 22, pp. 120-
122: September, 1949.

(120) W. G. Tuller, “Potted subassemblies for subminiature equip-
ment,” Electronics, vol. 22, pp. 104-105; September, 1949.

(121) M. A. Coler, “Properties orconductive plastics,” Electronics,

vol. 22, pp. 96-99; October, 1949.

(122) A. 1. Dranetz, G. N. Howatt, and J. W. Crownover, “Barium
titanates as circuit elements,” Tele- Tech, vol. 8, in three parts,
April, May, June,1949.

(123) G. Shapiroand R. 1. Henry, “Subminiaturization of i-f ampli-
fiers,” presented, 1949 IRE National Convention, New York,
N. Y., March, 1949.

(124) J. F. Blackburn, ed., “Components Handbook,” vol. 16 of
MIT Rad. Lab. Series, McGraw-Hill, Book Co., New York,
N. Y.; 1949,

(125) A. A. Pascucci, “New applications of a four-terminal titanate
capacitor,” presented, 1949 IRE National Convention, New
York, N. Y., March, 1949.

Servomechanisms

Progress in the field of servomechanisms and closed-
loop control systems has been in the direction of con-
solidation of theory, and in the refinement of techniques
and computation aids. A number of analogue computers
which can be used to solve control system equations
have been developed. In addition, some work on the
proper choice of error criterion to fit particular require-
ments has been done. Techniques for correlating
transient with frequency response using simple methods
have been developed. A notable factor is that the type of
thinking devcloped in the field of servomechanisms has
been applied to studies of many forms of active net-
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works and even to the behavior of the human being as a
control clement. Considerable activity in the field of
servomechanisms was apparent in foreign publications.

(126) G.S. Brown and D. P. Campbell, “Principles of Servomecha-
nisms,” John Wiley and Sons, Inc., New ork, N. Y.,; 1948.

(127) A. B. MacNee, “An electronic differential analyser,” Proc.
I.R.E,, vol. 37, pp. 1315-1324; November, 1949.

(128) G. D. McCann, 8 H. Wilts, and B. N. Locanthi, “Electronic
techniques applied to analogue methods of computation,”
Proc. I.R.E., vol. 37, pp. 954-961; August, 1949,

(129) I1. Chestnut and R. W. Mayer, “Comparison of steady-state
and transient performance of servomechanisms,” Trans. AIEE
vol. 68, T1-9196; 1949,

(130) G. Newstead and D. L. . Gibbings, “Error-actuated power
filters,” I’roc. I.R.E., vol. 37, pp. 1115-1119; October, 1949,

(131) K. J. \W. Craik, “Theory of human operator in controt Sys-
tems,” Brit. Jour. Psych., vol. 138, pp. 56-62; 1947, pp. 142-
148;1948.

(132) E. A. Mechler, J. B. Russell, and M. G. Preston, “The basis
for the optimum aided-tracking constant,” Jour. Frank. Inst.,
vol. 248, pp. 327-334; October, 1949,

(133) E. G. Uderman, “A method of determining the parameters of
linear automatic regulation systems,” Automat. § Telemakh.,
vol. 10, 1949 (in Russian).

(134) W. Z. Oppelt, “Locus methods for regulation processes with
friction,” Zeit. Ver. dtsch. Ing. (VDI), vol. 90: June, 1948.

(135) H. T. Marcy, M. Yachter, and J. Zauderer, “Instrument in-
accuracies in feedback control systems with particular empha-
sis on backlash,” Trans. AIEE, vol. 68, T-9197; 1949,

Electroacoustics

Acoustic Propagation and Impedance

Theory and experiment advanced together in the
measurement and calculation of the acoustic impedance,
both of acoustic elements such as ducts and orifices and
of materials used as sound absorbers. Several simplified
techniques for the mecasurement of the impedance of
acoustic materials were developed. Theoretical refine-
ments resulted in calculated absorption coefficients in
fair agreement with measured values even for rather
complex structures.

(136) C. T. Molloy, “The lined tube as an element of acoustic cir-
cuits,” Jour. Acous. Soc. Amer., vol. 21, pp. 413-418; July,

1949,

(137) R. H. Bolt, S. Labate, and U. Inglrd, “The acoustic reactance
of small circular orifices,” Jour. Acous. Soc. Amer., vol. 21, pp.
94-97; March, 1949.

(138) O. K. Marwardi, “Measurement of acoustic impedance,” Jour.
Acous. Soc. Amer., vol. 21, pp. 84-91; March, 1949,

(139) R. W. Leonard, “Simplified acoustic impedance measure-
ments,” Jour. Acous. Soc. Amer., vol. 21, p. 460; July, 1919

(abstract).

(140) R. K. Cook and Peter Chrzanowski, “Absorption by sound-
absorbent spheres,” Jour, Acous. Soc. Amer., vol. 21, pp. 167~
170; May, 1949,

(141) A. London, “Transmission of reverberant sound through dou-
ble walls,” Jour. Acous. Soc. Amer., vol. 2 1, pp. 466; July, 1949

(abstract). .
(142) L. L. Beranek and G. A. Work, “Sound transmission through

multiple structures containing flexible blankets,” Jour. Acous.
Soc. Amer., vol. 21, pp. 419-428; July, 1949,

An interesting group of experiments in the refraction
of sound waves was performed. Acoustic lenses for ajr-
borne sound consisted of arrays of obstacles small com-
pared to the wavelength. The small obstacles increased
the effective density of the medium of propagation and
so altered the refractive index. The principle is similar
to that used in recently developed electromagnetic
lenses for microwaves.

(143) W. E. Kock and F. K. Harvey, “Refracting sound waves,”
Jour. Acous. Soc, Amer.,vol. 21, pp. 471-481; September, 1949,
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Pickup and Dispersion of Sound

The continuing desire of television and motion picture
producers for smaller, less conspicuous microphones
resulted in a light-weight directional microphone with
improved response as compared to older models. Also,
omnidirectional condenser microphones having dimen-
sions well under one inch were developed. Concurrent
with this development, subminiature circuit techniques
were applied to preamplifiers for use with the tiny con-
denser microphones. In another approach to the prob-
lem of microphone placement for television sound pick-
up, three or more highly directional microphones were
placed at fixed locations out of the camera line of sight.
Action on the set was followed by fading from one micro-
phone to another, this operation being performed at a
monitoring console. The directional microphones, con-
structed especially for this application, werc of a second ~
order gradient type having uniform response and direc-
tivity between 50 and 15,000 cps. They could be used
effectively at distances up to 12 feet with speech in con-
ventional studios.

(144) II. F. Olson and J. Preston, “Single-element unidirectional
microphone,” Jour. Soc. Mot. Eng., vol. 52, pp. 293-302;
March, 1949.

(145) J. K. Hilliard, “An omnidirectional microphone,” Audio Eng.,
vol. 33, pp. 20-21; April, 1949,

(146) C.J.LeBel, “New developments in preamplifiers,” Audio Eng.,
vol. 33, pp. 9-12, 35; June, 1949,

(147) 1. F. Olson and J. Preston, “Directional microphone,” RCA
Rev., vol. 10, pp. 339-317; September, 1949,

Interest in wide-range reproducing systems for the
heme increased. A number of high-quality amplifiers
were developed, some with triodes and others with beam
tubes in the output stage, with and without feedback.
Loudspeaker developments ranged from constructional
details for residential installations to a new duo-cone
speaker mechanism having relatively uniform response
from 50 to 11,000 cps.

(148) }Q L): GTQolg:”’?'nd CR\\d Fr[i‘tze, “An unusual audio amplifier,”
adto elev. News, Radio-Electroni iti . . 8-
. g)’ .'15‘1 ;I\g\lurch, 0 ric Edition, vol. 42, pp. 8
. N. Williamson, “High quality aniplifier: new version,’

Wireless World, vol. 55, ppg. 232—287}’; August, 1949, ’

(150) C.S. Mflyeda, “A modern wide-range phono-amplifier,” Radio
Telev. News, Radio-Electronic Edition, vol. 42, pp. 4648, 131-
134; November, 1949,

(151) D. Sarsar and M. S, Sprinkle, “Musician’s amplifier,” dudio
Eng., vol. 33, pp. 11-13, 53-53; November, 1949,

(152) C.G. McProud, “New corner speaker design,” Audio Eng., vol.

33, pp. 14-17, 39; January, 1949,

(153) J. l)‘. G\oodell, “Loudspeaker enclosures,” Radio Telev. News
{{963(‘])10 Electronic Edition, vol. 42, pp. 35-38, 118; November:

(154) M. Alixant, “Modern louds caker technique,” I
Dig. (France), vol. 3, pp. 83-99 April, 1949 Redio Tech.

(155) C. T. Chapman, “Vented loudspeaker cabinets,” M'ireless
World, vol. 55, pp. 398-400; October, 1949, '

(156) H.F. Olson, J. Preston, and D, I1. Cunningham, “New 15-inch
;iul?-coilg4(l)oudspeaker," Audio Eng., vol. 33, pp. 20-23; Oc-
ober, .

Speech and Ilearin g

Relatively few papers dealing with the intelligibility
of speech under various listening conditions appeared
during 1949. The visual portrayal of speech scems to
have become routine and reports of progress deal largely
with improvements in apparatus. No recent outstanding
advances in hearing aid instrumentation or techniques
were noted.
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" (157) 1, Pollack, “The effect of white noise on the loudness of speech,

Jour. Acous. Soc. Amer., vol. 21, pp. 255-258: May, 1949.

(158) T. H. Schafer and R. 5. Gales, “Auditory masking of multiple
tones by random noise,” Jour. Acous. Soc. Amer., vol. 21, pp.
392-398; July, 1949.

(159) O. O. Gruenz and L. O. Schott, “Extraction and portrayal of
pitch in speech sounds,” Jour. Acous. Soc. Amer., vol. 21, pp.
487-495; September, 1949.

(160) R.C. Mathes, A. C. Norwine, and K. H. Davis, “The cathode-
ray sound spectroscope,” Jour. Acous. Soc. Amer., vol. 21, pp.
§27-537; September, 1949.

Miscellaneous Transducers

A theory for piezoelectric crystal transducers based on
the ecquation for the propagation of acoustic plane waves
in solid media yields expressions for vibrational ampli-
tude, radiated power, and electrical admittance, as well
as the response for the entire frequency spectrum when
the geometry and elastic parameters of the backing
plate, crystal, diaphragm and surrounding medium are
known. Transducer applications of the recently dis-
covered ferroelectric ceramic, barium titanate, have
received additional attention. A skillfully designed,
direct-reading microdisplacement meter for use in meas-
uring vibrational amplitudes of small objects, such as
phonograph styli, was described. Amplitudes as small as
10—¢ cm can be measured without imposing any load on
the vibrating system. The theory of the reciprocity
calibration of transducers was further unified and cer-
tain of the limits of the validity of reciprocity tech-
niques have been established.

(161) W. G. Cady, “Crystal transducer theory,” Jour. Acous Soc.
Amer., vol. 21, pp. 65-73; March, 1949.

(162) 1. W. Koren, “Application of activated ceramics to trans-
(l:|uc(<):rs," Jour. Acous. Soc. Amer., vol. 21, pp. 198-201; May,

949,

(163) J. P. Arndt, Jr., “Direct reading microdisplacement meter,”
Jour. Acous. Soc. Amer., vol. 21, pp. 385-391: July, 1949.

(164) S. P. Thompson, “Theoretical aspects of the reciprocity cali-
bration of eclectromechanical transducers,” Jour. Acous. Soc.
Amer., vol. 21, pp. 538-542; September, 1949.

(163) W. Wathen-Dunn, “On the reciprocity free-field calibration of
microphones,” Jour. Acous. Soc. Amer vol. 21, pp. 542-546;
September, 1949.

Electroacoustic Applications

Electroacoustic instrumentation and techniques at
audio frequencies were found useful in the study of the
physical properties of high polymer solids and solutions.
Certain high polymer solutions which behave like liquids
in steady flow were found to be able to support trans-
verse waves at audio frequencies.

(166) J. D, Ferry, J. N. Ashworth, and W. M. Sawyer, “Rigiditics of
polyisobutylene and polyvinyl acetate solutions,” Phys. Rev.,
vol, 75, p. 1284; April 15, 1949 (abstract).

(167) R. S. Witte, B. A. Mrowca, and E. Guth, “Velocity and at-
tenuation of sound in butyl and Gr-S rubbers,” Phys. Rev., vol.
75, p. 1284; April 15, 1939 (abstract).

(168) J. W. Ballou and J. C. Smith, “Acoustic measurements of
polymer physical properties,” Phys. Rev., vol. 75, p. 1284;
April 15, 1949 (abstract).

[ ltrasonics

Additions in 1949 to literature in electroacoustics
showed a rapid growth in the ficld of ultrasonics. Im-
proved optical methods were devised for studying the
propagation of ultrasonic beams in liquids. ligh con-
centrations of ultrasonic power in small regions were
achieved by the use of curved radiators, reflectors, and
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lenses. Interferometric techniques were developed for
the accurate measurement of absorption coefficients of
liquids at ultrasonic frequencies.

(169) R. B. Barnes and C. ]J. Burton, “«Visual methods for studving
ultrasonic phenomena,” Jour. Appl. Phys., vol. 20, pp. 286-
294; March, 1949.

(170) G. W. Willard, “Focusing ultrasonic radiators.” Jour. Acous.
Soc. Amer., vol. 21, pp. 360-375: July, 1949.

(171) F. E. Fox and Virginia Griffing, “Experimental investigation of
ultrasonic intensity gain in water due to concave reflectors,”
Jour. Acous. Soc. Amer., vol. 21, pp. 352-359; July, 1949,

(172) Daniele Sette, “Ultrasonic lenses of plastic materials,” Jour.
Acous. Soc. Amer., vol. 21, pp. 375-381: July, 1949.

(173) F. E. Fox and ]. L. Hunter, “The ultrasonic interferometer
with resonant liquid column,” Proc. I.R.E., vol. 36, pp. 1500-
1503; December, 1948.

Ultrasonic techniques were found useful as tools of
research in many fields of investigation. This was true
in studies of the molecular structure and other prop-
erties of liquids. Shear elasticity of polymer liquids was
demonstrated at ultrasonic frequencies. Depolymeriza-
tion by ultrasonic irradiation was shown to be an effect
of cavitation. Hydrolyzation was accelerated in certain
instances by ultrasonic waves. The existence of alternat-
ing potentials_accompanying the passage of ultrasonic
waves through electrolytic solutions was established
experimentally. The degree of dispersion of suspensions
of clay by ultrasonic waves was shown to vary with fre-
quency, passing through a maximum at a frequency
characteristic of the type of clay.

(174) J. M. M. Pinkerton, “The absorption of ultrasonic waves in

liquids and its relation to molecular constitution,” Proc. Phys.
Soc. (London), vol. B62, pp. 129-141; February, 1949.

(175) E. Bauer, “A theory of ultrasonic absorption in unassociated
liquids,” Proc. Phys. Soc. (London), vol. A62, pp. 141-154;
March, 1949.

(176) W. P. Mason, W. O. Baker. H. J. McSkimin, and J. H Heiss,
“«Measurement of the mechanical properties of polymer liquids
by ultrasonic methods,” Phys. Rev., vol. 75, p. 1285; April 15,
1949 (abstract).

(177) A. Weissler, “Depolymerization by ultrasonic irradiation: The
role of cavitation,” Phys. Rev., vol. 75, p. 1313; April 15, 1949
(abstract).

(178) Pierre Mastagli and Andre P. Mahoux, “Hydrolyzing effect of
ultrasonic waves,” Compt. Rend. Acad. Sci. (Paris), vol. 228,

p. 684-686; February 21, 1049,

(179) E Yeager, ]. Bughosh, F. Hovorka, and J. McCarthy, “The
application of ultrasonic waves to the study of electrolvtic
solutions. 11. The detection of the Debye effect,” Jour. Chem.
Phys.. vol. 17, pp. 411-415; April, 1949.

(180) Agnés Mathieu~.&caud and Gustave Levavasseur, “Dispersion
of suspensions of clay by ultrasonic waves, Interpretation of
the results with the clectron microscope,” Compt. Rend. Acad.
Sci. (Paris), vol. 228, pp. 393-395; Januvary 31, 1949.

In gaseous media, the velocity of sound in super-
heated steamn was measured by ultrasonic means, and
the fringe displacement in an ultrasonic interferometer
furnished a measure of the supersonic velocity of a
stream of air.

(181) J. Woodburn, “Experimental determination of velocity of
sound in superheated steam,” Trans. Amer. Soc. Mech. Engrs.,
vol. 71, pp. 65-70; January, 1949,

(182) Genevieve Duboisand Roger Kling, “Measuring the character-
istics of a rapid current of gas by means of an ultrasonic beam,”
Compt. Rend. Acad. Sci. (Paris), vol, 228, pp. 363-364; Janu-
ary 31, 1949,

In the study of solids, ultrasonic techniques have
yielded values of the mechanical parameters of Rochelle
salt crystals. The clastic constants of both metals and
plastics were measured. Ultrasonic methods circumvent
the difficulties due to plastic flow in the case of thermo-

plastic materials,




362 PROCEEDINGS
ing,” and “Standards for Audio Facilities for Radio
Broadcasting Systems,” the last of these being a re-
vision and expansion of RMA Standard TR105A of the
same title, published in May, 1948.

(80) RMA Standard, “Amplifiers for Sound Equipment,” Engineer-

ing Department, RMA, SE-101-A; July, 1949,

(81) RMA Standard, “Panel Mounting Racks, Panels, and Asso-
ciated Equipment,” Engincering Department, RMA, SE-102;
February, 1949, ’

(82) RMA Standard, “Speakers for Sound Equipment,” Engineer-
ing Department, RM A, SE-103; April, 1949,

(83) RMA Standard, “Engineering Specifications for Amplifiers for
Sound Equipment,” kngineering Deparunent, RMA, SE-104;
May, 1949,

(84) RMA Standard, “Sound Systems,” Engineering Department,
RAfA, SE-106; July, 1949,

Network and Circuit Theory

Linear Lumped-Constant Passive Circuils

The year was marked by the appearance of a book
which presents a complete mathematical structure for
the theory of circuit analysis, and the announcement of
a surprising theorem. The theorem asserts that any
driving-point impedance function has a physical repre-
sentation whiclh is free of transformers. It detraces hut
little from this astonishing and useful result that the
representation may include a large number of super-
fluous elements.

(85) E. A. Guillemin, “The Mathematics of Circuit Analysis,” John
Wiley and Sons, New York, N. Y.: 1949,

(86) R. Bott and R. ]J. Duffin, “Impedance syuthesis without use
of transformers,” Jour. Appl. Phys., vol. 20, p. 816; August,
1949.

There has been continuing interest in the develop-
ment of analogue devices to facilitate solution of the
synthesis problem. These devices, of which the electro-
lytic tank is the prime example, make use of the
analogue relating network functions to the two-
dimensional electrostatic potential function.

(87) J. F. Klinkhamer “Empirical determination of wave-filter
transfer functions with specified properties,” Philips Res. Re-
ports, vol. 3, pp. 60-80; February, and pp. 378-400; October,
1948,

(88) A.R.Boothroyd, E.C. Cherry, and R. Makar, “An electroly tic
tank for the measurement of steadv-state response, transient
response and allied properties of networks,” Proc. IEE, part
I, vol. 96, pp. 163-177; Mav, 1949,

Linear Varying—Parameter Circuits and Nonlinear Cir-
cuits

Several gencral reviews appeared summarizing past
work and bringing the reader up to date concerning the
types of problems which have been studied and the
methods which are available for their solution.

(89) Mary L. Cartwright, “Nonlinear vibrations,” Advanc, Sci.,
vol. 6, pp. 64-75; April, 1949,

(90) A. A. Andronow and C, E. Chaikin, “Theory of Oscillations,”
English edition edited under direction of S, Lefschetz from 1937
Russian edition. Princeton University Press, Princeton, N. ],
358 p.

(91) W. R. Bennett, “A general review of linear varying parameter
and nonlinear circuit analvsis,” presented, 1949 IRE National
Convention, New York, N. Y., March 7, 1949,

Linear Active Networks

There was a noticeable consolidation of the theoreti-
cal progress of recent years. The versatility of feedback
networks was emphasized in several novel applications.

OF TIIE I.R.E. April

Of considerable interest was the increased nse of com
bined positive and negative feedback. One such applica
tion employed coutrolled regeneration 1
degenerative losses resulting from the
bulky bypass capacitors.

92) { M. Miller, “Cathode neutralization of video amplifiecs
roc. LR.E., vol. 37, pp. 1070-1073; Sep) er 1049,
(93) P. G. Sulzer, “Circvit techniques for m nization,” Flec-
tronics, vol. 22, pp- 98-99: August, 1919
(94) A. B. Bereskin, Cathode-compensated i e
Electronics, vol. 22, Part I, pp. 98-103;
pp. 104-107; July, 1949,
(95) G Newstead and D. I. I, GiblLings, “I rr r actuated power
filters,” Proc. 1.LR.E, vol. 37, pp. 1115 1119 October, 1949.
(96) C. F. Brockelsby, “Nepative-feedback Iifiers,” Wireless
Eng., vol. 26, pp. 43-49; February, 1019
(97) H. Mayr, “T'ecdback amplifier design,” !
Fp. 297-305; September, 1949,

compensate
nnation of

amplification,”
1919 Pare 11

aeless Eng, vol., 26,

98) D. Clapp, “Some aspects of cathodle-f ver design at radio
frequencies,” Proc. I.R.E., vol. 37 132-937; August,
1049, )

(99) P. R. Aigrain, B. R, Teare, Jr., and I M \Vlliams, “General-

ized theory of the band-pass low-pass 4 " Proc. LLR.F
vol. 37, pp. 1152-1155; October, 1919

(100) K. Labin, “Wideband television trans
tronics, vol. 22, pp. 86-89; M.y, 1949

(101) P. A. T. Bevan, “Earthed-grid powa
Eng., vol. 26, part I, pp. 182-192; |
235-242; July, 1949,

(102) A. Pinciroli and A. Taraboletti, “On tl e mtrix analysis of
linear networks comprising active fo tminal networks
Alte Frequenza, vol. 18, pp. 73-82, \p 119

(103) E. de Gruvter, “Resonance phenomen Hhting circuits,”
Assoc. Suisse Elect. Bull., vol. 39, pp 501 November 27,
1948.

systems,” fulee

ifiers,” Wireless
19, Part 11, pp

Time Domain Analysis and Synthes

est in the prop
as functions of
fact that much
15 grown around]

There appears to be a growing
erties of signals and circuits expr
time rather than frequency. Despit
of our network theory and practic
the sinusoidal function of time, 1
cepts of the frequency domain
ficiality when applied to commur «
must transmit information. A sin .
pletely determined for all time fro i the outset whereas
a signal that represents a mess must contain un-
predictable elements if it is to « v information. IYor
this reason, the statistical prope: of messages mav
best be formulated in the time |miin, as may also
various criteria of performance 11 (he linear circuits
and filters through which thesc 1icssages must pass.
Many of our familiar concepts in the frequency domain
have their counterparts in the time domain (e.g., the
correlation function versus the |0 er-frequency spec-
trum, or the impulse response \«i i the gain and phase
characteristics). The up-to-date «ommunication engi-
neer will find travel between the two domains necessary
for a complete understanding of <ome problems. Two
useful guides are:

steadyv-state con
Acertain arti
on svstems that
il signal is com-

(104) S. Goldman, “Trnnsformminp Caiculus and Electric Tran-
sients,” Prentice Hall, Inc., New York, N. Y.: 1949.

(105) C. Cherry, “Pulses and Tran<ients iy, Communication Cir-
cuits,” Chapman and Hall, Ltd. 1.,00n

The main benefit of working in the time domain is
that one may formulate logical design criteria for
optimizing the performance of the circuit under a given
set of conditions. There is, for example, the matched-
filter criterion for obtaining the greatest peak-signal

—*l
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noise ratio from an input consisting of pulses of known
shape corrupted by white noise. This criterion, which
states that the impulse response of the filter should
have the same shape as the input pulse except reversed
in time; does not appear to be well known, even though
it was stated several years ago in language of the fre-
quency domain by Van Vleck and Middleton.

For optimum recovery and preservation of the wave-
form of a message that has been corrupted by noise, the
“least-square” criterion is a reasonable basis for design.
This criterion, which minimizes the average squared-
difference between the desired response and that ac-
tually obtained, was used by N. Wiener in 1942 to de-
velop a statistical theory of prediction and filtering.
With the recent publication of his work, and the exposi-
tion, application, and extension of the theory by Y. W.
Lee and others, the importance of the statistical point of
view in communication engineering is emphasized.

(106) N. Wiener, “Extrapolation, Interpolation and Smoothing of
Stationary Time Series,” The Technology Press, MIT, and
John Wiley and Sons, Inc., New York, N. Y.; 1949,

(107) Y. W. Lee, “Filtering and prediction,” Lecture §, AIEE-IRE
Theory of Communication Series, New York, May 9, 1949.

(108) Y. W. Lee and C. A. Stutt, “Statistical prediction of noise,”
MIT Research Laboratoryof Electronics Technical Report No.
129, July 12, 1949. Also, Proc. NEC, vol. 5; 1949.

(109) Y. W. Lee, T. P. Cheatham, and J. B. Wiesner, “The applica-
tion of correlation functions in the detection of small signals in
noise,” MIT Research Lab. of Electronics Technical Report
No. 141; October, 1949.

Unfortunately, the mathematical machinery avail-
able for use in the time domain is far more cumbersome
and less satisfactory than that available in the fre-
quency domain. Several related papers dealing with this
difficulty were presented at the IRE National Conven-
tion last March. Summaries of these papers may be
found in the ProceEDINGs oF THE L.R.E. for February,
1949.

Several interesting methods for approximating a
specified time response appeared during the year. These
methods include a continued-fraction expansion of the
Poisson-Stieltjes integral to obtain directly the driving-
point impedance in the form of a ladder; expansion of
the specified time response into a set of Laguerre func-
tions and a network approximation thereunto in the
sense of least-square error; and an interpretation of the
transient response in terms of the critical frequencies of
the system. The potential analogue was used to interpret
the initial amplitudes of the transient oscillations in
terms of the critical frequencies. ’

(110) M. Nadler, “The synthesis of electric networks according to
prescribed transient conditions,” Proc. I.R.E., vol. 37, pp.
627-630; June, 1949.

(111) P. R. Aigrain and E. M. Williams, “Design of optimum tran-
sient response amplifiers,” Proc. L.R.E., vol. 37, pp. 873-879;
August. 1949,

(112) J.H. Mulligan, Jr., “Theeffect of pole and zero locations on the
transient response of linear dynamic systems,” Proc. I.R.E,,
vol. 37, pp. 516-529; May, 1949.

(113) W. E. Thomson, “Transient response of wideband amplifiers,”
Wireless Eng.. vol. 26, pp. 264-266; August, 1949.

(114) R. C, Palmer and L. Mautner, “A new figure of merit for the
transient response of video amplifiers,” Proc. L.R.E., vol. 37,
E.p. 1073-1077; September, 1949.

(115) P. R. Aigrain and E. M. Williams, “Synthesis of n-reactance
networks for desired transient response,” Jour. Appl. Phys.,
vol. 20, pp. 597-600; June, 1949.

To minimize the dispersion of pulsed signals, the time

delay of the circuit should be constant over the fre-

quency band of importance. This has been the subject

of the following papers:

(116) M. H. Hebb, C.W. Horton, and F. B. Jones, “On the design of
networks for constant time delay,” Jour. Appl. Phys., vol.
20, pp. 616-620; June, 1949.

(117) J. Laplume, “On the reduction of phase distortion in stages
with coupled circuits,” Comp. Rend. Acad. Sci. (Paris), vol. 227,

‘138481213-1215' See also pp. 187-188 and pp. 675-677; vol. 227,

(118) R. D. Kell and G. L. Fredendall, “Standardization of the
transient response of television transmitters,” RCA Rev., vol.
10, pp. 17-34; March, 1949.

Circuit Components

A useful book, and one of the few written on the sub-
ject by the equipment designer rather than the manu-
facturer, is the “Components Handbook,” which was
released in 1949 as one of the MIT Radiation Labora-
tory Series.

The principle of the magnetic-fluid clutch has now
been applied to several other applications. In one, a
remote-controlled resistor is obtained by varying the
magnetic field through a magnetic-fluid resistor consist-
ing of an oil and ferrous-particle mixture, thus causing
the suspended particles to reorient themselves and
change the resistivity. In another, the material is used
as a mold for small castings. This is done by placing the
object to be cast in the fluid mixture, solidifying the
mixture by means of a magnetic field, removing the pat-
tern and pouring the casting, then liquifying the mold
by removing the magnetic field.

The use of miniature tubes and components has be-
come standard practice, and there is accelerated activ-
ity in subminiature development. Printed circuit tech-
niques are also gaining ground.

(119) J. Markus, “Magnetic fluid uses,” Electronics, vol. 22, pp. 120-
122: September, 1949.

(120) W. G. Tuller, “Potted subassemblies for subminiature equip-
ment,” Electronics, vol. 22, pp. 104-105; September, 1949.

(121) M. A. Coler, “Properties of conductive plastics,” Electronics,
vol. 22, pp. 96-99; October, 1949.

(122) A. 1. Dranetz, G. N. Howatt, and J. W. Crownover, “Barium

titanates as circuit elements,” Tele-Tech, vol. 8, in three parts,
April, May, June,1949.

(123) G. Shapiroand R. L. Henry, “Subminiaturization of i-f ampli-
fiers,” presented, 1949 IRE National Convention, New York,
N. Y., March, 1949.

(124) J. F. Blackburn, ed., “Components Handbook,” vol. 16 of
MIT Rad. Lab. Series, McGraw-Hill, Book Co., New York,
N.Y.; 1949.

(125) A. A. Pascucci, “New applications of a four-terminal titanate
capacitor,” presented, 19490 IRE National Convention, New
York, N. Y., March, 1949.

Servomechanisms

Progress in the field of servomechanisms and closed-
loop control systems has been in the direction of con-
solidation of theory, and in the refinement of techniques
and computation aids. A number of analogue computers
which can be used to solve control system equations
have been developed. In addition, some work on the
proper choice of error criterion to fit particular require-
ments has been done. Techniques for correlating
transient with frequency response using simple methods
have been developed. A notable factor is that the type of
thinking developed in the field of servomechanisins has
been applied to studies of many forms of active net-

e ———mrr
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works and even to the behavior of the human being as a
control element. Considerable activity in the field of
servomechanisms was apparent in foreign publications.

(126) G.S. Brown and D. P. Campbell, “Principles of Servomecha-
nisms,” John Wiley and Sons, Inc., New York, N. Y..; 1948,

(127) A. B. MacNee, “An_electronic differential analyser,” Proc.

L.R.E,, vol. 37, pp. 1315-1324; November, 1949,

G. D. McCann, 8 H. Wilts, and B. N. Locanthi, “Electronic

techniques_applied to analogue methods of computation,”

Proc. I.R.E., vol.'37, pp. 954-961; August, 1949,

H. Chestnut and R. W. Mayer, “Comparison of steady-state

and transient performance of servomechanisms,” Trans. AIEE

vol. 68, T-9196; 1949,

G. Newstead and D. L. H. Gibbings, “Error-actuated power

filters,” Proc. .R.E., vol. 37, pp. 1115-1119; October, 1949,

K. J. W. Craik, “Theory of human operator in control sys-

tems,” Brit. Jour. Psych., vol. 138, pp. 56-62; 1947, pp. 142-

148; 1948,

E. A. Mechler, J. B. Russell, and M. G. Preston, “The basis

for the optimum aided-tracking constant,” Jour. Frank. Inst.,

vol, 248, pp. 327-334; October, 1949,

(133) E. G. Uderman, “A method of determining the parameters of
linear automatic regulation systems,” Aulomal, § Telemakh.,
vol. 10, 1949 (in Russian).

(134) W. Z, Oppelt, “Locus methods for regulation processes with
friction,” Zeit, Ver. dtsch. Ing. (VDI), vol. 90; June, 1948.

(135) H. T. Marcy, M. Yachter, and J. Zauderer, “Instrument in-
accuracies in feedback contro! systems with particular empha-
sis on backlash,” Trans. AIEE, vol. 68, T-9197; 1949,

(128)
(129)

(130)
(131)

(132)

Electroacoustics

Acoustic Propagation and Impedance

Theory and experiment advanced together in the
measurement and calculation of the acoustic impedance,
both of acoustic elements such as ducts and orifices and
of materials used as sound absorbers. Several simplified
techniques for the measurement of the impedance of
acoustic materials were developed. Theoretical refine-
ments resulted in calculated absorption coefficients in
fair agreement with measured values even for rather
complex structures.

(136) C. T. Molloy, “The lined tube as an element of acoustic cir-
cuits,” Jour. Acons. Soc. Amer., vol. 21, pp. 413-418; July,
1949,

R. H. Bolt, S. Labate, and U. Ingird, “The acoustic reactance
of small circul ir orifices " Jour. Acous. Soc. Amer., vol. 21, pp.
94-97; March, 1049,

0. K. Marwardi, “Mcasuremert of acoustic impedance,” Jour.
Acous. Soc. Amer., vol. 21, pp. 84-91; March, 1949.

R. \W. Leonard, “Simplified acoustic impedance measure-
ments,” Jour. Acous. Soc. .1mer., vol. 21, p. 460; July, 1949
(abstract),

R. K. Cook and Peter Chrzanowski, “Absorption by sound-
absorbent spheres,” Jour. Acous. Soc. Amer., vol. 21, pp. 167~
170; May, 1949,

A. London, “Transmission of reverberant sound through dou-
ble walls,” Jour. Acous. Soc. Amer., vol. 21, pp. 466; July, 1949
(abstract).

L. L. Beranek and G. A. Work, “Sound transmission through
multiple structures coantaining flexible blankets,” Jour. Acous.
Soc. Amer., vol. 21, pp. $419-428; July, 1949,

(137)

(138)
(139)

(140)
(141)

(142)

An interesting group of experiments in the refraction
of sound waves was performed. Acoustic lenses for air-
borne sound consisted of arrays of obstacles small com-
pared to the wavelength. The small obstacles increased
the effective density of the medium of propagation and
so altered the refractive index. The principle is similar
to that used in recently developed electromagnetic
lenses for microwaves.

(143) W. E. Kock and F. K. Harvey, “Refracting sound waves,”
Jour. Acous. Sec. Amer., vol. 21, pp. 471481 ; September, 1949,

PROCEEDINGS OF THE I.RE.

Pickup and Dispersion of Sound

The continuing desire of television and motion picture
producers for smaller, less conspicuous microphones
resulted in a light-weight directional microphone with
improved response as compared to older models. Also,
omnidirectional condenser microphones having dimen-
sions well under one inch were developed. Concurrent
with this development, subminiature circuit techniques
were applied to preamplifiers for use with the tiny con-
denser microphones. In another approach to the prob-
lem of microphone placement for television sound pick-
up, three or more highly directional microphones were
placed at fixed locations out of the camera line of sight.
Action on the set was followed by fading from one micro-
phone to another, this operation being performed at a
monitoring console. The directional microphones, con-
structed especially for this application, were of a second
order gradient type having uniform response and direc-
tivity between 50 and 15,000 cps. They could be used
effectively at distances up to 12 feet with speech in con-
ventional studios.

(144) H. F. Olson and J. Preston, “Single-element unidirectional
microphone,” Jour. Soc. Mot. Eng., vol. 52, pp. 293-302;
March, 1949,

(145) J. K. Hilliard, “An omnidirectional microphone,” Audio Eng.,
vol. 33, pp. 20-21; April, 1949,

(146) C.J. LeBel, “New developments in preamplifiers,” Audio Eng.,
vol. 33, pp. 9-12, 35; June, 1949,

(147) H. F. Olson and J. Preston, “Directional microphone,” RCA
Rev., vol. 10, pp. 339-347; September, 1949,

Interest in wide-range reproducing svstems for the
home increased. A number of high-quality amplifiers
were developed, some with triodes and others with beam
tubes in the output stage, with and without feedback.
Loudspeaker developments ranged from constructional
details for residential installations to 4 new duo-cone
speaker mechanism having relatively uniform response
from 50 to 11,000 cps.

(148) J. D. Goodell and C. \V. Fritze, “An unusual audijo amplifier,”
Radio Telev. News, Radio-Electronic Ediy -
0 31;\March, o nic 1on, vol. 42, pp. 8
(149) D. T. N. Williamson, “High qualijty lifier: v version,”
Wireless World, vol. 55, pp% 2;2—2187.; ‘:\nt}gulste,rl()TE)V.~ eren
(150) ?.,S. I\I{‘ayed?z, ‘;\ ng:oldern wide-range phono-a nmplifier,” Radio
elev. News, Radio-Electronic Edition, vol. . =
) %)34; oo peadie £ dition, vol. 42, pp. 4648, 131
(151 . Sarsar and M. S. Sprinkle, “Musician's amplifier,” Aud;
152y £ YOI B 115553, November, 1915, 4%
- G. McProud, “New corner speaker design ” { i
35, pp. 1417 507 oo 195{)‘ erdesign,” Audio Eng., vol.
(153) J. D. Goodell, “Loudspeaker enclosures,” Radio Telev. News
{{9:;%10 Electronic Edition, vol. 42, pp. 35-38, 118; November,
(154) M. Alixant, “Modern loudspeaker techpi N ]
Dig. (France), vol. 3,_pp. 83-99. .-\prifcl()l;lg_ue' fodio Tech.
(155) C. T. Chapman, “\'ented loudspeaker cabinets,” Wireless
World, vol. 55, pp. 398400 October. 1949 '
(156) H.F.Olson, J. Preston, and D. 11 Cunningham, “New 15-inch

duo-cone loudspeaker,” Audio E g - Oc-
toher 1540, “G10 Ling., vol. 33, pp. 20-23; Oc

Speech and Hearing

Relatively few papers dealing with the intelligibility
of speech under various listening conditions appcared
during 1949. The visual portraval of speech seems to
have become routine and reports of progress deal largely
with improvements in apparatus. No recent outstandiﬂg
advances in hearing aid instrumentation of techniques
were noted.
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(157) L. Pollack, “The effect of white noise on the loudness of speech,
Jour. Acous. Soc. Amer., vol. 21, pp. 255-258; May, 1949.

(158) T. H. Schafer and R. S. Gales, “Auditory masking of multiple
tones by random noise,” Jour. Acous. Soc. Amer., vol. 21, pp.
392-398; Jjuly, 1949.

(159) O. O. Gruenz and L. O. Schott, “Extraction and portrayal of
pitch in speech sounds,” Jour. Acous. Soc. Amer., vol. 21, pp.
487-495; September, 1949.

(160) R. C. Mathes, A. C. Norwine, and K. H. Davis, “The cathode-
ray sound spectroscope,” Jour. Acous. Soc. Amer., vol. 21, pp.
527-537; September, 1949.

Miscellaneous Transducers

A theory for piezoelectric crystal transducers based on
the equation for the propagation of acoustic plane waves
in solid media yields expressions for vibrational ampli-
tude, radiated power, and electrical admittance, as well
as the response for the entire frequency spectrum when
the geometry and elastic parameters of the backing
plate, crystal, diaphragm and surrounding medium are
known. Transducer applications of the recently dis-
covered ferroelectric ceramic, barium titanate, have
received additional attention. A skillfully designed,
direct-reading microdisplacement meter for use in meas-
uring vibrational amplitudes of small objects, such as
phonograph styli, was described. Amplitudes as small as
10~% cm can be measured without imposing any load on
the vibrating system. The theory of the reciprocity
calibration of transducers was further unified and cer-
tain of the limits of the validity of reciprocity tech-
niques have been established.

(161) W. G. Cady, “Crystal transducer theory,” Jour. Acous Soc.
Amer., vol. 21, pp. 65-73; March, 1949.

(162) 1. W. Koren, “Application of activated ceramics to trans-
(liuccrs,” Jour. Acous. Soc. Amer., vol. 21, pp. 198-201; May,
9249.

(163) J. P. Arndt, Jr., “Direct reading microdisplacement meter,”
Jour. Acous. Soc. Amer., vol. 21, pp. 385-391; July, 1949.

(164) S. P. Thompson, “Theoretical aspects of the reciprocity cali-
bration of electromechanical transducers,” Jour. Acous. Soc.
Amer., vol. 21, pp. 538-542; September, 1949.

(165) W. Wathen-Dunn, “On the reciprocity free-field calibration of
microphones,” Jour. Acous. Soc. Amer , vol. 21, pp. 542-546;
September, 1949.

Electroacoustic A pplications

Electroacoustic instrumentation and techniques at
audio frequencies were found useful in the study of the
physical properties of high polymer solids and solutions.
Certain high polymer solutions which behave like liquids
in steady flow were found to be able to support trans-
verse waves at audio frequencies.

(166) J. D.Ferry, J. N. Ashworth, and W. M. Sawyer, “Rigidities of
polyisobutylene and polyviny! acetate solutions,” Phys. Rev.,
vol. 75, p. 1284; April 15, 1949 (abstract).

(167) R.S. Witte, B. A, Mrowca, and E. Guth, “Velocity and at-
tenuation of sound in butyl and Gr-S rubbers,” Phys. Rev., vol.
75, p. 1284 April 15, 1939 (abstract).

168) J. W. Ballou and J. C. Smith, “4Acoustic measurements of
polymer physical propertics,” Phys. Rev., vol. 75, p. 1284;
April 15, 1949 (abstract).

[ ltrasonics

Additions in 1949 to literature in electroacoustics
showed a rapid growth in the field of ultrasonics. Im-
proved optical methods were devised for studying the
propagation of ultrasonic beams in liquids. High con-
centrations of ultrasonic power in small regions were
achieved by the use of curved radiators, reflectors, and
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lenses. Interferometric techniques were developed for
the accurate measurement of absorption coefficients of
liquids at ultrasonic frequencies.

(169) R. B. Barnes and C. J. Burton, “Visual methods for studying
ultrasonic phenomena,” Jour. Appl. Phys., vol. 20, pp. 286~
294; March, 1949.

(170) G. W. Willard, “Focusing ultrasonic radiators.” Jour. Acous.
Soc. Amer., vol. 21, pp. 360-375; July, 1949.

(171) F.E.Foxand Virginia Griffing, “Experimental investigation of

ultrasonic intensity gain in water due to concave reflectors,”
Jour. Acous. Soc. Amer., vol. 21, pp. 352-359; July, 1949.
(172) Daniele Sette, “Ultrasonic lenses of plastic materials,” Jour.
Acous. Soc. Amer., vol. 21, pp. 375-381; July, 1949.
(173) F. E. Fox and J. L. Hunter, “The ultrasonic interferometer
with resonant liquid column,” Proc. L.R.E., vol. 36, pp. 1500-
1503; December, 1948,

Ultrasonic techniques were found useful as tools of
research in many fields of investigation. This was true
in studies of the molecular structure and other prop-
erties of liquids. Shear elasticity of polymer liquids was
demonstrated at ultrasonic frequencies. Depolymeriza-
tion by ultrasonic irradiation was shown to be an effect
of cavitation. Hydrolyzation v-as accelerated in certain
instances by ultrasonic waves. The existence of alternat-
ing potentials accompanying the passage of ultrasonic
waves through electrolytic solutions was established
experimentally. The degree of dispersion of suspensions
of clay by ultrasonic waves was shown to vary with fre-
quency, passing through a maximum at a frequency
characteristic of the type of clay.

(174) J. M. M. Pinkerton, “The absorption of ultrasonic waves in
liquids and its relation to molecular constitution,” Proc. Phys.
Soc. (London). vol. B62, pp. 129-141; February, 1949.

(175) E. Bauer, “A theory of ultrasonic absorption in unassociated
liquids,” Proc. Phys. Soc. (London), vol. A62, pp. 141-154;
March, 1949,

(176) W. P. Mason, W. O. Baker. H. J. McSkimin, and J. H Heiss,
“Measurement of the mechanical properties of polymer liquids
by ultrasonic methods,” Phys. Rev., vol. 75, p. 1285; Apnil 15,
1949 (abstract).

(177) A. Weissler, “Depolymerization by ultrasonic irradiation: The
role of cavitation,” Phys. Rev., vol. 75, p. 1313; April 15, 1949
(abstract).

(178) Pierre Mastagli and Andre P. Mahoux, “Hydrolyzing effect of
ultrasonic waves,” Compt. Rend. Acad. Sci. (Paris), vol. 228

p. 684-686; February 21, 1949.

(179) E Yeager, J. Bughosh, F. Hovorka, and J. McCarthy, “The
application of ultrasonic waves to the study of electrolvtic
solutions. I1. The detection of the Debye effect,” Jour. Chem.
Phys.. vol. 17, pp- 411-415; April, 1949,

(180) Agnés Mathieu-Sicaud and Gustave Levavasseur, “Dispersion
of suspensions of clay by ultrasonic waves, Interpretation of
the results with the electron microscope,” Compt. Rend. Acad.
Sci. (Paris), vol. 228, pp. 393-395; January 31, 1949.

In gaseous media, the velocity of sound in super-
heated steam was measured by ultrasonic means, and
the fringe displacement in an ultrasonic interferometer
furnished a measure of the supersonic velocity of a
stream of air.

(181) J. Woodburn, “LExperimental determination of velocity of
sound in superheated steam,” Trans. Amer. Soc. Mech. Engrs.,
vol. 71, pp. 65-70; January, 1949,

(182) Genevieve Duboisand Roger Kling, “Measuring the character-
istics of a rapid current of gas by means of an ultrasonic beam,”
Compt. Rend. Acad. Sci. (’aris), vol. 228, pp. 363-364; Janu-
ary 31, 1949,

In the study of solids, ultrasonic techniques have
yielded values of the mechanical parameters of Rochelle
salt crystals. The clastic constants of both metals and
plastics were measured. Ultrasonic methods circumvent
the difficulties due to plastic flow in the casc of thermo-

plastic materials.
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(183) W. ]. Price, “Ultrasonic measurements on Rochelle salt crys-
tals,” Phys. Rev., vol. 75, pp. 946-952; March 15, 1949.

(184) William C. Schneider and Charles J. Burton, “Determination
of the elastic constants of solids by ultrasonic methods,” Jour.
Appl. Phys., vol. 20, pp. 48-58; January, 1949,

(185) H.S. Sack and R. W. Aldrich, “Elastic losses of elastomers at
ultrasonic frequencies,” Phys. Rev., vol. 75, p. 1285; April 15,
1949 (abstract).

(186) T. Hiiter, “Propagation of ultrasonic waves in solid rods,”
Zeits. Angew. Phys., vol. 1, pp. 274-289; January, 1949,

Resecarch programs were initiated to investigate pos-
sible applications of ultrasonics in the fields of agricul-
ture, biology, and medicine. The destructive effect of
high-intensity ultrasonic fields on seeds and small
plants was studied. Other agricultural interests were
concerned with the influence of ultrasonic waves in in-
sect and bacteria control, vitamin-C content, the oc-
currence of mutations in grains and plants, and others.
In biology it was demonstrated that the disruption of
cells, such as haemoglobin, in aqueous suspension in an
ultrasonic field is due to the high acceleration of the
cells rather than to cavitation. The use of ultrasonic
irradiation as a therapeutic measure was the basis of
several research projects. The absorption of ultrasonic
waves in the 2-5 Mc region by animal tissue was found
to increase as the first power of the frequency as con-
trasted with the frequency-squared relation for unas-
sociated liquids. A new design of ultrasonic applicator
was recently disclosed. It is intended for use in the
treatment of various nerve and muscular disorders. The
results of clinical tests were not yet reported.

(187) Jean Loza, “Effect of ultrasonic waves on the seeds and sprouts
of higher plants,” Compt. Rend. Acad. Sci. (Paris), vol. 228, pp.
595-596; February 14, 1949.

(188) L. E. Campbell and L. G. Schoenleber, “The use of ultrasonic
energy in agriculture,” Agricult. Engng., vol. 30, pp. 239-241;
May, 1949.

(189) O. A. Angerer, “On the question of the effective component of
ultrasonic waves,” Nafurwiss., vol. 36, No. 7, pp. 217-218;
1949.

(190) Th. Hiiter, “Measurement of ultrasonic absorption in animal
tissues,” Naturwiss., vol. 35, No. 9, pp. 285-286; 1948.

(191) F. Kopecik “Ultrasonics in biology and medicine,” Ann. Ttle-
commun., vol. 4, pp. 21221-21222; January, 1949.

(192) Amadeo Giacomini, “A contribution to the technique of re-
search on the biological action of ultrasonic waves,” Nuovo
Cim., vol. 6, pp. 39-49; January, 1949.

(193) Arthur Roberts, “Ultrasonic applicator,” Radio Telev. News,
Radio-Electronic Edition, vol. 12, pp. 3-5, 25; January, 1949.

Electron Tubes and Solid-State
Devices

Small-Signal IIigh-Vacuum Tubes

Traveling-Wave Tubes. Work on beam tubes employ-
ing continuous interaction, of which the beam traveling-
wave tube may be considered as the prototype, was
continued. It is shown that traveling-wave tubes will
produce a gain even if the rf field at the mean position
of the electron stream is purely transverse. The addition
of a longitudinal magnetic focusing field reduces the gain
due to transverse ficlds and increases the electron veloc-
ity for optimum gain.

(194) 1. R. Pierce, “Transverse fields in traveling-wave tubes,” Bell
Sys. Tech. Jour., vol. 27, pp. 732-746; October, 1948.

A new type of amplifier is described in which use is
made of an electron flow consisting of two streams of
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electrons having different average velocities traveling in
closely associated parallel paths. Experimental results
are given showing 33-decibel gain at 255 megacycles
with a 110-megacycle bandwidth. The power was less
than one milliwatt.

(195) J. R. Pierce and \W. B. Hebenstreit, “A new type of high-fres
quency amplifier,” Bell Sys. Tech. Jour., vol. 28, pp. 33-51;
January, 1949,

(196) A. V. laeff, “The clectron-wave tube—a novel method of
generation and amplification of microwave encrgy,” Proc.
LR, vol. 37, pp. 4-10; January, 1949. )

(197) A. V. lollenberg, “The double-stream amplifier,” Bell Lab.
Rec., vol. 27, pp. 290-292; August, 1949,

(198) L. S. Nergaard, “Analysis of a simple model of a two-beam
growing-wave tube,” RC.1 Rev., vol. 9, pp. 585-601; December,
1948.

(199) P. Guenard, R. Berterottiere, and O. Dochler, “Amplification

by direct electronic interaction in valves without circuits,”
Ann. Radioélec., vol. 4, pp. 171-177; July, 1949.

A traveling-wave amplifier tube operating over the
6-to-8-centimeter band and designed for use as a re-
peater amplifier in a microwave communication link has
been described. The tube operates at a beam voltage of
1,400, has a gain of 235 decibels, a power output of 140
milliwatts, efficiency of 2 per cent, bandwidth of 1,400
megacycles, and a noise factor of 18 to 20 decibels.
(200) D. C. Rogers, “Traveling-wave amplifier for 6 to 8 centime-

ters,” Elec. Commun. (London), vol. 26, pp. 144-152; June,
1949.

A comparison of four slow wave propagating struc-
tures was made: the grid helix, the disk-loaded rod, aper-
tured disk, and spiraled waveguide.

(201) L. M. Field, “Some slow wave structures for traveling-wase
tubes,” Proc. LLR.E., vol. 37, pp. 34 40; January, 1949,

Traveling-wave - technique applied to an oscilloscope
tube has resulted in a tube with flat frequency response
from 0 to 500 megacycles for the recording of short re-
current high-frequency pulses.

(202) J. R. Pierce, “Traveling-wave oscilloscope,” Electronics, vol.
22, No. 11, pp. 97-99; November, 1949

A traveling-wave oscillator producing oscillations
over a band of several octaves, the frequency being con-
trolled by the dc voltage, was described.,

203) R. Schnitzer and D. Weber, Freguenz. v
v July,cllt;;';er and D.Veber, Freguens, vol. 3, pp. 189-196;

Several other papers concerned with theoretical stud-
ies of traveling-wave tubes appeared.

(204) O. D;‘i.hler and \\'.l l\'lecni “hOn the mode of operation of the
traveling-wave valve,” Arch. elek. cbert 3
54-—63,93—10();’lfel)ru.|r)' and March, l()z)‘ragung, MG

(205) J. Laplume, “Theory of the traveling-wave valve,” L'Onde
Elec.,vol. 29, pp. 66-72, February, 1949, '

(206) O. Doehler :,l’nd \W. ch(_:n, “On the efficiency of the traveling-
wave valve, Am‘{. Radivélec., vol. 4, pp. 216-222; July, 1949.

(207) L._N.l [l"OSh?kot‘l/' On the [)r()f[).lg.l(ioll of waves along a coaxial
spiral line in the presence of an electron beam.” .

(208) fh%:.lgpbbR),c\jul. 1(),fbp.578—505:.\1‘1‘,"19)3(1):.11, Jour. Tech.
. R. Pierce, “Circuits for traveling-wave ”p <
}/ol. 3[7’ op. SIOISI\IIS: Moy, 1030, g-wave tubes,” Proc. L.R.E.,

(209) J.R. Pierce and N. Wax, “A note on filter-tvpe traveling-way
amplifiers,” Proc. LR.E.. vol. 37, pp. 623—6{32?]:?1‘:1;3?1‘)‘%“ :

New Tubes. A number of new tubes having interesting
features were described, manv of them being intended

for operation at very-high frequencies. An oscillator

tetrode, suitable for automatic frequency control in a
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frequency-modulated set, was described in which a re-

flector electrode controls the transit time and hence the

oscillation frequency.

(210) J. Kurshan, “The transitrol, an experimental automatic-fre-
quency-control tube,” RCA Rev., vol. 9, pp 687-703; Decem-
ber, 1948.

The design and possible application of a miniature
secondary-emission type amplifier tube TR-1032-J was
described. The second zero voltage characteristic of the
dynocde was utilized to obtain critically high conduct-
ance. Applications as a relaxation oscillator, multivi-
lrator, pulse inverter, triangular wave gencrator and
for dynatron service were suggested.

(211) C.F. Miller and W. S, McLean, “New design for a secondary
emission trigger tube,” Proc. LR.E., vol. 37, pp. 952-954;
August, 1949,

The application, design and limiting factors of elec-
trometer tubes were discussed. Low grid current and
high leakage resistance techniques were presented.

(212) J A. Victorcen, “Electrometer tubes for the measurement of
smallcurrents,” Proc. I.R.E,, vol. 37, pp-432-441; April, 1949.

(213) H. ] Starke, “A new subminiature electrometer tube,” Proc.
NEC, vol. 4, pp. 200-208; 1948.

An experimental beam-deflection tube for frequency
modulation detection was described, which exhibits high
sensitivity and amplitude to frequency modulation re-
jection but has small audio-frequency output.

(214) L. J. Giacoletto, “Experimental tube for FM detection,”
Electronics, vol. 22, pp. 87-89; Novembe:, 1949,

An experimental dual-control-grid pentode was de-
scribed which used space-charge effects and grid align-
ments to give sharp cutoff characteristics for grids 1 and
3

(215) R.F, Slinkman,
pentode,” Proc.

“Design considerations for a dual control grid
NEC, vol. 4, pp. 209-219; 1948.

Among a number of tubes for use at very-high fre-
quencies was a new intermediate-frequency amplifier
tube esigned to operate with a bandwidth of 10 mega-
cycles at a frequency of 15 megacycles. It has a trans-
conductance of 12,500 micromhos and a gain-band prod-
uct of 123.

(216) G.T.Ford, “The404A, a broadband amplifier tube,” Bell. Lab.
Rec.,vol. 27, pp. 59-61; February, 1949,

A new microwave triode for radio relay amplifiers has
a transconductance of 50,000 micromhos and gives a
gain of 7-10 db with a 120- to 170-megacycle bandwidth
at 4,000 Me.

(217) J. A. Morton, “A microwave triode for radio relay,” Bell Lab.
Rec., vol. 27, pp. 166-170; May, 1949.

A small planar triode for operation with a 10- to 15-
megacycle bandwidth at 45 megacycles was described
having a transconductance of 8,000 micromhos andl in-
put and output capacitances of 2.6 ppf and 1.1 puf, re-
spectively.

(218) “Planar clectrode valves for vhi,” Wireless World, vol. 45, pp.
165-167; May, 1949,

A new construction of disk-seal triode for ultra-high-
frequency use has cylindrical clements arranged co-
axially. Advantages of small size and of low heater
wattage were obtained.
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(219) G. M. Rose, D. W. Power, and W. A. Harris, “Pencil-type uhf
triodes,” RCA Rev., vol. 10, pp. 321-338; September, 1949.

Two receiving triodes, an amplifier EC80 and an os-
cillator EC81 were described, the first featuring greatly
reduced series resistance and inductance in the leads
which make it useful as a grounded-grid amplifier to
about 600 megacycles. The EC81 oscillator has an upper
frequency limit of 1,500 Mc and will deliver 1.3 watts at
20 per cent efficiency at 750 megacycles. Both may be
made on a production line and neither requires special
circuits as with the disk-seal types.

, (220) K. Rodenhuis, “Two triodes for reception of decimeter waves,”

Philips Tech. Rev., vol. 11, pp. 79-89; September, 1949.

The beam-deflection principle has been applied to the
design of mixer tubes for usc at from 300 to 1,500 mega-
cycles and for frequency-moclulation detection.

(221) E. W. Herold and C. W. Mueller, “Beam-deflection mixer
tubes for uhf,” Electronics, vol. 22, pp. 76-80; May, 1949.

Electron-Tube Theory and Measurements. A number of
papers contributing to the understanding of the gencral
behavior of electron tubes appeared.

A universal set of diode characteristic curves based on
the Epstein-Fry-Langmuir solution for the space-
charge-limited current of a diode was publistied. These
curves and the measured tube characteristics were used
to estimate the series resistance of the cathode coating of
some diodes.

(222) W.R.Ferris, “Some characteristics of diodes with oxide-coated
cathodes,” RCA Rev., vol. 10, pp. 134-149; March, 1949,

A previously published solution of the electrostatic
field in a parallel plane triode is discussed for cases
where the spacing between grid wires is not small com-
pared to the grid-cathode and grid-anode spacings.

(223) W. R. Bennett and L. C. Peterson, “The clectrostatic field in
vacuum tubes with arbitrarily spaced clements,” Bell Sys
Tech. Jour., vol. 28 pp.303-314; April, 1949.

Space-charge free potential functions for a filamentary
triode are obtained by the method of conformal trans-
formation.

(224) E. C. Okress,
tube,” Jour. Appl. Phys.,
1949.

“potential functions for a thermionic vacuum
vol. 20, pp. 830-855; September,

The input loading as a function of frequency was cal-
culated for a diode drawing no direct current.

(225) N. A, Begovitch, “Iigh-frequency total emission loading in
diodes,” Jour. Appl. Phys., vol. 20, pp. 457-462; May, 1949.

A simplified method of determining the nonlinear
characteristics of vacuum tubes was presented where the
transconductance/grid voltage curve (especially its cur-
vature at the operating point) determines performance
as a modulator, frequency doubler, rectifier, etc.

(226) T. Slonczewski, “Transconductance as a criterion of electron
tube performance,” Bell. Sys. Tech. Jour., vol. 28, pp. 315-328;

April, 1929,

The variation of mutual conductance with frequency
in a vacuum tube after 1,000 hours of life was found to
be due to the deterioration of the contact between the
oxide coating and the base material. This deterioration
is evidenced by the increased capacitance and resistance

S ——mmmmmm




368

of the interface. This phenomena can be reduced by ap-
propriate cathode shape. Cathode sparking and contact
resistance were found to be related and the coating-to-
core contact resistance must be less than 10 ohms per
square centimeter to prevent sparking when emission
current density is above 1 ampere per square centi-
meter.

(227) W. Raudorf. “Changé of mutual conductance with frequency,”
Wireless Eng., vol. 26, pp. 331-337; October, 1949.

The theory of the behavior of resistances at different
frequencies is applied to resistive films existing between
clectrodes in vacuum tubes. It was shown that the ca-.
pacitances of such films vary inversely as the square
root of the frequency at high frequencies and approaches
a limit at low frequencies. Experimental data given
showed that the known frequency dependence of vac-
uum-tube interelectrode capacitances can be attributed
to these resistive films.

(228) E.G. Jamesand B. L. Humphreys, “Resistive films in valves,”
Wireless Eng., vol. 26, pp. 93-95; March, 1949,

Measurements were made of the changes in grid-
cathode and grid-anode capacitances of triode tubes as
the operating conditions were changed. The influence of
mutual conductance, amplification factor, and supply
voltages were shown and a theory derived which is in
fair agrecment with experimental results.

(229) E. E Zepler and J. Hekner, “Triode interelectrode capaci-
tances,” Wireless Eng., vol. 26, pp. 53-58; February, 1949.

Results are given of measurements of the variation of
interelectrode capacitance with change in operating
conditions for several experimental electron tubes. Ac-
tual changes are considerably larger than those pre-
dicted by theory and indications are that the geometry
and construction of the tubes play an important part in
the magnitude of this change.

(230) B.L. Humphreysand E.G. James, “Interelectrode capacitance
of valves,” Wireless Eng., vol. 26, pp. 26-30; January, 1949,

Formal expressions for properties of tubes in terms of
integrals of the space currents were obtained which may
eventually contribute to the solution of the multiveloc-
ity problem.

(231) J. K. Knipp. “On the velocity dependent characteristics of high
frequency tubes,” Jour. Appl. Phys ,vol. 20, pp. 425-431; May,
1949,

A paper on hum reduction has appeared on cathode-
type tubes with particular regard to the influence of ex-
ternal and internal magnetic fields.

(232) A. F. Dickerson, “Hum reduction,” Electronics, vol. 21, pp.
112-116; December, 1948.
Metallic clements of complex configuration and of
high precision may be made by a new photogravure
process.

(233) M. P.Wilder, “Electrodes for vacuum tubes by photogravure,”
Proc. I.R.E., vol. 37, pp. 1182-1184; October, 1949,

Noise. The noise spectrum of temperature-limited
diodes was derived and the effects of transit time for

both the cylindrical and planar case described. A curve
showing the relation between transit angle and the nec-
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essary correction was given. The noise generated by

electron movements can be easily determined by a new

method described.

(234) D. B. Fraser, “Noise spectrum of temperature limited diodes,”
Wireless Eng., vol. 26, pp. 129-131; April, 1949.

A general expression for the noise-power spectrum
generated by the random emission of electrons of arbi-
trary trajectories within a waveguide was obtained. It
was utilized to derive the equivalent mean-square fluc-
tuation current due to the space charge within a diode
for two cases of potential distribution, namely, linear
distribution and that which occurs at the edge of the re-
tarding field.

(235) ]. J. Freeman, “Noise spectrum of a diode with a retarding
field,” Jour. Res. Nat. Bur. Stand., vol. 42, pp. 75-88; January,
1949.

Emission. Significant new work on thermionic and
secondary emission was reported. The use of a standard
diode in evaluating emissive properties of a number of
melts of base metal for oxide-coated cathodes was dis-
cussed. Methods of emission measurements were de-
scribed that gave a reliable evaluation of melt lots re-
sulting in a better control of the base metal.

(236) Robert L. McCormack, “A standard diode for electron-tube
oxide-coated cathode-core-material approval tests,” Proc.
I.R.E., vol. 37, pp. 683-687; June. 1949.

The result of production tests on a number of cathode
melt-lots showed agreement (based on a figure of merit)
among the receiving tube manufacturers on the poorest
melt lot. However, agreement was not so conclusive re-
garding the best melt lot.

(237) ]. T. Acker, “Testing cathode materials in factory production,”
Proc. 1L.LR.E., vol. 37. pp. 688-690; June, 1949.
The free energy of some chemical reactions involving
dissociation or reduction of alkaline earth oxides were
computed.

(238) A. H. White, “Applications of thermddynamics to chemical
problems involving the oxide cathode,” Jour. A ppl. Phys., vol.
20, pp. 856-860; Septeniber, 1949,

The anode of output pentode DL41 coated with floc-
cular soot was found to reduce the number of secondary
electrons under conditions of low anode voltage. In-
creased power output with no increase in distortion re-
sults.

(239) ].L.H. Jonker, “Secondary emission in output valves,” Philips
Tech. Rer., vol. 10, pp. 346-351; May, 1949? g

Power-Output High-Vacuum Tubes

Triodes and Tetrodes. \Vhile not much attention has
been paid to developing high power tubes for the lower
frequencies in the past year, one paper describes an
interesting method for surge testing such tubes. A 20-
kilovolt, or higher, condenser discharge is used to reveal
structural weakness and to study the effectiveness of a
series resistor in the plate circuit to minimize destruc-
tive arcs during operation.

(240) H.]. Dailey, “Surge testing of high-volta " Tele-Tech.
vol.8, pp. 26-29, 38-60; Oc tober 1940, | £¢ u0es: Tele-Tech.

The problem of obtaining more efficient cooling of
power tubes was studied by several authors. In general,

-
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more efficient heat transfer was obtained by increasing
the turbulence of the cooling fluid.

(241) “Water-cooling vs. air-cooling for high-power valves,” Proc.
IEE (London), vol. 96, pp. 220-221; May, 1949.

(242) J. Prevost, J. Boissiere, and A. Loukobski, “Study and re-
alization of a new system of forced-air-cooling for transmitting
valves,” Ann. Radioélec., vol. 4, pp. 138-148; April, 1949.

(243) A. J. Young, “Radiators for transmitting valves,” Marconi
Rev., vol. 12, pp. 85-91; July and September, 1949.

(244) M. ]. Snijders, “A transmitting valve cooler with increased
tubulence of the cooling water,” Philips Tech. Rev., vol. 10,
pp- 239-246; February, 1949.

Continued interest in the development of power tubes
for operation at frequencies above 100 megacycles is
evident. Design considerations for a new series of glass
power tubes having concentric cylindrical electrodes
were discussed.

245) E. G. Dorgelo, “Glass transmitting valves of high efficiency in
the 100 mc/s range,” Philips Tech. Rev., vol. 10, pp. 273-281;
March, 1949.

Other tubes for ultra-high frequencies, including one
capable of producing 1.5 kilowatts at 300 megacycles,
were reported.

246) ]. Belland J. W. Davis, “The development of radio transmit-
ting valves,” GEC Jour., vol. 16, pp. 138-149; July, 1949.

The problem of obtaining high power at high frequen-
cies was attacked also by devising means for combining
the outputs of several tubes. One method employs a
bridge-type circuit which eliminates interaction of
tubes. This approach may have considerable influence
on power tube development.

247) D. L. Balthis, “A coaxial 50 kw FM broadcast amplifier,”
Electronics, vol. 22, pp. 68-73; May, 1949,

(248) R. R.Law, W. B. Whalley, and R. P. Stone, “Developmental
television transmitter for 500-900 megacycles,” RCA Rev.,
vol. 9, pp. 643-652: December, 1948.

249) G. H. Brown, \V. C. Morrison, W. L. Behrend, and J. G. Red-
deck, “Method of multiple operation of transmitter tubes
particularly adapted for television transmission in the ultra-
higl;-frequency band,” RCA Rev., vol. 10, pp. 161-172; June,
1949,

General Theory and Design. Several studies of a theo-
retical nature were made in regard to tube structure and
operation.

(250) G. R. Partridge, “Factors influencing the perveance of power-
?gzgut triodes,” I’rRoc. I.R.E., vol. 37, pp. 87-94; January,

(251) T. Slonczewski, “Transconductance as a criterion of electron
tube performance,” Bell Sys. Tech. Jour., vol. 28, pp. 315-328;
April, 1949.

(252) W. R. Bennett and L. C. Peterson, “The electrostatic field in
vacuum tubes with arbitrarily spaced elements,” Bell Sys.
Tech. Jour.,vol. 28, pp. 303-314; April, 1949.

(253) R. R. Law, “Electronics of ultra-high-frequency triodes,”
Proc. I.R.E., vol. 37, pp. 273-274; March, 1949.

Other papers touched on many practical aspects of
tube design.

(254) J. Becquemont, “Series of modern tubes for frequency modula-

:15): and television,” L'Onde Elec., vol. 28, pp. 145-152; April,
9.

255) R. Remillon, “Modern methods for measurement of character-
istics and limitations of election tubes at uhf and vhf.”
ﬁ;?;de Elec., vol. 29, pp. 273-285; 330-346; July and August,

(256) B. Aixmont, “Problems of manufacture of tubes for very-high
frequencies,” L'Onde Elec., vol. 29, pp. 271-273; July, 1949.

(257) H. D. Doolittle, “I)esign problems in triodes and tetrodes for
hf,” Communications, vol. 29, pp. 14-17; June, 1949.

New Developments. In a new device, suitahle for the
amplitude modulation of magnetrons or other genecra-

tors of radio-frequency power not otherwise easily mod-
ulated, a beam of electrons is passed through a resonant
cavity where the radio-frequency energy, along with a
fixed magnetic field, causes the beam to spiral as it ab-
sorbs power from the circuit. The amount of energy ab-
sorbed may be controlled by varying the voltage or cur-
rent of the beam.

(258) J.S. Donal, Jr.,and R. R. Bush, “A's iral beam method for
amplitude modulation of magnetrons, Proc, L.R.E,, vol. 37,
pp. 375-382; April, 1949.

A further extension of the above device has also an
output cavity where the energy of the spiral beam may
be extracted and fed to a load. This results in a much
more efficient modulator.

(259) C. L. Cuccia, “The electron coupler—a developmental tube for
amplitude modulation and power control at ultra-high fre-
quencies,” RCA Rev., vol. 10, pp. 270 303; June, 1949.

Gas Tubes

The ability of the tube to deionize during the noncon-
ducting portion of the cycle depends on a number of
factors, such as grid voltage, grid resistance, and
mercury temperature. New methods of measuring de-
ionization time using pulse methods of application of
tube voltages have heen presented.

(260) H. A. Rowanowitz, “Measurements, Analysis, and Statistical
Nature of Delonization Time in a Mercury Thyratron,” Uni-
versity of Kentucky, College of Engineering, Lexington,
Kentucky.

(261) H. de B. Knight, “Deionization time of thyratrons—a new
method of measurement,” Proc. IEE (London), vol. 96, part 3;
July, 1949.

A detailed study was made on the effect of gas pres-
sures and other design features which have an impor-
tant bearing on the usefulness of thyratrons in high-
pulse-rate modulators.

(262) H.H. Wittenberg, “Thyratrons in radar modulator service,”
RCA Rev., vol. 10, p. 116; March, 1949.

Phototubes

A wide variety of photoconductive materials were
studied. Lead sulfide cells appear to advantage over
conventional phototubes as pickup devices for motion
picture sound; the sensitivity is high, the noise low, re-
sponse to low color temperature good, and the frequency
response adequate. Lead telluride and lead selenide
which have infrared responses to 5.5 and 4.5 u are better
than the lead sulfice cells only for the infrared beyond
the PbS threshold (3.5 u) or when they are cooled to
improve the signal-to-noise ratio. Excess metal and oxy-
gen activation appear necessary in most photoconduc-
tors reported. Of the many metallic sulfides, selenides,
and tellurides, those of the following may be listed:
Ph, Sn, In, T1, Cd, Bi, Sb. Many are characterized by
poor frequency response.

(263) S. Pakswer, “Lead sulfide photoconductive cells,” Electronics,
vol. 22, p. 111; May, 1949,

(264) E. Schwarz, “New photoconductive cells,” Nature (London),
vol. 162, pp. 614-615; October 16, 1948.

(265) C.]. Milner and B. N. Watts, “Lead selenide photoconductive
cells,” Nature, (London) vol. 163, p. 322; February 26, 1949.

(266) P. Gorlich and J. Heyne, “On a new photoconductive cell for
the visible,” Optik, vol. 4, pp. 206~212; Novembe: and De-
cember, 1048,
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Geiger- Mdiller Counter Tubes. The optimum proportions
for Geiger-Miiller tubes of small size, the effects of vari-
ous hydrocarbon mixtures on the starting voltage, the
effects of the tube proportions and filling gas on the
plateau shapes, and the occurrence of spurious dis-
charges were described. The poor performance of
methylene bromide as a quenching agent was attributed
to electron attachment.

(267) C. V. Robinson and R. E. Peterson, “Study of small ether-
argon Geiger-Mueller counters,” Rer. Sci. Instr., vol. 19, pp.
911-914; December, 1948.

(268) P. B. Weisz “Starting potential of the Geiger-Mueller counter
d(i)scharge," Phys. Rev., vol. 74, pp. 1807-1812; December 15,
194

(269) A.G. Fenton and E. \W. Fuller, “Further experiments with an
adjustable Geiger-Mueller counter,” Proc. Phys. Soc. (London)
vol. 62A, pp. 32—40: January, 1949,

(270) J. H. Carver and G. K. White “Methylene bromide as a
quenching agent in Geiger-Mueller counters,” Nature (London)
vol. 163, pp. 526-527; April 2, 1949.

Construction details of counter tubes for special pur-
poses were also described.

(271) J.R. Beyster, etal., “Cell-type gamma counter,” Rer. Sci. Instr.,
vol. 19, pp. 819-820; November, 1948.

(272) M. Lesage, et al., “Sur lajconstruction des compteurs Geiger-
Muller in type metallique, Jour. Phys. Radium, Series 8, vol.
10, pp. 212-214; June, 1949.

(273) E. J. Harris, “A Geiger tube for liquid radioactivity measure-
ments,” Jour. Sci. Instr. and Phys. in Ind., vol. 26, p. 243;
July, 1949,

(274) F.E.Senftleet al,, “Construction of beta-Geiger counters from
prefabricated thin wall tubing,” Rer. Sci. Instr., vol. 20, pp.
370-371; May, 1949.

Success was reported in rejuvenating defunct counter
tubes by glowing the anode wire in a vacuum before re-
filling. The temperature dependence of self-quenching
counters may be attributed to the condensation of liquid
films on the inside of the tube forming leakage paths.
Spurious counting rate was attributed to the emission of
an ionizing agent from freshly polished or warmed
metals.

(275) L. Shepard, “Rejuvenation of Geiger-Mueller tubes,” Rer.
Ses. Imstr., vol. 20 pp. 217-218; March. 1949,

(276) O. Parkash, “On temperature dependence of counter charac-
teristics in self-quencﬁicng G-M counters,” Phy«. Rev., vol. 76,
pp. 568-569; August, 15 1949,

(277) J. D. Louw and S. M. Naude, “Spurious counts in Geiger
counters and the pretreatment of the electrodes,” Phys. Rev.,
vol. 76, pp. 571-572, August,15, 1949,

A marked reduction in the background rate of a
gamma counter can be achieved by surrounding it with
auxiliary counters in anticoincidence inside the cus-
tomary lead shield. A quench circuit with a “self-
quenching” counter tube was investigated.

(278) J. L. Putman, “A study of background rate in Geiger-Miiller
counters and the pretreatment of the electrodes,” Jour. Sci.
Instr.and Phys. in Ind., vol. 26, pp. 198-201; June, 1949.

(279) H.Elliot, “The effect of external quenching on the life of argon-
alcohol counters,” Proc. Phys. Soc., vol. 62A, pp. 369-373;
June, 1949,

An article described various types of counter tube
construction and summarized a great deal of informa-
tion on filling gases. Another article reviewed the factors
such as time lag, quenching, and dead time, which af-
fect the speed of operation of counters.

(280) H. Friedman, “Geiger counter tubes,” Proc. I.R.E., vol. 37,

. 791-808; july, 1949.

(281) ﬂ) den Hartog, “Speed of operation of Geiger-Miiller coun-
ters,” Nucleonics, vol. 5, pp. 33-47; September, 1949.
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Cathode-Ray Tubes and Television Tubes

The trend toward larger television pictures was ac-
celerated by introduction of a new 16-inch metal kine-
scope. The metal construction greatly facilitated the
production of large direct-view tubes. Late in the year,
a 19-inch metal kinescope was also introduced. In-
creased interest and development of theater projection

tubes has continued.

(282) H. P. Steier, J. Kelar, C. T. Lattimer, and R. D. Faulkner,
“Development of a large metal kinescope for television,” RC.A
Rerv., vol. 10, pp. 43-38; March, 1949,

In the camera tube field, a new tube was described,
called the image isocon, which is similar to the image
orthicon but generates a video signal of opposite polar-
itv, with maximum signal in the light, resulting in im-
proved signal-to-noise ratio in the dark parts of the pic-
ture. The image isocon is more complicated to make,
more critical to adjust, and has a resolution and time
lag somewhat inferior to those of the image orthicon.

A detailed account of the development, construction,
and operation of several tvpes of image orthicon camera
tubes was published. A description was given of the new
type image orthicon having improved spectral response,
higher sensitivity, and greater range in flexibility in
television pickup, outside or in the studio.

(283) P. K. Weimer, “The image isocon—an experimental television
pickup tube based on the scattering of low velocity electrons,”
RCA Ret., vol. 10, pp. 366-386; September, 1949.

(284) R. B. Janes, R. E. Johnson, and R. S. Moore, “Development
and performance of television camera tubes,” RC.1 Rer. vol.
10, pp. 191-223; June, 1949.

(285) R. lg Janes. R. E. John-on. and R. R. Handel, “A new image
orthicon,” RC:A Rer.. vol. 10, pp. 386-392; December, 1949.

A new type of picture storage tube, the graphecon,
has two electron guns which can operate simultaneously
to write and read information from an insulated target.
The target is a thin film insulator which in addition to
having long-time storage capability has the important
feature that electron bombardmentinduced conduction
provides high sensitivity and stability.

The problems of negative-ion blemish in cathode-rav
tubes were discussed and various methods of eliminating
ion blemish were summarized. An interesting summary
of several methods of preparation of luminescent screens
for cathode-ray tubes was given. along with a discussion
of the problems of making and the performance charac-
teristics of screens applied by the different methods.

(286) L. Pensak, “The graphecon—A\ picture storage tube,” RC.1{
Rev., vol. IQ, pp. 59-73; March, 1949,

(287) R. M. Bowie, “The necative-ion blemish in a cathode-ray tube
and its elimination,” Proc. .R.E., vol. 36, pp. 1482-1486;
December, 1948.

(288) M. Sadowsky. “The preparation of luminescent screens,”
Jour. Electro Chem. Soc., vol. 95, pp. 112-128: March, 1949,

A secondarv-emission trigger tube having a long-life
secondary-emission dvnode surface and provided with
two output clectrodes for rapid switching and signal
generator applications was described.

An important contribution in the field of electron op-
tics is the theory and design of electron beams treated in
a recent book by J. R. Pierce.

The measured properties of strong unipotential lenses
of various types were reported. These measurements re-
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sulted in the design of a unipotential lens from which the
diverging parts of the electrostatic field are removed,
giving a lens with as low spherical aberration as a mag-
netic lens of comparable size.

A calculation was made of the potential distribution,
maximum current density and beam spread for tubular
electron beams which shows that such beams have ad-
vantages in greater maximum current density and less
spreading—at least for current densities less than the
maximum.

A particular aberration phenomena in electrostatic
electron lenses was reported, where a dark kidney-
shaped object in a bright field appears when one of two
limiting apertures is in a cross-over region of the elec-
tron beam.

(289) C.F. Miller and W. S. McLean, “New design for a secondary-
emission trigger tube,” Proc. I.R.E., vol. 37, pp. 952-954;
August, 1949,

290) J. R. Pierce, “Theory and Design of Electron Beams,” D. Van
Nostrand Co., Inc., New York, N. Y.; 1949.

291) G. Liebmann, “Measured properties of strong unipotential
electron lenses,” Proc. Phys. Soc. (London), vol. 62, pp. 213-
228; April, 1949.

292) N. \Vax, “Some properties of tubular electron beams,” Jour.
Appl. Phys., vol. 20, pp. 242-247; March, 1949.

(293) S. Harrison, “Aberration phenomeonon in electrostatic lenses,”
Jour. Appl. Phys.,vol. 20, pp. 412-413; April, 1949.

The general theory of magnetic focusing in a plane
was applied to the asymmetric case and the possibility
of a reduction of aberrations was found. These results
were shown to be special cases of a further general sec-
ond-order focusing condition. Calculations of the theo-
retical limit of resolution of the electron microscope
show that the condition for spherical correction is in
contradiction to the principles of good design.

In electron microscopes it was shown that the con-
trast of thin films can be increased by introduction of a
phase delay and defocusing. An experimental simple
magnetic beam-splitting device of interest to operators
of electron microscopes was also described.

294) L. Kerwin and C. Geofferton, “Further improvements in mag-
rlng‘t;; focusing,” Rev. Sci. Instr., vol. 20, pp. 381-384; June,

(295) H. Hintenberger, “Improved magnetic focusing of charged
particles,” Rev. Sci. Instr., vol. 20, pp. 748~750; October, 1949.

296) O. Scherzer, “Theoretical resolution limit of the electron micro-
scope,” Jour. Appl. Phys., vol. 20, pp. 20-29; January, 1949.

(297) E. G. Ramberg, “Phase contrast in electron microscope im-
ages,” Jour. Aptl. Phys.,vol. 20, pp. 441-444; May, 1949,

(298) F. W. Bishop, “Magnetic beam-splitting focusing device for
the electron microscope.” Rev. Sci. Insir., vol. 20, pp. 532;
July, 1949,

Solid-State Devices

The invention of the transistor in 1948 gave great
stimulus to research in the theory of semiconductors.
Development of the device and circuit applications
seems to be proceeding rapidly but their characteristics
are not sufficiently stabilized nor reproducible to war-
rant large-scale commercial application as yet.

Introductory articles on this art are:

(299) W. C. Dunlap, “Germanium, important new semiconductor,”
Gen. Elec., Rev., pp. 9-17; February, 1949,

(300) S. J. Angello, “Semiconductor rectifiers,” Elec. Eng., pp. 865~
872; October, 1949,

(301) J. A. Becker, “Photoeffects in semiconductors,” Elec. Eng.,
i)(p 937-942; November, 1949,

(302) K. Lark-Horovitz, “Conductivity in semiconductors,” Elec.
Eng.,pp. 1047-1056; December, 1949.

(303) J. Bardeen and W. H. Brattain, “Physical principles involved
in transistor action,” Phys. Rev., vol. 75, pp. 1208-1225; April
15, 1949.

Physical Theory and Experiment. Important new ma-
terial on the properties, metallurgy, and processing of
germanium and silicon was disclosed. Heat treatment,
addition of chemical impurities, and nuclear bombard-
ment methods were described for altering the type and
degree of conductivity of these important semiconduc-
tors.

(304) W. E. Johnson and K. Lark-Horovitz, “Neutron irradiated
semiconductors,” Phys. Rev., vol. 76, p. 442; August 1, 1949.

(305) J. Bardeen and W. Brattain, “Conductivity of germanium,”
Phys. Rev., vol. 75, p. 1216; April 15, 1949.

(306) J. Bardeen and G. L. Pearson, “Electrical properties of pure
silicon and silicon alloys,” Phys. Rev., vol. 75, pp. 865-883;
March 1, 1949,

(307) M. Becker and H. Y. Fan, “Photovoltaic effect of p-n barriers
produced in germanium by alpha and deuteron bombard-
ment,” Phys. Rev., vol. 75, p. 1631; May 15, 1949.

(308) J. H. Scaff, H. C. Theuerer, and E. E. Schumacker, “P-type
and n-type silicon,” Jour. of Melals., vol. 185, pp. 383-388;
June, 1949.

(309) G. L. Pearson, J. D. Struthers, and H. C. Theuerer, “Correla-
tion of Geiger counter and Hall effect measurements in alloys

containing germanium and radioactive antimony 124,” Phys.
Rev., vol. 75, p. 344; January 15, 1949.

Extensive work on high-back-voltage rectifiers dis-
closed many of the important techniques and properties
of germanium rectifiers.

(310) S. Benzer, “High inverse voltage germanium rectifiers,” Jour.
Appl. Phys., vol. 20, pp. 804-805; August, 1949.

Experiments on amplification produced by hole-flow
directly through n-type material were demonstrated by
means of a transistor having emitter and collector points
on opposite sides of a thin wedge of germanium.

(311) J. N. Shive, “Double surface transistors,” Phys. Rev., vol. 75,
pp. 689-690; February 15, 1949. .
(312) I. R.Haynesand W. Shockley, “Investigation of hole injection

in transistor action,” Phys. Rev., vol. 75, p. 691; February,
1949.

Experimental work on the external photoelectric ef-
fect of germanium and other semiconductors seems to
confirm the picture presented for transistor action by
measuring hole-electron distributions, contact poten-
tials, and surface-states densities for germanium.

(313) L. Apker, E. Loft, and ]. Dickey, “Photoelectric emission and

contact potentials of semiconductors,” Phys. Rev., vol. 74, pp.
1462-1474; November. 15, 1948,

Other experiments on the behavior of holes in n-type
germanium showed how their numbers, velocities, and
lifetimes may be measured and used to modulate the
conductivity of a germanium flament. A companion
paper explored a number of processes encountered in
previous experimental studies and brought out the na-
ture of an advancing wave front of holes.

(314) W.Shockley, G.L. Pearson,and J. R. Haynes, “Hole injection
in germanium,—quantitative studies and filamentary tran-
sistors,” Bell Sys. Tech. Jour., vol. 28, pp. 344-366; July, 1949.

(315) C. Herring, “Theory of transient phenomena in the transport

of holes in an excess semiconductor,” Bell Sys. Tech. Jour., vol.
28, pp. 401-427; July, 1949.

Theoretical studies of metal-semiconductor rectificr
impedances at high frequencies were presented for the
case where current is carried by one type of carrier only.
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A companion paper presented the theory of p-n rectify-
ing barriers in a mechanically continuous piece of semi-
conductor where both types of carriers must be consid-
ered. Based on this theory, a p-n-p transistor employing
no point contacts was proposed and its theory devel-
oped.
(316) J. Bardeen, “On the theory of the ac impedance of a contact
r(;ctgiﬁer," Bell Sys. Tech. Jour., vol. 28, pp. 428—434; July,

1949,

(317) W. Shockley, “The theory of pn junctions in semiconductors
and p-n junction transistors,” Bell Sys. Tech. Jour., vol. 78,
pp. 435-489; July, 1949.

Circust Properties of Transistors and Applications. A
number of papers were published that disclosed the cir-
cuit characteristics for the point-contact transistor in
the form of static characteristics and equivalent circuits
based on the small-signal open-circuit impedances.

Design formulas were given for gain, driving point
impedances, stability margins, and noise figure for the
grounded-base, grounded-emitter, and grounded-col-
lector single-stage and iterated amplifiers. Data were
presented on the large-signal properties of point-contact
transistors indicating that class-A efficiencies of 20 to
35 per cent, comparable to electron-tube triodes, may
be obtained. Output powers up to 200 milliwatts with
less than 10 per cent distortion were reported.

The variation of gain with frequency and direct-cur-
rent operating biases indicated operating power gains
of about 17 decibels per stage, to frequencies of the order
of 10 megacycles.

The dependence of noise figure on direct-current
operating biases and frequency showed that at normal
operating biases the noise figure is about 60 db at 1,000
cps, falls off inversely with the frequency and decreases
with decreasing collector voltage.

Circuits were presented for several types of oscil-
lators and negative-resistance trigger devices.

(318) J. A. Becker and J. N. Shive, “Transistor—A new semicon-
ductor amplifier,” Elec. Eng., vol. 68, pp. 215-221; March,
1949.

(319) R. M. Ryder, “Type A transistor,” Bell Lab. Rec., vol. 27, pp.
89-93; March, 1949.

(320) W. M. Webster, E. Eberhard, and L. E. Barton, “Some novel
circuits for the three-terminal semiconductor amplifier,” RCA
Rev,, vol. 10, pp. 5-16; March, 1949.

(321) R. M. Ryder and R. J. Kircher, “Some circuit aspects of tran-
sistors,” Bell. Sys. Tech. Jour., vol. 28, pp. 367—400; July, 1949,

(322) F. W. Lehans, “Transistor oscillator for telemetering,” Elec-
tronics, vol. 22, pp. 90-91; August, 1949.

(323) H. J. Reich, “Transistor trigger circuits,” Rev. Sci. Instr. vol.
20, p. 586; August, 1949.

A transistor test set was described for measuring the
small-signal open-circuit impedances of transistors at
5,000 cps as a function of the direct-current operating
biases.

(324) K. Lehovec, “Testing transistors,” Electroncis, vol. 22, pp. 88—
89; June, 1949.

New Semiconductor Devices. A “coaxial transistor”
was announced in which the emitter and collector are
on opposite sides of a thin doubly-concave disk of ger-
manium, clearly demonstrating the transmission of holes
through the body of the semiconductor.

A germanium photodiode bearing a strong physical
resemblance to the coaxial transistor was described. In
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this device the emitter point is replaced by a beam of
light such that the back impedance of the collector-point
rectifier may be modulated by the light beam. This pho-
todiode is reported to have “effective quantum efficien-
cies” of the order of two to four and a spectral response
peaking at 1.5 microns, decreasing beyond 1.6 microns
and finally cutting off at about 1.9 microns. These high
effective quantum yields are believed to be due to the
same current multiplication process at the collector bar-
rier as is assumed to be operating in the transistor. Alter-
nating-current output powers were reported of the or-
der of one-half milliwatt per millilumen, with response
flat up to at least 200 kilocycles. )

Single-surface point-contact transistors using p-type
germanium were reported. These triodes, in contrast to
the first reported n-type, operate with collector positive
and emitter negative with respect to the base. It is be-
lieved in this case that electrons are the anomalous
charge carriers being injected at the emitter and being
collected at the collector. Reported gains, noise figures,
and power output are essentially the same as for n-type
transistors. The frequency response is reported to be
about 50 per cent higher on the average. It is pointed
out that this behavior is consistent with an electron-to-
hole mobility ratio of about three halves.

(325) W. E. Kock and R. L. Wullace, Jr., “Coaxial transistors,”
lec. Eng., vol. 68, pp. 222-223; March, 1949.

(326) J. N. Shive, “New germanium photo-resistance cell,” Phys
Rev.,vol. 76, p. 575; August 15, 1949.

(327) W.G. Pfann and J. H. Scaff, “P-type germanium transistors,”
Phys. Rev., vol. 76, p. 459; August, 1949.

(328) R. M. Ryder and R. |. Kircher, “Some circuit aspects of tran-
sistors,” Bell Sys. Tech. Jour., vol. 28, pp. 344-366; July, 1949.

A germanium tetrode mixer was announced having
two emitters and one collector arranged in a triangle
spaced about 0.002 inch apart on a flat wafer of ger
manium. The signal voltage is applied to one emitter.
the local oscillator voltage is applied to the other emit-
ter, and the intermediate frequency is taken from the
collector by means of a suitable resonant circuit. Con-
version voltage gains of 2.5 and a corresponding conver-
sion transconductance of 430 micromhos up to a signal
frequency of 150 megacyvcles were reported.

Conversion power gains of one decibel are reported
in some cases. Interaction between signal and local os-
cillator sources are much lower than that attainable in
diode or triode mixers. Input signal frequencies up to
200 megacycles were described whereas the maximum
intermediate frequency at which it may be used seems
to agree with the maximum amplifier frequency of ger-
manium triodes.

(329) R. W. Ha

ele “Crystal-tetrode mixer,” Electronics, vol. 22,
pp. 80-81; ’ e

ctober, 1949,

The transistron, the French equivalent of the transis-
tor, was developed by the Service des Télécommunica-
tions. It was claimed that secrecy regulations have pre-
vented prior publication. It consists of a ceramic tube
with metal ends through which the emitter and collector
supports pass. A metal appendix in the middle of the
ceramic tube supports the germanium crystal and pro-
vides the base contact. It is claimed that the transistron
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is more stable and less subject to aging than the Ameri-
can transistor and this is attributed principally to the
composition of the germanium. A four-transistron tele-
phone repeater is pictured having a gain of 45 db for a
pass band from 40 to 10,000 cps, which indicates some-
what lower gain per stage than for the average transis-
tor. This may contribute to its greater stability. Other
applications included a miniature 2-transistron amplifier
with passive components printed on plexiglass, a similar
amplifier inserted in a 4-wire telephone line, a 6-transis-
tron radio receiver, and a miniature transmitter for 300-
meter wavelengths.

330) E. \isberg, “Transistron = Transistor+-?” Toute la Radio, vol.
16, pp. 218-220; July and August, 1949.

A transistor using a thin filament of germanium
about 0.01X0.01 cm in cross section) having an ohmic
base contact at one end, an ohmic collector at the other
end, and a point contact emitter on the filament very
close to the emitter was described. For n-type material,
these electrodes are biased in a manner similar to that
for the 2-point contact transistor. It was pointed out
that the gain of this device results from the modulation
of the high body resistance of the filament between the
emitter and collector in contrast to the situation in the
2-point contact transistor where it is the high reverse
impedance of the collector barrier that is modulated by
hole injection from the emitter. Power gains of 15 deci-
bels up to frequencies of the order of a megacycle were
reported and noise measurements were macde indicating
an improvement of 10 to 15 decibels over the average 2-
point contact transistor.

331) W.Shockley, G.1.. Pearson, and J. R. Haynes, “Hole injection
in germanium-—quantitive studies and filamentary transis-
tors,” Bell Sys. Tech. Jour., vol. 28, pp. 344-366; July, 1949,

332) W. Shockley, G. L., Pearson, M. Sparks, and \W. H. Brattain,

“Modulation of the resistance of a germanium filament by hole
injection,” Phys. Rev., vol. 76, p. 459; August, 1949.

Electronic Computers
Digital Computers

Four large-scale digital computers were completed
and put into operation during 1949. These represent a
substantial addition to the previously completed ma-
chines. z

The Mark II1 Calculator was completed at Harvard
and the event was celebrated by an excellent four-day
symposium in September on large-scale digital calculat-
ing machinery and its application. This calculator stores
on magnetic drums, 200 numbers and 150 constants with
an access time of 4.3 milliseconds and 4,000 numbers
with longer access. Sixteen-digit decimal numbers are
used in a serial, quasi-fixed-point, arithmetic unit which
multiplies in 12.9 milliseconds. Another drum contains
4,000 3-address instructions. Input and output are on
magnetic tape.

The Bell Computer—Model VI is a general purpose
digital relay computer with an electronically or tape
controlled program. The elcctronic program arrange-
ment has access to combinations of several hundred

semipermaiient built-in standard formulas. The solu-
tion of any standard problem requires that the problem
tape simply furnish the formula number and the input
data of the problem. Nonstandard problems are pro-
grammed by individually coded instructions on the
problem tape.

International Business Machines Corporation deliv-
ered card-programned calculators which combine an ac-
counting machine with an electronic calculating punch.
Instructions and data are introduced on punched cards
to make possible iterations and optional subroutines for
involved engineering, scientific and actuarial calcula-
tions. Results appear on printed forms or punched cards.

The BINAC, completed by the Eckert-Mauchly
Computer Corporation, has twin memory, arithmetic
control, and checking circuits operating in complete syn-
chronism. Each memory stores 512 30-binary-digit words
in a 16-channel delay line. Multiplication time is about
one millisecond. An octonary keyboard, octonary printer,
and magnetic tape input and output are provided.

(333) “Mark I11,” Digital Computer Newsletter,* vol. 1, p. 4; April,
1949.

(334) E. G. Andrews, “The Bell computer, Model VI,” Elec. Eng.,
vol. 68, pp. 751-756,; September, 1949.

(335) “IBM card-programmed electronic calculator,” Digital Com-
puter Newsletter,* vol. 1, p. 3; September, 1949.

(336) “Card-Programmed Electronic Calculator, Preliminary Man-
ual of Information,” International Business Machines Corp.,
New York, N. Y., 1949; p. 37.

(337) J. P. Eckert, Jr., ]. W. Mauchly, and J. R. Weiner, “An octal
system automatic computer,” Elec. Eng., vol. 68, p. 335,
April, 1949,

(338) “The BINAC,” Digital Computer Newsletter,* vol. 1, p. 2; April,
1949

(339) “The BINAC,” Digital Computer Newsletter,* vol. 1, p. 4;
September, 1949.

The completion of these instruments probably means
that 1949 will mark the end of the first phase of postwar
computer development in which there has been much
discussion of the remarkable accomplishments which are
anticipated and few reports on actual achievements.
However, the completed machines are still outnumbered
by the projected ones.

Other major development projects now being carried
out are listed in references (340) to (354).

(340) “Institute for Advanced Study Computer,” Digital Computer
Newsletter,* vol. 1, p. 2; April, 1949,

(341) “Institute for Advanced Study Computer,” Digital Compulter
Newsletter,* vol. 1, p. 2; September, 1949.

(342) “Whirlwind 1,” Digital Computer Newsletter,* vol. 1, p. 4;
April, 1949,

(343) “Whirlwind [,” Digital Computer Newslelter,* vol. 1, p. ki3
September, 1949.

(344) “ORDVAC,” Digital Computer Newsletter,* vol. 1, p. 2; April,
1949.

(345) “Institute for Numerical Analysis computer,” Digital Com-

gutcr Newsletter,* vol. 1, p. 3; April, 1949.

(346) “Institute for Numerical Analysis computer,” Digital Com-
puter Newslelter,* vol. 1, p. 1; September, 1949.

(347) R. M. Bloch, R, V. D. gampbell, and M. Ellis, “The logical
design of the Raytheon computer,” and “General design con-
siderations for the Raytheon computer,” Math. Tables and
Other Aids to Compulation, vol. 3, pp. 286-295, 317-332; Oc-
tober, 1948,

(348) C. F. West and |. E. DeTurk, “A digital computer for scien-
tific application,” Proc. [.R.E,, vol. 36, pp. 1452-1460; De-
(]:;23)”' 1948. Also, minor correction, vol. 37, p. 861; August,

(349) “Raytheon computer,” Digital Computer Newsletler,* vol. 1,
p. 3; April, 1949,

* Office of Naval Research, Code 431.
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(350) R.L.Snyder, “EDVAC test instrumentation,” Elec. Eng., vol.
68, p. 335; April, 1949,
(351) F. Koons and S. Lubkin, “Conversion of numbers from deci-
mal to binary form in the EDVAC,” Math. Tables and Other
Aids to Computation, vol. 3, pp. 427-431; April, 1949,
(352) “ILDVAC,” Digital Computer Newsletter,* vol. 1, p. 1; April,
49

(353) “EDVAC," Digital Computer Newsletter,* vol. 1, p. 2; Septem-
ber, 1949,

(354) “CALDIC,” Digital Computer Newsletter,* vol. 1, p. 3; Sep-
tember, 1949, .

There is also considerable activity in other countries.

(355) D. R. Hartree, “Modern calculating machines,” Endeavour,
vol. 8, pp. 65-09; April, 1949.

(356) F.C.Williamsand T, Kilburn, “Electronic digital computers,”
Nature (LLondon), p. 487; September 25, 1948,

(357) M. V. Wilkes, “Programme design for a high-speed automatic
calculating machine,” Jour. Sci. Instr., vol. 26, pp. 217-220;
June, 1949,

(358) D. R. Ilartree, M. . A, Newman, M. V, Wilkes, F. C. Wil-
tiams, J. H. Wilkinson, and A. D. Booth, “A discussion on com-
puting machines,” Proc. Roy. Soc. A., vol. 195, pp. 265-287;
December 22, 1948.

Many general surveys have been made and other de-
scriptive material written.

(359) W. H. Bliss, “Electronic digital counters,” Elec. Eng., vol. 68,
pp- 309-314; April, 1949,

(360) W. J. Eckert, “Electrons and computation,” Sci. Mon., vol.
67, pp. 315-323; November, 1948.

(361) R. Davisand A. Berry, “Electromechanical and electronic cal-
culating devices,” Trans. S. Afr. Inst. Elec. Eng., vol. 40,
part 3, pp. 55-73; March, 1949.

(362) L. N. Ridenour, “Mechanical brains,” Fortune, vol. 39, pp.
109-118; May, 1949.

(363) “ENIAC,” Digital Computer Newslelter,* vol. 1, p. 1; April,
1949.

(364) D. R. Hartree, “Calculating Instruments and Machines,” Uni-
versity of Illinois Press, Urbana, I11., pp. 138; 1949,

(365) R. D. Richtmyer and N. C. Metropolis, “Modern computing,”
Physics Today, vol. 2, pp. 8~15; October, 1949.

The relation between digital calculators and the brain
has been the subject of considerable discussion.

(366) W.S. McCulloch, “The brain as a computing machine,” Elec.
Eng., vol. 68, pp. 492-497; June, 1949.
(367) W. R. Ashby, “Design for a brain,” Electronic Eng. (1.ondon),
vol. 20, pp. 379-383; December, 1948.
(368) N.\Wiener, “Cybernetics or Control and Communication in the
.&nimal and Machine,” John Wiley and Sons, Inc., New York,
.Y.; 1948.

The most difficult problem in the construction of a
large-scale digital computers continues to be the ques-
tion of how to build a memory, and the few papers writ-
ten do not reflect the greatness of the effort which is
being exerted.

(369) J. P. Eckert, Jr., H. Lukoff, and G. Smoliar, “A dynamically
regenerated memory tube,” Proc. L.R.E., vol. 37, p. 165; Feb-
ruary, 1949. Abstract of oral paper.

(370) L. Pensak, “The graphecon—a picture storage tube,” RCA
Rev., vol. 10, pp. 59-73; March, 1949.

(371) A. V. Haeff, “The memory tube and its application to elec-
tronic computation,” Math. Tables and Other Aids to Compu-
tation, vol. 3, pp. 281-286; October, 1948.

(372) F. C. Williams and L. Kilburn, “A storage system for use with
binary-digital machines,” Proc. IEE (London), vol. 96, part 3,
pp. 183-200; March, 1949.

(373) M. V. Wilkesand W. Renwick, “An ultrasonic memory for the
EDSAC,” Electronic Eng. (London), vol. 20, pp. 208-213;
July, 1948.

(374) A. D. Booth, “A magnetic digital storage system,” Electronic
Eng. (London), vol. 21, pp. 234-238; July, 1949.

(375) F. A. Metz, Jr.and W. M. A. Andersen, “Improved ultrasonic
delay lines,” Electronics, vol. 22, pp. 96-100; July, 1949.

(376) H. Alfvén, L. Lindberg, K. G. Malmfors, T. Wallmark, and
E. Astrom, “Theory and application of trochotrons,” Kungl.
Tekn. Hogsk., Handl. (Stockholm), No. 22, pp. 106; 1948 (In
English).

* Office of Naval Research, Code 434.
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(377) I. L. Auerbach, J. . Eckert, Jr., R. F. Shaw, and C. B. Shep-
pard, “Mercury delay line using a pulse rate of several mega-
cycles,” ’roc. 1R vol. 37, pp. 855-861; August, 1949.

The development of circuits, usually of an clectronic
nature, continued at a great pace. A few papers have
appeared describing some of this work.

(378) K. II. Barney, “The binary quantizer,” Elec. Eng., vol. 68, pp.
962-967; November, 1949,

(379) R.D.O'Necaland A. W. Tyler, “Progress Report No. 1, photo-

graphic digital recorder,” Math. Tables and Other Aids to Com-

pulation, vol. 3, pp. 444-445; April, 1949. Review of a Progress

Report of Eastman Kodak Co., dated June 7, 1948.

FF. R. Martens, “Differential counting with reversible decade

counting circuits,” Rev. Sci. Instr., vol. 20, pp. 424-425; June,

1949,

H. J. Reich, and R. L.. Ungvary, “A transistor trigger circuit,”

Rev. Sci. Instr., vol. 20, pp. 586588 ; August, 1949,

D. R. Brown and N. Rochester, “Rectifier networks for multi-

position switching,” Proc. L.R.E., vol. 37, pp. 139-147; Feb-

ruary, 1949,

(383) B. R. Gossick, “Predetermined eclectronic counter,” I’roc.

I.R.E., vol. 37, p. 813; July, 1949,

(384) S. 1. Washburn, “Relay ‘trees’ and symmetric circuits,”
Elec. Eng., vol. 68, p. 958; November, 1949.

(385) A.E.Ritchie, “Sequential aspects of relay circuits,” Elec. Eng.,
vol. 68, p. 974; November, 1949,

(386) G. R. Frost, “Counting with relays,” Elec. Eng., vol. 68, p.
975; November, 1949,

(387) W. Keister, “Logic of relay circuits,” Elec. Eng., vol. 68, p.
980; November, 1949,

(388) “University of Illinois component research,” Digital Computer
Newsletter,* vol. 1, p. 1; September, 1949,

(389) E. C. Berkeley, “Giant Brains,” John Wiley & Sons, Inc.,
New York, N. Y.; 1949,

(380)

(381)
(382)

Analogue Computers

Rapid progress has been made in analogue computers,
(distinguished from digital computers in that the varia-
bles are represented as analogous voltages, shaft rota-
tions, etc., rather than by discrete digits). The mathe-
matical operations are performed through analogous
physical relations such as addition of voltages in an clec-
tric circuit by a series connection or integration as with
a planimeter. Because of the continuous character of tlie
analogue, such computers are also referred to as the
continuous-variable type.

Alternating-current networks calculators for power
system problems have undergone important improve-
ments in equipment and techniques and a number of
new calculators are under construction.

The Anacom (at Westinghouse), the Northwestern
University computer (Burcau of Aeronautics, Arma-
ment Division), and the California Institute of Tech-
nology analog coniputer are large-scale g‘eneral purpose
electric computers of the direct-analogue type. The
Westinghouse and California Institute of Technology
units were jointly developed, the former being used
principally for solving transient problems involved in
the electrical ard mechanical design of machinery and
power systems. The California Institute of T'echnology
unit is used for a wide variety of problems, including
many aircraft structural and servo problems. The
Northwestern computer is composed of the basic-cir-
cuit-clements section of the Anacom, together with
special electronic sections developed by the Aerial
Measurements Laboratory at Northwestern University.
It has been used chiefly on armament problems. '

(390) W. A. Morgan, F. S. Rothe, and J. J. Winsness, “An improved
ac network analyzer,” paper 49-164, presented, AIEL Summer
General Meeting, Swampscott, Mass., June 20-24, 1949,
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(391) P. O. Bobo, “Technique of handling power system problems
on a modern ac calculator,” presented, AIEE Winter General
Meeting, New York, N. Y., January 31, 1950.

(392) E. L. Harderand ]. T. Carleton, “New techniques on the Ana-
com” paper 50-83, presented, AIEE Winter General Meeting,
New York, N. Y., January 31, 1950.

(393) J. P. Corbett, “Summary of transformation useful in con-
structing analogs of linear vibration problems,” AIEE paper
49-166, presented, AIEE Summer General Meeting, Swamp-
scott, Mass., June 20-24, 1949,

(394) G. D. McCann, C. H. Wilts, and B. N. Locanthi, “Electronic
technigues applied to analogue methods of computation,”
Proc. [.R.E., vol. 37, p. 954; August, 1949.

(395) G. D. McCann, C. H. Wilts, and B. N. Locanthi, “Applica-
tion of the Cal Tech electric analog computer to noniinear
mechanics and servomechanisms,” Paper 49-165, presented,
AIEE Summer General Meeting, Swampscott, Mass., June
20-24, 1949.

Diffcrential Analyzer. The earliest of the differential
analyzers have been in service for a considerable num-
ber of years. The latest machine at Massachusetts Insti-
tute of Technology is electrically connected and oper-
ated through servos and a cross-bar switching system.
Setups and much of the problem data are fed in through
punched tapes. The usefulness of differential analyzers
has been extended recently by the Michel techniques.

Meteor (Massachusctts Institute of Technology) isa
large-scale, combined electric-analogue computer and
flight simulator. In flight simulation a flight table is
positioned at normal speed, the computer solving the
aerodynamic equation of flight, i.e., simulating the ac-
tion of the plane. An auto pilot can thus be tested on the
flight table just as though it were in the plane under the
specified flight conditions.

In straight computing, the time base is arbitrary and
the computer functions as an electronic differential ana-
lyzer. Integrating amplifiers provide integration with
respect to time. Multipliers are of the carrier-strain-
gauge type.

Development has also continued on electronic-dif-
ferential-analyzer-type computers by Reeves, Philbrick,
Goodyear, and others. Over thirty of the Reeves com-
puters are now in use, principally by the Air Force and
its contractors.

396) A. C. Cook and F. J. Maginniss, “More differential analyzer
application,” Gen. Elec. Rev., \ugust, 1949.

(397) G. L. Michel, “Extensions in differential analyzer technique,”
Jour. Sci. Instr., p. 357; 1948.

(398) V. Paschkis, “Comparison of long time and short time analog
computers,” Paper 49-13, presented, AIEE Summer General
Meeting, Swampscott, Mass., June 20-24, 1949.

(399) A. C. Hall, “A generalized analog computer for flight simula-
tion,” paper 50-48, presented, AIEE Winter General Meeting,
New York, N. Y., January 31, 1950.

(400) 1.S. Kirschbaum and C.E. Warren, “A method for designing
pulse transformers,” paper 49-198, presented, AIEE Summer
General Meeting, Swampscott, Mass., June 20-24, 1949.

Facsimile

An analysis of facsimile as viewed by the armed serv-
ices was presented. Facsimile applications to commercial
telegraph systems have been expanded. A new recording
medium utilizing selenium coatings for fine-grain repro-
duction has been described.

(401) “Fascimile and its place in telegraphy,” Western Union Tech.
Rev., vol. 3, pp. 1-5; January, 1949.

(402) “The xerographic process,” Western Union Tech. Rev., vol. 3
w) 43-44,; January, 1949.

(403) H. F. Burkhard, “Considerations on facsimile transmission
speed,” AIEE Technical Paper 49-108; December, 1948.

There was developed by the Philips Research Labo-
ratories in Holland, a very high-speed facsimile com-
munication system employing a continuous belt scan-
ning unit for transmission and a continuous photo-
graphic method for reception, described in five articles:

(404) “Experimental transmitting and receiving equipment for high-
speed facsimile transmission,”

(a) H. Rinia, D. Kleis, and M. van Tol, “General,” Philips
Tech. Rev., vol. 10, pp. 189-220; January, 1949.

(b) D. Kleis, F. C. . Sloof, and J. M. Unk, “Details of the
transmitter,” Philips Tech. Rev., vol. 10, pp. 257-264;
March, 1949.

(c) F.C.W.Sloof, M. van Tol,and J. M. Unk, “Details of the
receiver,” Philips Tech. Rev., vol. 10, pp. 265-272; March
1949.

(d) D. Kleis and M. van Tol, “Transmission of the signals,”
Philips Tech. Rev., vol. 10, pp. 289-298; April, 1949.

(¢) D. Kleisand M. van Tol, “Synchronization of transmitter
and receiver,” Philips Tech. Rev., vol. 10, pp. 325-333;
May, 1949.

Applications of FM broadcast facsimile equipment in
educational fields, particularly journalism, increased
throughout the year.

(405) D. Z. Shefrin, “Talking newspaper,” The Quill, vol. 37, p.

8010; March, 1949.

Descriptive material for broadcast engineers appeared
as a brief treatment of systems operation.

(406) “Facsimile,” Engineering Handbook, National Association of

Broadcasters, fourth edition, section 2, article 6; 1949.

A book related the experiences of two newspapermen
in installing and operating a multi-edition broadcast
facsimile publication in Florida over a three-year period.
(407) Lee Hillsand T. J. Sullivan, “Facsimile,” McGraw-Hill Book

Co., New York, N. Y.; 1949.

Another book, contained data on circuit analysis and
equipment as designed and fabricated in the United
States.

(408) C. R. Jones, “Facsimile,” Murray Hill Books, Inc., New

York, N. Y.; 1949.

The further interest of government agencies in weather
map distribution by facsimile was followed by contin-
ued development and production of improved equip-
ments. .

(409) “New facsimile recorder,” Tel. and Tel. Age, vol. 67, pp. 10, 12;

January, 1949.

One development of significance was the introduction
of a high-speed system for the transmission of graphic
material.

(410) “Ultrafax,” Electronics, vol. 22, pp. 77-79; January, 1949.
(411) D.S.Bond and V. ]. Duke, “Ultrafax,” RCA Rev., vol. 10, pp.
99-115; March, 1949.

Industrial Electronics

The applications of electronics to the solution of in-
dustrial problems have grown at an accelerated rate in
1949. A conference held in April in Buffalo, N. Y., fo-
cused attention on problems of greater reliability. Pa-
pers were presented on the application of electron tubes
to motor control, electronic regulators, ac power con-
trol, life tests of vacuum tubes and maintenance prob-
lems of tubes in industry, and regulation of supply volt-
age needs. The inadequacies of tube ratings, necded im-
provements in tube characteristics and ratings and use
of capacitors in clectronic circuits, etc., were also dis-
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cussed. The transactions of this conference are available
in limited quantities.

(412) Digests of papers presented at Conference on Electron Tubes in
Industry, Elec. Eng., vol. 68, pp. 525-530; June, 1949.

Modulation Systems

In the field of abstract communications theory, the
application of the geemetry of n-dimensional space led
to expressions for the capacity of a system for transmit-
ting information in terms of upper and lower bounds
which may be converted to an equality when the system
is adequately specified. Similar results were obtained
for the rate of generating information by a message
source. In general these results are included in the state-
ments that:

P+ N P+ XN
w logng <C < Wiogg ——
Ny 5
1% lng‘g' SRsVW lng‘—Q—y
Ns N,

where
1V =the bandwidth of the system or the source
P =the average power handling capacity of the sys-
tem
Ni=the average power of a white thermal noise
source having the same entropy as the actual
noise on the syvstem
N =the average noise power on the system
C =the capacity of the system for transmitting infor-
mation
Q= the average entropy power of the message source
(Q =its average power .
N:=the mean-square permissible error in transmit-
ting the message and
R =the rate of generating information by the source.
It is alwavs possible to encode the message so that
transmission is possible with errors reduced to any de-
sirable value if R=C, but it is not possible to do so if
R>C.

(413) C. E. Shannon, “Communication in the presence of noise,”
Proc. I.LR.E., vol. 37, pp. 10-21; January, 1949.

By a similar approach, it was shown that under as-
sumptions which amount to peak limited noise the per-
formance of a coded type svstem is expressed by:

] (1 + S)
0
& N/ B
c\
lo (1 + -)
g2 N
while for a system not involving coding

<1+

%) e

where in both cases S/N is the received signal-to-noise
ratio, C/N is the system carrier-to-noise ratio, B is the
system bandwidth and f, is the message bandwidth.
The transmission efficiencies (the rate of transmitting
information over a given system compared to the rate
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at which it could have been transmitted by a single
sideband system over the same medium) for several
commonly used modulation systems were calculated.

(414) W.G. Tuller, “Theoretical limitations on the rate of transmis-
sion of information,” Proc. LLR.E., vol. 37, pp. 468-478;

May, 1949, ) o . .

(415) A.G. Clavier, “Evaluation of transmission efficiency according
to Hartley's expression of information content,” Elec. Com-
mun., vol. 25, pp. 414—420; December, 1948.

An analyvsis of the significance of signal bandwidth
and frequency occupancy in relation to other transmis-
sion factors such as power, noise, interference, and over-
all performance was carried out for eight types of multi-
plex systems under assumed operating conditions. The
cight systems are the possible combinations of PAM,

- PPN, PCM, or FDM primary multiplex with either

AN or FM the final carrier. The results were summa-
rized in a set of charts and tables.

(416) W. R. Bennett and C. B. Feldman, “Bandwidth transmission
performance,” Bell. Sxs. Tech. Jour., vol. 28, pp. 490-395;
July, 1949,

In the ficld of pulse modulation several papers were
written describing the principles of the method from
various elementary points of view.

(417) P. Breant, “Time and amplitude pulse modulation,” Ann
Telecommun., vol. 3. pp. 309-316; October, 1948,

F. M. Deloraine, “Pulse modulation,” Proc. I.R.E., vol. 37,
p. 102-705; June, 1949,

1. R. Hvneman, “Pulse modulation systems,” Western Union
Tech. Retiewr, vol. 3, pp. 69-76; April, 1949,

R. B. Long. “Application of pulse modulation to multiplex

conmunication systems,” Proc. IRE (Australia), vol. 10, pp
1017, January, 1949,

(418)
(419)
(420).

(421) H. Rindfleisch. “On the stage of development of pulse code
modulation,” Fernmeldtech. Z., vol. 2, pp. 25-26; January,
1949,

Two new pulse modulation svstems were described.
One modulates both the amplitude of the pulses and the
carrier frequency, thereby producing 2.V channels with
a synchronizing and gating svstem which is required to
produce only .\ gates. The second geduced the band-
width of the transmitting medium to the minimum value
required to transmit the information, and then equal-
ized the system at the receiver by a transversal type
equalizer so as to eliminate intersvmbol interference.
The adjustment of this equalizer scems to be quite sim-
ple.

(422) H. Goldberg and C. C. Bath, “Multiplex emploving pulse-
time and pulsed-frequency mo(lul.nion,Pl’ROC. Ip.RfE.,g\'gl‘ 37,
()p. 22-28; January, 1949,

(423) W. P. Boothroyd and E.M. Creamer, Jr., “Time division mul-
ixg;ilsxmg system,” Proc. L.R.E., vol. 68, pp. 583-588; July,

A statistical study of the effect of white thermal noise
on a PCM system showed that the signal-to-noise ratic
in the output of such a syvstem when expressed in db is
cqual to the signal-to-noise ratio in the input expressed
as a power ratio.

(#24) A. G. Clavier, P. F. P(;néer. and W. Dite, “Signal-to-noise
ratio improvement in a PCM system,” Proc. 1.R.E., vol. 3
pp- 355-359; April, 1949, ok

Navigation Aids

Interest continued in phase-sensitive devices based
upon the synthetic rotation of an antenna array. Be-

L,




1950 Radio Progress During 1949 377

cause of the high rotational velocities desired, the effec-
tive rotation is produced electronically by suitably com-
mutating a fixed receiving array (for direction-finder
applications), or by driving a fixed transmitting array
with polyphase voltages (for omnirange-beacon appli-
cations).

Synthetic-rotation has long been used in ionospheric
polarization measurements, yielding sum-and-difference
frequencies with amplitudes dependent upon polariza-
tion components. Applications to navigation problems
were based on a variety of phase-meters, having essen-
tially instantaneous response, together with a 360-de-
gree uniform scale. Rotation causes the envelope of the
received signal to be sinusoidally modulated, usually at
30 cycles. This is compared with a reference voltage of
similar frequency, having a fixed and known phase-rela-
tion with respect to the source of “rotation.”

(425) E. K. Sandeman, “Spiral-phase fields,” Wireless Eng., vol. 26,
pp. 96-105; March, 1949.

426) C. W. Earp and R. M. Godfrey, “Radio direction-finding by
the cyclical differential measurement of phase,” Elec. Com-
mun., vol. 26, pp. 52-75; March, 1949.

(427) Gunnar Wennerberg, “VHF direction-finder for light planes,”
Electronics, vol. 22, p. 118; August, 1949.

Interest continued in distance-measuring-equipment
(DME) and related subjects. Papers in this field were
chiefly concerned with incidental refinements appearing
in the engineering design offered by a particular sup-
plier or national research group.

(428) V. D. Burgmann, “Distance-measuring equipment for aircraft
navigation,” (Radio Section) Proc. IEE, vol. 96, pp. 395-402;
September, 1949.

(429) Charles J. Hirsh, “Puise-multiplex system for distance measur-
‘ing equipment,” Proc. [.R.E., vol. 37, pp. 1236-1242; Novem-
ber, 1949,

(430) L. B. Hallman, “Considerations in_ the design of a universal
beacon system,” Proc. I.R.E., vol. 36, pp. 1526-1529; Decem-
ber, 1948.

The utility of the DDecca system was extended and ap-
plied to hydrographic survey and oil exploration in the
Persian Gulf.

(431) “The Decca navigator system with Lane identification,” The
Engineer, vol. 187, pp. 101-102; January 28 1949.

(432) “The Decca navigator system,” Engineering, vol. 167, pp. 439~
442; May 13, 1949.

(433) “Decca navigator chain for oil survey,” The Engineer, vol.
187, p. 287; March 11, 1949.

(434) M. P. Giroud and M. L. Couillard, “Le Navigateur ‘Decca,’”
L'Onde Electrique, vol. 29, pp. 5-20; January, 1949.

A number of papers relate to operational experience
and plans for the improvement of navigational aids,
including Ground Control Approach and Instrument
Landing Systems.

(435) “*ABAS’ instrument landing system,” The Engineer, vol. 187,
p. 479; April 29, 1949.

(436} “Aircraft landing aids,” The Enginecr, vol. 187, p. 679; June
24, 1949

(437) M. A. Chaffee and R. B. Corby, “What we learned from the
Berlin airlift,” Electronics, vol. 22, pp. 78-83; August, 1949.

(438) Annual Reports of the Technical Committees, Institute of
Navigation; August 16, 1949.

The “five-year-interim-plan” and the “fifteen-year-
plan” set forth by the Radio Technical Commission for
Aeronautics were well publicized.

439) P. C. Sandretto, “System of air navigation and traffic control
recommended by the radio technical commission for acroe
nautics,” Elec. Commun., vol. 26, pp. 17-27, March, 1949.

(440) “Radio Aids to Navigation (Symposium),” Proc. [.R.E., voi.
37, pp. 169-170; February, 1949.
(441) “The program of new aids to air navigation,” Proc. [.LRE,,
vol. 37, pp. 1041-1042; September, 1949.
Several writers have performed a useful liaison serv-

ice by describing current trends in other countries.

(442) “Radio distance-measuring equipment for aerial navigation,”
Engineering, vol. 167, p. 187; February 25, 1949.

(443) Pierre David, “Introduction a la radionavigation,” L'Onde
Elec., vol. 29, pp. 3—%; January, 1949.

(444) Lt. Guigonis, “La radionavigation aerienne en temps de
guerre,” L'Onde. Elec., vol. 29, pp. 21-25; January, 1949

(445) A. Violet, “Aides radioelectriques a 'approche et a l'at-
terrissage controle du trafic aerien,” L'Onde Elec., vol. 29,
pp. 91-109; March, 1949.

(446) H. Portier, “Les Radiophares du type ‘Consol,” ® L'Onde
Elec., vol. 29, pp. 57-65; February, 1949.

(447) P. Besson, “Le systeme '‘OBOE,"” L'Onde Elec., vol. 29, pp.
351-367; October, 1949.

Isolated topics included description of an offset-
course computer, theory of an improved cable system
for possible use in defining a glide-slope description of
the elaborate telephone network used in air-traffic-con-
trol, and an extensive discussion of the theory of errors,
in its application to the evaluation of navigational data.

(448) F. J. Gross, “The course-line computer for radio navigation of
aircraft,” Proc. I.R.E., vol. 37, pp. 830-834; July, 1949.

(449) S. Ostridow, “Le cable d'atterrisage et ses apglications mo-
dernes possibles,” L'Onde Elec., vol. 29, pp. 255-267; June,
1949.

(450) W. O. Arnold, “The 111A key equipment for air traffic con-
trol,” Bell Lab. Rec., vol. 27, pp. 394-398; November, 1949.

(451) P. F. Duncan, “Theory of error distribution,” Wireless Eng.,
vol. 26, pp. 49-52; February, 1949.

Nuclear Science

General

Radio engineers have developed an increased aware-
ness of the impact of nuclear energy on their profession.
An Institute Professional Group on Nuclear Science was
established in addition to the already active Nuclear
Studies Committee. An RMA Committée on Nuclear
Instrumentation was also formed. The IRE Professional
Group on Nuclear Science sponsored jointly with the
American Institute of Electrical Engineering a Confer-
ence on Electronic Instrumentation in Nucleonics and
Medicine. The Atomic Energy Commission sponsored
several meetings on instrumentation: at Oak Ridge, on
scintillation counters; at Fort Monmouth, on ionization
chambers; and at the Naval Research Laboratory, on
Geiger Tubes.

A series of eleven articles in Electrical Engineering
were combined in a single publication entitled “Ele-
ments of Nucleonics for Engineers,” published in
March, 1949, by the American Institute of Electrical
Enginecring. For those seriously interested in this field,
attention is called to a bi-weekly publication entitled
“Nuclear Science Abstracts” published by Atomic En-
ergy Commission Document Sales Agency, P. O. Box
62, Oak Ridge, Tenn. A number of general survey ar-
ticles appear helow.

452) W. E. Shoupp, “Electronics in nuclear physics,” Proc.
[.R.E., vol. 36, pp. 1518-1526; DDecember, 1948.

453) K.Z. Morgan, “Instrumentation in the field of health physics,”
Proc. [.R.E., vol. 37, pp. 74-82; January, 1949.

(454) J. A. Victoreen, “lonization chambers,” Proc. I.R.E., vol. 37,
pp. 189-199; February, 1949.
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(455) J. A. Victoreen, “Electrometer tubes for the measurement of
small currents,” Proc. [.R.E., vol. 37, pp. 332-441; April,
1949.

(456) R. A. Millikan, “Atomic energy—its release, utilization, and
control,” Proc. I.R.E., vol. 37, pp. 545-547; May, 1949,

(457) L. F. Curtis, “Radioactive standards and methods of testing
instruments used in the measurement of radioactivity,” Proc.
I.R.E,, vol. 37, pp. 913-922; August, 1949,

(458) T'.\W, Dietze and T. M. Dickinson, “Electronics applied to the
betatron,” Proc. I.LR.E., vol. 37, pp. 1171-1178; October,
1949,

(459) A. P.Schrelber, “Radioisotopes for industry,” Electronics, vol.
22, pp, 90-95; January, 1949,

(460) G. W. Morgan, “Surveying and monitoring of radiation from
radioisotopes,” Nucleonics, vol. 4, pp. 24-37; March, 1949,

(461) “Nuclear instrument handbook,” Nucleonics, vol. 4, pp. 100-
152; May, 1949,

(462) H. H. Goldsmith, “Bibliography on radiation protection,”
Nucleonics, vol. 4, pp. 62-69; June, 1949,

Instruments

With 42 different manufacturers engaged in the pro-
duction of nuclear instruments and components, there
were many new and improved instruments for radiation
detection put on the market during this year, including
two radioactive thickness gauges. This marks one of the
first instances of the commercial use of radioactivity in
process control.

(463) J. R. Carlin, “Radioactive thickness gauge for rapidly moving
materials,” Electronics, vol. 22, pp. 110-113; October, 1949,

(464) W. E. Glenn, Jr., “Pulse height distribution analyzer,” Nucle-
onics, vol. 4, pp. 50-61; June, 1949,

(465) W. C. Elmore, “Fast pulse amplifiers for nuclear research,”
Nucleonics, vol. 5, pp. 48-55; September, 1949.

(466) W.F. Hornyak, T. Lauritsen,and V., K. Rasmussen, “Gamma-
ray measurements with a magnetic lens spectrometer,” Phys.
Rev., vol. 76, pp. 731-738; September 15, 1949.

(467) W. Bernstein and R. Ballentine, “Methane flow beta-propor-
tional counter,” Rev. Sci. Instr., vol. 20, pp. 347-348; May,
1949.

(468) F. H. Martens, “Differential counting with reversible decade
counting circuits,” Rev. Sci. Instr., vol. 20, pp. 424-425;
June, 1949,

Microwave spectroscopy continued to be an active
field but results for the most part were of interest to
physicists, and,not radio engineers. One exception was
the development of the so-called “atomic clock” which
utilizes an absorption frequency (23,870.1 megacycles)
of ammonia to furnish frequency stabilization.

(469) “The atomic clock,” Tech. Bull. Nat. Bur. Stand., vol. 33, pp.
17-24; February, 1949,

Tonization Chambers

While ionization chambers remain a very important
factor in measuring radiant energy, there was little pub-
lished during the past year.

(470) C. G. Montgomery and D. D. Montgomery, “Coincident
bursts in small jonization chambers,” Phys. Rev., vol. 75,
Rj 980; March 15, 1949,

(471) N. M. Blachman, “Counting volume of a cylindrical ionization
chamber,” Rev. Sci. Instr., vol. 20, pp. 477-479; July, 1949.

(472) B. Rossi and H. H. Staub, “lonization Chambers and Count-

ers: Experimental Techniques,” McGraw-Hill Book Co., New
York, N.Y.; 1949,

Geiger Tubes

The continued wide use of Geiger tubes for measure-
ment purposes has led to numerous brief reports on
various peculiarities in their operation. The feeling in
some quarters that the discharge processes within the
tubes are poorly understood received support in a paper
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by George Kelley of Oak Ridge presented at the Naval
Rescarch Laboratory conference and not yet published.
Kelley reported experiments indicating that at least 20
per cent of the current flow in the Geiger discharge is
contributed by electrons and not ions as has heretofore
been believed.

(473) 1. Friedman, “Geiger counter tubes,” Proc. [.R.E., vol. 37,

»p. 791-808; July, 1949.

(474) H den Hartog, “Speed of operation of Geiger-Miiller
counters,” Nucleonics, vol. 5, pp. 33—17; September, 1949,

(475) H. R. Crane, “Discharge of a Geiger counter at voltages above
the plateau,” Phys. Rev., vol. 75, p. 985; March 15, 1949.

(476) O. M. Parkash, “On temperature dependence of counter char-
acteristics in self-quenching G-M counters,” Phys. Rev., vol.
76, p. 568; August 15, 1949,

(477) J. D. Louw and S. M. Naude, “Spurious countsin Geiger
counters and the pre-treatment of the electrodes,” Phys. Rev.,
vol. 76, p. 571; August 15, 1949,

(478) S. A. Korff and A. D. Krumbein, “Tests of self-regenerating
fillings for Geiger counters,” Phys. Rev., vol. 76, p. 1412;
November 1, 1949,

(479) W. B. Mann and G. B. Parkinson, “Geiger-Mueller counting
unit and external quenching equipment for the estimation of
C" in carbon dioxide,” Rev. Sci. Instr., vol. 20, pp. 41-47;
January, 1949,

(480) C. D. Thomas, “Counter pulse shape,” Rev. Sci. Instr., vol. 20

p. 147-149; March, 1949,

(481) M. Ter-Pogossian, J. E. Robinson, and J. Townsend, “Pressure
regulated thin window Geiger-Mueller counter,” Rev. Sci.
Instr., vol. 20, pp. 289-290; April, 1949,

(482) M. A. Guimaraes and P. A. Sampaio, “Circuit for the study of
the operation of the Geiger-Miiller counter,” Rev. Sci. Instr.,
vol. 20, pp. 485-488; July, 1949,

(483) H. E. Newell and E. C. Pressly, “Counting with Geiger
counters,” Rev. Sci. Instr., vol. 20, pp. 568-572; August, 19-49.

Crystal Counters

Developments in this field, as shown by the lack of
published articles, seemed to indicate that some of the
early hopes for the widespread utilization of crystal
counters, particularly diamonds, might not be realized.
A new type of crystal counter was described by R. M.
Lichtenstein at the Joint IRE-AIEE Symposium. He
used crystals of alkali halides, such as KBr, which be-
came discolored upon exposure to radiation. They can
be bleached by exposure to strong light, the bleaching
resulting in a voltage pulse appearing across electrodes
on the crystal faces.

(484) R. Hofstodter', “Crystal counters,” Nucleonics, vol. 4, part I,
pp- 2-27; April, 1949, Part I1, pp. 29—43; May, 1949,

(485) R. R'.‘Newton, “Space charge effects in boimbardment con-
ductivity through diamond,” Phys. Rev., vol. 75, pp. 234-245;
January 15, 1949,

(486) A. J. Ahearn, “Search for crystals that exhibit conduction
pulses under alpha-particle bombardment,” Phys. Rev., vol.
75, p. 1966; June 15, 1949,

(487) K. A. Yamakawa, “Suggested slow neutron crystal counter,”
Phys. Rev., vol. 75, p. 1774; June 1, 1949,

Scintillation Counters

There was steady progress in the scintillation counter
field. One instrument manufacturer announced the pro-
duction of a commercial scintillation counter. Consid-
erable impetus was given to this field by the production
of an electron multiplier tube, type 5819, designed spe-
cifically for scintillation counting.

(488) J. W. Coltman, “The scintillati ”
37, po. GT1o88: Jueecintill lon counter,” Proc. [.R.E., vol.
(489) G. ﬂ: l}jorton and‘J.'.;\l. Mitchell, “Performance of 931-A type
multiplier as a scintillation counter,” N 7
Toat, Tanaary 010, counter ucleonics, vol. 4, pp.

(490) G. A, Mortor}’ and K. W. Robinson, “A coincidence scintilla-
tion counter,” Nucleonics, vol. 4, pPp. 25-29; February, 1949,
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(491) N. H. Jordan and P. R. Bell, “Scintillation counters,” Nucle-
onics, vol. 5, pp. 30-41; October, 1949.

(492) B. Cassen, C. W. Reed, L. Curtis, and L. Baurmash, “Low-
rate alpha scintillation counter,” Nucleonics, vol. 5, pp. $5-59;
October, 1949.

(493) H. G. Gittings, R. F. Taschek, A. R. Ronzio, E. Jones, and
W. J. Masilun, “Relative sensitivities of some organic com-
pounds for scintillation counters,” Phys. Rev., vol. 75, p. 205;
January 1, 1949.

(394) W. C. Elmoreand R. Hofstadter, “Temperature dependence of

scintillations in sodium iodide crystals,” Phys. Rev., vol. 73,

p. 203; January 1, 1949.

H. Kalimann, “Quantitative measurements with scintillation

counters,” Phys. Rer., vol. 75, p. 623; February 15, 1949.

(496) R. Hofstadter, “Detection of gamma-rays with thallium-
activated sodium iodide crystals,” Phys. Rev., vol. 75, p. 796;
March 1, 1949.

(497) E. J. Schillinger, Jr., B. Waldman, and W. C. Miller, “Scin-
tillation counting with chrysene,” Phys. Rev., vol. 75, p. 900;
March 1, 1949.

498) G. C. Hanna and B. Pontecorvo, “Fluorescence of anthracene
excited by high energy radiation,” Phys. Rev., vol. 75, p. 983;
March 15, 1949.

(499) W. J. Maclntyre, “Decay of scintillations in calcium fluoride
crystals,” Phys. Rev., vol. 75, p. 1439; May 1, 1949,

(500) G.T.]. Garlick and R. A, Fatehally, “Measurement of parti-
cle energies with scintillation counters,” Phys. Rev., vol. 75,
p. 1416; May 1, 1949.

'501) W.S. Koski and C. O.Thomas, “Scintillations produced by a-
particles in a series of structurally related organic crystals,”
Phys. Rev., vol. 76, p. 308; July 15, 1949,

(502) L. B. Robinson and J. R. Arnold, “Scintillation counter 1.
The existence of plateaus,” Rev. Sci. Instr., vol. 20, pp. 549—
552; August, 1949.

(503) J. D. Graves and ]J. P. Dyson, “Scintillation counter for lab-
oratory counting of alpha-particles,” Rev. Sci. Instr., vol. 20,
pp. 560-565; August, 1949.

(495)

Piezoelectric Crystals

A new standards report on piezoelectricity was issued
by the Institute.

(504) “Standards on Piezoelectric Crystass, 1949,” Proc. L.LR.E,,
vol. 37, pp- 1378-1395; December, 1949.

Books

The following books have appeared.

(505) W. J.Fry, ]. M. Tayler, and B. W. Henvis, “Design of Crystal
Vibrating Systems for Projectors and Other Applications,”
Dover Publications, Inc., New York, N. Y.; 1948.

(506) W. Herzog, “Siebschaltungen mit Schwingkristallen,” (Filter
Circuits with Vibrating Crystals), Dieterich’sche Verlagsbuch-
handlung, Inh. W. Klemm GMBH, Wiesbaden; July, 1949.

(507) K.S. Van Dyke, “\ Manual of Piezoelectric Data,” Part 2 of
Fifth Semi-Annual Report on Contract \V28-003 sc-1556,
Wesleyan University to the U. S. Signal Corps; January 20,
1948 Second Volume, Part 2 of Sixth Semi-Annual Report;
July 28, 1948.

There appeared a compilation of papers by authors in
various countries on theory of growth, nucleation and
normal growth, abnormal and modified growth, mineral
synthesis, and other technical aspects together with pa-
pers on quartz, ammonium dihydrogen phosphate, and
other important piezoelectric crystals.

(508) “Crystal Growth,” Discussions of the Faraday Society, No. S)
1949, Gurney and Jackson, London; 1949.

Fundamental Theory

On the theoretical side, progress has been made in

correlating the piezoelectric properties with structural
and other characteristics.
(509) S. Bhagavantam and D. Suryanarayana, “Crystal symmetry

and physical properties: application of group theory,” Acta
Crystallographica, vol. 2, part 1, pp. 21-26; f\{arch, 1949.

LT T

(510) K. Huang, “Lattice theory of dielectric and piezoelectric con-

stants in crystals,” Phil. Mag., vol. 40, pp. 733-747; July,
*1949. o

(511) J. J. Kyame, “Wave propagation in piezoelectric crystals,”
Jour. Acous. Soc. Amer., vol. 21, pp. 159-167; May, 1949,

(512) B. D. Saxena and K. G. Srivastava, “Calculation of the piezo-
electric constants of a-quartz on Born's theory,” Indian Jour.
Phys., vol. 22, pp. 475-482; November, 1948.

(513) B.D.Saxena and K. G. Srivastava, “New method of calculat-
ing the piezoelectric constants of a-quartz,” Proc. Indiar
Acad. Sci., A, 28, 423-436; November, 1948. (Phys. Abstr.,
vol. 52, p. 397; July, 1949)

(514) B. D. Saxena and K. G. Srivastava, “Variation of the piezo-
electric constants of a-quartz with temperature,” Proc. Indian
Acad. Sci., A, 28, pp. 437-446; November, 1948. (Phys. Abstr.,
vol. 52, p. 397; July, 1949.)

(515) S. Zerfoss and L. R. Johnson, “Crystal chemical relations in
inorganic piezoelectric materials,” Amer. Mineralogist, vol. 34,
pp. 61-67; January-February, 1949.

Synthetic Crystals and Detwinning

The long search for methods of growing quartz crys-
tals artificially made good progress. Crystals of 150
grams were grown from 12-gram seeds,! and the growth
in a single bomb of 650 grams of quartz in 13 days, dis-
tributed over 30 seeds,’ was reported. Meanwhile, the
detwinning of natural quartz crystals—which, in any
case, is possible only with electrical twinning—seemed
to be beset with technical difficulties. It is fortunate that
EDT (ethylene diamine tartrate) crystals are relatively
easy to grow, and that they are better than quartz for
some purposes.

(516) C. F. Booth and J. P. Johns, “The development of quartz
crystal production,” Jour. IEE (London), vol. 84 (16), Part 3A,
pp- 899-911; 1947.

(517) E. Buehler and A. C. Walker, “Synthetic crystals of quartz,”
Bell Lab. Rec., vol. 26, pp. 384-385; September, 1948.

(518) 1. Franke and M. H. de Longchamp, “Production of large
artificial quartz crystals,” Compt. Rend. Acad. Sci. (Paris),
vol. 228, pp. 1136-1137; March 28, 1949.

(519) D. R. Hale, “Artificial quartz crystals,” Quarterly Progress
Report No. 9, The Brush Development Co.; July 15, 1948.

(520) W. Parrish, “Techniques for detwinning electrically twinned
quartz,” Technical Information Pilot, p. 781; July 20, 1949.

(521) A. C. Walker and G. T. Kohman, “Growing crystals of Ethy-
lene diamine tartrate,” Trans. AIEE, vol. 67, 565-570; 1948.

Piezo-oscillators, Equivalent Networks, and Techniques

Oscillator circuits for great constancy of frequency
have been described, especially of Dbridge-stabilized
types. Piezo-oscillator circuits have been investigated
further with respect to variability of frequency. A com-
bination of coil and condenser associated with the crys-
tal for widening the range of frequency control has been
proposec.

(522) J. L. Creighton, H. B. Law, and R. J. Turner, “Crystal oscil-
jators and their application to radio transmitter control,”
Jour. IEE (London), vol. 94, Part 3A, pp. 331-344; 1947,
Proc. I.R.E., vol. 36, p. 1182; September, 1948.

(523) W. Herzog, “Oszillatorschaltungen hoher Frequenzkonstanz,”
(Oscillator circuits of very constant frequency), 4. E. U,
vol. 3, pp. 203-207; 1949.

(524) W.Herzog, “Verfahren zur Verinderung der Resonanzfrequenz
von Kristalloszillatoren,” (Means for varying the resonant fre-
rll(l;:gcy of crystal oscillators), A. E. U. vol. 2, pp. 153-163;

(525) W. Herzog, “Die Frequenzverinderung eines Kristallbriick-
enoszillators.” (Frequency variation of a crystal bridge oscilla-
tor), A. E. U., vol. 2, pp. 357-361; June, 1948.

(526) H. B. Meahl, “Absolute accuracy. Primary frequency stand-
ard,” Proc. NEC, vol. 4, pp. 446-450; 1948. And P’roC. I.RE,
vol. 37, p. 1226; October, 1949.

! Unpublished data from (521).
2 Unpublished data from (519).
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(527) A. E. Miller, “Frequency-control units,” Proc. I.R.E., vol. 37,
ﬁl' 167; February, 1949,

(528) H. Stanesby and P. W. Fryer, “Variable-frequency crystal os-
cillators,” Jour. IEE (London), vol. 94, part 3A, pp. 368-378;
1947. Also, Proc. I.R.E,, vol. 36, p. 1182; September, 1948.
(Abstracts and References)

A theoretical treatment of the effect of mechanical
loading on resonant and antiresonant frequencies has
been made. The equivalent network of the Curie double
strip (two thin bars cémented together, for flexural vi-
brations) has been derived. Considerable attention is
being given to the study of coupling between modes an
the effect of partial plating, and of a spherical or cylin-
drical contour on the vibrating faces.

(529) W. J. Fry, “Low loss crystal systems,” Jour. Acous. Soc'
Amer., vol. 21, pp. 29-34; January, 1949.

B. A. Mamyrin and L. N. Sosnovkin, “The effect of spurious
resonances and parallel losses on the equivalent parameters of
quartz crystals,” Zh. Tekh. Fiz., vol. 18, pp. 935-958; July;
1948 (In Russian). Also, Proc. [.R.E , vol. 37, p. 329; March;
1949.

E. J. Post, “The equivalent circuit of the Curie double strip,”
Appl. Sci. Res., Bl, pp. 168-180; 1948; (Phys. Abstr., vol. 52,
p. 236; May, 1949),

K. S. Van Dyke, E. A. Pendleton, and G. D. Gordon, “The
Equivalent Circuit of Partially Plated Thickness-Shear Piezo-
electric Resonators,” Presented Williams College Meeting of
New England Section of the American Physical Society, Oc-
tobrer 22, 1949; (Abstract in a forthcoming issue of Phys. Rer.).
R.S. Bever, \'. E. Bottom, and L. R. Weber, “Factors which
affect the rate of change of equivalent reactance of the crystal
unit with frequency,” Quarterly Progress Rept. No. 4, June 30,
1948; Quarterly Progress Rept. No. 5, September 13, 1948;
Colorado Agriculture and Mechanical College; Technical In-
formation Pilot, pp. 520~521; April 1, 1949,

(530)

(531)

(533)

Vibrational characteristics have been examined by a
probing device, and improved by annealing. Devices
have been described for measuring the equivalent re-
sistance of a vibrating crystal,

(534) C, R. Mingins, C. A. Stevens, and D. W. MacLeod, Jr.,
“Studies of the vibrational characteristics of a piezoid,” Phys.
Rev., vol. 76, p. 467; August 1, 1949,

(535) A.C. Prichard, M. A. A. Druesne, and D. G. McCaa, “Increase
in Q-value and reduction of aging of quartz crystal blanks,”
Jour. Appl. Phys., vol. 20 p, 1011; October, 1949.

(536) L. A. Rosenthaland T. A. ’eterson, Jr., “The measurement of

the series-resonant resistarce of a quartz crystal,” Rev. Sci.
Instr., vol. 20, pp. 426 429; June, 1949,

Measurements of Crystal Properties

Measurements of piezoclectric constants of potassium
hydrogen arsenate (K1)A) and their temperature de-
pendence have been made by balancing static mechani-
cal displacements piczoelectrically produced against a
quartz standard. Thirty-five different water-soluble
crystals have bLeen tested and compared. A measure-
ment has been made of the piczoelectric properties of
alpha and of beta quartz over a wide temperature range.
Other properties of piczoelectric crystals have also had
attention, nancly the elastic properties of Rochelle salt
by an ultrasonic-pulse technique, the pyroelectric prop-
erties of lithium sulfate monohydrate, and the electro-
optical properties of ammonium dihydrogen phosphate
(ADP).

The measurement of the piezoelectric coefficients of
ethylene diamine tartrate were made at the British Post

Office.

(537) R. Bechmann and A. C. Lynch, “Piezoelectric coefficients of
ethylene diamine tartrate,” Nature (l.ondon), vol. 163, PP-
915-916; June 11, 1949,
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(538) R. O’B. Carpenter, “Dynamic measurement of electro-optic
coefficients in ADP crystals,” Phys. Rev., vol. 76, p. 467;
August 1, 1949. ) o

(539) B. H. Billings, “The electro-optic effect in uniaxial crystals of
the type XH:PO. " Jour. Opt. Soc. Amer., vol. 39, pp. 797-808;
October, 1949. )

(540) R. K. Cook and P. G. Weissler, “Measurement of the piezo-

electric constants of alpha- and beta-quartz,” Phys. Rev., vol.

75, p. 1283; April 13, 1949, )

H. Jaffe, “Compressional piezoelectric coefficients of mono-

clinic crystals,” Phys. Rev., vol. 73, p. 1467; June 15, 1948,

H. Jaffe, “Study of Synthetic Water Soluble Piezoelectric

Crystals for Frequency Control,” Final Report, April 1, 1948,

The Brush Development Company; Technical Information

Pilot, p. 924, September 9, 1949,

H. Jaffe. “Primary and secondary pyroelectric effect in lithium

sulfate monohydrate,” Phys. Rer., vol. 75, p. 1625; May 15,

1949.

T. Niemiec, “.\ method of measurement of small periodic dis-

placements and its application to determining the piezoelectric

constants of potassium dihydrogen arsenate.” Phys. Rev.,

vol. 75, pp. 215-216; January 1, 1949,

W. J. Price. “Ultrasonic measurements on Rochelle salt

crvstals,” Phys. Rer., vol. 73, pp. 946-932; March 135, 1949

(541)
(542)

(543)

(544)

(545)

Barium Titanate

BaTiO; ceramics are being used for resonators, pho-
nograph pickups, and microphones. Transducers for
underwater work are described, and it is found that
great improvement is provided by the addition of a few
per cent of lead titanate. Another promising application
is for flexural films with high dielectric constant, for
which SiO; is used as the binding agent.

(546) A. 1. Dranetz. G. N. Howatt, and J. W. Crownover, “Barium
titanates as circuit elements,” Tele-Tech., vol. 8, pp. 29-31,
53, 541 April, 1949; pp. 28-30, 54, 56, 57; May, 1949 and pPp-
36-39, 52, 53; June, 1949,

C. H. Allen, “\ small high-frequency barium titanate micro-
phone,” Bull. {cous. Soc..Amer., p. 11; November 17-19, 1949,
M. U. Cohen, and others, =\ study of hich dielectric constant
films for high temperature operation,” Final Report, Julv 1,
1946, 10 June 30, 1948, Bilco Research Laboratories, July' 13
1948; Technical Informati m Pilot, p. 373: December 31, 1948
H. L. Donley, “Barium titanate and barium strontium titanate
resonators,” RC.A Rer., vol. 9, pp. 218-228; June, 1948,

G. N. Howatt, J. W. Crownover. and A. Dranetz, “New syn-
thetic piesoelectric mteriil.” Electronics, vol. 21, pp. 97-99,
December, 1048.

H. W. Koren, “Application of activated ceramics to trans-
(]](l)]:gr\," Jour. Acous. Soc. Amer., vol. 2%, pp. 198-201; May
W. P. Mason, “Barium-titanate ceramic as an electromechani-
C.(l)l ér.mﬁducer." Pl Lab. Rec | vol. 27, pp 285-289; August
194

(347)
(548)

(549)
(550)

(551)

—
n
o
o

~

Among the crvystals that have recently heen found to
liave ferroelectric properties are columbates and tan-
talates of potassium and sodium. Tungsten trioxide ap-
pears to have similar propertics.

(553) B. T. Matthias. “New Ferroelectric crystals,”

o \'ul.rta.\p. 1771; June 1, 1949 '

554) B. T. Matthias, “Ferro-clectric properties of W0,," Phy
Rev., vol. 76. pp. 430431: Nugust 15040 R

Phys. Rei |

Miscellaneous A pplications

Both theoretical and practical papers have appeared
on the use of crystals in filters, and also in transducers
for ultrasonics. Among other applications described are
devices for measuring atmospheric temperature, pres-
sure, and humidity, by observation of changes in reso-
nator frequency or damping; a dynamometer for varia-

(553) E. A, Roberts, and others, “Investigation of use of cryvstals as
weteorologic elements for measurements of temperature, pres-
sure, and humidity,” Quarterly Report No. 3 Decemb'eg 21
1948, to March 8, 1949; Armour Research Foun'dation' Tech;u':
cal Information Pilot, p 964; September 19, 1049,

- o—
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(556) J. K. Tyson and S. Siegel, “Investigation of use of crystals as
meteorologic elements for measurements of temperature, pres-
sure, and humidity,” Quarterly Report No. I, Armour Research
Foundation, Technical Information Pilot, p. 372; December 31,
1948.

(557) J. K. Tyson and S. Siegel, “Investigation of use of crystals as
meteorologic elements for measurements of temperature,
pressure, and humidity,” Quarterly Report No. 2, September 9
to December 20, 1948, Armour Research Foundation, Techni-
cal Informaton Pilot p. 506; March 30, 1949.

(558) \V. P. Mason, \V. O. Baker, H. J. McSkimin, and ]. H. Heiss,
«Measurement of shear elasticity and viscosity of liquids at
ultrasonic frequencies,” Phys. Rev., vol. 75. pp. 936-946,
March 15, 1949

(559) H.T.O'Neil, “Reflection and refraction of plane shear wavesin
visco-elastic media,” Phys. Rev., vol. 75, pp. 928-935; March
15, 1949.

tions in cutting forces; as a means for measuring elastic
properties of viscous liquids; and for measuring ver
small mechanical displacements. Improvements have
been recorded in mercury delay lines containing quartz
crvstals. By taking advantage of the electro-optic ef-
fect in ammonium dihydrogen phosphate, high-fre-
quency modulation of a beam of light has been achieved.
Finally, piezoelectricity has invaded the field of biology:
evidence has been adduced of injurious effects caused by
the injection of dusts of piezoelectric crystals in animal
tissues.

(560) J. P. Arndt, Jr., “Direct reading microdisplacement meter,”
Tour. Acous. Soc. Amer., vol. 21, pp. 385-391; July, 1949.

(561) I. L. Auerbach, J. P. Eckert, Jr., R. F. Shaw, and C. B. Shep-
pard, “Mercury delay line memory using a pulse rate of several
megacycles,” Proc. LR.E., vol. 37, pp. 855-861; August, 1949.

(562) G. D. Gotschall, “Light modulation by p-type crystals,” Jour.
Soc. Mot. Pic. Eng., vol. 51, pp. 13-20; July, 1948; Proc.
I.R.E, vol. 37,Tp. 215; February, 1949.

(563) S. M. Evans, “Tissue responses to physical forces. I. The path-
ogenesis of silicosis, A preliminary report,” Jour. Ind. Hygiene
and Toxicology, vol. 30, pp. 353-357; November, 1948

(564) S. M. Evans and W. Zeit, «Tissue responses to physical forces
11. The response of connective tissue to piezoelectrically active
crystals,” Jour. Lab. and Clinical Med., vol. 34, pp. 592-609;
May, 1949, Also “I11. The ability of galvanic current flow to
stimulate fibrogenesis,” #bid., pp. 592-615.

(565) H. Bommel, “{lber die Eignung von Ammoniumphosphat-
kristallen als Ultraschallgeneratoren,” (The utility o ammoni-
um phosphate crystals as ultrasonic generators), Helv. Phys.
Acta, vol. 21, Pp: 403—410; September 30, 1948.

(566) W. G. Cady, “A theory of the crystal transducer for plane
waves,” Technical Report No. 2, Wesleyan University, Sep-
tember 29, 1948; Jour. Acous. Soc. Amer., vol. 21, pp- 65-73;
March, 1949.

(567) F.S. Farkas, F. J. Hallenbeck, and F. E. Stehlik, “Band pass
filter, band elimination filter and phase stimulating network
for carrier program systems,” Bell Sys. Tech. Jour., vol. 28,
pp. 196-220; April, 1949,

(568) C. F. Floyd and R. L. Corke, “Crystal filters for radio re-
ceiv7ers," Jour. IEE (London), vol. 94, part 3A, pp. 915-926;
1947.

(569) W. Herzog, “Bandsperren mit Schwingkristallen,” (Band fil-
ters with vibrating crystals), 4. E. U., vol. 2, pp. 22-38; 1948.

(570) P. Naslin, “Piezoelectric dynamometer for recording varia-
tions in cutting forces,” Rev. Gén. Eléc., vol. 57, pp. 361-364;
September, 1948; (Phys. Abstr., vol. 52, p. 212; May, 1949.)

(571) B. Sandal, “Variable bandwidth crystal filters,” Radiotronics,
pp. 78-87; September and October, 1948. Also, Proc. I.R.E.,
vol. 37, p. 967; August, 1949.

(572) P. K. Taylor, “Single-sideband crystal filters,” Electronics, vol.
21, pp. 116-120; October, 1948.

(573) G. W. Willard, “Focusing ultrasonic radiators,” Jour. Acous.
Soc, Amer., vol. 21, pp. 360-375; July, 1949.

(574) E. S. Willis, “Crystal filters using cthylene diamine tartrate
in flace of quartz,” Trans. A.I.LE.E. (Elec. Eng.), vol. 67, pp.
552-556; 1948.

Radio Transmitters

The television industry was responsible for the great-
est activity despite the fact that no new construction
permits were granted in the United States. The number

of operating television stations almost doubled during
1949, the number increasing from 51 to 98. Considerable
work was done in an effort to improve the quality of the
transmitted picture within the bandwidth limitations
of the allocated channels.

(575) F. ]. Bingley, “Design for the future,” Electronics, vol. 22, pp.
70-81; September, 1949.

(576) R.D. Kelland G. L. Fredendall, “Standardization of the tran-
sient response of television transmitters,” RCA Rev., vol. 10,
pp. 17-34; March, 1949.

(577) E. D. Goodale and R. C. Kennedy, “Phase and amplitude
equalizer for television use,” RCA Rev., vol. 10, pp. 35-42;
March, 1949.

The likelihood of new television channel allocations
in the ultra-high-frequency region stimulated a great
deal of interest in the generation of ultra-high-frequency
energy.

(578) C. L. Cuccia, “Certain aspects of triode reactance tube per-
formance for frequency modulation at ultra-high frequencies,”
RCA Rev., vol. 10, pp. 79-98; March, 1949.

(579) G. M. Rose, D. W.g’awer, and W. A. Harris, “Pencil type uhf
triodes,” RCA Rev., vol. 10, pp. 321-338; September, 1949.

(580) J.S.Donal, Jr.and R. R. Bush, “A spiral-beam method for the
amplitude modulation of magnetrons,” Proc. I.R.E., vol. 37,

p. 375-382; April, 1949.

(581) ?( M. Wilmotte and P. A. DeMars, “Polycast system for TV
03 ushf " FM and Telev., vol. 8, pp. 26-28, 32, 4446, December,
1948.

Less activity was noted this year in FM broadcasting
than in previous years, with onlv about 60 new construc-
tion permits issued. Some advances were made in FM
transmitter design and performance measurement.

(582) D. L. Balthis, “Coaxial 50 kw FM broadcast amplifier,” Elec-
tronics, vol. 22, pp. 68-73; May, 1949.

(583) F. E. Talmage, “FM proof of performance techniques,” Com-
munications, vol. 29, pp. 22-23, 32; April, 1949.

The relaying of video signals by microwave transmit-
ters was expanded and techniques were improved.

(584) W. Forster, “6000-Mc television relay system,” Electronics,
vol, 22, pp. 80-85; January, 1949.

(585) F. J. Budelman, “Equipment for remote pickup,” FM and
Telev., vol. 9, pp. 13-16; June, 1949.

The mobile radio field continued its rapid growth
both here and abroad. The end of the year saw over
200,000 licensed mobile transmitters in existence in the
United States alone. New rules and frequency alloca-
tions became effective July 1, 1949, making way for even
further expansion.

(586) G. H. Underhill, “New frequency assignments for mobile radio
systems,” Elec. Eng., vol. 68, pp. 951-955; November, 1949.

(587) \W. D. Hailes, “Railroad radio,” Elec. Eng., vol. 68, pp. 1-6;
January, 1949.

(588) J. Courtney, “New FCC rules mean more mobile radio,”
Electronics, vol. 22, pp. 66-69; August, 1949,

(589) H. Kappler, “The introduction into Switzerland of public
%l:ghone service in vehicles,” Bull. Ass. Swisse Elec., July 9,

Coaxial and annular tank circuits were used as a
means of obtaining multiple tube operation at high fre-
quencies. Using coaxial type circuits, it was found prac-
tical to obtain powers in excess of 50 kw in the FM fre-
quency band and powers of 1 kw at frequencies up to
1,000 Mc.

The construction of 150 new broadcasting stations
was planned or completed during the year in the United
States, and many stations increased power. Work on
low-frequency transmitters was featured by the use of
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iron-core interstage and output transformers capable of
operating over the frequency range of 100 to 500 kc.

The elimination of tube rectifiers was accomplished
by using newly developed high-voltage metallic recti-
fiers.

(590) I. F. Deise and L. W. Gregory, “3 kw mf transmitter design
using iron-core interstage and output transformers,” Com-
munications, vol. 29, pp. 12-14, 35, October; pp. 12-13, No-
vember; pp. 10-11, December, 1949.

(591) N. B. Tharp and C: K. Hooper, “High voltage metallic recti-
fiers applied to broadcast transmitters,” Communications, vol.
29, pp. 12-13, 27; September, 1949,

Microwave communications systems employing pulse-
time and pulsed-frequency modulation were described.

(592) A. E. Ross, “Theoretical study of pulse-frequency modula-
tion,” Proc. I.R.E., vol. 37, pp. 1277-1286; Igoveml)er, 1949,

(593) K. S. Kunz, “Bilinear transformations applied to the tuning
of the output network of a transmitter,” Proc. I.R.E., vol. 37,

. 1211-1217; October, 1949,

(594) FF Goldberg and C. C. Bath, “Multiplex employing pulse-
time and pulsed-frequency modulation,” Proc. L.LR.E., vol. 37,
pp- 22-28; January, 1949.

(595) A. G. Kandoian and A. M. Levine, “Experimental ultra-high-
frequency multiplex broadcasting system,” Proc. I.R.E.,vol.

37, pp. 694-701; June, 1949,

(596) W. ﬁ Doherty, “Operation of AM broadcast transmitters into
sharply tuned antenna systems,” Proc. I.R.E., vol. 37, pp.
729-734; July, 1949.

(597) L. E. Norton, “Broad-band power-measuring methods at
microwave frequencies,” Proc. I.R.E., vol. 37, pp. 759-766;
July, 1949,

Railroad and Vehicular
Communications

An outstanding development in the mobile communi-
cations field was the issuance of permanent rules for
general mobile services by the Federal Communications
Commission. The new rules recognized and provided
frequency allocations for four major classes of mobile
radio service: (1) domestic public land mobile radio
services; (2) public safety including police, fire, forestry-
conservation, highway maintenance and special emer-
gency radio services; (3) industrial, including power
petroleum, forest products, motion pictures, relay press,
special industrial and low-power industrial services; and
(4) land transportation including intercity bus, highway
truck, railroad, taxicab, urban transit and automobile
emergency services.

(598) “Title 47—Telecommunication,” Federal Register, vol. 14, pp.
2264-2358; May 6, 1949.

Service expansion in diversified fields of application
continued throughout the year. The expansion was
marked more by growth in existing fields of application
than by new applications. Several applications in other
countries were noted.

(599) “Radio on 347 Miles of the Erie,” Ry. Signaling, vol. 41, pp.
754-760; December, 1948.

(600) W. R. Triem, “Communication services and improvements
on the Pennsylvania Railroad,” Tel. and Tel. Age, vol. 66, pp.
7-9, 30; December, 1948.

(601) R. H. Herrick, “Great Lakes radiotelephone system,” Elec.
Eng., vol. 68, pp. 152-157; February, 1949,

(602) R. E. Kolo, ¢ I‘ele,Phone Company mobile radiotelephone for
power utility use,” Edison Elec. Inst. Bull., vol, 17, pp. 73-74,
82; March, 1949,

(603) “Radio-Telephony at Whitemoor marshalling yard,” Engineer,
vol. 187, pp. 326-327; March 25, 1949.

PROCEEDINGS OF THE I.R.E.

(604) “Communications,” Ry. Age, vol. 126, pp. 1052-1053; May 21,
1949,

(605) F. J. Corporon, “New space radio relay
Ry. Signaling, vol. 42, pp. 374—377;.june,.1949. )

(606) “Installation of two-way space radio equipment on the Rio
Grande in Denver, Colo.,” Ry. Sigraling and Commun., vol.
42, pp. 438-441; July, 1949, . )

(607) “Modern communication in train and yard service,” Ry. Sig-
naling and Commun., vol. 42, pp. 442-444; 446; July, 1949,

(608) S. W. Miller, “Radio communication on the nickel plate,”
Tel. and Tel. Age, vol. 67, pp. 6-7; August, 1949,

(609) R.\V.Goss, “South Australian police FM network,” Communi-
cations, vol. 29, pp. 14~16; September, 1949.

system,”

Equipment developments during the year were di-
rected toward reduction in size, reduction of power con-
sumption, and reduction of interference. There were 2
number of new antennas developed specifically for mo-
bile radio applications.

(610) A. A. Curry, “Mobile FM equipment design for railroads,”
Tele-Tech., vol. 7, pp. 40-43; December, 1948,

(611) R. G. Rowe, “Collinear coaxial array for 152 megacycles,”
Tele-Tech., vol. 8, pp. 34-35, 60; January, 1949.

(612) D. II. Hughes, “Vhf radio equipment for mobile services,”
British IRE Jour., vol. 9, pp. 30—44; January, 1949,

(613) J. K. Kulanski, “Pushbutton selectjve calling,” Electronics
vol. 22, pp. 92-96; February, 1949,

(614) J. S. Brown and V. J. Moffatt, “Directional antenna for the
152-162 megacycle communications band,” Communications,
vol. 29, pp. 14-16, 35; March, 1949,

(615) D. R. Rhodes, “Flush-mounted antenna for mobile applica-
tion,” Electronics, vol. 22, pp. 115-117; March, 1949.

(616) R. A. Ratcliffe and R. S. Zucker, “Mobile FM communica-
tions equipment for Australian conditions,” Proc. IRE
(Australia), vol. 10, pp. 101-113: April, 1949,

(617) D. E. Noble, “Adjacent-channel operation of mobile equip-
ment,” Electronics, vol. 22, pp. 90-95; June, 1949,

(618) W. C. Babcock, “Mobile radio antennas for railroads,” Tel.
and Tel. Age, vol. 67, pp. 8, 10, 27; July, 1949,

(619) 1. Magnuski, “Cavity resonators in mobile communications,”
Communications, vol. 29, pp. 8-11: August, 1949,

(620) M. R. Winkler, “Instantaneous deviation control,” Electronics,
vol. 22, pp. 97-99; September, 1949,

The following papess of general interest in the mobile
radio field were published.

(621) E. Toth, “AM and narrow band FM vhf communications,”
Elecgranics. vol. 22, pp. 84-91; February, 1949, Also, Elec-
tromics, vol. 22, pp. 102-108; March, 1949,

(622) D. K. Ganngtt and W. R. Young, “Ratio of frequency swing
to phase swing in phase and frequensy modulation systems

transmitting speech,” Proc. LLR.E., vol. 37, pp. 258-263;
March, 1949, P ve PP

Receivers

Television Receivers

To reduce interference from local oscillator radiation,
the intermediate frequency was raised to almost double
its former value. Intercarrier sound systems became in-
creasingly popular. Built-in antenna systems were intro-
duced, provision being made in some cases for tuning of
the antenna by the user. Transformerless models and
even ac/dc designs were described, one of the latter be-
ing of the tuned radio-frequency type. Increasing em-
phasis was placed on obtaining better sound fidelity
from television receivers. Receivers capable of providing
pictures in color in accordance with several basically
different systems of transmission were operated experi-
mentally and demonstrated to the FCC.

(623) R. R’; Batcher, “Trends in television and radio receiver de-
sign,” Tele-Tech., vol. 8, pp. 22-24, 52; January, 1949,

(624) D. D. Cole, “Video receiver circuits simplified,” Tele-Tech.,
vol. 8, p. 33; January, 1949,

April
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(625) W. Stroh, “An intercarrier sound system for television re-
ceivers using the 6BN6,” presented, Radio Fall Meeting, Syra-
cuse, N. Y., November 1, 1949.

(626) R. B, Albright, A tunable built-in TV antenna,” Electronics,
vol. 22, pp. 134, 136, 140, 144, 146 and 150; November, 1949.

(627) W. H. Buchsbaum, “Designing a TRF television receiver,”
Tele-Tech, vol. 8, pp. 36-39; August, 1949.

(628) C. G. McProud, “mproved audio quality from standard TV
receiver,” Audio Eng., vol. 33, pp. 28, 30; October, 1949.

(629) ]. H. Battison, “Color television transmission systems,” Tele-
Tech, vol. 8, pp. 18-20, 52; October, 1949.

(630) E. W. Engstrom, “How RCA’s color TV works,” FM and
Telev., vol. 9, pp. 11-13, 15, 30; October, 1949.

Particular attention was given to improving the front-
end design of television receivers. Several different ar-
rangements in current use were noted. In some in-
stances, separate amplifiers were provided for the high
and low television bands. Synchronization methods were
improved to reduce the detrimental effect of noise.
Smaller components, such as deflection yokes, also re-
ceived attention. Special attention was given to the
problem of improving horizontal deflection circuits to
reduce power consumption and heating.

631) J. A. Hansen, “Simplified TV receiver channel switching mech-
anism,” Tele-Tech, vol. 7, pp. 36-38, 72; December, 1948.

(632) J. O. Silvey, “A front end for television receivers,” Tele-Tech,
vol. 8, pp. 36-37, 54-55; January, 1949.

(633) D. E. Foster, “Antenna input systems for television re-
ceivers,” Tele-Tech, vol. 8, pp. 28-30, 56; February, 1949.

(634) F.R. Norton, “Oscillator and mixer circuits for TV receivers,”
Tele-Tech, vol. 8, pp. 31, 42-43; February, 1949.

(635) H. M. Watts, “Television front-end design,” Electronics, vol.
22, pt. I, pp. 92-97, April, 1949; pt. I, pp. 106-110, May,
1949

(636) K. Schlesinger, “Locked oscillator for television synchroniza-
tion,” Electronics, vol. 22, pp. 112-117; January, 1949,

637) E. L. Clark, “Automatic frequency phase control of television
sweep circuits,” Proc. I.R.E., vol. 37, pp. 497-500; May, 1949.

638) A. Easton, “Stagger-peaked video amplifiers,” Electronics,
vol. 22, pp. 118-120; February, 1949.

(639) A. B. Bereskin, “Cathode-compensated video amplification,”
Electronics, vol. 22, pt. 1, pp. 98-103, June, 1949; pt. I1, pp.
104-107, July, 1949.

(640) J. M. Miller, Jr., “Cathode neutralization of video ampli-
fers,” Proc. 1.R.E., vol. 37, pp. 1070-1073; September, 1949.

(641) R. C. Palmer and L. Mantner, “A new figure of merit for the
transient response of video amplifiers,” Proc. LR.E., vol. 37,

p. 1073-1077; September, 1949.

(642) K. Schlesinger, “Anastigmatic yoke for picture tubes,” Elec-
tronics, vol. 22, pp. 102-107; October, 1949,

(643) O. H. Schade, dCharacteristics of high-efficiency deflection and
high-voltage supply systems for kinescopes,” presented, Radio
Fall Meeting, Syracuse, N. Y., November 1, 1949.

The proposal by the Federal Communications Com-
mission that frequencies in the band 475 to 890 Mc be
utilized for television broadcasting resulted in the de-
velopment of converters to permitan ordinary television
receiver to receive such broadcasts. The proposal also
caused a re-examination of the choice of the optimum
intermediate frequency for a receiver capable of cover-
ing both the new band and the old vhf bands.

(644) R. P. Wakeman, “Continuously tuned converter for uhf
television,” Electronics, vol. 22, pp. 68-71; July, 1949.

(645) J.D. Reid, “The influence of uhfallocations on receiver de-
sign,” Proc. [.R.E., vol. 37, pp. 1179-1181; October, 1949.

Radio Receivers

As in the past with AM reccivers, it was found possi-
ble to reduce still further the cost of FM receivers by
using an ac/dc arrangement. Improved receivers of this
type were described. Special-purpose fixed-frequency
FM reccivers, both with and without supersonic control
for varying the output level from the transmitter, were
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developed. Although both ratio detectors and limiter-

discriminator combinations continued to be widely used,

a new arrangement requiring a special tube was pro-

posed.

(646) E. C. Freeland, “FM receiver design problems,” Elecironics,
vol. 22, pp. 104-110; January, 1949.

(647) G. E. Gustafson, “Low-cost receivers can give genuine FM

?;ngormance,” FM and Telev., vol. 9, pp. 13-14, 34; April,

(648) F. A. Spindeli, “Fixed-frequency FM tuners,” FM and Telev.,
vol. 9, pp. 16-17, 32; April, 1949.

(649) L. J. Giacoletto, “Experimental tube for FM detection,”
Electronics, vol. 22, pp. 87-89; November, 1949.

Further theoretical work was done on super-regenera-
tive receivers, and on the evaluation of the performance
of receiver input circuits and linear detectors. An in-
creasing tendency to utilize crystal detectors, particu-
larly germanium diodes, was noted, and a new type of
crystal receiver for local broadcasts was described.

(650) G. V. Eltgroth, “An cxamination of performance capabilities
of supreregenerative receivers,” Tele-Tech, vol. 8, pt. I, pp.
24-27, 57, February, 1949; pt. 11, pp. 40-43, 71, March, 1949.

(651) H. A. Glucksman, “Superregeneration—an_analysis of the
linear mode;” Proc. 1.R.E., vol. 37, pp. 500-504; May, 1949.

(652) P. G. Sulzer, “Noise figures for receiver input circuits,” Tele-
Tech, vol. 8, pp. 40—42, 57; May, 1949.

(653) R. H. De Lano, “Signal-to-noise ratios of linear detectors,”
Proc. I.R.E., vol. 37, pp. 1120-1126; October, 1949.

Research

Work on subjects of basic and applied research has
covered entirely the ever-expanding electronics field.
Contributions have been widespread, coming from re-
search workers in the academic field, from government
laboratories, and from the various industry laboratories.

In addition to reporting the end results of research, a
considerable amount of thought and discussion was di-
rected to management of and facilities for research.

(654) R. D. Bennett, “Research management for the government,”
Proc. NEC, vol. 5; 1949.

(655) H. A. Leedy, “Research management for the research founda-
tion,” Proc. NEC, vol. §; 1949,

(656) F. A. Rohrman, “Research management for the universities,”
Proc. NEC, vol. 5; 1949

(657) D. E. Chambers, “Research management for industry,” Proc.
NEC, vol. 5; 1949.

(658) R. B. Dittmar, “The development of physical facilities for re-
search,” Proc. [.R.E., vol. 37, pp. 423-426; April, 1949,

659) C. E. Barthel, Jr., “Personnel administration in research and
development organizations,” Proc. IL.RE,, vol. 37, pp. 426~
429; April, 1949.

(660) A. H. Schooley, “Information exchange as a management tool
in a large research organization,” Proc. L.LR.E., vol. 37, pp.
429-432; April, 1949.

Sound Recording and Reproducing
Disk Recording and Reproduction

The fine groove long-playing record for the home
market created a demand for reproducing equipment
and many manufacturers are producing special pickups
and turntables. Several new reproducers were an-
nounced, one utilizing the variation in electrode spacing
of an electron tube and the other a new ceramic mate-
rial having piezoelectric properties.

Increased fidelity and reduction of distortion were
discussed in several papers. Flutter and wow measure-
ments continued to receive attention, particularly the
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evaluation of the subjective effects of wow and flutter;

tracing distortion was also treated.

(661) H. Davies, “Design of high fidelity disk recording e?\}xipment,"
Jour. IEE (London), vol. 93, part 3, pp. 467-470, November,

1948.

(662) H. E. Roys and M. S. Corrington, “Tracing distortion in pho-
nograph recording,” RCA Rev., vol. 10, pp. 241-253; June,
949

1949,

(663) S. J. Begun, “Limitation of sound recording,” Communica-
tion, vol. 29, pp. 28-29; August, 1949.

(664) N. C. Pickering, “Misconception about record wear,” Audio

Eng., vol. 32, pp. 11-14; June, 1948.

(665) L.S. Goodfrien(s), “Subjective testing of sound recording equip-
ment,” Jour. Acous. Soc. Amer., vol. 21, pp. 81-84; March,
1949,

(666) M. J. L. Pulling, “Sound recording as applied to broadcast-
ing,” BBC Quarterly, vol. 3, pp. 108-111; July, 1948.

(667) R. G. Peter, “Broadcast transcription reproducting system
maintenance,” Communications, vol. 28, pp. 26; October,
1948.

(668) L. G. Hector, “Ceramic phono pickups,” Electronics, vol. 21,

. 94-96; December, 1948.

(669) Elp F. Olsen and J. Preston, “Electron tube phonograph pick-

up,” Audio Eng., vol. 32, pp. 17-20; August, 1948.

Radio Phonographs

Improved record changers, some of which are capable
of operating at three different turntable speeds and with
records of several different diameters, were developed
and supplied with many radio-phonograph combina-
tions, to cope with the multiplicity of record types of-
fered during the year. In some cases, a separate changer
was provided for 45-rpm records. Ingenious circuits were
devised for improving the performance of inexpensive
pickups, some of these circuits utilizing feedback ar-
rangements.

(670) B. R. Carson, A. D. Burt, and H. I. Reiskind, “A record
changer and record of complementary design,” RCA Rev.,
vol. 10, pp. 173-190; June, 1949.

(671) P. C. Goldmark, R. Snepvangers, and W. S. Bachman, “The
Columbia long-playing microgroove recording system,” Proc.
I.LR.E., vol. 37, pp. 923-927; August, 1949.

(672) E. J. O’Brien, “High-fidelity response from phonograph pick-
ups,” Electronics, vol. 22, pp. 118-120; March, 19165.

Magnetic Recording and Reproduction

The stringent demands of broadcasting, motion pic-
tures, and recording studios for high-quality reproduc-
tion led to extensive study of magnetic recording media.
Spurious printing, correct bias, noise, and distortion
were discussed in the literature; several articles for op-
erating personnel have appeared, which discussed the
relation between correct bias and operating level con-
sistent with minimum distortion. Several editing ma-
chines for magnetic tape recorders were introduced.
Stereophonic magnetic recordings were demonstrated.
The duplication of magnetic recordings received much
attention and an interesting method of direct printing
of magnetic recording was introduced.

The synchronism of magnetic playback system to ex-
isting motion picture projection was introduced; one
method employed a stroboscopic comparison between
marks printed on the magnetic tape and the flicker pro-
duced on the motion picture screen, another uses a phase
comparison between a tone simultaneously recorded
with the program material and the driving source which
also supplies the synchronous motor of the projector.
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Nearly all major motion picture studios experimented
with, or were actually using, magnetic recording for
many of their recording requirements.

(673) J. G. Frayne and H. Wolfe, “Magnetic recording in motion
picture techniques,” Jour. Soc. Mot. Pic. Eng., vol. 53, pp. 217-
231; September, 1949.

(674) E. Masterson, “35 mm magnetic sound,” Jour. Soc. Mot. Pic.,
Eng., vol. 51, pp. 181-488; November, 1948.

(675) J. W. Gratian, “Noise in magnetic recording systems as influ-
enced by the characteristics of bias and erase signals,” Jour.
Acous. Soc. Amer., vol. 21, pp. 74-81; March, 1949,

(676) G. L. Dimmick and S. W. Johnson, “Optimum high-frequency
bias in magnetic recording,” Jour. Soc. Mot. Pic. Eng., vol. 51,
pp. 489—~499; November, 1948,

(677) R. Marchant, “Tape characteristics for audio quality,” Tele-
Tech, vol. 8, pp. 30-34; July, 1949,

(678) D. O’Dea, “Magnetic recording for the technical man,” Jour.
Soc. Mot. Pic. Eng., vol. 51, pp. 468—180; November, 1948.

(679) S. \V. Johnson, “Factors affecting spurious printing,” Jour.
Soc. Mot. Pic. Eng., vol. 52, pp. 619-628; June, 1949,

(680) L. C. Holmes, “An evaluation of new and old techniques to
improvements of the magnetic recording system,” Proc.
NEC, val. 4; 1948.

(681) M. Camras, “A stereophonic magnetic recorder,” Proc. I.LR.E,,
vol. 37, Ep. +12—447; April, 1949.

(682) R.S. O'Brien, “Edispot, tape editor,” Audio Eng., vol. 32, pp
11-13; July, 1948.

(683) S. J. Begun, “Magnetic Recording,” Murray Hill Books, Inc.,
New York, N. Y.; 1949,

Symbols

The ASA published during 1949 the following stand-
ards concerning symbols:
(684) Z10.5—1949; Letter Symbols for Electrical ities.
(683) 710.6—1948; Letter Symbols for Physic. 218
(686) Z32.10—1948; Graphical Symbols for Electron Devices.
The Munitions Board Standards Agency published
during 1949 the JAN-STD-15—1948 National Militarv
Establishment Standard for Electrical and Electronic
Symbols, of interest to manufacturers selling electrical
equipment to the Armed Services.

Television Systems
Devel>pments in Color Television -

Work on three television color systems progressed
during the year, including demonstrations by RCA of
their dot-sequential system, by CBS of a ficld-sequential
system, and by Color Television, Inc., of a line-sequen-
tial system.

(687) “Interlaced-dot color television announced by R 7 -
tromics, vol. 22, p. 122; November, 1949 = T Bl
(688) Boothr’?yd and Wilson, “Dot systems of color television
) garél,F.Ellfcm‘)\gucs,(;/ol. 22, p. 88; December, 1949,
- G. Fink, “New directions ; levision,” !
vol. 22, po: December 19-51‘;.'1 color television,” Electronics,

Over-all System Characteristics

Additional work was reported on phase and ampli-
tude characteristics of commercial television transmit-
ters. Equipment was described which can equalize or
correct for transient distortion caused by the transmitter
vestigial-sideband filter and the 4.5-megacycle cutoff of
the average receiver. General use of this type of equali-
zation is expected to offer considerable system improve-
ment.
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(0%0) R. D. Kell and G. L. Frendendall, “Standardization of the
transient response of television transmitters,” RCA Rev.,
vol. 10, pp. 17-34; March, 1949,

(691) E. D. Goodale and R. C. Kennedy, “Phase and amplitude
c?unlizcr for television use,” RCA Rev., vol. 10, pp. 35-42;
March, 1949.

Video Techniques and Television

Television broadcasting activity continued to grow
rapidly despite the contimuation of the “freeze” by the
Federal Communications Commission on applications
for new construction permits. To resolve the problem of
filling the need for new television stations in the best
interest of the public, the IFederal Communications
Commission opened a hearing in September that prom-
ised to last, with some intermissions, well into 1950.

692) “JTAC requests technical co-operation in connection with FCC

television hearings,” Proc. 1.R.E., vol. 36, pp. 1515-1517;

December, 1948.

R. Lewis, “The Ad Hoc Committee Report,® Communications,

vol. 29, pp. 6=9: July, 1949,

“Television and the FCC vs. tropospheric interference,” Tele-

Tech, vol. 8, pp. 68-69: March, 1949.

(695) “FFCC's plans for future of TV,” Tele-Tech, vol. 8, pp. $2-53;
July, 1949,

696) “DuMont’'s TV allocation plan,” Tele-Tech, vol. 8, p. 41;
October, 1949,

(697) R. M. Wilmotte and P. A. DeMars, “Polycast system for TV
on uhf,” FM-Telev., vol. 8, pp 26-28; December, 1948.

(698) W. Cov, “FCC plans for TV expansion,” FM-Telev., vol. 9,

22 May, 19490,

(699) Rl. B. Sleeper, “Nationwide TV service,” FM-Telev., vol. 9,

pp. 10-19; August, 1949.

(693

(694

The three major questions were:

(1) Interstation interference among present commer-
cial verv-high-frequency channels due largely to unex-
pected tropospheric propagation.

(2) The opening of some ultra-high-frequency chan-
nels to commercial television broadcasting to accommo-
date present needs.

(3) The role that color television is to play.

Color television aroused some of the most heated
discussions in the hearing. It centered around three basic
proposed systems: field-sequential, line-sequential, and
dot-sequential transmission of the three primary colors.
In addition, several demonstrations were made of the
field sequential system for educational purposes in the
medical field.

Emphasis was laid on five factors relative to proposed
color television systems: (a) compatability with present
standard receivers or ability to receive the color trans-
mission in black and white with little or no modifica-
tions to existing sets; (b) ease of conversion of existing
sets to display color; (c) cost of new color receivers;
(d) the degree to which the system had been field tested;
and (e) the quality of the color system both present and
potential.

(700) J. H. Battison, “Color television transmission systems,” Tele-
Tech, vol. 8, pp. 18-20; October, 1949.

(701) ®*Report on FCC color TV demonstrations at Washington,”
Tele-Tech, vol. 8, pp. 24-27, (cont'd.); November, 1949,

(702) W.. H. Cherry, “Colorimetry in television,” Jour. Soc. Mot.
Pic. Eng., vol. 51, pp. 613-642; December, 1948.
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Experiments to see what could be done to ease the
severity of the effects of co-channel interference were
carried on by industry through the use of offset carriers
(intentionally 10 kilocycles displaced from the as-
signed frequency) in lieu of synchronized carriers pro-
posed earlier. Some 15 decibels of improvement ap-
peared realizable with either system. The advantage
of the newer system is that the intermediate station
equipment and connections are eliminated.

(703) A. Francis, *Synchronization of TV carriers to reduce co-
channel interlerence,” Tele-Tech, vol. 8, p. 29; January, 1949.

In addition, the Federal Communications Commis-
sion laboratories demonstrated simulated transmission
and interference using FM for the visual system to ex-
plore its potential in the ultra-high-frequency band. The
results were interesting but not conclusive.

Actual field transmission in the ultra-high- and very-
high-frequency ranges were carried out to study com-
parative propagation effects. The tests showed the ad-
vantage of the lower very-high-frequency channels over
the upper with respect to received signal strength, and
the practicality of ultra-high-frequency transmission.

(704) T. T. Goldsmith, Jr., R. P. Wakeman, and J. D. O'Neil, “A
ficld survey of television Channel 5 propagation of New York
metropolitan area,” Proc. 1.R.E., vol. 37, pp. 556-563; May,
1949.

(705) G. H. Brown, “Ficld test of ultra-high-frequency television in
\Vashington area,” RCA Rev., vol. 9, pp. 565-584; December,

1948.
(706) E. \W. Allen, Jr., *Uhf gropngalion characteristics,” Electron-
ics, vol. 22, pp. 86-89; August, 1949.

(707) }. Fisher, *Ficld test of uhf television,” Electronics, vol. 22, pp.
106-111; September, 1949.

(708) T. T. Goldsmith, Jr., *Progress on uhf television,” FM-Telev.,
vol. 9, pp. 24-26; May, 1949.

To produce television programs the following three
techniques were in use:

(1) Direct connections through the rapidly expand-
ing intercity channe!l facilities of the telephone com-
panies. Some 8,500 channel miles of interconnecting
television service were available by the year's end serv-
ing twenty-nine communities. The network extended
along the eastern seaboard north to Boston, and south
to Richmond. It linked the east with the middle west
along the northern section of the United States reach-
ing northwest to Madison, Wisconsin, and southwest
to St. Louis.

(709) R. Hertzberg, “Coaxial cable joins East & Mid-West TV net-
works,” Tele-Teckh, vol. 8, pp. 18-20; February, 1949.

(710) G. N. Thayer, A. A. Raetken, R. W. Friis, and A. L. Durkee,
“A broadband microwave relay system between New York
arglngoston." Proc. I.R.E., vol. 37, pp. 183-188; February,
1949.

(2) Delayed transmission through the use of film
most of which were taken as “video recordings” of pri-
mary transmission, but others as specially recorded
scenes and still others as reprojections of old film. The
art of taking and projecting these films improved
markedly as the year progressed.

(711) G. H. Gordon, “Video recording technics,” Tele-Tech, vol. 8,
pp. 31-33, May, 1949; and pp. 29-31, June, 1949.

(712) J. A. Maurer, “16-mm film suitable for TV,” FM-Telev., vol.
9, pp. 20-21; January, 1949.
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(713) “Films in television,” Jour. Soc. Mot. Pic. Eng., vol. 52, pp.
363-379; April, 1949.

(3) A “spur” connection to an existing transmission
through an off-the-air pickup receiver and, in most
cases, one or more privately owned microwave relays.

(714) W. McCord, “Simplified handling of television remotes,”
Tele-Tech, vol. 8, pp. 26-31; June, 1949.

(715) E. Labin, “\\'ide-gand television transmission system,” Elec-
tronics, vol. 22, pp. 86-89; May, 1949.

(716) E. H. Schreiber, “Video distribution facilities for television
transmission,” Jour. Soc. Mot. Pic. Eng., vol. 51, pp. 574-383;
December, 1948.

In the field of standardization the IRE Video Tech-
niques Committee proposed definitions and methods of
measurement which have been adopted and are being
made available to the industry. Of particular concern
have been those factors where lack of standardization
has created considerable confusion and handicaps in
the interconnection of video facilities such as measure-
ment of levels, picture resolution and wave shapes.

A major effort along technical lines to improve the
quality of picture reproduction and transmission was
evident. In particular, emphasis was laid on techniques
for measuring and specifying response.

(717) P. M. Seal, “Square-wave analysis of compensated amplifiers,”
Proc. I.LR.E., vol. 37, pp. 48-58; January, 1949.

(718) W.]. Kessler,“Transient-response equalization through steady-
state methods,” Proc. I.R.E, vol. 37, pp. +47-450; April, 1949.

(719) M. Nadler, “The synthesis of electric networks according to
prescribed transient conditions,” Proc. [.R.E., vol. 37, pp.
627-630; June, 1949.

(720) P. R, Aigrain, “Design of optimum transient response ampli-
fiers,” I’roc. I.R.E., vol. 37, pp. 873-879; August, 1949,

(721) R. C. Palmer and L. Mautner, “A new figure of merit for the
transient response of video amplifiers,” Proc. I.R.E., vol. 37,

p. 1073-1077; September, 1949.

(722) T. Murakami and M. S. Corrington, “Relation between

amplitude and phase in electrical networks,” RCA Rer., vol 9,
p. 602-631; December, 1948.

(723) E D. Kelland G. L. Fredendall, “Standardization of the tran-
sient response of television transmitters,” RCA Rev., vol. 10,
Qp. 17-34; March, 1949.

(724) M. S. Corrington, “Transient response of filters,” RCA Rev.,
vol. 10, pp. 397-429; September, 1949.

(725) D. A. Alsberg and D. Leed, “A precise direct reading phase and
transmission measuring system for video frequencies,” Bell
Sys. Tech. Jour., vol. 28, pp. 221-238; April, 1949.

In addition, gray-scale rendition came in for a great
deal of study although there still appear to be many
uncontrolled factors. This is particularly true where the
intermediate use of film cascades the number of points
where fidelity can be lost. Added to the many electronic
circuits where distortion may occur are six operations
that potentiality introduce errors: (1) studio camera-
tube response to incident light; (2) kinescope light out-
put from an electrical signal; (3) film-emulsion response
to light; (4) film processing, including printing; (5)
television-film camera-tube response to light from pro-
jector; and (6) receiver kinescope response to electrical
signal.

(726) O. H. Schade, “Electro-optical characteristics of television
systems; Part +—Correlation and evaluation of electro-optical
characteristics of imaging systems,” RCA Rev., vol. 9, pp.
653-686; December, 1948.

(727) R. E. Blount, “Lighting requirements of television studios,”
Tele-Tech, vol. 8, pp. 24-25; May, 1949.

(728) H. M. Gurin, “Illumination for television studios,” Tele-Tech,
vol. 8, Part 1, pp. 54-56; September, 1949; Part 2, pp. 34-36;
October, 1949.
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The installation of television transmitters in the
present very-high-frequency bands has become com-
monplace enough to be routine in nature. In the ultra-
high-frequency bands, however, tubes and techniques
were still reaching into the unknown, both in circuits

and tubes.

(729) R.R. Law, W. B. Whalley, and R. P. Stone, “Developmental
television transmitter for 500-900 megacycles,” RCA Rev.,
vol. 9, pp. 643-652; December, 1948.

(730) G. H. Brown, \W. C. Morrison, W. L. Behrend, and J. G.
Reddeck, “Method of multiple operation of transmitting tubes
particularly adapted for television transmission with ultra-
high-frequency band,” RCA Rer., vol. 10, pp. 161-172; June
1949.

The motion picture industry has embarked on a
program with two systems: (1) using the standard thea-
ter projectors with film which has been exposed by
video recording techniques and processes quickly for
immediate projection and (2) direct projection of the
television image on to the screen by means of highly
efficient optics with special kinescopes.

(731) “Theater television,” Jour. Soc. Mot. Pic. Eng., vol. 52, pp.
243-267; Murch, 1949,

(732) R. Hodgson, “Theater television system,” Jour. Soc. Mot.
Pic. Eng., vol. 52, pp. 540-348; May, 1949.

(733) R. Wilcox and H. J. Schlafly, “Demonstration of large-screen
television at Philadelphia,” Jour. Soc. Mot. Pic. Eng., vol. 52,
Ep. 549-560; May, 1949,

(734) B. Kreuzer, “Progress report—theater television,” Jour.
Soc. Mot. Pic. Eng., vol. 33, pp. 128-136; August, 1949,

(735) J. E. McCoy and H. P. Warner, “Theater television todav,”
Jour. Soc. Mot. Pic. Eng., vol. 53, pp. 321-330; October, 1949,

(730) “Statement on theater television,” Jour. Soc. Mot. Pic. Eng.,
vol. 33, pp. 354-362; October, 1949,

Also proposed is a system of interconnection of thea-
ters in a given area by means of privately owned micro-
wave relays. The Federal Communications Commission
was asked for assignment of the necessary channels.

(737) “FCC alloc;gtions of frequencies for theater television,” Jour.
Soc. Mot. Pic. Eng., vol. 52, pp. 351-333; October, 1949.

Wave Propagation
Tropospheric Propagation

Very-high-frequency and microwave field intensities
are far stronger well beyond the horizon than can be
accounted for by conventional theory. Possibly, scat-
tering of radio waves from atmospheric turbulences
may be responsible for this.

Books. Perhaps 1949 mayv be said to mark the coming
of age of the subject of tropospheric propagation of
radio waves, in that the first book written by a single
author was published.

(738) l(:l(;?;:gs\pl\gro,r;;I‘ﬁr‘rcifll:ilz‘()l4!;fadio Waves,” Elsevier Publishing

Mathematical Theory. Another contribution to the
controversy over the surface wave of Sommerfeld ap-
peared in English and in French. A difficulty in Som-
merfeld’s argument was uncovered, and the final re-
sults were found to be in accord with Wevl’s solution
and Burrows’ experimental findings. '

A treatment by Sommerfeld himself became available
in English.

I+_—’J
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(739) T. Kahan and G. Eckart, “On the electromagnetic surface
wave %f Sommerfeld,” Phys. Rev., vol. 76, pp. 406-410; August
1, 1949.

(740) T. Kahan and G. Eckart, “Propagation of electromagnetic
waves above the ground. Solution of the problem of the surface
wave,” Jour. Phys. Radium, vol. 10, pp. 165-176; May, 1949.

(741) A. Sommerfeld, “Partial Differential Equations in Physics,”
Academic Press Inc., New York, N. Y.;chap. 6.

(742) B. A. Vvedenski, “Work of the Soviet scientists in the field of
propagation of ultra-short radio waves,” Bull. Acad. Sci.
(USSR), pp. 835-854; June, 1948 (In Russian).

(743) V. A. Fock, “Propagation of a direct wave around the earth,
taking into account diffraction and refraction,” Bull. Acad.
Sci. (USSR), vol. 12, pp. 81-97; March-April, 1948 (In
Russian). English abstract, Proc. I.R.E., vol. 37, p. 108; Janu-
ary, 1949.

(744) O.E.H. Rydbeck, “On the propagation of waves in an inhomo-
geneous medium,” Trans. of the Chalmers University of Tech-
nology, Gothenberg, Sweden, no. 74, 35 pp.; 1948 (In English).

(745) W. Phster, “Theorie der Wellenausbreitung Langs der Erde,
Einschliesslich Des Einflusses Der Troposphire,” FIAT Re-
view of German Science, 1936-1946; Electronics I, pp. 127-
133.

Propagation Experiments. An elaborate microwave
propagation experiment was that performed during
1943-1946 across Cardigan Bay. A detailed analysis of
five months of data on wavelengths of 3 and 9 centi-
meters was published, along with conclusions drawn
from the entire experiment.

Observational material on propagation from very-
high-frequency coastal radars in Australia was sum-
marized.

The first results from the Navy Electronic Labora-
tory's experimental station in Arizona were published.
The measured height-gain relations in the lowest 200
feet over a 47-mile desert path were compared with
theory for frequencies between 25 and 9,000 megacycles,
both for standard and non-standard meteorological con-
ditions. The outstanding anomaly was much stronger
than standard field intensities observed for low an-
tennas at microwave frequencies even under standard
or substandard meteorological conditions.

At the University of Texas, both relative phase and
signal strength have been measured as a function of
antenna height above sea. The most puzzling dis-
crepancy was the different shapes of the height-gain
curves depending on whether the transmitting or re-
ceiving antenna was moved.

Rather unusual types of propagation measurements
are described in connection with determining the service
areas of television and frequency-modulation broadcast
stations in urban areas, where terrain roughness be-
comes a dominant factor.

Some of the estimates used by the Federal Com-
munications Commission for time and space variations
of tropospheric field intensities at very- and ultra-high
frequencies have been published.

Almost all work on tropospheric propagation has
been at frequencies higher than those affected by the
ionosphere. In 1949, however, several papers appeared
that indicate statistically that the troposphere does af-
fect field intensities in the broadcast and high-fre-
quency bands, even though such effects are usually
masked by larger ionosphere-caused changes.
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(746) J. S. McPetrie, B. Starnecki, H. Jarkowski, and L. Sicinski,
“Oversea propagation on wavelengths of 3 and 9 centimeters,”
Proc. I.R.E., vol. 37, pp. 243-257; March, 1949.

(747) F. J. Kerr, “Radio superrefraction in the coastal regions of
Australia,” Aust. Jour. Sci. Res., ser. A, vol. 1, pp. 443-463;
December, 1948.

(748) M. D. Rocco and J. B. Smyth, “Diffraction of high-frequency
radio waves around the earth,” Proc. I.R.E., vol. 37, pp. 1195~
1203; October, 1949.

(749) A. W. Straiton, “Microwave phase front measurements for
overwater paths of 12 and 32 miles,” Proc. I.R.E., vol. 37,

p. 808-813; July, 1949.

(750) g‘ T. Goldsmith, R. P. Wakeman, and J. D. O'Neill, “A field
survey of television channel 5 propagation of New York
Metropolitan Area,” Proc. I.R.E., vol. 37, pp. 556-568; May,
1949.

(751) E. W. Allen, Jr., “Uhf propagation characteristics,” Electron-
ics, vol. 22, pp. 86-89; August, 1949.

(752) H. R. Gracely, “Temperature variations of ground wave sig-
nal intensity at standard broadcast frequencies,” Proc. LR.E,
vol. 37, pp. 360-363; April, 1949.

(753) G. W. Pickard and H. T. Stetson, “Tropospheric effects in
jonosphere-supported radio transmission,” Proc. L.R.E., vol.
37, pp- 596-599; June, 1949.

Angle of Arrival. A new approach was made in deter-
mining accurately the angle of arrival of microwaves
over a smooth surface. The method involved the rela-
tive signal strengths and phases in three vertically
spaced antennas.

The first comprehensive discussion of site errors in
very-high-frequency direction finders was published.
(754) E. W. Hamlin, P. A. Seay, and W. E. Gordon, “A new solution

to the problem of vertical angle-of-arrival of radio waves,”
Jour. Appl. Phys., vol. 20, pp. 248-251; March, 1949,
(755) H. G. Hopkins and F. Horner, “Direction-finding site errors at

very-high frequencies.” Jour. IEE (London), vol. 96, part 3,
pp. 321-332; July, 1949,

Radio Meteorology

Ever since variable atmospheric refraction was recog-
nized, it has been hoped that purely meteorological
measurements and theory might explain, and even pre-
dict, the index-of-refraction profiles in the atmosphere
that affect field intensities. A review of this problem
was published.

Further meteorological analysis was made of the
low-level soundings made at Radiation Laboratory in
1944.

Eddy diffusion in the lower atmosphere was treated
in a recent monograph.

The original attempt to predict radio-field intensities
from meteorological measurements proved more diffi-
cult than had been anticipated, and now the reverse
was tried, that is, deduction of the refractive-index
profiles from radio measurements made over a path.
MacFarlane enunciated the method and Straiton ex-
tended the idea by using phase-versus-height as well as
signal strength-versus-height radio measurements to
deduce the refractive-index profiles and to compare the
attenuations deduced from the profiles with those
actually measured.

(756) H. G. Booker, “Some problems in radio meteorology,” Quart.
Jour. Roy. Met. Soc., vol. 74, pp. 277-315; July-October, 1948.

(757) R.A. Craig, “Vertical eddy transfer of heat and water vapor in
stable air,” Jour. Met., vol. 6, pp. 123-133; April, 1949.

(758) O. G. Sutton, “Atmospheric Turbulence,” Methuen, 1949.
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(759) A.W. Straiton, “An extension of MacFarlane's method of de-
ducing refractive index from radio observations,” Jour. Appl.
Phys., vol. 20, p. 228; February, 1949.

Meteorological Echoes and Scattering. Some short-
range echoes obtained from an otherwise clear at-
mosphere on suitable microwave radars, appear almost
certain to be caused by insects, and not by atmospheric
discontinuities. .

A comprehensive summary of some observations on
reflection of radio signals from the troposphere was
published.

Atmospheric turbulence has been proposed as a possi-
ble cause of observed tropospheric fields beyond the
horizon far in excess of what can be accounted for on
conventional theory. Booker and Gordon presented a
paper on “Radio scattering in the troposphere” at a
symposium at the Navy Electronics Laboratory, San
Diego, Calif., in July, 1949, which appears on pp. 401-
412 of this issue of PROCEEDINGS. A Russian paper has
appeared on the subject.

(760) A. B. Crawford, “Radar reflections in the lower atmosphere,”
Proc. 1.R.E., vol, 37, pp. 404—405; April, 1949.

(761) A. \W. Friend, “Theory and practice of trofosgheric sounding
by radar,” Proc. 1.R.E,, vol. 37, pp. 116-130; February, 1949.

(762) V. A. Krasilnikov, “The effect of pulsations of refractive index
of the atmosphere on the propagation of ultra-short waves,”
Bull. Acad. Sci. (USSR), vol. 13, p'g. 33-57; 1949 (1n Russian).

Abstract in English, Proc. 1.R vol. 37, p. 972; August,
1949.

Velocity of Propagation. Certain Shoran observations
between very accurately surveved points indicated that
the velocity of radio waves in vacuo should be increased
by 16 kilometers per second over the previously ac-
cepted most accurate value for the velocity of light in
vacuo.

Measurements at microwave frequencies with the
Oboe system have disclosed the change in velocity of
propagation with the height of the aircraft over an air-
to-ground path. Values somewhat greater than that ac-
cepted have been reported.

A new optical determination of the velocity of light
in vacuo was published in Sweden, which is in good
agreement with the new Shoran value.

(763) C. 1. Aslakson, “Can the velocity of propaéation of radio
waves be measured by Shoran?"’ Trans. Amer. Geophys. Union,
vol. 30, pp. 475—487; August, 1949,

(764) F. E. Jones and E. C. Cornford, “The measurement of ghe
velocity of propagation of centimeter radio waves asa function
of height above the earth. Part 2—The measurement of the
velocity of propagation over a path between ground and air-
craft at 10,000, 20,000, 30,000 ft.,” Jour. IEE (London), vol.
96 Sart 3, pp. 447-452; September, 1949. .

(765) E. Bergstrand, “A preliminary determination of the velocity

of light,” Ark. Mat. Astr. Fys., vol. 36A, no. 20; 1949. (See also
Nature (London), vol. 163, p. 338; February 26, 1949).

Atmospheric Attenuation. The absorption of micro-
waves by the oxygen and water vapor of the air will
probably set the limit to the upward expansion of the
radio spectrum for communication purposes. The sub-
ject interests physicists also because it makes possible
for the first time a thorough experimental study of the
effect of pressure on the shape of the absorption lines.

April

The first out-of-doors measurement of the atmospheric
attenuation of millimeter waves by oxygen was re-
ported.

Laboratory measurements of absorption of S-milli-
meter waves by pure oxygen at atmospheric pressure
were reported. Partial resolution of the spectral lines
was achieved. The precise frequencies of the lines at
low pressures remain to be determined, as well as an
understanding of the observed unexpected nonlinear
variation of absorption with partial pressure of oxygen,
(766) H. R. L. Lamont, “Atmospheric absorption of the millimeter

waves,” Proc. Phys. Soc. (London), vol. 61, pp. 562-569:
December, 1948.
(767) M. W. P. Strandberg, C. Y. Meng, and J. G. Ingersoll, “The

microwave absorption spectrum of oxygen,” Phys. Rev., vol.
75, pp. 1524-1528; May 13, 1949,

Radio Astronomy

Galactic Radio Waves. An important development
was the announcement by the Australians of radio
waves coming from the Crab nebula. These measure-
ments were the first to relate a source of radio waves
to any visible celestial object other than the sun. A
further list of possible celestial point sources was given
by Hey. Work at Manchester and Cambridge, England,
showed that the variability of the point source in
Cygnus is not coherent at the two localities, but onlv
over distances of a mile or so. Thus, this phenomenoﬁ
is one superimposed by the atmosphere or, probably,
ionosphere of the earth. It was suggested that the radio-
frequency radiation is produced in late-type stars by
flare activity similar to that of the sun but on a scale
roughly 10! times la.ger. lcast-squares solutions of
observations at 160 and 480 megacycles indicated the
plane of the galaxy to be inclined to the visual galactic
equator by 1.61 and 0.72 degrees, respectively.

(768) J. G. Bolton, G. J. Stanlev, and O. B. Slee, “Positions of three
discrete sources of galactic radio-frequency radiation,” Nature

(London}, no. 4159, pp. 101-102; July 16, 1949.

(769) J.S. Hey, “Ioint sources of radio waves "
A P radio waves,” Observatory, vol. 49,

(770) A. Unsold, “Origin of the radio-frequency emission and cosmic

radiation in the Milky \Way,” A’
$80-491) Maneh 36 B0 y ature (London), vol. 163, pp.

(771) Ruth J. Northcott and Ralph E. Williamson, “Galact; i
and the plane of the galaxy,” Jour. R(o . Ast ; ¢ Gmne,
vol. 42, pp. 269-279; f\'ovember—Decemger, .;9'4806 Canadoy

Solar Radio Waves. Solar noise at 10.7 centimeters
showed that the radiation from the quiet sun is ran-
domly polarized, whereas sunspots can produce circu-
larly polarized radiation. The daily mean intensity of
so]ar' radiation on 10.7 centimeters was compared to
'relatn'e sunspot numbers. The correlation coecfficients
increase with successive comparisons. It was suggested
that the radiation consists of: (1) a continuous back-
ground corresponding to an apparent temperature near
60,000 degrees and due to free transitions in the chro-
mosphere and corona, (2) a slowly variable component
dependent on the sums of the areas of the spots, and (3)
sharp increases of intensity usually related to modifi-
cations in the topography of spots or spot groups.
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Observations during a partial eclipse of the sun were
inconclusive in determining whether the sun appears in
the centimeter band as a briiliant ring. The fact that
bursts of solar noise were not observed coinciding with a
particular intense solar flare suggests that certain mag-
netic conditions are also required in the production of
solar noise.

The theory of oscillations of an unbounded plasma
was extended to consider the effects of collisions and
special groups of particles having well-defined ranges of
velocities. The latter produced a tendency toward an
instability that may be responsible for solar and galactic
radio noises.

The formulas for the radiation of long-wave energy
from an ionized medium were modified to treat cases
in which the index of refraction of the medium differs
considerablv from unity. For the solar corona the radia-
tion so derived can be five times weaker than that
calculated from the unmodified formulas, and concepts
regarding the effective level observed on a given fre-
quency must be revised.

The theory of generation of radio energy resulting
from space-charge interaction between streams of
charged particles was applied to the problem of solar
radio noise. Interaction of two streams may not be re-
quired for the generation but may serve to amplify the
solar noise. ‘

772) A. E. Covington, “Circularly polarized solar radiation on 10.7
centimeters,” Proc. 1.R.E., vol. 37, p. 407; April, 1949.

773) ]J. F. Denisse, “Relation entre les emissions radiotlectriques
solaires decimentriques et les taches du soleil,” Compt. Rend.
(Paris), vol. 228, pp. 1571-1572; May 16, 1949.

774) M. Laffineur, R. Michard, J. L. Steinberg, and S. Zisler,
“Observations radioélectriques de l'eclipse de soliel du 28
Avril 1948," Comp!l. Rend. (Paris), vol. 228, pp. 1636-1637;
May 23, 1949

775) N. W. Newton, “Solar notes,” Observatory, vol. 69, pp. 74-75;
April, 1949.

776) “Royal Astronomical Society, Meeting of 1949 March 11,”
Observalory, vol. 69, pp. 47-54; April, 1949.

777) D. Bohm and E. P. Gross, “Theory of plasma oscillations. B.
Excitation and damping of oscillations,” Phys. Rev., vol. 75,
series 11, pp. 1864-1876; June 15, 1949; abstracted under sub-
title in Phys. Rev., vol. 75, series II, p. 1323; April 15, 1949.

778) ]. F. Denisse, “Influence de 'indice de réfraction sur les emis-
sions radioélectriques d'un milieu ionis¢,” Compt. Rend.
(Paris), vol. 228, pp. 751-753; February 28, 1949.

(779) A. V. Haefl, “On the origin of solar radio noise,” Phys. Rev.,
vol. 75, series 11, pp. 1546-1551; May 15, 1949; abstracted in
Phys. Rev., vol. 75, series I1, p. 1333; April 15, 1949; and, with
minor variations, in Proc. [.R.E., vol. 37, p. 172; February,

1949.
(780) V. A. Bailev, “Space-charge wave amplification effects,” Phys.
Rev., vol. 75, series 11, pp. 1104-1105; April 1, 1949.

Reviews. A numher of review articles on radio astron-
omy appeared during the year.

(781) C. R. Burrows, “Radio astronomy,” Electronics, vol. 22, pp.
75-79; February, 1949; reprinted as Cornell University, School
of Electrical Engincering, Radio Astronomy Report No. 3.

(782) A. C. Clarke, “The radio telescope,” Jour. Brit. Astr. Assn.,
vol. 59, [\)p. 156-159 (and discussion under different title on pp.
146-148); April, 1949,

(783) M. A. Ellison, “Solar flares and their terrestrial effects,”
Nature (I.ondon), vol. 163, pp. 749-753; May 14, 1949

(784) W. Menzel, “Recent results of solar investigations,” Elek.
Wiss. Tech., vol. 3, pp. 55-61; February, 1949.

(785) G. Reber, “Galactic radio waves,” Sky and Telescope, vol. 8,
pp- 139-141; April, 1949,
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(786) “Symposium: Microwave astronomy,” Astr. Jour., vol. 54,
pp. 121-122; April, 1949. (J. L. Greenstein, “The origin of
galactic radio noise”; J. P. Hagen, “The measurement of extra-
terrestrial radio wave emission.”)

Tonospheric Propagation

Theoretical advances were made in the fields of
solar relationships, oblique-incidence propagation, and
electron distribution in the ionosphere.

(787) C. W. Allen, “Critical frequencies, sunspots, and the sun’s
ultra-violet radiation,” Terr. Mag. Atmo. Elec., vol. 53, pp.
433-448; December, 1948.

(788) H. G. Booker, “Application of the magneto-ionic theory tora-
dio waves incident obliquely upon a horizontally stratified
ionosphere,” Jour. Geophys. Res., vol. 54, pp. 243-274; Septem-
ber, 1949.

(789) L. A. Manning, “The reliability of ionospheric height deter-
minations,” Proc. I.R.E., vol. 37, pp. 599-603; June, 1949.

(790) O. E. H. Rydbeck, “On the propagation of waves in an in-

homogeneous medium,” Report No. 7, Research Laboratory

of Electronics, Chalmers University of Technology, Gothen-
burg, Sweden.

N. C. Gerson, ‘“Maintenance of nocturnal ionization,” Nature

(London), vol. 163, p. 491; March, 1949.

(792) H. Bremmer, “Some remarks on the ionosphere double refrac-
ti‘;)no,” Philips Res. Rep., Part 1, vol. 4, pp. 1-19; February,
1949.

(793) H. Bremmer, “Some remarks on the ionosphere double refrac-

tiong,” Philips Res. Rep., Part 11, vol. 4, pp. 189-205; June,

1949.

R. Payne-Scott and L. L. McCready, “lonospheric effects

noted during dawn observation on solar noise,” Terr. Mag.

Atmo. Elec., vol. 53, pp. 429-432; December, 1949.

R. Penndorf, “The vertical distribution of atomic oxygen in the

upper atmosphere,” Jour. Geophys. Res., vol. 54, pp. 7-38;

March, 1949.

(791)

(794)

(795)

A rebirth of interest in ionosphere behavior below one
megacycle is currently providing information on the
detailed structure of the E region, and higher strata as
well.

(796) R. A. Helliwell, “Ionospheric virtual-eight measurements at
100 kilocycles,” Proc. I.R.E., vol. 37, pp. 887-894; August,
1949,

Considerable work continued in the investigation of
the effects of atmospheric tidal oscillations.

(797) D.F. Martyn, “Atmospheric tides in the ionosphere: Part 3—
Lunar tidal variations at Canberra,” Proc. Roy. Soc. A, vol.
194, pp. 429-444; November 9, 1948.

(798) D. F. Martyn, “Atmospheric tides in the ionosphere: Part 4—

Studies of the solar tide, and the location of the regions pro-

ducing the diurnal magnetic variations,” Proc. Roy. Soc. A,

vol. 194, pp. 445-463; November 9, 1948.

D. F. Martyn, “Lunar variations in the principal ionospheric

regions,” Nature (London), vol. 163, pp. 34-36; January 1,

1949.

(800) A.G. McNish and T. N. Gautier, “Theory of lunar effects and
midday decrease in F? ion-density at Huancayo,” Jour.
Geophys. Res., vol. 54, p. 181; June, 1949,

(799)

IFrom analysis of fading phenomena and of rapidly
moving disturbances in sweep-frequency virtual-height
records, methods of determining wind and pressure-
wave velocities were suggested.

(801) J. A. Ratcliffe, “Diffraction from the ionosphere and the fading
?;;g(ho waves,” Nature (London), vol. 162, pp. 9-11; July 3,

(802) G. H. Munro, “Short-period changes in the F region of the
ionosphete,” Nature (London), vol. 162, pp. 886-887; Decem-
ber 4, 1948.

(803) G. H. Munro, “Short-period variations in the ionosphere,”
Nature (l.ondon), vol. 163, pp. 812-814; May 21, 1949.

(804) W. J. G. Beynon, “Evidence of horizontal motion in region
f;zgnization," Nature (London), vol. 162, p. 887; December 4,
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(805) S. N. Mitra, “A radio method of measuring winds in the iono-
sphere,” Proc. IEE (L.ondon), vol. 96, pp. 441-446; September,
1949,

Study of meteoric ionization brought forth new
means of obtaining both meteoric velocities and radi-
ants and new ways of studying ionospheric structure.

(806) P. M. Millman and D. W. F. McKinley, “Three-station-radar
and visual triangulation of meteors,” Sky and Telescope, vol. 8;
March, 1949.

(807) D. W. F. McKinley, “A phenomenological theory of radar
echoes from meteors,” Proc. I.LR.E., vol. 37, pp. 364-375;
April, 1949,

(808) L. A. Manning, O. G. Villard, Jr., and A. M. Peterson, “Radio
doppler investigation of meteoric heights and velocities,” Jour.
Appl. Phys., vol. 20, pp. 475-479; May, 1949.

(809) D. D. Cherry and C. g Shyman, “On meteor speed measure-
ments by the radio doppler method at low frequencies,” Phys.
Rev., vol. 75, pp. 1441-1442; May 1, 1949.

(810) J.G. Daviesand C. D. Ellyett, “The diffraction of radio waves
from meteor trails and the measurement of meteor velocities,”
Phil. Mag., vol. 40, pp. 614-626; June, 1949.

(811) E. Eastwood and K. A. Mercer, “A study of transient radar
echoes from the ionosphere,” Proc. Phys. Soc. (London), vol.
61, pp. 122-134; August, 1948,

Many groups have been studying long-scatter, multi-
path, and oblique-incidence propagation effects, al-
though most of the results have not yet been published.

(812) A. H. Benner, “Predicting maximum usable frequency from
long-distance scatter,” Proc. I.R.E., vol. 37, pp. 44-47;
January, 1949.

(813) W. L. Hartsfield, S. M. Ostrow, and R. Silberstein, “Back-
scatter observations by the Central Radio Propagation
Laboratory, August 1947-March 1948,” Report CRPL-5-5,
National Bureau of Standards, Central Radio Propagation
Laboratory, Washington, D. C.; October, 1948.

(814) W.J.G. Beynon, “Propagation of radio waves,” Wireless Eng.,
vol. 25, pp. 322-330; October, 1948.

Solar flares, absorption, and interaction of waves re-
ceived further attention.

(815) O. E. H. Rydbeck and D. Strauz, “lIonosphere effects of solar
flares 1948,” Trans. Chalmers Univ. of Techn., NR83.

(816) J. E. Hacke, Jr.,and J. M. Kelso, “An approximate solution of
the problem of path and absorption of a radio wave in a deviat-
ing ionosphere layer,” Proc. I.R.E., vol. 36, pp. 1477-1481;
December, 1948.

(817) J. A. Radcliffe and I. J. Shaw, “A study of the interaction of
radio waves,” Proc. Roy. Soc., vol. 193, pp. 311-343; 1948.

(818) L. G. H. Huxley, H. G. Foster, and C. C. Newton, “Measure-
ments of the interaction of radio waves in the ionosphere,”
Proc. Roy. Soc., vol. 61, pp. 134-146; August, 1948.

Acknowledgments

The material contained in this summary of Radio
Progress in 1949 was compiled by members of the 1949
Annual Review Committee of the Institute. Editing
and co-ordinating was done by the Chairman. The fol-
lowing persons comprised the 1949 Annual Review Com-
mittee:

E. C. Jordan Antennas and Waveguides
W. L. Black Audio Techniques

W. N. Tuttle Circuits

H. F. Olson Electroacoustics

L. S. Nergaard Electron Tubes and Solid-

State Devices

PROCEEDINGS OF TIIE I.R.E.

April

Electronic Computers (Ana-
logue)

Electronic Computers (Digi-
tal)

Facsimile

Industrial Electronics

Modulation Systems

Navigation Aids

Nuclear Science

Piezoelectric Crystals

Radio Transmitters

Railroad and Vehicular Com-

E. L. Harder
Nathaniel Rochester

J. V. L. Hogan
I. R. Meahl

J. G Kreer, Jr.
H. R. Mimno
Ilarner Selvidge
\V. G. Cady
Harry Smith

P. V. Dimock

munications

A. R. llodges Receivers

C. G. Fick Research

George Graham Sound Recording and Repro-
ducing

A. F. Pomeroy Symbols

J. Minter
J. E. Keister

Television Systems
Video Techniques and Tele-
vision
Wave Propagation
Trevor Clark
R. T. Hamlett
George Rappaport
H. P. Westman
.. E. Whittemore
I, A. Cowan, Vice-Chatrman
Ralph Batcher, Chatrman

H. W. Wells

The members of the above Annual Review Commit-
tee wish to acknow!edge the assistance given them in
many cases by other members of the Technical Com-
mittees of the Institute. Special acknowledgment is
due M. R. Briggs and P. J. Herbst for the preparation
of material on Radio Transmitters; W. R. Bennett,
R. L. Dietzold, W. H. Huggins, F. J. Kamphoefner,
W. A. Lynch, J. R. Ragazzini, and Ernst Weber for
preparation of the material on Circuits.

Acknowledgment is due the following persons for
preparation of material relating to Electron Tubes and
Solid-State Devices: G. D. O'Neill, Small-Signal High-
Vacuum Tubes:; 11. L. Thorson, Gas Tubes; L. B.
Headrick, Cathode-Ray Tubes: J. B. H. Kuper, Geiger-
Miiller Counter Tubes; J. A. Morton, Solid-State De-
vices; R. W. Engstrom and A. M. Glover, Phototubes;
C. E. Fay and C. M. Whecler, Power-Output High-
Vacuum Tubes.

Acknowledgment is also due H. W. Appel for his
as§istance in the preparation of the material on Re-
ceivers; C. C. Nash, George Sinclair, and P. H. Smith
for assistance in the preparation of material on Anten-
nas and Waveguides; and to the following persons who
assisted in the preparation of the material on Wave
Propagation: C. R. Burrows, T. J. Carroll, L. A.
Manning, M. G. Morgan, and A. H. Waynick.




1950 PROCEEDINGS OF THE I.R.E. 391

Pictorial Display in Aircraft Navigation and Landing’

LOREN F. JONESY, SENIOR MEMBER, IRE, H. J. SCHRADER{, SENIOR MEMBER, IRE, AND
J. N. MARSHALL, MEMBER, IRE

Summary—The 15-year general plan formulated by the Radio
Technical Commission for Aeronautics for developing and installing
a comprehensive air-navigation system in the United States requires,
among other things, ground and lairborne “pictorial situation dis-
play.” This display is to appear on the ground and in aircraft cockpits,
and is to be used in the traffic-control zone, during landing, and to
contro! taxiing on the surface of the airport.

Displays for traffic control and instrument landing are illustrated.
It is shown that, in traffic control, the picture can be used merely as a
means of monitoring some other method of control and of enabling
the pilot to avoid collisions with other aircraft; or the picture can con-
stitute the primary method of presenting traffic-control instructions
to the pilot. Moving-block and fixed-block traffic-control patterns
were flown by many pilots in a teleran Link trainer with favorable
results.

Teleran is discussed to indicate the nature and solution of some
problems typical of pictorial display in aviation. Developments are
described pertaining to self-identification in{the picture, use of
graphechon storage tubes, altitude coding, and picture brightness.

After additional and varied developments, requiring several years
for completion, it should be possible to select optimum methods for
providing pictorial display.

7 MTVHE EVER-INCREASING military, civil, and
7:1-[ commercial importance of air transportation is

widely recognized. In the United States alone at
least five thousand engineers are engaged in the develop-
ment and design of air frames and engines. The efforts
of these men and their predecessors have resulted in re-
markable increases in the speed, economy, and mechan-
ical reliability of air transportation, but poor weather
causes too many aircraft to spend too much time on the
ground. It causes others to spend too much time in the
air because of congestion in the air lanes and on the run-
ways.

It is interesting to note that the over-all problem of
controlling, in three-dimensional air space filted with fog,
the positions of numerous aircraft having different speed
and maneuverability characteristics and different des-
tinations poses a complex and challenging technical
problem. All workers in this field have recognized that
only electronic methods are likely to result in a satisfac-
tory solution. In the last few years, the over-all prob-
lem was for the first time approached from the true
systems viewpoint. Though many operational require-
ments were unspecified (some are still under study) and
thus had to be estimated, several noteworthy systems
developments were conducted in industrial laboratories,
generally under the financial sponsorship of the United
States Air Force. In 1947, when RTCA prepared rec-
ommendations' “for the safe control of expanding air

* Decimal classification: R526. Original manuscript received by

;l(;e ;;thutc, March 2, 1949; revised manuscript received, November

t Radio Corporation of America, Camden, N. J.
! “Air traffic control » Radio Technical Commission for Aero-
nautics, paper 27-48-D0-12; May, 1948,

traffic,” the major systems and methods under develop-
ment were teleran,?=® navar,’ lanac,”8 GRS block,?® and
tricon.!®! The RTCA recommendations are now serving
as a nonobligatory guide for the permanent Air Naviga-
tion Development Board. The recommendations, too
lengthy for presentation here, specify a “transition” sys-
tem and an ultimate or “common” system. Pictorial
situation display is incorporated in the common system.

The pictorial display, a new concept in aircraft flight,
is recommended for all segments of flight and on the
ground (take-off, terminal zone, en route, initial ap-
proach, final approach, landing, movement on the
ground), and it is recommended that display equipment
be designed to fit all types of aircraft. Thus, pilots will
someday have a new instrument which will produce a
relatively large quantity and variety of information in
diagrammatic or pictorial manner. It is the authors’
contention that the value of pictorial presentation is,
even today, only partly realized, and that actual flight
experience may well prove that the picture itself can
constitute the major facility for many of the operational
functions herein considered. Since teleran (a generic
word from television-radar-air-navigation) provides pic-
torial situation display to the extent recommended by
RTCA, a brief description of it may be of interest at this
point.'

TELERAN

The basic concept of teleran is that all information
necessary for general navigation, traffic control, collision
prevention, landing, taxiing control, and weather de-
piction should be obtained on the ground and should be
automatically combined into convenient pictorial dis-

2 P, J. Herbst, I. Wolff, D. Ewing, and L. Jones, “The teleran
proposal,” Electronics, vol. 19, pp. 125-127; February, 1946.

# D). H. Ewing and R. W. K. Smith, “Teleran; air navigation and
traffic control by means of television and radar,” RCA Rev., vol. 7,
pp. 601-620; December, 1946.

+ L. F. Jones, “Teleran system of air navigation and traffic con-
trol” (abstract), Aeronaut. Eng. Rev., vol. 5, December, 1946.

s D. H. Ewing, H. J. Schrader, and R. W. K. Smith, “Teleran;
first cxperimental installation,” RCA Rev., vol. 8, pp. 612-622;
December, 1947.

¢ H. Busignies, . R. Adams, and R. L. Colin, “Aecrial navigation
and traffic control with navaglobe, navar, navaglide, and navascreen,”
Elec. Commun., June, 1946.

7 K. Mcllwain, “Hazeltine lanac system of navigation and col-
lision prevention,” Proc. Radio Club of America, February, 1949.

8 “].anac, two-signal navigation system,” Tele-Tech; February,

» “The block system for airway control,” Electronic Ind.; De-
cember, 1946.

10 “They call it tricon; General Electric's triple coincidence elec-
tronic method of air navigation,” Aero Digest; April-May, 1948,

w A, Francis, “Tricon—new system for airplane navigation,”
Tele-Tech; November, 1947.

12 The desirability of pictorial presentation was pointed out b
V. K. Zworykin and A. N. Goldsmith, independently, more than ﬁl
teen years ago. Subsequent developments in ground radar and air-
borne transponders were necessary before it was possibile to devise an
integrated, comprehensive, and practical system,
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plays. These displays are then used on the ground, and
also are continuously and simultaneously transmitted to
all aircraft by television techniques. Altitude segrega-
tion is used so that the displays presented to ground and
airborne personnel contain only relevant information.
The composite picture for each altitude layer is pro-
duced by combining ground radar information regarding
the location of all aircraft with map information and
diagrammatic traffic-control displays and other visual
data. Altitude-coded airborne transponders are em-
ployed so that the radar data can be automatically and
accurately sorted by altitude layers. The airborne equip-
ment consists of only the transponder and a picture re-
ceiver. Means are provided to show each pilot continu-
ously which of the aircraft in the received composite
picture is his own. Fig. 1 illustrates the main elements
of the system. Time-division multiplex transmission is
used so that a single transmitter for each control center
can continuously provide the pictures for all altitude
layers, for weather maps, for traffic control, etc.

The instrument-landing situation is presented pic-
torially by means of data obtained from precision-beam
radar (GCA) equipment. The picture received in the
cockpit depicts position with respect to the glide path

Composite picture, o3 tronsmitted,
showing mop, troffic controt
nstruchions, ond location of oil
owcroft in this oltitude loyer

\‘: /

NV

semicreflecting
mirrors l
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(horizontally and vertically), with respect to the air-
port, and with respect to other aircraft on the glide path.

Traffic control by several methods is made possible
through the flexibility of pictorial presentation. Weather
map reception is easily provided.

The pictorial display is transmitted by means suffi-
ciently independent of other parts of the system that
elements of the system are not so mutually interdepend-
ent as to limit their continuing improvement. For ex-
ample, as the art progresses, improvements can be made
in the ground radar characteristics, in traffic-control
techniques (as required by evolution in the traffic situa-
tion), in instrument-landing displays, and in airport-
taxiing control, without obsoleting or modifying the
ground-to-aircraft picture link. By using storage tubes
both on the ground and in the aircraft, in the manner
described later, large savings in bandwidth are made
possible.

TypicaL OrPErRATIONAL USEs oF
PicToRrIAL DispLaY

Several of the operational aspects of pictorial display
will serve to illustrate the flexibility and broad utility of
such displays.

tronsponder
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Fig. 1—Essential elements of pictorial display system.
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1. Graphic Presentation of Aircraft Heading

It is desirable to add to the picture received from the
ground, by superposition, information regarding the
heading of the aircraft. A map-like picture gives dis-
placement information only. This is not sufficient to
permit a pilot on manual control to fly a straight track,
since some displacement from the track must be dis-
cerned before corrective action is taken, resulting in a
zigzag flight path. The desired linearity of flight path is
realized by the pilot’s holding a steady heading as indi-
cated by the gyrocompass. To obviate the necessity of
shifting sight back and forth between the pictorial dis-
play and the gyrocompass, a transparent overlay disk
ruled with parallel lines is mounted immediately in
front of the display tube and is rotated through a servo-
mechanism by the compass. Thus, without glancing
awav from the picture, the pilot at all times sees heading
information superimposed on the picture in graphic
form. An azimuth scale around the picture-tube periph-
ery permits reading the heading in degrees when de-
sired. Experience in a teleran trainer has shown that
this graphic method of indicating heading is very desir-
able

2. Short-Range Navigation

An important operational use is in short-range navi-
gation. Fig. 2 depicts a received picture typical of a gen-
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Fig. 2—Typical navigation picture includes pilot's own aircrafy
i_dentiﬁed by radial line), other aircraft, air routes, obstruction,
airport, etc.
eral navigation situation. Airways, obstacles, airports,
and other aircraft are shown. With just the basic dis-
play, including the heading indicator, it is interesting to
note that for all short-range flight functions the single
pictorial display instrument makes it unnecessary for
the pilot to use his automatic direction finder, stand-
ard-range receiver, omnirange receiver, distance-meas-
uring equipment, directional gyro (except to occasion-
ally correct for precession), maps, and instrument-land-
ing system. In addition, the picture provides other
important services such as weather-map reception and
collision prevention.

3. Traffic Control in the Initial Approach Zone

Before briefly discussing several ways in which pic-
torial display can be used to directly control aircraft
traffic in the initial approach zone, it should be noted
that, in case other means of direct control are employed,
pictorial display can perform the important function of
monitoring. A pilot whose aircraft is under the control
of relatively complicated ground equipment will feel
confidence in the operation of this equipment only if
he is able to monitor its performance and the status of
his flight by independent means. A pictorial situation
display not only would provide him at a moment'’s
glance with a complete check of the operation of the
over-all svstem, but, furthermore, would enable him to
take emergency action when desired. Only the picture
will tell him the location of other aircraft and of ground-
based obstacles. For a more thorough discussion of the
traffic-control problem and its relationship to pictorial
presentations, reference should be made to a separatc
paper® describing specific methods for using pictorial
display in the direct control of trafhc.

In the initial approach zone, two general methods are
available for traffic control. One employs “fixed blocks”
wherein blocks of air space are at fixed locations with
respect to the ground. The other uses “moving blocks”
wherein reserved air spaces constantly move in accord-
ance with the intended motion of aircraft. Fig. 3 depicts
one form of fixed-block traffic control for the New York
arca. It will be noted that this particular picture is the
one transmitted for southeast wind conditions. It shows
all necessarv landing paths for medium-speed aircraft
arriving from the four approach directions, for any of
the three New York fields. High-speed aircraft would
see different series of blocks except for the final conver-
gence, and a still different picture would be transmitted
for low-speed aircraft. The complexity of the traffic
situation in the New York area is the greatest in the
world, and it should be realized that much simpler pic-
tures than Fig. 3 will suffice in most locations. In addi-
tion to the pictorial display, traffic-control computers
and other facilities not described in this paper will be
required.

If the moving-block principle is used, the automatic
traffic-control computer on the ground is designed to
produce and insert into the picture appropriate moving
blocks. Each aircraft is assigned to a moving air space.
Proposals and studies by the authors, continued under
contract at Franklin Institute,* showed that it is prac-
tical to design a computer which will immediately as-
sign a block to an aircraft upon its entry into the con-
trol zone, and then will so control the speed of the block
in the picture (within the normal speed range of the
aircraft) that the block will be brought to the final ap-
proach (start of glide path) with minimum delay, yet

13 Loren F. Jones, “Traffic control by pictorial display,” Aeronaut.
Eng. Rev.,vol. 8, pp. 22-33; February, 1949.

14 W, W. Felton, “The application of a moving block system to
RCA teleran,” Franklin Institute Report; December, 1947.

’
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with proper spacing from preceding and following blocks.
The pilot need merely keep his aircraft within the
block as seen in his pictorial display. About 100 pilots
have flown this variable-speed, curved-path, moving
block method in a teleran Link trainer. They commented
very favorably. However, no attempt was made to com
pare moving blocks with fixed blocks.

Iig. 4 shows an installation in a C-47 cockpit. It in-
cludes an unretouched photograph of data transmitted
through a pictorial system.

4. Automatic Moving Blocks for Nonscheduled Aircraft

Through the flexibility of the pictorial method, cer-
tain nonscheduled aircraft (chartered planes, larger
sized private planes, military aircraft and cargo air-
craft, some of which will operate off the established air-
ways) can be rendered a unique service. Such aircraft
already exceed commercial scheduled aircraft in num-
ber and in hours flown. In the future in the United
States, it is likely that nonscheduled aircraft will fre-
quently employ separate airports, adequately spaced
from those used by scheduled airlines. To avoid pre-
scheduling and other complications, nonscheduled air-
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Fig. 4—An installation of a teleran indicator in a C-47 cockpit. The
picture on the tube is an actual photograph of a moving-block dia
gram transmitted through a pictorial display system.

Fig. 3—Suggested approach paths to the three New York airports. Fixed-block traffic control. Take-off paths not shown.
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craft may fly off the established airways and may land
at these nonscheduled airports. According to the RTCA
recommendations, the established airways start at cer-
tain minimum altitudes and thus can be “crossed”
without notice at low altitudes. But before a nonsched-
uled aircraft can fly to a nonscheduled airport with only
the simplest advance clearance, the pilot must know
that there is some means at the terminal airport for the
orderly handling of traffic arriving at almost random
timing. One method of accomplishing this is to add to
the situation display transmitted from the terminal air-
port a set of moving blocks which would look like mov-
ing images on animated film. In fact, the blocks would
originate on closed loops of animated film placed in the
ground picture transmission equipment. Practical means
for accomplishing this are available. No traffic-control
computer is needed. Peculiarly shaped blocks are desir-
able in order to accommodate both slow and fast air-
craft. The blocks move constantly along the approach
paths and down the glide path. Somewhat similar blocks
move away from the airport for take-off. The entire
process is continuous, much as is a moving stairway.

Changes in wind direction, requiring the use of a dif-
ferent runway, can be indicated in a few minutes’ time
by the simple expedient of transmitting a transition film
whose animation is specifically intended for the particu-
lar transition required. After the transition is completed,
a “steady wind” film is repeatedly scanned for the new
runway until another change is indicated. Fig. 5 typifies
a runway shift.
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Fig. 5—Display (1) depicts the relative size of the “moving stairway”
trafiic-control pattern in the complete pictorial display picture.
In (2), (3), (4? etc., aircraft A l{)ics within one otPlhc moving
blocks (originating from animated film transmitted from the
ground) and proceeds to its landing. In (5), pilots of other aircraft
such as B are shown that a change in runway has been necessi-
tated by wind shift. Succeeding scenes show how plane B proceeds
to land on the new runway. (5) to (9) inclusive are produced by
a transition film for runway shift. (10) is the start of a steady wind
film for the new runway.

The successive scenes in this illustration are spaced
about one minute apart. It will be noted that the entire
runway shift requires about six minutes. Aircraft A4
completes its landing within the six-minute period,
whereas aircraft B follows shortly afterward on the new
runway.

With this “moving stairway” technique, minimum
skill and attention are required on the part of the pilot,
and still less attention is required on the part of ground
personnel. Yet, unless the airport is operated too near
to saturation, aircraft of several speed capabilities and
with random arrival times from any direction are han-
dled with little delay. This nearly automatic, economi-
cal method may prove to be desirable at some of the
more isolated smaller airports.

5. Instrument Landing

After an aircraft has completed its initial approach,
either by fixed-"or moving-block or some other method,
it undertakes an instrument landing. It is during this
part of an aircraft’s flight, when it is traveling at re-
duced speed and when all aircraft which are to land are
converging on the same glide path, that the spacing be-
tween adjacent aircraft is intentionally at mirimum., At
this time it is especially important that each pilot know
the location of other aircraft ahead of and behind him
on the glide path. To date, pictorial display is the only
method proposed which gives the pilot this information.

(©

Fig. 6 —Four successive pictorial displays during the landing process.

In (a), the planc 7 miles from the airport is slightly to the right

and slightly above theglidepath (another plane is 2 miles from the

airport). In (b), the plane has procceded to 44 miles from the air-

port and is at corrected altitude, buta little to the left. In (c), itis

1 mile from the airport and is exactly on the glidepath Upon con-

tacting the runway, the pilot shifts to picture (d) which shows the
situation on theairport surface.
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There are several convenient manners in which pictorial
display can present instrument-landing information.
One method is shown in Fig. 6. This particular method
has been flown by 80 pilots in a teleran Link trainer. The
successive scenes in Fig. 6 indicate an approach over an
eight-mile glide path. Note that the pilot still sees his
aircraft as a spot moving on a map. Added, however, is
an automatically produced horizontal line which indi-
cates whether the aircraft is above or below the glide
path.

6. Taxiing Control

Finally, after the aircraft is on the ground, possibly a
mile from the ramp or hangar, means must be provided
for controlling the surface traffic so that under true
zero-zero conditions taxiing can be accomplished ex-
peditiously and safely. RTCA considered that, under
conditions of poor visibility, pictorial situation display
is the only known future means for making possible the
adequate control of traffic on the airport surface.

7. Wecther-Map Reception

The appropriateness of pictorial display for present-
ing weather data in easily understood form is quite ap-
parent. By means of the time-sharing and storage meth-
ods discussed below, sufficient channels should be avail-
able so that a number of weather maps can be trans-
mitted aloft, each specifically prepared for a given alti.
tude layer.

Other graphical information, such as emergency in
structions written in script or drawn in diagrammatic
form, can readily be transmitted over the ground-to-air
picture circuit. Possibly some of the most useful opera
tional functions to be performed by pictorial display are
vet to be proposed.

EQuipMENT CONSIDERATIONS

Several technical aspects of pictorial display will now
be described. Most of these technical developments have
been tested and studied in the experimental teleran sys-
tem installed in Washington, D. C., but some of them
are new ideas proposed for future investigation. The
present system will not be described in detail as this has
been done elsewhere. -

In the Washington, D. C., experimental installation
there are two ground installations, one representing an
airway control center, the other an airport control cen
ter. The airway control center transmits separate pic-
tures for three altitude layers (through three “altitude
consoles”) as well as a weather map. It operates in con
junction with a long-range search radar which interro-
gates the airborne transponders. The airport control
center includes two altitude consoles operating from a
short-range search radar, and an approach console oper-
ating from a GCA precision radar. “Self-identification”
signals are incorporated in the transmissions from both
stations.
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1. Transmission Considerations

A ground console is provided for each altitude layer
and for the weather map. These consoles contain means
for converting the desired information into televsion
video information, as well as a display tube to present
the information to ground control personnel.

Since it is highly desirable to transmit the multiplicity
of information in a minimum bandwidth, the method
known as time sharing or time multiplexing is used.
With one picture sent from each console in a cyclical
order, a bandwidth of i0 megacycles is required for, say,
20 consoles providing 20 pictures of high definition. (As
will be shown later, the bandwidth can be further econ-
omized through the use of storage tubes.) Time sharing
is permissible as long as the cycle time is shorter than
the radar scanning rate, that is, a new picture is trans-
mitted at least as often as new gadar data are available.
Switching circuits connect each console to the video
output circuits in the proper order, and, as the correct
frame must be selected in the aircraft, a code identifying
the following frame is sent during the vertical blanking
time. The vertical syne pulse is a horizontal sync pulse
identified from other horizontal sync pulses by being 10
microseconds wide as compared to 2 microseconds for the
other horizontal sync pulses. (See Fig. 7.) The nth hori
contal sync pulse after the vertical sync is also made 10
microseconds wide to identifv the nth frame in the time-
sharing cycle. In the airborne recciver, a selector switch
sets up a decoder so that the receiver is “enabled” for
one frame after the correct code is received.
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picture identification code.

I'he video signals which modulate the transmitter are
chipped so there will be no variation in signal level, only
“off” and “on” video conditions. The zero signal level is
30 per cent of maximum « utput of the transmitter. Svnc
signals are transmitted as negative modulation, and
video is transmitted as positive modulation

2. Self-Identification

The absence of intermediate signal levels opens the
possibility of sending two video signals on the same car-
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rier but distinguished by different amplitudes. Advan-
tage is taken of this feature in producing the self-identifi-
cation line, which is a radial line from the center of the
picture passing through the response of the aircraft in
which the signals are being received. This line is gener-
ated at the ground station by a flying spot scanner and
has at all times the same bearing as the radar beam.
This video signal is transmitted at half the amplitude of
the picture video and a clipping circuit in the television
receiver normally prevents its being seen. The half-am-
plitude signals are completely separated from the nor-
mal video and are enabled only when the aircraft trans-
ponder is triggered by the rotating radar beam. At this
triggering, one complete field of half-amplitude signal
is passed so that the line which appears must pass
through the response of the aircraft in the beam at that
time. The normal video, which may be an undesired
field, is not enabled by this gate.

3. Airborne Display and Picture Repetition Rate

The kinescope used in the airborne receiver has a
high-efficiency phosphor which at 14 kv gives a bril-
liance sufficient for daylight viewing. The persistence of
the phosphor is such that a signal is visible for about one-
fifth of a second after stimulation. The television pic-
tures are presently transmitted at 45 frames per second,
and thus can be time-shared at the present rate of 4 to 1
without serious flicker.

Let us assume that probable future traffic require-
ments will necessitate the use of 20 altitude layers, i.e.,
20 separate time-shared pictures. If the airway radars
have a rotational rate of 15 rpm, or once every 4 sec-
onds, and if the transmitted pictures are to follow the
aircraft movement as rapidly as does the radar, 20 pic-
tures must he transmitted in four seconds. This is a rate
of § pictures per second. During each radar sweep a 400-
mph plane would move about } mile or } per cent of the
display diameter. When aircraft travel faster than 400
mph, it will be desirable to utilize radars rotating faster
than 15 rpm, which in turn will increase the frame rate
to, say, 10 per second.

For approach zone and landing operations, if trans-
mission of the four lower altitude layers were acceptable
and if landing pictures from 3 GCA radars at 3 airports
in the area were required, the total number of pictures
transmitted would be 7. Since this is considerably less
than 20 pictures envisioned for airways stations, the
repetition rate for each individual picture will be about
3 times higher. This increased picture rate will be suita-
ble for the relatively higher rate of motion of the GCA
antennas.

By using a simple type of storage tube in the airborne
receiver, 20-to-1 time sharing will become quite feasible
at the assumed future frame rate of 10 per second. Al-
though each single picture, such as for a single altitude
layer, will arrive at an aircraft only once every 2 seconds
(which is as fast as data are collected by the radar), the
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storage tube will produce repeated and essentially flick-
erless copy of the input data. By using storage tubes in
this manner and by using single sideband transmission,
a complete rf signal carrying 20 separate pictures for 20
altitude layers at a rate of 10 frames per second (to al-
low for future high-speed aircraft) can be accommo-
dated in a band of about 1.5 megacycles.

The present airborne receiver consists of one pres-
surized unit containing the display components and the
14-kv power supply and another unit containing the
video amplifiers, power supplies, decoding circuits for
picture selection, and the self-identification line gating
circuits. Including the transponder, the complete air-
borne equipment weighs about 110 pounds. It is ex-
pected that further development will permit reducing
the over-all weight to about 40 pounds, which should be
suitable for all aircraft down to and including the four-
passenger category.

4. Antennas and Frequencies

The television transmitter, a master oscillator type
with three amplifier stages and transmission-line tank
circuits, operates on 300 megacycles. The ideal antenna
pattern would be omnidirectional in the horizontal plane
with a cosec squared pattern in the vertical plane. To
approximate this, the present antenna has four dipoles
stacked vertically to obtain gain and are fed so that the
beam is tilted upward into a flattened cone. Thus, ver-
tical coverage is improved and ground-wave interference
effects are reduced. This antenna design, consisting of a
vertical cylinder with a vertical slot cut in one side and
fed in the center, is known as a pylon. (See Fig. 8.) The
horizontal pattern varies by less than 3 db. The horizon-
tal polarization may be a disadvantage as it increases
ground reflection, but the antenna has the physical ad-
vantage of simplicity and ruggedness.

The transmitter antenna gain is limited to that which
will give omnidirectional radiation out to 50 miles and
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Fig. 8—Pylon antenna at television transmitting station




398

up to 30,000 feet in altitude. Since the aircraft receiving
antenna must also be omnidirectional, its gain is simi-
larly limited and, in addition, is further limited by the
need to allow for changes in the aircraft’s attitude. The
required transmitter power therefore increases as the
square of the frequency. This increased power require-
ment constitutes a disadvantage to operation in the new
air-navigation frequenty band between 1,000 and 1,700
megacycles. The storage-tube techniques previously de-
scribed for reducing the bandwidth will result in a
reduction in receiver noise which will largely offset re-
quirements for increased power. Present teleran power,
less than one kilowatt peak, gives good performance to
50 miles.

The transponder receiving antennas, X and S band,
and transmitting antenna, S band, should all be omni-
directional. The S-band antennas used are simple quar-
ter-wave dipoles mounted under the fuselage. Unfortu-
nately, they do not solve the dificult problem of
obtaining omnidirectional operation for all attitudes of
the aircraft, and further work on this problem is needed.

5. Altitude Coding

To avoid confusion in the presentation of aircraft
location information, it is highly desirable to eliminate
all aircraft indications not essential to the particular
display being viewed. Separating the airborne and
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Fig. 9—Teleran transponder altitude-coding system.
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ground displays into altitude layer displays results in
considerable simplification. This is accomplished in the
teleran system by equipping the aircraft with trans-
ponders which, when interrogated, reply with a code
indicative of barometric altitude. This method of height
finding is of constant accuracy regardless of the distance
of the aircraft from the radar station, and, at long dis-
tances, it is much more accurate than would be height-
finding radars. A transponder system has the further
advantage of eliminating ground clutter and cloud
echoes which are usually present in a radar-only system.

The coding used is a three-pulse reply, the spacing be-
tween pulses being controlled by the altitude of the air-
craft. Conventicnal circuits, as shown in Fig. 9, are used
to produce the three pulses. Coincident decoding cir-
cuits, as shown in Fig. 10, are used on the ground to
separate the replies into the desired altitude layers. As
replies from different aircraft may partly overlap, pulse-
line delay circuits are used in the decoders as a delay line
can accept a new signal while carrving a previous signal,
thus minimizing any decoder dead time. The width of
the pulses in the decoder circuits determines the range
of each decoder channel and thus the amount of altitude
layer overlap of the system. This is carefully controlled
by reshaping the received pulses to definite, controlled
width.

6. Altitude Console

Having separated the transponder replies into groups
representing altitude lavers, the next problem is to
superpose a map of the terrain and to provide a means
of writing in special instructions such as diagrammatic
traffic control patterns. (All of this information must be
converted into television video signals for transmission
to the aircraft.) The method used is shown in block form
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Fig. 11—Diagram of optical mixing system in camera console.

in Fig. 11. Optical mixing of the various sources of in-
formation easily produces a high degree of registry of
the various sources, without introducing the problem of
sweep linearity. Conversion to television video signals is
accomplished by using a special storage orthicon tube.
The signal from this tube not only produces a bright
television-like picture, but its characteristic of storing
the radar image for several seconds results in virtual

e
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elimination of the customary flicker or intermittent
effect of radar displavs.

Optical methods of mixing require excessive space,
are somewhat limited as to the number of sources which
can be mixed, and are quite inefficient. Since the devel
opment of the original teleran equipment, means have
been found to produce sweeps with a high degree of lin-
earity. Thus any future developments will employ sep-
arate information-source generators and mixing will be
done in the video circuits.

7. Weather Maps

The weather maps transmitted in the system are
separate frames in the multiplexed television transmis-
sion. Their video signals are produced by a separate
camera. A flyving spot camera operating from retlected
light (see Fig. 12) is used, with resulting reasonably sat-
isfactory signal-to-noise ratio. The recent development
of a 2-inch photomultiplier tube with a gain of 100,000
should give much better performance in any future
equipment.
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Fig. 12—\Weather-map pickup.
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8. The Approach Zone

The foregoing discussion has described several of the
components needed to produce the airways display,
which must cover the area within a radius of approxi-
mately fifty miles about the radar and possibly as many
as twenty altitude lavers. In the approach zone, more
detailed information is needed. The airport radar station
for approach-zone coverage operates with a range of
fifteen miles and covers only the lower altitude layers.
Multiplexed with the PPI information is a display for
the final approach or glide path.

The final approach display is developed from the
GCA radar. As is well known, this radar has flat beams
scanning in azimuth and elevation over a sufficiently
wide angle to cover normal deviations of the aircraft
from the glide path. The information from the azimuth
scanning antenna is used to develop a sector PPl dis-
play with a scale expanded three times in the direction
perpendicular to the runway so that the pilot can note
more readily his horizontal deviations from the glide
path (see Fig. 13). The display shows the airport at the
top of the picture with the ground projection of the
glide path as a vertical line.

During the elevation antenna scan, the display sweep
is vertical and its starting point near the top of the dis-
play is tied in to the angular position of the vertical
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Fig. 13—Diagram of display combining clevation
and azimuth information from GCA.

scanning antenna. When a response is reccived, the out-
put from a blocking oscillator triggered by the response
is applied to the horizontal deflection circuits to form a
right and left horizontal line on alternate sweeps. If the
response is received when the elevation of the antenna
corresponds to.the proper glide-path angle, showing that
the aircraft is at the correct altitude, the starting point
of the high-speed vertical sweep of the display is so lo-
cated as to cause the horizontal line to pass through the
pip representing the aircraft. As the vertical sweep is a
range sweep, the line continues to pass through the pip
as the aircraft approaches. But if the aircraft is above or
below the correct glide path, response will be received
when the vertical antenna is at an elevation above or be-
low the correct one. Since the starting point of the ver-
tical sweep of the display is tied in to the angular
position of the vertical antenna, the starting position
will be shifted down or up, and the horizontal line will
fall below or above the pip. Thus, at all times the hori-
zontal line indicates the aircraft’s position above or be-
low the glide path. Visually the extension of the runway
and this horizontal line form an up-down-right-left in-
dicator similar to that of low-frequency localizers, but
also indicating range information.

A problem in this display results from the fact that
the elevation lines are generated as long as the radar
beam illuminates the aircraft. Thus, the width of the
total line generated is proportional to the width of the
beam. Several schemes for narrowing the line have since
been proposed.

9. Radar Picture Storage

The storage orthicon's was mentioned above. A more
recent development in the storage-tube field, the graph-
echon,’ is a much more efficient radar-to-television scan
converter and storage device. With this tube, two or
three radar pulses will produce 30-second storage (many
hundred television scans).

In addition, as no optical paths are required, consid-
erable space can be saved and expensive lens systems
avoided.

155 V. Forgue, “The storage orthicon and its application to tele-
ran,” RCA Rev., pp. 633-650; December, 1947.

16 L. Pensak, “The graphechon—a picture storage tube,” RCA
Rev., vol. 10, pp. 59-73; March, 1949.
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10. Types of Scans

During the course of the teleran development, several
system problems requiring considerable study appeared,
among them the selection of a type of scan. The ad-
vantages of using a television raster to transmit infor-
mation such as radar data which are derived in R, 8 co-
ordinates are chiefly as follows. First, it is necessary to
obtain uniform brilliance and this is generally imprac-
tical with radial scan. Also, radial scan does not produce
uniform definition over the picture area. If equal defini-
tion is to obtained, it is necessary to resolve 277? ele-
ments in the case of the radial scan, but only 42 in a
television raster. Thus radial scan would require about
50 per cent greater bandwidth. .

Second, radial sweep would necessitate a mechani-
cal rotation for the airborne receiver display equivalent
to the antenna scan on the ground, and since three ra-
dars having different rates and tvpes of scan are used, a
very difficult problem would be presented.

Third, and probably most important, if 20 altitude
layers were to be sent cyclically, some storage of the in-
formation would be required, as it is only in this wayv
that the picture could be repeated often enough to ob-
tain a bright and flickerless display. Also, as mentioned
earlier, storage tubes bring about a reduction in trans-
mission bandwidth. With present types of storage de-
vices, there is no particular advantage to using the same
scan in both reading and writing.

11. Definition

The best kinescopes today have a television resolution
of about 1,500 lines in the center and 1,000 lines at the
edge. The present system uses 360 lines, but plans for
the future include a move to higher definition, probably
to the RMA standard of 525 lines. In terms of distance
on the display, using 525 lines a line represents 1,000
feet on the long range and 300 feet on the short range.
Considerably greater sensitivity is provided in the final
approach display. A variation of one per cent in the lin-
earity of the television scan results in a displacement
error of four lines, though the relative position of near-
by aircraft will still be shown within the accuracy of the
resolution. Experience indicates that this accuracy is
satisfactory.

12. Automatic Volume Control and Side Lobes

To prevent transponder replies to side lobes of the
ground radar when the aircraft is close to the station, an
automatic volume control decreases the transponder re-
ceiver gain so that the main lobe signal produces a rela-
tively constant output from the receiver. The side lobe
signals are then too small to be received. This is satis-
factory for a single station, but if two or more ground
stations interrogate the same aircraft, replies to the one
producing the weaker signal in the aircraft may be lost.

Omnidirectional pulse transmitted by the ground ra-
dar station before each directional radar pulse could set
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an instantaneous automatic-volume-control level in the
transponder. If this level were to last only a few micro-
seconds, it would adequately prevent side lobe reception
(the side lobe signals being weak compared to the omni-
pulse), yet would permit reply to a second radar station.
Itis assumed that the pulses of the second station would
not be synchronous with those of the first, except by
random coincidence.

RESULTS

During flight tests with the experimental equipment,
the following results were observed:

A. Television transmission of navigational data,
ground-to-air, was shown to be technically feasible.

B. The combination of radar information (transpon-
der replies) with navigational information into a com-
posite picture for television transmission was demon-
strated.

C. The appearance of radar pips having teardrop
shape (due to the storage in the storage orthicon)
showed that no fundamental obstacle exists which will
prevent the indication of flight paths (past) and ap-
proximate speeds of all aircraft in the picture.

D. Self-identification by means of a radial line was es-
tablished as one practicable technique for indicating to
the pilot his identity in the picture.

E. Altitude decoding using the pulse-spacing tech-
nique was experimentally consistent to a precision of
better than 500 feet.

F. A pictorial situation display for final approach was
developed from the fundamental data produced by pre-
cision-beam (GCA) radar equipment. This display was
of high accuracy in the azimuth sense and of usable ac-
curacy in the elevation sense.

CoxcLusIoNs

In view of the foregoing results, it appears that the
combining of radar and television techniques is capable
of producing satisfactory pictorial situation displays on
the ground and in aircraft, and. in fact, is a method of
considerable promise. Among the further developments
needed are the design and location of airborne antennas
so that pictorial reception will be reliable on the trans-
mission frequency ultimately selected and at all aircraft
altitudes. In fact, the broad problem of propagation, an-
tenna design, and multiplexing of services requires care-
ful study from the viewpoint of the over-all air naviga-
tion system, of which pictorial display is to be a part.

In parallel with technical developments there should
be a psychological evaluation of the pictorial technique.
Whereas the teleran tests showed conclusively that pic-
torial situation displays offer unique and convenient
services to ground personnel and to pilots, the authors
made no attempt to quantitatively evaluate pictorial
display or to ascertain the optimum content and form
of such displays. With regard to these factors, a quanti-
tative and somewhat detailed investigation by psychol-
ogists and operating personnel would be of great value.

R . o




1950

PROCEEDINGS OF THE I.R.E.

401

A Theory of Radio Scattering in the Troposphere’

H. G. BOOKERY, SENIOR MEMBER, IRE, AND W. E. GORDONT, MEMBER, IRE

Summary—The theory of scattering by a turbulent medium is
applied to scattering of radio waves in the troposphere. In the region
below the horizon of the transmitter, energy is received (1) by diffrac-
tion round the curved surface of the earth (modified as appropriate by
atmospheric refraction), and (2) by scattering from turbulence in the
region of high field strength above the horizon. At distances beyond
the horizon that are not too great, we may think of (1) as giving the
mean signal received, and (2) as giving the fading. However, contri-
bution (2) usually decreases with distance more slowly than contribu-
tion (1). Beyond a certain distance, therefore, contribution )
becomes predominant and the mean signal is no longer given by (1).
(See Fig. 3.) Values of the scale of turbulence and of the departure of
refractive index from mean expected on meteorological grounds are
fully adequate to explain the scattered field strengths observed ex-
perimentally.

INTRODUCTION
! 65\ LTHOUGI!I THE primary object of the experi-

ments made in the Caribbean Sea! in 1945 was

to explore the radio consequences of the evapora-
tion-duct that exists at the ocean surface, an important
and highly interesting by-product was the discovery
t!nat at any rate under some circumstances, field
syrength well bevond the horizon decreases with dis-
tance more slowly than could be explained on any exist-
ing theorv.? This phenomenon was experienced on a
wavelength of 9 cm, but not on a wavelength of 3 cm,
where, however, the effect of the evaporation duct was
much more marked. It scemed quite clear that the un-
expectedly high field strengths obtained at long range
on 9 cm were not due to duct propagation, and, on ac-
count of the rather violent fading associated with them,
it was suggested that a scattering mechanism was in-
volved. Similar results have been obtained in overland
transmission in Arizona on various centimeter wave-
lengths,® and what would appear to be the same phe-
nomenon also plays an important role in meter-wave
broadcasting.4 It is the object of this paper to offer an
explanation of these observations on the assumption

* Decimal classification: R113.308. Original manuscript reccived
by the Institute, January 11, 1950. Prescnted, Joint Meeting, URSI
apd IRE, Washington, D. C., October, 1949, and Radio Wave Propa-
;Jc ;10n‘;‘zr(;nposium, Navy Electronics l.aboratory, San Diego, Calif.,

1 A
& The research necessary for this paper was sponsorcd by the Air
Vlateriel Command, under Contract Number AF 33(038)-1091.
;SChOOl of Electrical Enginecering, Cornell University, Ithaca,

1 M. Katzin, R. . Bauchman, and \W. Binnian, “3- and 9-centi-
meter propagation in low ocean ducts,” Proc. [.R.E., vol. 35, p. 891
905; September, 1949

{ ?C. L. Pekeris, “Wave theoretical interpretation of propagation
f{ 10-centimeter and 3-centimeter waves in low-level ocean ducts,”
froc. I R.E., vol. 35, p. 453-462; May, 1947.

3].P. Day and L. G. Trolese, “Propagation of short radio waves
f‘/,'csr(r) desert terrain,” Proc. [.R.IZ., vol. 38, pp. 165-175; February,

* K. A. Norton, “Advances in Electronics,” vol. 1, pp. 392-397;
Academic Press, New York, N. Y.; 1948,

that scattering by variations in the refractive index of
the atmosphere is the cause of the phenomenon.

Section I outlines the relevant meteorological facts
about turbulent motion in the atmosphere, including the
relatively slow, large-scale fluctuations that occur under
calm, stable conditions. Section II recasts for radio
purposes the theory of scattering by a turbid medium
that has been developed by Pekeris® in connection with
the propagation of sound in water. The aspects of
Section I1 required for practical application (including
approximate formulas) are set out in Section I1I, and
an elementary interpretation of these formulas is given
in Section V. The application of the basic scattering
theory to communication between directional antennas
is described in Section V, and the results are used to
compare the theory with observations (particularly the
Caribbean observations) in Section VI. In Sections VI
and VII it is emphasized that atmospheric scattering or
accidental refraction is not only the likely cause of
high mean field strengths at long distance in the absence
of marked superrefraction, but in all probability is also
a main cause of fading at all ranges, and this point is
claborated in Section VII by a calculation of fading time
on the hasis of the Doppler principle.

I. ATMospPHERIC TURBULENCE

The atmosphere is an inhomogeneous medium, al-
though mean values of refractive index usually have
some horizontal homogeneity. The inhomogeneities are
produced and supported by turbulent motion. This sec-
tion presents a qualitative discussion followed by a
mathematical description of the characteristics of
turbulence which are pertinent to the scattering of
radio waves. Finally the magnitudes of the required
parameters are indicated on the hasis of available data.

Turbulence may be defined® as an irregular motion
which in general makes its appearance in fluids, gascous
or liquid, when they flow past solid surfaces, when
neighboring streams of the same fluid flow past or over
one another, or when thermal instability is present.
While the air has a mean speed and a mean direction
which are reasonahly constant for periods of hours, the
instantaneous speed and direction at a particular point
may differ widely from the mean values. There is no
clear idea of how or why turbulence arises, or of the
exact nature of the eddies which form in a fluid in
turbulent tflow, but something is known of the conditions
which must be satisfied if the fluid is to flow without

s C. 1. I’ckeris, “Note on scattering in an inhomogeneous me-
dium,” Phys. Rev., vol. 71, p. 268; February, 1047,

$ 1), Brunt, “Physical and Dynamical Meteorology,” Cambridge
Press, Cambridge, Mass., 1941,
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turbulence (laminar flow), and some information has
been accumulated concerning the magnitude of cddy
velocities in certain cases.

The local variations of velocity in a fluid are associ-
ated with, and are presumably due to, the variations of
static pressure which travel downstream with the mean
velocity of the stream. The eddy which becomes visible
as a dimple in the surface of a strcam of water travels
in this manner and at the same time it appears to be a
simple rotational circulation, the motion being essen-
tially two-dimensional. When a current of air moves
over uneven ground we might be tempted to think of
the eddies which form in it as cylindrical eddies having
their axes in the horizontal plane perpendicular to the
direction of the mean wind. Simultancous records of
wind speed and direction show that this is not the case.
The results of investigations made under conditions of
zero temperature lapse rate with height by Schmidt?
and Scrase? indicate that the mean-square fluctuations
of wind speed are approximately equal for the three co-
ordinate components. It is usual to define turbulent
velocity at a point as the difference between the in-
stantaneous velocity at the point and the slowly vary-
ing mean velocity of the stream, and the intensity of
turbulence as the ratio of turbulent velocity to mean
velocity. It is found from the same investigations that
(1) the intensity of turbulence may be as large as 2/5,
with root-mean-square values of the order of 1/10 or
1/20; (2) that the intensity is essentially independent of
mean wind speed above about 5 meters per second; and
(3) the turbulent velocity is Gaussianly distributed.
Thus turbulent velocities occurring in the atmosphere
will vary from a few tens of meters per second down to
a few centimeters per second.

The contribution to turbulence made by thermal
conditions may be estimated from some work performed
at the University of Texas.? Continuous records of tem-
perature in the lower atmosphere show standard devia-
tions from the mean of instantaneous temperatures of
the order of one degree centigrade. The variation of the
deviation with thermal conditions sampled seems to be
from about 1.2° C under stable situations to 0.7°C for
unstable conditions. The time constant of the fluctua-
tions is of the order of minutes for stable and less than a
second for unstable conditions. A better estimate of the
time constant for unstable conditions was obtained by
the use of a hot wire anemometer whose output was
examined with a frequency meter. The observed cutoff
frequency of 100 cps indicates a time constant of the
turbulent fluctuations of the order of one hundredth of
a second.

The concept of scale of turbulence is important in

7\V. Schmidt, “Turbulence near the ground,” Jour. Roy. Jdero.
Soc.. vol. 39, pp. 355-376; May, 1935,

8 F. J. Scrase, “Some characteristics of eddy motion in the at-
mosphere,” Geophys. Memoir of London Met. Office, no. 52;1930.

9 J. R. Gerhardt and W. E, Gordon, “Microtemnperature fluctua-
tions,” Jour. Met., vol. 5, p. 197-203; October, 1948.
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this presentation. The scale of turbulence is a quantity
which has the dimension length and which is associated
with the size of an eddy. It may be thought of as the
average size of eddies.’® An eddy must be considered as
any disturbance of the smooth flow. The description of
turbulence in terms of intensity and scale resembles the
description of the molecular motion of a gas by tempera-
ture and free path. In order to obtain mathematical
expressions for scale and intensity, consider temperature
7" as a function of time ¢, consisting of a mean vatlue T
and an instantancous deviation from the mean 77, thus
r=T+71. )
The intensity of turbulence is proportional to the
ratio of the root mean square of 77 to the value 7.
Records of temperature as a function of time show
random variations, although there is some short period
over which the instantaneous values are correlated. It is
this characteristic short-period correlation that the
scale of turbulence attempts to describe. The correlation
of the temperature at time ¢ with the temperature at
time /438 mayv he written
7‘!,7‘!’4‘0

I\’((") = *‘7:-,;- (la)

This is a function of the time interval @ which decreases
from unity (perfect correlation) for zero time interval
to zero (no correlation) for sufficiently large time in-
tervals. As a simple first approach to the magnitude of
the scale encountered in the atmosphere we might con-
vert the time constants into correlation distances hy
means of the wind speed factor. If R falls to zero and
remains zero, a scale of turbulence may be defined

! = F[ R(0)dd (1b)

0

in which U is the mean wind velocity. This yiclds scales
varying from about 10 meters under stable conditions to
10 cm under unstable conditions. Values of the scale
arc available from the results of the experiments quoted
above; (1) Scrase found scales ranging from two to ten
meters, and (2) the University of Texas temperature ob-
servations indicate scales ranging from about three
meters in stable conditions down to just under one meter
for unstable conditions. The hot wire anemometer with
its considerably smaller time lag provides a lower limit
for the scale of turbulence of the order of 10 cm.

The position is therefore that experiments have shown
the time constants of the turbulent fluctuations vary
from a small fraction of a second to several minutes:
that the intensity is Gaussianly distributed with a value
which has been observed to be as large as 2/5; that the

10.G. I. Tavlor, “Statistical theory of turbul " P Roy. S
London., A 151, p.421; A 156, p. 307; A 157, p, 54051938~
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size of the eddies may vary from about 10 cm to 10
meters.

The indicated turbulent nature of the atmosphere
permits an examination of the tluctuations of the index
of refraction. An cstimate of this fluctuation can he
obtained from the measured values of the standard
deviation from the mean of the instantaneous tempera-
ture. Starting with Debyve's!! expression for radio re-
fractive index in terms of temperature, pressure, and
moisture, and inserting mean values appropriate for
summer conditions in the temperate zones (300°A, 20
mb water vapor, 1,000 mb total pressure) the change in
index An in terms of changes of temperature AT, vapor
pressure Ae, and pressure Ap is found to he

An108 = 1427 + 4.23¢ + 0.261p. (1¢)

The application of the adiabatic law, a good approxima-
tion for eddy motion in the atmosphere, leads to

An108 = 2T, (1d)
For the data considered, this corresponds to a standard
deviation from the mean of 2 ./ units.

The atmosphere may therefore be pictured near
ground level as subject to accidental fluctuations in re-

fractive index of the order of 1 Af unit. These fluctua--

tions are autocorrelated only over distances of the order
of [, which varies from 10 cm in unstable conditions to
10 meters in stable conditions. The fluctuations are
associated with random motion of the atmosphere with
velocities which vary from a few tens of meters per
second in turbulent conditions to a few centimeters per
second in calm conditions. lHowever, as we go up in the
atmosphere we must expect the magnitude of the
fluctuations to change and probably to decrease, and
the same is no doubt true for the value of the scale / of
turbulence.

IT. AUTOCORRELATION ANALYSIS OF RADIO SCATTERING

Scattering of waves by a turbulent medium is a phe-
nomenon of great importance in connection with the
propagation of sound in water, and the problem has
been considered with this application in mind by at
least two authors.®'? The viewpoint which we shall
adopt for scattering of radio waves by a turbulent
atmosphere is that outlined by Pekeris® in connection
with sound.

let e be the average capacitivity (permitivity, di-
clectric constant) of the atmosphere in a certain region,
and let (Ae) be the departure of the capacitivity from
its average value at a point P. et (Ae)’ be the departure
at a neighboring point /. Then the variation (Ae) at P

" P, Debye, “Polar Molecules,” Chem. Cat. Co., New York, N.
Y.; 1929

P G. Bergman, '“I‘ro};ﬂgalion of radiation in a medium with
l;a:)r;((l,om inhomogeneities,” Phys. Rev., vol. 70, pp. 486-492; October,
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is not completely correlated with the variation (d¢)’ at
P’ unless P coincides with P’. As P departs from P’,
the degree of correlation decreases and at no great dis-
tance becomes negligible. The distance PP’ at which
correlation begins to disappear is essentially the same
as the scale of turbulence as defined by Taylor.!® Define
the mean-square departure of the capacitivity from
average in a certain volume v as

1
<~f Ae l2dv.
v v

Then define the autocorrelation function of capactivity
as

(397 =

(2)

1

— 1%

"= T f 0@y (2a)
The asterisk denotes complex conjugate and assumes
that a complex capacitivity is used to take account of
losses in the medium if they are important. p is a func-
tion of the position of P with respect to P’. Its value
tends to unity as PP’ tends to zero, and to zero as PP’
tends to infinity.

As described in the previous section, turbulence in the
atmosphere at the height in which we shall be primarily
interested may be regarded as isotropic. This means
that the autocorrelation function defined by (2a) may
be regarided as independent of the direction of PP’ and
dependent only on the magnitude of PP’. It is quite
common!® to take the autocorrelation function as

p = exp (—r/l) (2b)

where r=PP’ and [ is the scale of turbulence, and we
shall use this function in detailed work.

If the transmitter and receiver with which we are
concerned are omnidirectional, scattering is in general
important from nearly the whole of the atmosphere
above the horizons of both transmitter and receiver.
However, in practice, hoth transmitter and receiver
usually have some directivity, and scattering is then
important only in the region of atmosphere where the
transmitting and receiving beams overlap. The im-
portant scattering volume may be further restricted, if
energy is radiated in short pulses rather than continu
ously. We are thus usually interested in any particular
case in scattering from a fairly restricted region of the
atmosphere.

We shall be assuming for lack of detailed information
that such quantities as the scale of turbulence are uni-
form throughout the important scattering volume.
Strictly speaking, however, some variation of these
guantities throughout the scattering volume should be
taken into account. T'his of course would be done by
dividing up the scattering volume into eclements of
volume and integrating. If this is done, it is important
to notice that an ¢lement of volume in this context must
not he too small. Its linear dimensions must be large
compared with the scale of turbulence. An element of
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volume in this sense is the volume v in equation (2a).
The element of volume dv in (2a), on the other hand, has
lincar dimensions small compared with the scale of
turbulence, and compared with the w avelength: dv in
(2a) is the element of volume used in studying the
anatomy of turbulence. We now proceed to consider
the scattering from a macroscopic element of volume v
regarded as the sumof many niicroscopic elements of
volume dv.

Let the point P of v be at distance Ro from the trans:
mitter and K from the receiver. Let the electric field at
P due to the transmitter be

Eoexp §j(wt — kRo)}. (2¢)

We suppose that the variations of Eo in magnitude
and direction throughout » may be neglected. We also
suppose that multiple scattering may be neglected so
that (2¢) is the total field at P. Under the influence of
the field (2¢) an element of volume dv at P, where the
departure of capacitivity from average is (Ae), hecomes
a dipole of moment

dvAeliy exp | jlwt — kR Y. (2d)

The polarization (Ilertzian) potential produced by this
dipole at the receiver is
dveky exp | j(wt — kRo) | exp (—jkR)
4mre R

The complete polarization potential at the receiver due
to scattering from the volume v is therefore

Il = (15,,/41r1<)f Qese) exp [jfwt — k(Ro + R) | Jde, (21)

if we neglect variations of R in the magnitudes of con-
tributions from different parts of », but not in the
phases. In terms of 11 the scattered electromagnetic field
at the receiver may be taken as
E = kI sin X
u=Yr,

(2g-1)
(28-2)

where Y is the mean characteristic admittance of the
atmosphere, and X is the angle between the direction of
Eo in v and the direction from v to the receiver. Sub-
stituting from (2f) into (2g-1) and (2g-2) we obtain
for the scattered electromagnetic field at the receiver

E = (k2 sin X)/(47R) f (Ae/e)

exp |jlwt — k(Ro + R)} Jdv (2h-1)
I = (YE*FE, sin X)/(-hrl\’)f (Ae¢/€)
<|exp j{wt — k(Ro + R) | |do. (2h-2)

The complex power-density at the receiver due to
scattering in v is thercfore
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LEI* = 31 I | (B? sin X)/(4nR) {2, (2i)

where

- f v jl(Ae/e)(Ae/e)’*

cexp | —jk|{(Ro = RY) + (R — R |dvdv’,  (2))

primed and unprimed svmbols referring to two different
points P’ and P ol z. The actual power density at the
receiver is the real part of JEI*, and the power scat-
tered by o towards the receiver measured per unit solid
angle is the real part of J217* multiplied by R2 MNlore
over, Y V*I2 in (2i) is the power density incident upon
». Henee (2i) implies that the ratio of the power scat-
teredd by o towards the receiver per unit solid angle to
the power-density incident upon v is

} (k% sin X)/(4m) |2 (2k)

times the real part of 1, defined by (2)).

To evaluate 7 we make the following change in (2)).
At present the co-ordinates of dv at P and of do” av P’
arce both measured from an origin o, and ecither of the
two volume-integrations could be carried out first. Let
us now regard dv’ as the inner integration and let the
co-ordinates of P be measured relative to P’ instead of
0. This makes no formal change in (2j), which may he
rewritten

= f [f (e, e)(Ae/e>’*dv']

cexp | —jkI(Ry = RY) + (R — R')}| |do.
But, from (2a),

[ (Ae/e)(Ae/€) *dv'.

p =
7(Ae/€)%d

Hence

. ~
I=v(de ¢)? ’ pexp | —jki (Ro— R)+(R—R')| |do.  (21)
To proceed further we shall need to insert a value for
the autocorrelation function p and also to transform
the index of the exponential.

In (21) Ry— Ry is the excess of the distance from i
to the transmitter over the distance from the origin to
the transmitter. while R— R’ is the same quantity for
the receiver. We shall now employ spherical l)()l.l’l' co-
ordinates (r, 8, ¢) with the same origin and with the
;lxi§Q=() in the direction from transmitter to v, Let the
position vector of dv he

r = r(sin 0 cos ¢, sin 0 sin ¢, cos 0), (2m)
and the position vector of the receiver be
R = R(sin ¢} cos @, sin ) cos P, cos D). (2n)
Then
Ry— R/ =rcos b (20-1)
R—R'=r{cos0cos® + sindsin® cos (p—d)}. (20-2)
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Hence
(Ro — R/) + (R — R')
r{1 + cos© cos 8 + sinO sinf cos (¢ — +)
2r sin ;(-){sin 1O cos d
~ cos 30 sin 8 cos (¢ — b)}
= 2r sin ;(—){cos 3@ — 7) cos @
+ sin }(® — =) sin 6 cos (¢ — b)}

= 2r sin 30 cos ¢ (2p)

wherce ¢ is the angle between the direction { 10—7), ®}
and the direction (0, ¢).

Substitute from (2p) into (21), replace dv by r2drdQ
d9Q being an element of solid angle) and assume that p
is a function of r only, corresponding to isotropic
turbulence. We then have

I=v(3¢/c 2] przdrj exp | —j(2ksin } ©)rcosy |d2. (2q)

The radial integration may be taken from zero to in-
finity since p—0 as r— =, and the angular integration
is to be taken over all directions. This angular integra-
tion is simply that corresponding to a uniform angular
spectrum of plane waves cophased at r =0 and having
propagation constant 2k sin ;0. This corresponds to an
isotropic spherical wave having the same propagation-
constant. The value of the angular integral in (2q) is
therefore
Cexp | —j(2k sin 10)r}
) o - (2r)
(2k sin 3©)r
the numerical factor following from the behavior for
large 7. We therefore deduce that

v A ‘/2 "
(Ae/e [ pexp | —j(2k sin 3 O)rrdr

47y

"~ 2k sin 36,

- v(Ae/e)? 1

dmj . b (2s)
2ksin 30 {(1/0) + j(2k sin }9)}?

on inserting the value (2b) for p and carrying out the
radial integration. The real part of /s
8mv(Ae/€)?
: : (29
{14 (24 sin } ©)2}*

With this value for the real part of /, the statement
made in connection with (2k) reads as follows. The ratio
of the power scattered by v toward the receiver per unit
solidd angle to the power density incident upon v is

‘kz sin X
| 4z

8ru(Ae/€)?l?

11 4 (2kl sin } 9)2}2 ' (2u)

IFor scattering in the direction making an angle © with
the direction of incidence and an angle X with the direc-
tion of the incident electric held, let us define o(©, X)
as the scattered power measured
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(i) per unit solid angle

(i1) per unit incident power density

(iii) per unit macroscopic element of volume.
Putting =1 in (2u), and also replacing k by 2 divided
by the mean wavelength N in the medium, we deduce
that

(Ae/€)?(2ml/N)% sin® X .
M1+ {(4nl/2) sin } O }2]?

This important result differs from that obtained by
Pekeris® for sound only in the respects in which one
would expect a vector wave to differ from a scalar
wave. What we have deduced is the energy scattered in
any direction by a turbulent medium in which the
scale of turbulence is / and the mean-square fractional
deviation of dielectric constant from average is (2¢/¢)?

o(), X) = (2v)

1. ArproXIMATE FORMULAS FOR SCATTERING
BY TURBULENCE

The general formula (2v) for scattering by turbulence
is sulject to various simplifications under appropriate
circumstances. For example, in forward or backward
scattering, or indeed for scattering in any direction at
right angles to the incident electric field, sin? X in (2v)
may be omitted since it is unity. On the other hand,
scattering parallel to the direction of the incident elec-
tric field is negligible since X is then zero. Moreover, in
many applications it will be possible to assume that the
scale of turbulence is either small or large in comparison
with the wavelength and so to simplify (2v).

If the scale of turbulence is small compared with
(\/2m), we may neglect to term {(4ml/\) sin 1017 in
the denominator of (2v) in comparison with unity,
thereby obtaining

o(®, X) = (1/M)(Q¢ €)2(2ml/N)? sin” X. (3)

If the scale of turbulence is large compared with
A(27), we cannot neglect {(47r//)\) sin 1©}% in com-
parison with unity except for small values of ©. The de-
nominator of (2v) implies that, for large-scale turbu-
lence, scattering takes place mainly in a beam directed
forwards. Maximum scattering takes place in the direc-
tion © =0 and the semi-angle of the beam is given by

(3a)

Since the beam angle is small when /2>N/(27), (3a) be-
comes

(4xl/\) sin 10 = 1.

O = N/(2nl). (3b)

Most of the scattering by large-scale turbulence there-
fore takes place within the angle N/(2w/) of the forward
direction.

For scattering in the forward direction we put
©=0, X=4rin (2v) and obtain

a(0, 4m) = (1/7)(Be/€)*(2mI/N)%. (3¢0)
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This formula for forward scattering applies no matter
what may be the relation of the scale of turbulence to
the wavelength. For other than forward scattering (3¢)
only requires the modified by the factor sin? X for small-
scale turbulence in accordance with (3). But for large-
scale turbulence (3¢) could only be applied within the
angle (3b) of the forward direction; outside this angle
we would have to neglect the 1 in the denomination of
(2v) in comparison with the {(4xl/\) sin 3012, thereby
obtaining

3d)

In back scattering by large-scale turbulence we put
O=r, X=1rin (3d) obtaining

) S
—— (Ae/e)%

3e
327l (3e)

o(m, i) =

The position therefore is that for scattering by a macro-
scopic element of volume v of a turbulent atmosphere
in which (Ae/€)? is the mean-square fractional devia-
tion of dielectric constant and [ is the scale of turbulence,
the ratio of the scatter power per unit solid angle in the
forward direction to the incident power density is (3c¢)
regardless of the numerical value of 2rl/X. Moreover the
same formula applies to back scattering when 2xl/\ is
small, but when it is large we must use (3e). IFor large
values of 2rl/\, scattering is mainly confined to direc-
tions within an angle A/(2wl) of the forward direction.

IV. ELEMENTARY TREATMENT OF SCATTERING
BY TURBULENCE

The autocorrelation method has been used for arriving
at suitable formulas for scattering of radio waves in a
turbulent atmosphere because of the closeness with
which the hasic assumptions of this method follow
modern views concerning the nature of turbulence.
With a cruder description of a turbulent medium it is
possible, however, to arrive at essentially the same
formulas with much less trouble.

I.et us think of a turbulent medium as one which
contains a large number of spherical blobs. Let € be the
mean capacitivity of the medium and (de¢) the excess
capacitivity of a typical blob. Let / be the radius of a
typical bloh. To ensure that the variation of capacitivity
along a line drawn through the radius is reasonably
random, it would be necessary for the blobs to be
packed fairly closely together so that the number per
unit volume would be of the order of 1/ With this
model of a turbulent medium, let us calculate the
scattering to be expected from a macroscopic element of
volume v whose lincar dimensions are large compared
with /.

I.et us consider first the case of small-scale turbulence,
taking I small compared with A/(2r). Each blob then
scatters like an elementary dipole oriented along the in-
cident electric field. Let X be an angle measured from
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this direction, so that scattered power is proportional to
sinz X. Then elementary arguments show that the ratio
of the power scattered by a single hlob per unit solid
angle to the incident power density is

(2”>‘ : dxo 2sin-" X.

- 4
A dmwe f @

Taking the number of blobs in a volume v as v/13, we ob-
tain for scattering by a macroscopic element of volume

- 2 4 4 [.'1_\ L
’ ( 1r> ( gl e)> sin? X, (4a)
TEEAND dme
or, on rearrangement,
(27/9)(1/0)(Ae/€)2(2xl /N)? sin? X. (4b)

This differs from (3) only by a numerical factor 27/9,
which could he absorbed by taking a suitable ratio he-
tween the radius of the blobs and the scale of turbulence
as defined by (2b).

In the same wayv the formulas for large-scale turbu-
lence developed by the autocorrelation method may be
obtained from a model involving closely packed blobs. A
blob whose radius ! is large compared with the wave
length scatters energy mainly forwards, and the beam
angle of the scattered radiation is related to the size of
the blob by the vsual antenna formuias connecting beam
width with aperture width. The heam angle of the ra-
diation scattered by a blob, and therefore also by many
randomly located blobs, is of the order of N//, in agree-
ment with (3h).

The complete-scattering polar diagram given by (2v
for large-scale turbulence may be reproduced either by
taking a suitable statistical distribution of blob size or
by using a suitable cross-sectional profile for the blobs.
In this connection it is interesting to notice a relation
between the cross-sectional profile ofblobs and the auto-
corrclation function defined by (2a). The relation fol-
lows from the integral in (21), which, in accordance with
(21), is proportional to the power polar diagram of the
scattered radiation, except for the sin? X dipole-factor.
The index of the exponential in (21) represents the phase
difference between two paths from transmitter to re-
ceiver, one via the point P of » and the other via the
point P’. ‘The function of the exponential factor is
therefore to ensure that the contributions from different
microscopic elements of volume of » are added in the ap-
propriate phase. The integral is in fact precisely what
one would write down for the amplitude polar diagram
of a blob whose cross-sectional profile of dielectric con-
stant deviation is proportional to the autocorrelation
function (2a4). We must notice however, that (2i) gives,
not the amplitude polar diagram of scattering by », but
the power polar diagram. We thus sce that the power
polar diagram of scattering by a turbulent medium is
the same as the amplitude polar diagram of a single
blob whose cross-scctional profile of Ae is proportional
to the autocorrelation function of the dielectric con-

!
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stant of the medium. This is a three-dimensional version
of a result used by Booker, Ratcliffe, and Shinn'? in con-
nection with ionospheric propagation.

The upshot is that scattering by a turbulent medium
may be quite well described in terms of closely packed
blobs whose size is roughly equal to the scale of the tur-
bulence. The blobs would of course have to be thought
of as moving with the wind, and in addition having a
random motion of the order of magnitude mentioned in
Section I. This approach to scattering by turbulence is
useful in relating the problem to others of which one has
previous experience, such as scattering of microwaves by
rain, or scattering of light waves by molecules. Funda-
mentally however, the approach in terms of the autocor-
relation function of the turbulent medium is to be pre-
ferred.

V. ArpLicATION TO BEAM COMMUNICATION

Let us consider transmission from a point 7 to a point
R at distance d round the curved surface of the earth by
means of beamed antennas pointed more or less at each
other as indicated in Fig. 1. It is assumer] that there are
no ducts and that as far as ordinary refraction is con-
cerned propagation is orthodox. We suppose that hoth

Fig. 1

antennas are pointed horizontally at their respective lo-
cations, and that their axes lie in the vertical plane
through 7 and R. The two beams then intersect in a
common volume, and it is scattering in this volume that
is mainly responsible for the scattered signal received
from T at R.

For simplicity, let us supposc that the 7"and R anten-
nas are identical. Let b be the vertical dimension and »’
the horizontal dimension of either aperture (or equiva-
lent aperture), and let the aperture area be A =5bb’". The
linear dimensions of A are supposed large compared
with the wavelength X, so that the beams are narrow.
They have solid angle N\2/A and again

G = 4nA/N?, (5)

relative to an isotropic radiator. The vertical heam

w1 G. Booker, J. A. Ratcliffe, and 1). H. Shinn, “Diffraction
from a random screen with applications to ionospheric problems,” to
be published.
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widths of the 7" and R beams are halved by the presence
of the earth. For a smooth earth, we may assume that
all the radiated power is concentrated in the half beam
width, but for a rough earth, half the power would he
scattered more or less isotropically by the earth. We
shall take the solid angles of the beams as

Q = 2%/(24), (5a)

but use the expression (5) for gain.

Consider scattering by a macroscopic element of vol-
umed |” at a point Q of the volume common to the T and
R beams. Let Ry and R be the distances of Q from trans-
mitter and receiver, respectively. Let ¢ (©, X) describe
the scattering properties of the element dV in accord-
ance with the formula (2v), or one of the approximations
thereto given in Section I11. If Py is the power radiated

bv T then, allowing for gain, the power density at Q is
P, 474
e (5b)
4rRe2  \?

Hence the power scattered per unit solid angle by dV
towards R is

Po 4rA (@ X)(dV) (5 )
e ) ) C
4rRe> A2 ’
and the corresponding power received at R is
Po 47I'A A
o(©, X)@dV) — - (5d)
4TR?  N? &

We obtain the total power P received at R by integrat-
ing with respect to d1” over the volume of atmosphere
common to the T and R beams

P A? (O, X)
= [ %
Po AZ,

Rq’R?

Precise evaluation of the integral (5e) over the com-
mon volume of the 7 and R beams is tiresome. The dif-
ficulty is reduced however if we can take o (0, X) as a
constant given by (3c), so that

(Se)

P Al f dv

. (59
Py A? Ry*R?

This simplification requires that turbulence be more or
less uniform throughout the scattering volume. For !
large compared with N/(27), it is also necessary that the
receiver should be within the main scattering beam of
the atmosphere. Now the semi-angle of the scattering
heam, from (3h), is N/(2w/), the horizontal and vertical
angles of the T and R beams are N/b" and N/2b, and the
angle hetween the axes of the beams is d/a approxi-
matcely, @ being the radius of the earth. Hence the con-
ditions that the recciver is within the scattering beam
are

(5g)

27l v b a
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For d appreciably less than Aa/b, this simply means that
the scale of turbulence must be appreciably less than the
linear dimensions of the antennas. Let us assume in ac-
cordance with (5g) that
v b/ 2n
and

2x 1 + (bd/uN)
and use the formula (5f) for the ratio of scattered power
received to power transmitted, with the value (3¢) for
ag.

Even the remaining integral in (5f) is tiresome to
evaluate precisely, on account of the shape of the vol-
ume enclosed by the 7 and R beams. Let us consider

I < (5h)

Fig. 2

first the case of a flat carth illustrated in Fig. 2. At dis-
tance x from T and (d-x) from R the crouss-sectional area
of the scattering volume at right angles to the vertical
plane of transmission is (A2/24)x2% Hence the integral in
(5f) may be taken approximately as

A2 arz
il

= N¥/(.1d).

dx

R {"'2 (A2/2.0)xdx
_. 0 (ll e .1’)2

x%(d — x)?
(51)

Substituting into (5f), the ratio of scattered power re-
ceived to power transmitted hecomes

1, /I,o .lU/(i
| (.\e)"'( 27r/>“
A\ e A
on using the expression (3¢) for g,
Formula (5k) for a flat earth may bhe applied to a
curved carth provided the angle between the axes of the
T and R beams is appreciably less than their vertical
beam angle, that is, provided
d A

< .
a 2b

(5)

(5k)

(sn

Formula (5k) thus applies up to ranges of the order of
Aa/2b. For ranges appreciably greater than this we may
regard the scattering volume as a fairlv restricted
parallelopiped (sce Fig. 1) whose cdges in the vertical
plane of propagation are of length

>\/(2b) dA _ha

dja 2 4b (Sm)
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and whose edge is the direction nornial to this plane is
of length (N/07) (d/2). The scattering volume is thus

A(l)" Al Aad’
(4[} 0 320°0
The scattering volume is now sutliciently restricted so

that in (50) we mav take
Ry

(Sn)

Hence (53f) becomes

r 1%a 7 2\'
( ) ’ R (50)
I’ AN d T
g/ 2N\ Nad?
= ( ) from (3n)
A\ d 320%
Yhaab'/d?, (5p)

Using the expression (3¢) for g, we deduce for the ratio
of scattered power reccived to power transmitted

r ab’ 7 AeN* /27l \? .
Py .w(.) ("x ) |
this formula applving when
(5r)

d > Na/(2b).

Sinee in (Sq; we have used the expression (3¢) for o,
the formula is subject to the restrictions (Sh) which,
under the condition (3r), hecome

b Aa

and - (3s)

27 2wd

The second of these conditions clearly breaks down at
sufficienty large distances, and we then have to use the
expressions (3) or (3d) for ¢ instead of (3¢). This makes
no difference when £ is small compared with A/(27) and
polarization is horizontal (X' =17 in (3)), and cven for
vertical polarization the correction is usually negligible
But when 1is Large compared with N/(27). we must use
the expression (3d) for a. Putting X =x/2in (3d) (ex-
act for horizontal polarization, approximate for verti-
cal) and taking © as the .angle d/a between the axes of
the 77 and R beams, (3d) becomes approximately

1 <At> d )i <
o = a)
2rl\ e ( d :
and, using this value of ¢ in (51, we obtain
r Aadh' _\e>"'
o ) 5
Po  dmiye < € o

This formula gives the ratio of the seattered power re-
ceived to the power radiated for ranges appreciabhy
greater than both Ma/(2h) and, from (5s), Aa/(2wl), pro-
vided / is significantly greater than A/ (2m); for | signifi-
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cantly less than \/(2w) formula (Sk) applies for all
ranges appreciably greater than Na/(2b) (but not as
large as a) regardless of the exact value of /.

Comparing formulas (5k), (5q), and (5u) we see that
the scattered energy received decreases inversely pro-
portional to range up to ranges of the order of ha/(2b),
then inversely proportional to the square of range up to
ranges of the order of Na/(2xl). This rate of decrease
continues unless / is appreciably greater than A/(27), in
which case it becomes inversely proportional to the
sixth power of range. This assumes that the scale of tur-
bulence is appreciably less than the vertical dimension
of the antennas. If the reverse were true, the transition
from formula (5q) to formuta (5u) would involve asitua-
tion in which the receiver was in the main scattering
beam for only part of the complete scattering volume.

It will be noticed that, according both to formulas
sk) and (3q), the scattered energy received increases
proportionally to the cube of the scale of turbulence,
whereas according to (5u) it decreases inversely propor-
tional to the scale of turbulence. The reason for the de-
crease in the last case is that scattering is beamed and
the receiver is outside the scattering beam, so that
further beaming reduces the scattered energy received.
For a receiver within the scattering beam however, the
scattered enecrgy received increases proportional to the
cube of the scale of turbulence, so that a variation of /
from 10 cm to 10 meters, as suggested in Section I on
meteorological grounds, would cause a 60-db variation in
the scattered energy received.

We see that the scattered energy received is inversely
proportional to M according to (5k) but directly propor-
tional to A according to (5u). This behavior in formula

5k) may be considered as a consequence of the Ray-
leigh scattering law when / is less than N\/(2w). But when
! is greater than N\/(27) it is a consequence of the in-
creased forward beaming of the scattering as the wave-
length decreases. This continues (apart from introduc-
tion of earth’s curvature in (3q)) until the scattering
beam is so narrow that the recciver is outside it. Then a
further decrease of wavelength, with its consequent in-
creased heaming, causes a decrease of scattered energy
received as exhibited by (Su).

All three formulas (3k), (5¢), and (Su) for scattered
energy received are proportional to the horizontal di-
mensions of the antenna aperture. Only (5k) is, how-
ever, proportional to the vertical dimension. The reason
for this is that, at ranges greater than about Aa/(2h), the
increase in gain corresponding to an increase in b is just
compensated by a decrease in the scattering volume (see
Fig. 1)

While calculations such as those outlined above are
satisfactory for continuous-wave transmissions, some
further consideration is necessary when the radiation is
modulated, for example, by short pulses. Such a pulse
would only illuminate at any one instant a small slice of
the scattering volume over which we have integrated,
and we have to consider whether scattering from the
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various parts of the scattering volume would arrive at
the receiver at more or less the same time. \We may re-
gard the shortest scattering path from T to R as passing
along the bottom edge of the transmitting beam and
then along the bottom edge of the receiving beam. In the
same way, the longest path may be taken to go along the
top edges of the beams, and we wish to calculate the dif-
ference between the shortest and longest paths. For
ranges less than A\a/(2b) we may use Fig. 2 and arrive at
a path difference (\/b)? (d/2) approximately, while for
ranges greater than Aa/(2b) we use Fig. 1 and deduce a
path difference of approximately (\/b)d?/(4a). Dividing
by ¢, the velocity of light, we see that modulation whose
time constant is shorter than

LY <,

c XD

1 A o (5v)
- d > Na/(2b),

c b 4a

is blurred, so far as reception by scattering is concerned.
In particular, pulses of length greater than (5v) are un-
distorted as a result of the spread of scattering path
length.

In a number of practical cases of pulse communication
at centimeter wavelengths, the range is sufficiently short
for distortion of the pulse by scattered radiation to be
unimportant. Moreover, the range is frequently short
enough to permit application of formula (Sk). This for-
mula therefore emerges as the most important result of
this section, and may be modified for practical applica-
tion as follows. In the first place, the formulas for scat-
tered energy are proportional to (Ae/€)?, and if AM is the
mean-square deviation from mean of the refractive in-
dex measured in M units as used in (1), then

(Ae/€)2 = 4.10°12 (AM)2 (5w)

Moreover, when using formula (5k) (or even (5q)), tur-
bulence enters into the expression for scattered energy
through the factors 3(Ae/€)?, or I* (AM)?. Since (5k) is
the formula with which we shall be actively concerned,
it will be convenient to measure the degree of turbulence
in the atmosphere in terms of the quantity

I = i(AM)Y, (5x)

As described in Section I, AAM near the ecarth's surface
does not usually differ much from 1 M unit, so that /'
may be thought of roughly as the scale of turbulence it-
self, and might be described as the modified scale of tur-
pbulence. In terms of the modified scale of turbulence
(5x), the important formula (5k) becomes

P, g (2wr>= .
Py M\ AT (5v)

If we ineasure the received power P in micromicrowatts,
the transmitted power Py in kilowatts, the distance d be-




410

tween transmitter and receiver in kilometers, the area 4
of the antennas in square meters, the wavelength X\ in
meters, and the modified scale of turbulence I’ in meters,
(5y) becomes

P a4 (21r1’>3
Py M\ N/’

(52)

and this formula gives the scattered power received for a
wide range of practical cases of beam communication be-
tween nearly identical antennas.

VI. CoMPARISON OF THEORY
WITHH EXPERIMENTS

What has been calculated in the preceding sections is
purely the signal received by scattering, and to this
must be added the conventional signal that would be
received in the absence of turbulence in the atmos-
phere. At short range the conventional signal is much
greater than the scattered signal, so that the conven-
tional signal is the mean signal observed, while the scat-
tering is responsible for fading. The observed signal
amplitude would be expected to be more or less nor-
mally distributed about the conventional signal ampli-
tude as mean, with a standard deviation given by the
scattered signal amplitude calculated above.

What a formula such as (5k) purports to give, there-
fore, is the variation with distance, etc., of the fading
range, suitably defined. Now it will be noticed that, ac-
cording to (5k), the scattered energy decreases with dis-
tance inversely proportional to d. On the other hand the
conventional signal energy within the horizon decreases
inversely as d2, apart from interference between a direct
wave and one reflected from the carth’s surface. Hence
the ratio of fading range to mean signal increases as we
recede from the transmitter. Beyond the horizon, the
conventional signal (except under conditions of marked
superrefraction) begins to decrease exponentially with
distance, while the fading range only decreases in-
versely proportional to some power of d in accordance
with a formula such as (5k), (5q), or (5u). Thus, adis-
tance is ultimately reached at which the conventional
signal is no bigger than the scattered signal. At greater
distances, scattered energy provides the main signal re-
ceived. At these distances observed signal amplitude
should be distributed according to the Rayleigh distri-
bution. Moreover, the mean signal will no longer be de-
termined by the conventional calculation omitting tur-
bulence of the atmosphere, but instead will be given by
a formula of the type developed in the preceding sec-
tion. If, therefore, only mean signal is observed as a
function of distance, a kink will appear in the curve
where the mean signal is no longer determined by the
conventional mechanism of propagation, but instead by
the phenomenon of scattering, which at shorter range is
the primary cause of fading. The situation may be
roughly described by saying that fading decreases with
increase of distance more slowly than the conventional
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signal, so that at long range the conventional signal be-
comes unimportant and one is left merely with the fad
ing.

The slow decrease of scattered energy with increase
of distance is ilHustrated in Fig. 3, which is drawn to cor
respond to the observations made on a wavelength of 9
em in the Caribbean Sea and reported by Katzin and
co-workers.! In these experiments the transmitting and
receiving antennas were circular dishes with diameters

FREE SPACE LEVEL
A
20 -, -+ -"'\r T
3
~ 30 ‘,_‘ 2 B +
[
2 f
x \
_ 40+ +4 + o - +
X
s | !
d 50 - 8 + + M4 -
A
o []
o ‘
a 60+ + + - 4 — —t—
[
=] 70+ + + — Tt
z MODE THEORY
RCYY, ) S— ]
o " | .
Y SQATTE ‘
8 90+ . —
2 A e L
100} _{t% BB il
| o oo "4Ch"
; °
_— A 4 4 A A S S— S
20‘ 40 60 80 100 120 140 160 180
RANGE IN NAUTICAL MILES

Fig. 3

of 4 feet and 3 fect, respectively, so that the assumption
of identical antennas made in Section V is not precisely
fulfilled. However, we assume thaf results would not
have been very different if the apertures of both anten
nas had had horizontal and vertical dimensions of 10
wavelengths. We also take the radius of the earth to be
8,000 kilometers to allow for orthodox atmospheric re-
fraction above the surface duct that was present during
the experiment. For these observations, therefore, we
have

Aa

2% = 400 km. (6)

Since observations were not made at ranges beyond
ubou% 275 km, we may use approximate formulas valid
for distances appreciably less than Aa/(2b). 1t follows
!’rom (5v) that the maximum path difference involved
m‘scattering, even at maximum range, is only about 1
microsecond, so that no marked distortion of the 1-mi-
crosecond pulses used in the experiment is to be ex-
pected. Moreover, if we assume tentatively that the
scale of turbulence is of the order of 10 ¢m or less, con-
ditions (5h) are satisfied and we may use formula (5k),
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or its modified form (5z), for the scattered energy re-
ceived.

In Fig. 3 two curves marked mode theory represent
the variations of field strength with distance as deduced
from calculations by Pekeris? for the conditions under
which the experiments were carried out; the two curves
correspond to different heights of transmitter and re-
ceiver. The corresponding mean field strengths observed
are indicated in Fig. 3 by the experimental points which
are taken from Fig. 7 of the paper! describing the Carib-
bean measurements. The agreement between the mode
theory and the observations is satisfactory, except at
long range. The other three curves in Fig. 3 represent
the scattered energy received as a function of distance
on the basis of formula (5z) using modified scales of tur-
bulence of 4, 6, and 8 cm. It will be seen that, at ranges
bevond those at which conventional theory agrees ap-
proximately with the observations, the field strengths
received may be interpreted roughly in terms of a uni-
formly turbulent atmosphere having a modified scale of
turbulence of about 6 cm. What the theory predicts is
that the curves of mean ficld strength as a function of
distance for the various heights of transmitter and re-
ceiver concerned should follow the mode-theory curves
in Fig. 3 up to roughly the range where they intersect
the unbroken curve for the scattering theory, and that
they should then all turn and follow the curve for the
scattering theory. It is clear that a theory derived in
this way is in much better agreement with the observa-
tions than one in which scattering is neglected.

The Caribbean experiments were carried out in an
unstable atmosphere, and for such an atmosphere values
of 10 ¢cm for [ and 1 A unit for AA were mentioned in
Scction I as appropriate near the earth’s surface. This
figure would give a modified scale of turbulence of 10
cm, somewhat greater than that suggested by the ob-
servations reproduced in Fig. 3. It must he remembered,
however, that the values quoted in Section I referred to
conditions over land, whereas the Carilibean experi-
ments were carried out over sea. Moreover, the modified
scale of turbulence is expected to decrease with height
above the carth's surface, and we are concerned more
with turbulence at a height than with turbulence near
the surface

It will also be noticed in Fig. 3 that the theory of at-
mospheric scattering seems to predict a decrease of scat-
tered field strength with distance that is too low to agree
with the observations. Again, however, it must be re-
membered that we have assumed in our simple applica-
tion in Section V of the results of Sections Il and I
that the modified scale of atmospheric turbulence is in-
dependent of height above the carth’s surface, whereas
in fact it almost certainly decreases with height in most
practical cases. Now, as illustrated in Fig. 1, the height
of the important scattering volume increases with in
crease of distance between transmitter and receiver, and
an associated decrease of the modificd scale of atmos
pheric turbulence would cause the scattered signal re-
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ceived to decrease more rapidly with increase of range
than for a uniformly turbulent atmosphere. It might
even be possible from observations of radio scattering as
a function of range to draw some deductions about at-
mospheric turbulence as a function of height.

If our interpretation of the relatively high field
strengths observed at long range on the 9-cm wave-
length in the Caribbean experiments is correct, formula
(5z) should not only give the field strength observed at
sufficiently long ranges, but should also give the stand-
ard deviation of field strength at shorter ranges. This
aspect of the theory could not however be checked from
the Caribbean observations as published.!

\We are of the opinion that many of the existing di-
vergences between observations and conventional the-
ory can be explained along the lines that we have used
in connection with the Caribbean experiments. Thus is
is reported, both in connection with centimeter-wave
communications and in connection with meter-wave
broadcasting, that increasing the height of the trans-
mitting antenna often has little or no influence on the
field strength received well beyond the horizon. This is
what might be expected when the scattered signal ex-
ceeds the signal anticipated on conventional theory.
Norton* reports that, even with a well-mixed atmos-
phere, the Richmond, Va., frequency-modulation sta-
tion on a wavelength of 3 meters produces at the Central
Radio Propagation Laboratory, Washington, D. C,a
ficld strength some 30 db above what would be expected
under orthodox propagation conditions, according to
the usual theory of diffraction round the curved surface
of the earth. This suggests that, at the range of 98 miles
involved in these observations, the scattered energy re-
ceived exceeds that which would be expected on con-
ventional theory. The scattered energy per unit volume
of atmosphere is of course a good deal less at a wave-
length of 3 meters than itisat 9 cm (see equation (5k)).
But the beam widths involved in broadcasting are so
great that the volume of atmosphere contributing to the
scattered energy is quite large. The volume concerned
is indeed so large that even approximate cvaluation of
the integral involved in (§f) is by no means easy. A
rough calculation shows however that a scattered field
strength of the order of magnitude reported by Norton
can be explained in terms of a value for the modified
scale of turbulence of an order of magnitude that is rea-
sonable from the meteorological standpoint.

In connection with meter-wave broadcasting, it
should be noted that there is a possibility of an inter-
esting difference in scattering behavior between hori
sontal and vertical polarizations. There are probably
many occasions on which the scale of turbulence in the
atmosphere is appreciably less than the wavelength in
volved, so that (3) is the appropriate scattering formula.
This implies that each macroscopic clement of volume
scatters uniformly in all directions except for the dipole
factor sin? X. With an almost nondirectional receiving
antenna, therefore, the region of atmosphere more or
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less vertically above the recciver will be of great impor-
tance. But for vertical polarization a dipole vertically
above the receiver will be end-on to the vertical di-
pole(s) used for reception, wherceas for horizontal polari-
zation the two dipoles are parallel. Consequently rather
less scattered encrgy should be received with vertical
polarization than with horizontal. Whether the differ-
ence is sufficiently important to affect the spacing of
meter-wave broadcasting stations operating in the same
frequency channel is doubtful, however.

We conclude that atmospheric scattering due to tur-
bulence is the cause of the slow variation of mean field
strength with distance experienced on a wavelength of 9
cm at long range in the Caribbean experiments, and
probably also in other cases. Morcover we predict that
the same theory which is used for calculating the scat-
tered signal at long distances may also be used in most
cases for calculating the fading range at shorter dis-
tances,

VIL. SPEED oF FabING

If fading is largely due to scattering in a turbulent at-
mosphere as suggested above, it should be possible to
calculate the speed of fading from the velocities of tur-
bulence quoted in Section I. This is done by the method
used by Ratcliffe!d in connection with ionospheric propa-
gation and depends on an application of the Doppler
principle. If a scattering element is moving with velocity
v, the scattered radiation differs very slightly in fre-
quency from the incident radiation. Radiation received
from the various scattering elements is therefore spread
over a narrow band of frequencies, and it is beating he-
tween these frequencies that causes fading.

For backward scattering by an element moving in the
direction of incidence with velocity o, the fractional
Doppler shift in frequency is (2v/¢). In forward scatter-
ing however, there is no Doppler shift at all, and for
scattering through an angle ©, the fractional Doppler
shift frequency is

2(v/c) sin (30). )

Fading is therefore caused by beating between frequen-
cies which differ by roughly this fraction of the operat-
ing frequency f, so that the quasifrequency of fading is

2f(v/¢) sin (30)

= (2v/)) sin (30). (7a)
The quasiperiod of fading is therefore
A
20sin (30)
= N (@) (7b)

1 J. A. Ratcliffie, “Diffraction from the ionosphere and the fading
of radio waves,” Nature, vol. 162, p. 9; 1948.
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for scattering through small angles.

FFor two-directional antennas of beam width @ facing
one another, the greatest angle of scatter that need he
considered 1s © so that the shortest fading time is given
by interpreting © in (7a) as beam width. We see that,
for a fixed beam width, fading time is proportional to
wavelength. For fixed lincar dimensions b of the anten-
nas, however, we have

6 =x/b (7¢)

approximately, so that the fading time may be taken as

by, (7d)
This result implies that, for communication bhetween
beam antennas of fixed linear dimensions, fading time is
independent of frequency, and is of the order of magni-
tude of the time taken to traverse a distance equal to the
lincar dimensions of the antennas at a speed equal to the
mean velocity of turbulence. The expression (7d) for the
fading time is however based on the assumption that
the scattering angle is limited by beam width, but if the
scale of turbulence [ is appreciably greater than the lin-
car dimensions b of the antennas, the angle of scattering
would be limited rather by the scattering beam width of
the atmosphere given by (3h). We would then use the
value (3b) for © in (7b) and deduce for the fading
time

27l

v

(7c)

\We thus see that the fading time is given by (7d), or
(7e) which ever is the longer.

At ranges such that the curvature of the earth is im-
portant (d comparable with or greater than Ab/a; see
equations (5q), (5u), and Fig. 1) the angle d/a hetween
the axes of horizontally pointed transmitting and re-
ceiving antennas would have to be taken into account,
leading to a situation in which fading time is inversely
proportional to range when the range is appreciably
greater than Ab/a.

Unfortunately we have not been able to find in the
literature enough information on fading time to test
the above statements. However, there seems no doubt
that the expressions (7d) and (7e) give fading periods
of the right order of magnitude. For example, under
turbulent conditions, with typical antennas, either b or
2wl is of the order of a meter and v is of the order of a
few meters per second, giving a fading time of rather
less than a second. On the other hand, under stable con-

ditions / would be larger and g smaller lecading to much
slower fading,
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Helix Parameters Used 1n Traveling-
Wave-Tube Theory’

R. C. FLETCHERY

Summary—Helix parameters used in the normal mode solution
of the traveling-wave tube are evaluated by comparison with the field
equations for a thin electron beam. Corresponding parameters for a
thick electron beam are found by finding a thin beam with approxi-
mately the same rf admittance.

INTRODUCTION
4 .| JHE TIIEORY OF traveling-wave tubes has been
|

treated by two different methods; (1) solution of

the field equations'? and (2) expansion in the nor-
mal modes of propagation.** The ficld solution has the
advantage of being directly applicable to a particular
physical situation w ithout the introduction of unknown
paramecters, while the normal mode solution has the ad-
vantage of being more generally applicable and more
easilv manipulatable, but requires the independent
evaluation of such parameters as the circuit imped-
ance, the unloaded propagation constant, and the pas-
sive mode or “space-charge” parameter. It is the pur-
pose of the present paper to show the equivalence of the
two methods, and to use this equivalence to evaluate
the parameters appearing in the norma! mode solution,
for the particular case of an electron beam within a
helix.

EQUIVALENCE OF METHODS FOR A
TN Beay

Let us first consider a thin beam whose breadth is
small enough so that the ficld acting on the electrons is
essentially constant. The normal mode solutions ob-
tained by Pierce® apply only to this case. The more
practical situation of a thick beam will be considered
later. The normal mode method consists of simultane-
ously solving two equations, one relating the rf field pro-
duced on the circuit by an impressed tf current from the
clectron stream, and the other relating rf current pro-
duced in the electron stream by an impressed rf field
from the circuit. Using the following as symbois,

I =rf field acting on the clectron beam

q=rf current in the electron heam

[' = propagation constant. Field quantities vary as
exp(—Tz

* Decimal classification: R339.2, Original manuscript received by
the Institute, December 19, 1949,

1 Bell T elephone Laboratories, Inc., Murray Hill, N. J.

VL. J. Chu and J 1). Jackson, “Ficld theory of traveling-wave

tubes,” Proc. 1.R 1., vol. 30, rp. 853 863; July, 1948,
1(), 1., H. Rydbeck, “Theory of the traveling-wave tube,”
Fricsson Tech., no. 46, pp. 3-18; 1948,

K. Pierce, “Theory of the heam-type traveling-wave tube,
Proc. | R.F., vol. 35, pp. 111-123; February, 1947
< J. R Pierce, “Effect of passive modes in traveling-wave tubes,”
PrOC. 1.R.I-., vol. 36, pp. 993-997; August, 1948.

I', = natural propagation constant of the mode which
is principally being excited by the electrons

K =circuit impedance of this mode (= E2/2B°P of
Pierce)®*

Q=a parameter which represents the effect of pas-
sive modes®*

B¢=w/ui

w=impressed frequency

1y =dc velocity of the electrons

I, =dc current of the electrons

1’y =dc accelerating voltage

b =w(ue)'’?,

we can write the circuit equation as

Y6 ZjQKI"]
E - = S + - T ’ (])
[[‘2 - 1‘02 ﬁe .
and the electronic equation as
jBe Io
q E. ()

T (jB. — D)2 2V,

The solution of these two equations gives I' in terms of
I, K, and Q, w hich must be evaluated separately for
the particular circuit being considered.

The field solution is obtained by solving the field
equations in various regions and appropriately match-
ing at the boundaries. For a hollow hbeam of electrons of
radius b traveling in the z direction inside a helix of ra-
dius @ and pitch angle ¢, the matching consists of find-
ing the admittances (11,/E.) inside and outside the
beam and setting the difference equal to the admittance
of the beam. Thus the admittance just outside the beam
for an idealized helix will be'~

11 40 Cwe [i(vh) — SK . (vh)
0= V] ’ 3

J v To(vb) + 8K o(vh)

where
1 ka cot ¢\’
s=——(( ) 1itra)Kitvo) = 1K)
Ko*(ya) v
k? = w'ue,
and
v = re — k2

(The I'sand K's are modified Bessel functions.) The ad-
mittance ingide the beam is

11 ] 1i(vh
po e e 1O "
bl‘ | 10(7”)
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Boundary conditions require that E,o=E,;=E, and
I :0—11,i=9/2nb. Combining the boundary conditions,
we see that

1 g

Vo— V= — 1,
! b E,

(3)
where the ratio of ¢/E, is given by (2). Thus the field
method gives two equations which are equivalent to the

circuit and clectronic equations of the normal mode
method.

NORMAL MODE PARAMETERS FOR
THiN Branm

The constants appearing in (1) can be evaluated by
equating the circuit equation (1) to the circuit equation
(5). Thusif V.=V, -},
2K 2jORT* 1

— = + . (6)

2xbY

M —re g,

The constants can be obtained by expanding each side
of (6) in terms of the zero and pole occurring in the
vicinity of T'y. Thusif yoand v, are the zero and pole of
1., respectfully,

. oy Y~ Yo
Ve = (vp = 70 (-) ( )
/e \NY = 7,

and the two sides of (6) will be equivalcnt if

Pt = — vi? — &, (&)
) 172 o
B(.) h <l - 7§‘> vt = vo' v
and
1 . B2\ /0",
ran —,11rb‘/o’<l + 702> (37 )7 K (10)

Yo and v, can be obtained from (3) and (4) through the
implicit equations

To(you) Koy oa)
ka cot ¥)? = (yoa)? e (11)
St ) o 11(‘/00)1\/1(70‘1)
To(y,b) 1 [(ka cot ¢>'—’. )
— = — - ——— ) Li(ypa) K (v ,a)
Ko(r)  Keya) L\ ypa /07700

— Io(“/p(l)[\yo(')‘p‘l)] , (12)

and 1/K is found to he

1 SN2 ka 10(‘)‘0(1}

— =4 - <1+—--~> S

K u Yo® 1°(vub)  Ko(yoa)
[11(‘/00) To(vea) | Ko(you) _ Ki(yos) 1

— . — . (3
TIo(voa) Ii(vea) | Ki(yea) Ko(‘/oa)+*/oa] B

The equations for vy and K are the same as those given
by Pierce,** evaluated by solving the field equations for
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the helix without electrons present. The evaluation of
v, and thus Q, represents a new contribution. Values of

ki 12
() 70<1 o ‘)>
6e Yo~

are plotted in Fig. 1 as a function of yea for various ra-

1000
80< .
60¢

400

~PIERCE'S APPROX

Fig. 1-—Passive mode parameter Q for a hollow beam of electrons of
radius b inside a helix of radius a and natural propagation con-
stant 3. The solid line was obtained by equating the circuit
equation og' the normal mode method, which defines Q, with a
corresponding circuit equation found Irom the field theory
inethod. The dashed line was obtained by Piercet from a solution
of the field equations for a conductor replacing the helix.

tios of b/a. (1t should he noted that for most practical
applications the factor

Yo k: !
14—
B. Yoo
1s very close to unity, so that the ordinate is practically
the value of Q itself.)
Pierce has given a methaod for estimating Q° based on

the solution of the field equations for a conductor re-

placing the helix and considering the resultant field to
be

Iis estimate of Q is plotted as the dashed lines of thg. 1.

5 J. R. Pierce, “Traveling-wave tubes,

" (in process of publication).
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Thick Biraym CASE

For an electron beam which entirely fills the space out
to the radius b, the electronic equations of both the nor-
mal mode method and the field method are altered in
such a way as to complicate the solution considerably.
In order to find a solution for this case, some simplify-
ing assumptions must be made. A convenient type of as-
sumption is to replace the thick beam by an “equiva-
lent” thin beam, for which the solutions have alreadh
been worked out.

Two beams will be equivalent if the value of I1,/E.is
the same outside the beams, since the matching to the
circuit depends only on this admittance. The problem
then of making a thin beam equivalent of a thick heam
is the problem of arranging the position and current of a
thin beam to give the same admittance at the radius b
of the thick beam. This is, of course, impossible for all
values of 4. It is desirable, therefore, that the admit-
tances be the same close to the complex values of v
which will eventually solve the equations.

The solution of the field equations for the solid beam
vields the value for I7./E.!* at the radius b as

H, jwe nli(nyb)

14
I v Tolnyb) (14)
where
i 2l i
n 14 ,‘ B - . (15)
k e 2xb2Vy (jB. —TI)?

Thus the clectronic equation for the solid beam which
must be solved simultaneously with the circuit equation
(given above by either the normal mode approximation
or the ficld solution) must be

: ", . jweb[u/,'()wb) B I,('yb)]. (16)
E, vb L Jo(nvd) Io(vb)

Complex roots for y will be expected in the vicinity of
real values of v for which Y.= Y. and

day. dY.
dy dy

By plotting Y. and Y. versus real values of v, it is found
that the two curves become tangent close to the value
of v for which n=0, using typical operating conditions
(Fig. 2). Our procedure for choosing a hollow heam
cquivalent of the solid beam then will be to equate the
values of V. and dY,/dy at n=0. This will give us two
cquations from which to solve for the electron beam
diameter and dc current for the equivalent hollow heam.

If the hollow beam is placed at the radius sb with a
current of ¢io, the value of /1,/E, at the radius b gives
the value for Y, as

", '} I (syb
Yo ( > Y, jweb 1 n’) o!(s78)
L, /. 2 1,%(vb)

Y/ JweDb

Yen (FLETC

HER)
\

-0.9 I 4
10 l
1. 1.54 1.56 1:57 1.60 .62
o i
| =
-0.05} =0. "‘--4"“——?—’ > gl B
Vo

=0.10}

-0.15

<
-0.2 —
3 o =0
=
>

-0.25 .

-0.30 PF—+ - - —1--

0.35 = _L

Yon (FLETCHER

-0.40|— —f— I -Tf‘— —
|

-0.45 | { l

200 4.02 4.0a 4.08 408 410 432 414 416 418 420

b

Fig. 2—Flectronic admittance Y. of a solid electron beam of radius
b and circuit admittance Y. of a helix of radius a plotted versus
real values of the propagation constant v in the vicinity of where
dY./dvy=dY./dv where complex solutions for v are expected, for
two typical sets of operating conditions. Plotted on the same
graph 1s the electron admittance Yen for two equivalent hollow
clectron beams: the dashed curve (Fletcher) is matched to Y, at
7 =0, while the dot-dashed curve (Pierce) is matched at n=1 (off
the graph).

{
(l b2l *(syh) 3 (1 — n?)
Ko(syb) Ko(vh) ]
Pt S
_To(syh) To(vh)
IEquating this with (16) at n=0 yiclds the equation

Ko(s0) I\'.(O)'J

1o(s0) 1.(0) (18)

0% *(s0) [

where 8 = v.h and v, is the value of v at n=0; 1.e., for
Y.k
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T fdn
7=ﬁ+4/-4/--~ ~ B..

o EV e 2mbtv,

In the vicinity of =0, n varies very rapidly with 7,
and hence matching (9V,/dn)vy is practically the same

(19)

1.0 T Y

l T T T T T 1 T
| [ | |
{- l + l -+ \ =1t —f
|
09—+ 1 k { J o
' | 1 s)
— T T 1 T | { maTi0 OF raol (5
| | | |
0.8[——f— + O T
|
| —+- 4 + 1 4 + J 4;\ 1 1 + .
0.7} i» +——F—+—+— -+ — l l Gt
P | || |
T T T ING { T
08| ——1+—1—+— +-'T°‘r,° +T —
RN I S N N 1 °"‘¢ Jr 1
' | { (/'996 |
0.5 <I. +—+ + e NV L
[ [ T [ T { | S(U
N U - I I .
| T [ | | |
0.4 | { l I | | | !
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7ed
Fig. 3- -Parameters of the hollow clectron beam which is matched 1o

the solid electron beam of radius b and current Iy at y=v,2 3.,
where n=0. sb is the radius and t1gis the current of the equivalent
hollow bean,

800 -
600 —

400 f——— .

ST T

3 4 5 6 7
702

Fig. 4+—Passive mode parameter Q, for a solid beam of clectrons of
radius b inside a helix of radius a and natural propagation con-
stant vo, obtained from the equivalent hollow beam parameters
of Fig. 3 taken at y.=vo. All the normal mode solutions which
have been found?~® for a hollow beam will be approximately valid
for a solid beam if Q is replaced by @, and K is replaced by K,
(Fig. 5).

or 'l I.RE.

as matching ¢ V./dy. With this approximation (16) and
(17) can be differentiated with respect to noand set
cqual at 7 =0 to yield the second relation

A’,(//)]"
1:(0) ’

LEquations (18) and (20 can then be solved to give the

I\-u(s(’)

20

= 0%1,2(0)1*(s0) [
t

iplicit equation for s as

/\-(;(50)
Io(S(/)

K.(0) 1

nw 2w i

and the simpler equation for ¢

11,2

! = .
02 [4*(sh)

(22)

s and ¢ are plotted as a function of @ in Fig, 3. The value
of Yeu using these values of s and £ is compared in Fig
2 with Y. in the vicinity of where ¥, is almost tangent
to Y, for two typical sets of operating conditions.

It is of course possible to pick other criteria for de
termining an “cquivalent™ hollow beam. Pierce has sug
gested® expanding the V. and Yoy in terms of (1 —p?
and equating the coeticients of the first two terms. The

20

~ 1,0
2 0.8

06

0.2}

0.0}
0,08

006:

0,04 |

0,02

0.01

0 1 2 3 a CRER— 7
709
Fig. 5—Circuit impedance K,

>— r [ for a solid beam of electrons of radius
b inside a helix of radius a

: and natural propagation constant v,
obtained from the cquivalent hollow beam parameters of Fig. 3
taken atye=1vq. K, should replace K = (££2/268P)%5 in order for the

normal mode solutions for a hollow beam to be applicable to a
solid beam,

April
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values of s and ¢ found by this method determine values
of Y.; shown in Fig. 2. The greater departure from the
true curve of ¥, would indicate that this approximation
is not as good as that described above.

It is now possible to find the values of Q, and K, ap-
propriate to the solid beam. Thus if Q(y.a, b/a) and
K(voa, b/a) are the values for the hollow beam calcu-
lated from (9), (12), and (13),

0. = 0 ou. s ")

b
K, = tlx'(yoa,s )
a

The tis placed in front of K in (24) because t/oand K ap-
pear in the thin beam solutions only in the combination
tI,K. Using tK instead of X allows us to use /o, the ac-

(23)
and

(24)
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tual value of the current in the solid beam in the solu-
tions instead of ¢1,, the equivalent current. Values of

k2 —1/2
Q 70(1 + q) and
B Yo~

k k? +3/2
K, —- (1 - > are plotted versus
Yo Yo

voa in Figs. 4 and 3 for different values of b/a and for
values of ¢ and s taken at y.=1v,. All the solutions ob-
tained by Pierce®s for the hollow beam will be valid for
the solid beam if Q, and K, are substituted for Q and A.
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A Simplified Derivation of Linear Least Square
Smoothing and Prediction Theory”

H. W. BODEft, sENIOR MEMBER, IRE, AND C. E. SHANNONY, FELLOW, IRE

Summary—The central results of the Wiener-Kolmogoroff
smoothing and prediction theory for stationary time series are de-
veloped by a new method. The approach is motivated by physical
considerations based on electric circuit theory and does not involve
integral equations or the autocorrelation function. The cases treated
are the “‘infinite lag” smoothing problem, the case of pure prediction
(without noise), and the general smoothing prediction problem.
Finally, the basic assumptions of the theory are discussed in order to
clarify the question of when the theory will be appropriate, and to
avoid possible misapplication.

[. INTRODUCTION

TN A CLASSIC REPORT written for the National
Defense Rescarch Council,! Wiener has developed a
mathematical theory of smoothing and prediction of

considerable importance in communication theory. A

similar theory was independently developed by Kol-

mogoroff? at about the same time. Unfortunately the
work of Kolmogoroff and Wiener involves some rather
formidable mathematics—Wiener's yellow-bound re-
port soon came to he known among bewildered engi
neers as “T'he Yellow ’eril”—and this has prevented the

* Decimal classification: 510, Original manuscript reccived by
tl(\g(;n titute, July 13, 1949, revised manuscript received, January 17,
1950.

t Bell Telephone Laboratories, Inc., Murray Hill, N, J

'N. Wiener, “The Interpolation, Fxtrapolation, and Smoothing
of Stationary Time Series,” National Defense Research Committee;
reprinted as a book, together with twoexpository papers by N. Levin
on, published by John Wiley and Sons, Inc., New \)ork, N. Y. 1949.

1A, Kolmogoroff, “Interpolation und lLixtrapolation von Sta
tiondren Zufilligen Folgen,” Bull. Acad. Sci. (URSS) Sér. Math. 5
pp. 3-14, 1941.

wide circulation and use that the theory deserves. In
this paper the chief results of smoothing theory will be
developed by a new method which, while not as rigorous
or general as the methods of Wiener and Kolmogoroff,
has the advantage of greater simplicity, particularly for
readers with a background of electric circuit theory. The
mathematical steps in the present derivation have, for
the most part, a direct physical interpretation, which
enables one to see intuitively what the mathematics is
doing.

[I. THE ProBLEM AND Basic ASSUMPTIONS

The main problem to be considered may be formu-
lated as follows. We are given a perturbed signal f(f)
which is the sum of a true signal s(¢), and a perturbing
noisc n(t)

Sy = s) + n().

It is desired to operate on f(¢) in such a way as to obtain,
as well as possible, the true signal s(1). More generally,
onc may wish to combine this smoothing operation with
prediction, i.e., to operate on f(¢) in such a way as to ob-
tain a good approximation to what s(t) will be in the
future, say a scconds from now, or to what it was in the
past, a scconds ago. In these cases we wish to approxi-
mate s(¢ fa) with a positive or negative, respectively.
The situation is indicated schematically in Fig. 1; the
problem is that of filling the box marked “?.”
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It will be scen that this problem and its generaliza-
tions are of wide application, not only in communication
theory, but also in such diverse ficlds as economic pre-
diction, weather forecasting, gunnery, statistics, and the

hike.

f(tys stre vty

\/-\/"\

Fig. 1 —The smoothing and prediction problem.

APPROXIMATION

gt 10 s(t+o)

1 Yw=7?

The Wiener-IKolmogoroff theory rests on three main
assumptions which determine the range of application of
the results. These assumptions are:

1. The time series represented by the signal s(f) and
the noise n(t) are stationary. This means essentially that
the statistical properties of the signal and of the noise
do not change with time. The theory cannot properly
be applied, for example, to fong-term cconomic effects,
since the statistics of, say, the stock market were not the
same in 1850 as they arc today.

2. The criterion of error of approximation is taken to
be the mean-square discrepancy between the actual out-
put and the desired output. In Fig. 1 this means that we
fill the box “?" in such a way as to minimize the mean-
square error [g(t)—s(t+a)]? the average being taken
over all possible signal and noise functions with each
weighted according to its probability of occurrence.
This is called the ensemble average.

3. Theoperation to be used for prediction and smooth-
ing is assumed to be a linear operation on the available
information, or, in communication terms, the hox is to
be filled with a lincar, physically realizable, filter. The
available information consists of the past history of the
perturbed signal, i.e., the function f(¢) with t =4, where
1y is the present time. A linear, physically realizable filter
performs a linear operation on f(f) over just this range,
as we will see later in connection with equations (3) and
(4).

The theory may thercfore be described as linear least
square prediction and smoothing of stutionary time series.
It should be clearly realized that the theory applies only
when these three assumptions are satisfied, or at least
are approximately satisfied. If any one of the conditions
is changed or eliminated, the prediction and smoothing
problem becomes very ditficult mathematically, and lit-
tle is known about usable explicit solutions. Some of the
limitations imposed by these assumptions will be dis-
cussed later,

How is it possible to predict at all the future behavior
of a function when all that is known is a perturbed ver-
sion of its past history? This question is closely asso-
ciated with the problems of causality and induction in
phitosophy and with the significance of physical laws. In
general, physical prediction depends basically on an as-
sumption that regularities which have been observed in
the past will obtain in the future. This assumption can

OF THIE LRI April
never he proved deductively, i.e., by purely mathemati-
cal argument, since we can casily conceive mathematical
universes in which the assumption fails. Neither can it
be established inductively, i.e., by a generalization from
experiments, for this very generalization would assume
the proposition we were attempting to establish, The
assumption can be regarded only as a central postulate
of physics.

Classical physics attempted to reduce the physical
world to a set of strict causal laws. The future behavior
of & physical system is then exactly predictable from a
knowledge of its past history, and in fact all that is re
quired is a knowledge of the present state of the system.
Modern quantum physics has forced us to abandon this
view as untenable. The laws of physics are now believed
to be only statistical laws, and the only predictions are
statistical predictions. The “exact” laws of classical
physics are subject to uncertainties which are small
when the objects involved are large, but are relatively
large for objects on the atomic scale.

Lincar least square smoothing and prediction theory
is based on statistical prediction. The basic assumption
that statistical regularities of the past will hold in the
future appears in the mathematics as the assumption
that the signal and noise are stationary time series. This
implies, for example, that a statistical parameter of the
signal averaged over the past will give the same value as
this-parameter averaged over the future.

The prediction depends essentially on the existence of
corrclations between the future value of the signal
s(h~+a) where f; is the present time, and the known
data f(t) =s(t)+n(t) tor t =4, The assumption that the
prediction is to be done by a linear operation implies
that the only type of correlation that can be used is
linear correlation, i.c., .9'(1,—:{;;1) S(©). If this correlation
were zero for all t£4, no signiicant linear prediction
would be possible, as will appear later. The best mean-
square estimate of s(f;+a) would then be zero.

ITI. Prorvixrizs oF LiNncar FILTERS

In this section, a number of well-known results con-
cerning filters will be summarized for casy reference. A
linear filter can be characterized in two different but
cqumivalent ways. The first and most common deserip-
tion is in terms of the complex transfer function Y(w).
If & pure sine wave of angular frequency w, and ampli-
tude F is used as input to the filter, the output is also a
pure sine wave of frequency w, and amplitude | V(w) | E.
The phase of the output is advanced by the angle of
F(w)), the phase of the filter at this frequency. It is fre-
quently convenient to write the complex transfer func-
tion F(w) in the form V(w) =A@ ¢iB@) where A (w) =log
I Y(w)l is the gain, and B(w) =angle [¥(w) ] is the phase.
Since we will assume that the filter can contain an ideal
amplifier as well as passive elements, we can add any
constant to A4 to make the absolute level of the gain as
high as we please.

-
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The second characterization of a filter is in terms of
time functions. L.et K(¢) be the inverse Fourier trans-
form of Y(w)

1 L]
K({) = — V(w)e*tdw. ¢))
27 s
Then Y(w) is the direct Fourier transform of K(¢)
V() = f K(Q)eordL, @)

Knowledge of A (t) is completely equivalent to knowl-
edge of Y(w); cither of these may be calculated if the
other is known.

The time function K(f) is equal to the output ob-
tained from the filter in response to a unit impulse im-
pressed upon its input at time (=0, as illustrated by Fig.
2. From this relation we can readily obtain the response

RESPONSE = K(t)

IMPUL SE
INPUT _ | — YW — r\/
[
_—J
Fig. 2—Impulsive response of a network.

of the filter to any artibrary input f(¢). It is merely nec-
essary to divide the input wave into a large number of
thin vertical slices, as shown by Fig. 3. Each slice can be
regarded as an impulse of strength f(¢)d¢, which will pro-

_INPUT = f(t)
vl

R~ PRESENT TIME

Fig. 3 Response to an arbitrary input as a sum

of impulsive responses.
duce a response f(2)dt K(4,—1¢) at any subsequent time ¢,.
Upon adding together the contributions of all the slices
we have the well-known formula
]
g~ [ J0K — 3)
for the total responsc at /.

For the study of smoothing theory, (3) can conven-
iently be replaced by a slightly different expression. Set-
ting T =14 —1, we have

g(ty) [ St — 7)K(r)dr. (4)
In this formulation, 7 stands for the age of the data, so
that f(ti—7) represents the value of the input wave 7
seconds ago. A(7) is a function like the impulsive ad
mittance, but projecting into the past rather than the
future, as shown by Fig. 4. It is evidently a weighting
function by which the voltage inputs in tlie past must

be multiplicd to determine their contributions to the
present output.
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Criteria for physical realizability can be given in
terms of either the K function or V. In terms of the im-
pulsive response A (¢), it is necessary that K(¢) be zero
for t<0; that is, the network cannot respond to an im-
pulse before the impulse arrives. Furthermore, K(¢)
must approach zero (with reasonable rapidity) as
t—+4 . Thus the effect of an impulse at the present
time should eventually die out.

INPUT = f(D)

K(T)

PRESENT INSTANT

Fig. 4—Response as a weighted average of the past input.

These requirements are also meaningful in terms of
the interpretation of K as a weighting function. Thus,
the filter cannot apply a weightiag to parts of the input
that have yet to occur; hence, K(r) =0 for 7 <0. Also
the efiect of the very remote past should gradually die
out, so that A () should approach zero as T— . It may
also be noted that these conditions are also sufficient for
physical realizability in the sense that any impulsive re-
sponse K(f) satisflying them can be approximated as
closely as desired with a passive lumped element net-
work, together with a single amplifier.

In terms of frequency response, the principal condi-
tion for physical realizability is that ¥(w), considered as
a function of the complex variable w, must be an analyt-
ic function in the half plane defined by I'm(w) <0. In
addition, the function must behave on the real fre-
quency axis® in such a way that

{w lqg | Y(w)l dw

1 4+ w? )

is a finite number.

The requirements of physical realizability lead to the
well-known loss-phase relations. For a given gain
A=log | V(w)l satisfying (5), there is a minimum pos-
sible phase characteristic. This phase is given by

/f(wn)

2w [ A(w) — A(wo
[FAO A,

2 b
™ w* wo”

If the square of the prescribed gain IY(w)I’= V(w)
Y (w) is a rational function of w, say, P (w)/P:(w) where
Pi(w) and Py(w) are polynomials, the minimum phase
characteristic can be found as follows: Calculate the
roots of Pi(w) and Py(w) and write | ¥(w)|? as

w — ay)(w

w B1)(w

a)(w — ag)(w — a:

s .
51)(0) ﬁ'z)(w 62) ey ( )

V(w) |t = k2

* Including the point at infinity. Actual physical networks will,

of course, always have zero gain at infinite frequency, and the above
requirement shows that the approach to zero cannot be 100 rapid. An
approach of the type w™ (6n db per octave) is possible but eIl or
¢~ causes the integralin (5) todiverge and is physically unrealizable.
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where ay, a2 - - - B1, B2 - - - all have imaginary parts
>0. That is, these are the roots and poles of | ¥(w)|?in
the upper-half plane and the conjugate terms are the
corresponding roots and poles in the lower-half plane.
The minimum phase network then has the transfer
function
— —_— YV=ag
Y(o) = & (w- - al)i(w az) )
(0= B)w—B2) -~
A minimum phase network has the important prop-
ertv that its inverse, with the transfer function Y '(w),
is also physically realizable 1f we pass a signal f(¢)
through the fiiter ¥(w), we can recover it in its original
form by passing it through the inverse filter. Moreover,
the recovery takes place without loss of time. On the
other hand, there is no physicall\ realizable exact in-
verse for a nonminimum phase network. The best we can
do is to provide a structure which has all the properties
of the theoretical inverse, except for an extra phase lag.
The extra phase lag can be equalized to give a constant
delay by the addition of a suitable phase equalizer, but
it cannot be eliminated. Thus, if we transmit a signal
through a nonminimum network, we can recover it only
after a delay; that is, we obtain f(t—a) for some posi-
tive a.

(8)

IV. GENERAL EXPRIESSION FOR THE MEAN-
SQuarE ERROR

Suppose we use for the predicting-smoothing filter in
Fig. 1 a filter with transfer characteristic ¥(w). What is
the mean-square errvor in the prediction? Since different
frequencies are incoherent, we can calculate the average
power in the error function

e(t) = s(t + a) — () (9)

by adding the contributions due to different frequencies.
Consider the components of the signal and noise of a
particular frequency w;. It will be assumed that the sig-
nal and noise are incoherent at all frequencies. Then, at
frequency w, there will be a contribution to the error due
to noise equal to V(w,)| ¥(w)|?, where N(w)) is the av-
erage noise power at that frequency w;.

There is also a contribution to the error due to the
faiture of components of the signal, after passing through
the filter, to be correct. A component of frequency w,
should be advanced in phase by cw;, and the amplitude
of the output should be that of the input. Hence there
will be a power error

| y(a:l‘ — elaw 21)(0)1) (]0)

where P(w;) is the power in the signal at frequency w.
The total mean-square error due to components of
frequency w, is the sum of these two errors, or

E., = | V(@) [2N(@) + | Y(w) — eio 2P(wy), (1)

4 If the original function has a zero at infinity, so that the re-
quired inverse has a pole there, there are complications, but an
adequate approximation can be obtained in physical cases.
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and the total mean-square error for all frequencies is

w

E= f [ V(w) |2V (w) +| V(w) — ei= izl’(w)]dw. (12)
-~ ES

The problem is to minimize E by proper choice of ¥V(w),

remembering that ¥(w) must be physically realizable.

Several important conclusions can be drawn mereh
from an inspection of (12). The only way in which the
signal and noisc enter this equation is through their
power spectra. Hence, the only statistics of the signal
and noise that are needed to solve the problem are these
spectra. Two different types of signal with the same
spectrum will lead to the same optimal prediction filter
and to the same mean-square error. FFor example, if the
signal is speech it will be predicted by the same filter as
would be used for prediction of a thermal noise which
has been passed through a filter to give it the same
power spectrum as speech.

Speaking somewhat loosely, this means that a linear
fitter can make use only of statistical data pertaining to
the amplitudes of the different frequency components;
the statistics of the relative phase angles of these com-
ponents cannot be used. Only by going to nonlinear pre-
diction can such statistical effects be used to improve
the prediction.

It is also clear that in the linear least square problem
we can, if we choose, replace the signal and noise by anv
desired time series which have the same power spectra.
This will not change the optimal filter or the mean square
error in any way.

V. Tie Pure SMooTHiNG PROBLEM

The chief difaicutty in minimizing (12) for the mean
square error lies in properly introducing the condition
that ¥(w) must be a physically realizable transfer func
tion. We will first solve the problem with this constraint
waived and then from this solution construct the best
physically realizable filter.

Waiving the condition of physical realizability is
equivalent to admitting any ¥(w), or. equivalently, any
impulsive response K(#). Thus, A(t) is not necessarily
zero for t <0, anil we are allowing a weighting function
to be applied to both the past and future of f(¢). In
other words, we assume that the entire function f(¢)
=s(t)+n(t) from = — o tot=+ « is available for use
in prediction.

In (12), suppose

V(w) = Cw)eB«

with C(w) and B(w) real. Then (12) becomes

-

(13)

| [CV + P(C* 4+ 1 — 2C cos (aw — BW]dw (14)

where C(w), V(w), and the like are written as C, V, and
so forth, for short. Clearly, the hest choice of B(w) is

B(w) =aw since this maximizes cos (aw— B(w)). Then
(14) becomes
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Be fﬁ [C*(P + N) — 2PC + Pdw. (15)

=

Completing the square in C by adding and subtracting
P*/(P+ N) we ohtain

E-= f [ AP+ ) — 2IC
])2 P2
- + P] dw  (16)
P+N PHN
o

:
E—f ([ prve— L } 4 )d (17)
_ i e N7 IR

The bracketed term is the square of a real number, and
thercfore positive or zero. Clearly, to minimize E we
choose C to make this term everywhere zero, thus
P(w)
C(w .
P(w) + N(w)

and

P(w)
- J1E, (18)
P(w) + V(w)
With this choice of Y(w) the mean square error will be,
from (17
P(w)N(w)

L 9
i 1o

The best weighting function is given by the inverse
Fourier transform of (18)

! P(w) .
Kt { —— glulttalfy, (2))
2rJ ., Plw) + N(w)
This K(t) will, in general, extend from (= — = to

! =+ = . It does not represent the impulsive response of
a physical filter. However, it is a perfectly good weight-
ing function. If we could wait until all the function

t)+n(t) is available, it would be the proper one to ap-
ply in estimating s({+a).

To put the question in another way, the weighting
K(7) can be obtained in a physical filter if sufficient de-
lay is allowed so that K(r) is substantially zero for the
future. Thus we have solved here the “infinite lag”
smoothing problem. Although Y(w) in (18) is nonphysi-
cal, Y(w)e %< will be physical, or nearly so, if 8 is taken
sufficiently large.

VI. Tur Pure PripictioN ProsLiEM

We will now consider another special case, that in
which there is no perturbing noise. “T'he problem is then
one of pure prediction. What is the hest estimate of
(t+a) when we know s(2) from ¢ © uptof=0?

We have seen that the solution will depend only on
the power spectra of the signal and noise, and since we
arc now assuming the noise to be identically zero, the
solution depends only on the power spectrum P(w) of
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the signal. This being the case, we may replace the ac-
tual signal by any other having the same spectrum. The
solution of the bhest predicting filter will be the same for
the altered problem as for the original problem.

Any desired spectrum P(w) can be obtained by pass-
ing wide-band resistance noise or “white” noise through
a shaping filter whose gain characteristic is v/ P(w). The
spectrum of resistance noise is flat (at least out to fre-
quencies higher than any of importance in communica-
tion work), and the filter merely multiplies this constant
spectrum by the square of the filter gain P(w). The phase
characteristic of the filter can be chosen in any way con-
sistent with the conditions of physical realizability. Let
us choose the phase characteristic so that the filter is
minimum phase for the gain v/P(w). Then the filter has
a phase characteristic given by

—wof = log P(w) — log P(wo
0

2

B(wg) = dw. (21)

T w® — wo

Furthermore, this minimum phase network has a phys-
ically realizable inverse.

We have now reduced the problem to the form shown
in Fig. 5. What is actually available is the function s(f)
up to £ =0. However, this is equivalent to a knowledge of

RESISTANCE ACTUAL

NOISE ~—>— Y(w) | SIGNAL

het) s(h
GAIN = P(L)

MINIMUM PHASE

Fig. 5—Construction of actual signal spectrum from resistance noise.

the resistance noise /(f) up to t=0, since the filter ¥ has
a physically realizable inverse and we can pass the avail-
able function s(f) through the inverse ¥~ to obtain A(?).

The problem, therefore, is equivalent to asking what
is the hest operation to apply to k(¢) in order to approxi
mate s({+a) in the least square sense? The question is
easily answered. A resistance noise can be thought of as
made up of a large number of closely spaced and very
short impulses, as indicated in Fig. 6. The impulscs have
a Gaussian distribution of amplitudes and are statis-
tically independent of each other. IZach of these im
pulses entering the filter ¥V produces an output corre-
sponding to the impulsive response of the filter, as
shown at the right of I7ig. 6, and the signal s(/) is the sum
of these elementary responses.

VaVauV-"u

L l**rl‘l' — YW
s(t)= Sum OF
SERIES OF INDIVIDUAL
IMPULSES

RESPONSES K(D)
Fig. 6 —Result of resistance noise input.

What is known is (/) up to the present; that is, we
know cffectively the impulses up to t=0 and nothing
about those after £=0; these have not yet occurred. The
future signal s(f+a) is thus made up of two parts; the




422 PROCEEDINGS

tails of responses due to impulses that have already oc-
curred, and a part due to impulses which will occur be-
tween the present time and time {=a. The first part is
completely predictable, while the second part is entirely
unpredictable, being statistically independent of our
available information at the present time.

The total result of the first part can be obtained by
constructing a filter whose impulsive response is the tail
of the impulsive response of filter ¥ moved ahead « sec-
onds. This is shown in Fig. 7 where K,(¢) is the new im-
pulsive response and K(f) the old one. The new filter re-
sponds to an impulse entering now as the filter 1" will
respond in a seconds. It responds to an impulse that
entered one second ago as ¥ will respond in a seconds to
one that entered it one second ago. In short, if A(¢) is
used as input to this new filter Y7, the output now will be
the predictable part of the future response of ¥ to the
same input a scconds from now.

Fig. 7—Construction of the physical response Ki(f) from K(!).

The second, or unpredictable part of the future re-
sponse, corresponding to impulses yet to occur, cannot,
of course, be constructed. We know, however, that the
mean value of this part must be zero, since future im-
pulses are as likely to be of one sign as the other. Thus
the arithmetic average, or center of gravity, of the pos-
sible future responses is the predictable part given by
the output of ¥;. But it is well known that the arith-
metic mean of any distribution is the point about which
the mean-square error is the least. The output of Yi is
thus the desired prediction of s(t+a).

In constructing ¥; we assumed that we had available
the white noise h(f). Actually, however, our given data
is the signal s(¢). Consequently, the best operation on
the given data is ¥i(w) Y~(w), the factor Y~ (w) reduc-
ing the function s(¢) to the white noise k(¢), and the sec-
ond operation Y,(w) performing the best prediction
based on k(¢).

The solution may be summarized as follows:

1. Determine the minimum phase network having the
gain characteristic V/P(w). Let the complex transfer
characteristic of this filter be ¥Y(w), and its impulsive
response K(¢).

2. Construct a filter whose impulsive response is

Ki({) =K+ a) for 120
=0 < 0.

Let the transfer characteristic of this network be Yi(w).
3. The optimal least square predicting filter then has
a characteristic

(22)

for

Vi(w) Y w). (23)

‘The mean-square error E in the prediction is easily
calculated. The error is due to impulses occurring from

April '

time £=0to {=a. Since these impulses are uncorrelated,
the mean-square sum of the errors is the sum of the in-
dividual mean-square errors. The individual pulses are
effective in causing mean-square error in proportion to
the square of K(a—1¢). Hence, the total mean-square er-

ror will be given by
pf K« — t)dt
0

pf K23(t)dt
Jo
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i

(24)

where p= [p(w)dw is the mean-square signal. By a simi-
lar argument the mean-square value of s(t+a) will be

~~
o
o

=

U?=p f K?(t)dt,
0

.

and the relative error of the prediction may be meas-
ured by the ratio of the root-mean-square error to the
root-mean-square value of s(t+«), i.c.,

] 1/2
f K3()dt
0

f:K’(t)dt

The prediction will be relatively poor if the area under
the curve K (/)% out to «a is large compared to the total
area, good if it is small compared to the total. It is evi-
dent from (26) that the relative error starts at zero for
a=0 and is a monctonic increasing function of a which
approaches unity as a— =,

(20)

There is an important special case in which a great
deal more can be shown by the argument just given. In
our analysis, the actual problem was replaced by one in
which the signal was a Gaussian type of time series, de-
rived from a resistance noise by passing it through a
filter with a gain v/P(w). Suppose the signal is already
a time series of this type. Then the error in prediction,
due to the tails of impulses occurring between ¢=0 and
t=a, will have a Gaussian distribution. This follows
from the fact that cach impulse has a Gaussian distri-
bution of amplitudes and the sum of any number of ef-
fects, each Gaussian, will also be Gaussian. The stand-
ard deviation of this distribution of errors is just the
root-mean-square error I obtained from (24).

Stated another way, on the basis of the available
data, that is, s(1) for t <0, the future value of the signal
s(t+a) is distributed according to a Gaussian distribu-
tion. The best linear predictor selects the center of this
distribution for the predicted value. The actual future
value will differ from this as indicated in Fig. 8, where
the future value is plotted horizontally, and the prob-
ability density for various values of s(t+a) is plotted
vertically.

Itis clear that in this special case the linear prediction
method is in a sense the best possible. The center of the

e\
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Gaussian distribution remains the natural point to curring during the past history of this output. What

choose if we replace the least square criterion of the

- of
S sd.= | webidt
-}
< o]
-]
OA
x
a
i e S

s(t e )

Fig. 8 —Distribution of prediction errors in the Gaussian case.

best prediction by almost any other reasonable criterion,
such as the median value or the most probable value.
Thus in this case a nonlinear computation would offer
nothing which the linear process does not already pro-

. vide. In the general case, on the other hand, the dis-
tribution of future values will not be Gaussian, and the
shape of the distribution curve may vary from point to
point depending upon the particular past history of the
curve. Under these circumstances, a nonlinear scheme
may offer improvements upon the linear process and the
exact characteristics of the optimal procedure will de-
pend critically upon the criterion adopted for the best
prediction.

VII. PREDICTION IN THE PPRESENCE OF NOISE

Now consider the general prediction and smoothing
problem with noise present. The best estimate of
(t4a) is required when the function s()+n(t) is
known from t=— = to the present. If s()+4n(t) is
passed through a filter whose gain is [P(w)+N(w)] 2,
the result will be a flat spectrum which we can identify
with white noise. Let ¥,(w) be the transfer function of a
filter having this gain characteristic and the associated
minimum phase. Then both Yy(w) and the inverse
Y~ (w) arc physically realizable networks. Evidently,
knowledge of the input of ¥; and knowledge of its out-
put are equivalent. The best lincar operation on the
output will give the same prediction as the correspond-
ing best linear operation on the input.

If we knew the entire function s(¢) +n(t) from t= — «
to ¢ < the best opcration to apply to the input of
Yi(w) would be that specified by (18). If we let B(w)
be the phase component of V), this corresponds to the
cquivalent operation

P(w) cu[rxw B{w),

Vo) = ) + N2

(27)

on the “white noise” output of Y.

l.ct the impulse response obtained from (27) be
K.(t). As illustrated by kig. 9, Ky(#) will, in general, con
tain tails extending to both t=4 e and ¢ », the
junction between the two halves of the curve being dis-
placed from the origin by the prediction time a. The
associated K,(r) of lig. 10 is, of course, the ideal
weighting function to be applied to the “white noise”
output of ¥,. But the only data actually available at
7 =0 are the impulses which may be thought of as oc-

weights should be given these data to obtain thebest

Fig. 9—Possible function K;(2).

Fig. 10— \Weighting function K.(r), corresponding to Fig. 9.

prediction? It seems natural to weight these as one
would if all data were available, and to weight the future
values zero (as we must to keep the filter physical).
The fact that this is actually correct weighting when the
various input impulses are statistically independent will
now be shown as a consequence of a general statistical
principle.

Suppose we have a number of chance variables,
%1, %, - - -, X, which are statistically independent, or at
least have the property that the mean product of any
two, xn.x., is equal to zero. These variables are to he
interpreted as the amplitudes of the individual white
noise impulses to which we are attempting to apply the
weighting function of Fig. 10.

Let y be another chance variable, correlated with
X1, - - -, % which we wish to estimate in the least
square sense by performing a linear operation on
%1 - - - xn. In the problem at hand y is the actual signal
s(f) at the time « seconds from now.

The predicted value will be

74 = Z a;x;

and the mean-square error is

(y — 2 aix)?

"
2 0 E,;
8, j=1

n)’

y' - 22 amy +
fm]

yE— 2> axiy+ 2 a7 (28)
=1
since all terms in the double sum vanish except those for
which 7=j. We seek to minimize I by proper choice of
the a,. Setting the partial derivatives with respect to ag
equal to zero, we have
al,
2x.y + 2a.x} 0

duy
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or

X
- (29)

a; = x,.Z
The important fact about this calculation is that cach of
the # minimizing equations involves only the a; in ques-
tion; E/da; involves only gy, ete. In other words, min-
mizing E on all the g; is equivalent to minimizing sep-
arately on the individual a;; a; should have the value
x1y/x:2 whatever values are assigned to the other a's.

Returning now to the prediction and smoothing
problem, the function K,(r) gives the proper weighting
to be attached to the impulses if we could use them all.
Requirements of physical realizability demand that fu-
ture impulses corresponding to 7<0 be given weight
zero. From the above statistical principle those oc-
curring in the past should still be given the weighting
Ky(7). In other words, the proper filter to apply to the
input white noise has an impulse response zero for
1<0 and K.(t) for t>0.

To summarize, the solution consists of the following
steps:

1. Calculate the minimum phase transfer function for
the gain (P4 N)~12, Let this be Vi(w).

2. Let

= Y} ,—1 A
Ya(w) = Vi () PiN
This is a nonphysical transfer function. Let its Fourier
transform be K,(¢).

3. Set K3(t) =K (t4+a) for t=0 and K3()=0 for
1 <0. That is, cut off the first a seconds of K,(¢) and
shift the remaining tail over to t=0. This is the impulse
response of a physical network, and is the optimal op-
eration on the past history of the white noise input. Let
the corresponding transfer function be V3(w).

4. Construct Yy(w) = Y3(w) Vi(w). This is the op-
timal smoothing and prediction filter, as applied to the
actual given s(¢)+n(s).

As in the pure prediction problem, if the signal and
noise happen to be Gaussian time series, the linear pre-
diction is an absolute optimum among all prediction
operations, linear or not. I'urthermore, the distribution
of values of s(t4+«), when f(¢) is known for ¢<0, is a
Gaussian distribution.

VIII. GENERALIZATIONS

This theory is capable of generalization in several
directions. These generalizations will be mentioned only
briefly, but can all be obtained by methods similar to
those used above.

In the first place, we assumed the true signal and the
noise to be uncorrelated. A relatively simple extension
of the argument used in Section IV allows one to account
for correlation between these time scries.

A second generalization is to the case where there are
several correlated time series, say fi(¢), f2(4), - - -, fa(2).
It is desired to predict, say, si(t4a) from a knowledge

of fi, for -+ + s fa

OF THE LRI

Finally the desired quantity may not be s(¢t+a) but,
for example, s’(f+a), the future derivative of the true
signal. In such a case, one may effectively reduce the
problem to that already solved by taking derivatives
throughout. The function f(t) is passed through a dif-
ferentiator to produce g(t) =f'(t). The best linear pre-
diction for g(¢) is then determined.

IX. Discussiox oF THE BASIC ASSUMPTIONS

A result in apphlied mathematices is only as reliable as
the assumptions from which it is derived. The theory
developed above is especially subject to misapplication
because of the difficulty in deciding, in any particular
instance, whether the basic assumptions are a reasonable
description of the physical situation. Anyone using the
theory should carefully consider each of the three main
assumptions with regard to the particular smoothing or
prediction problem involved.

The assumption that the signal and noise are sta-
tionary is perhaps the most innocuous of the three, far it
is usually evident from the general nature of the prob-
lem when this assumption is violated. The determina-
tion of the required power spectra P(w) and NV(w) will
often disclose any time variation of the statistical struc-
ture of the time series. If the variation is slow compared
to the other time constants involved, such nonstationary
problems may still be solvable on a quasi-stationary
basis. A linear predictor may be designed whose transfer
function varies slowly in such a way as to be optimal for
the “local” statistics.

The least square assumption is more troublesome, for
it involves questions of values rather than questions of
fact. When we minimize the mean-square error we are,
in effect, paying principal attention to the very large
cerrors. The prediction chosen is one which, on the whole,
makes these errors as small as possible, without much
regard to relatively minor errors. In manyv circum-
stances, however, it is more important to make as many
very accurate predictions as possible, even if we make
occasional gross errors as a consequence. When the dis-
tribution of future events is Gaussian, it does not matter
which criterion is used since the most probable event is
also the one with respect to which the mean-square
cerror is the least. With lopsided or multimodal dis-
tributions, however, a real question is involved.

As a simple example, consider the problem of predict-
ing whether tomorrow will be a clear day. Since clear
days are in the majority, and there are no dayvs with
negative precipitation to balance days when it rains, we
are concerned here with a very lopsided distribution.
With such a curve, the average point, which is the one
given by a prediction minimizing the Mean-square error,
might be represented by a day with a light drizzle. To a
man planning a picnic, however, such a prediction would
have no value. He is interested in the probability that
the weather will really be clear. If the picnic must be
called off because it in fact rains, the actual amount of
precipitation is of comparatively little consequence.

April -

|

.—————-J



* 1950

As a second example, consider the problem of inter-
cepting a bandit car attempting to ftlee down a network
of roads. If the road on which the bandit car happens to
be forks just ahead, it is clear that a would-he inter-
ceptor should station himself on one fork or the other,
making the choice at random if necessary. The mean-
square error in the interception would he least, how-
ever, if he placed himself in the fields beyond the fork.
Problems similar to these may also arise in gunnery,
where, in general, we are usually interested in the num-
ber of actual hits and “a miss is as good as a mile.”

The third assumption, that of linearity, is neither a
question of fact, nor of evaluation, but a self-imposed
limitation on the tvpes of operations or devices to be
used in prediction. The mathematical reason for this as-
sumption is clear; linear problems are always much
simpler than their nonlinear generalizations. In certain
applications the linear assumption may be justified for
one or another of the following reasons:

1. The lincar predictor may be an ahsolute optimal
method, as in the Gaussian time series mentioned
above.

2. Linear prediction may be dictated by the simplic-
ity of mechanization. Linear filters are easy to syn-
thesize and there is an extensive relevant theory, with
no corresponding theory for nonlincar systems.

3. One may use the lincar theory merely because of
the lack of any better approach. An incomplete solution
is better than none at all.

How much is lost by restricting ourselves to linear
prediction? The fact that nonlinear effects may be im-
portant in a prediction can be illustrated by retirning
to the problem of forecasting tomorrow’s weather. We
are all familiar with the fact that the pattern of events
over a period of time may be more important than the
happenings taken individually in determining what will
come. For example, the sequence of events in the pas-
sage of a cold or warm front is ¢ haracteristic. Moreover,
the significance of a given happening may depend
largely upon the intensity with which it occurs. Thus, a
sharp dip in the barometer may mean that moderately
unpleasant weather is coming. Twice as great a drop in
the same time, on the other hand, may not indicate that
the weather will be merely twice as unpleasant; it may
indicate a hurricance

As a final point, we may notice that the requirement
that the prediction be obtained from a linear device and
the objective of minimizing the mean-square error are
not, in all problems, quite compatible with one another.
The absolute hest mean-square prediction (ignoring the
assumption of lincarity) would, of course, always pick
the mean of the future distribution, i.e., the “center of
gravity,” since in any case this minimizes the mcan-
square error. In general, however, the position of this
center of gravity will be a nonlincar function of the past
history. When we require that the prediction be a
linear operation on the past history, the mathematics is
forced to compromise among the conflicting demands of
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various possible past histories. The compromise amounts
essentially to averaging over-all relative phases of the
various components of the signal; any pertinent in-
formation contained in the relative phases cannot be
used properly.

This can be illustrated by the familiar statistical prob-
lem of calculating a line or plane of regression to provide
a linear least square estimation of one variable y from
the knowledge of a set of variables correlated with 3.5
The simplest such problem occurs when there is just one
known variable x, and one unknown variable y to be
estimated from x. Fig. 11 shows three of the “scatter
diagrams” used in statistics. The variable x may be, for
example, a man's weight and y his height. A large
population is sampled and plotted. It is then desired to

BEST CURVE
/or REGRESSION

LINE OF
REGRE SSION

CURVE OF
REGRESSION

LINE OF LINE OF
REGRESSION REGRESSION

(a) () (©

Fig. 11—Some scatter diagrams with lines and curves of regression.
estimate, or predict, a man's height, knowing only his
weight. If we agree to use only linear operations y must
be calculated in the form y=ax. The best choice of a for
least square prediction is xy/x* and the corresponding
straight line is known as the line of regression. The case
of a normal distribution corresponds to the Gaussian
type noise in which the linear prediction is an absolute
optimum.

Figs. 11(b) and 11(c) are scatter diagrams for other
distributions of two variables. The lines of regression
are now not nearly as good in predicting y as they were
in Fig. 11(a). The requirement that the predicted value
be a linear function of the known data requires a com-
promise which may be very serious. It is obvious in
Figs. 11(b) and 11(c) that a much better estimate of ¥
could be formed if we allowed nonlinear operations on x.
In particular, functions of the form ax*+4b and ex*+dx
would be more suitable.

In predicting y from two known variables x, and x2
we can construct a scatter diagram in three dimensions.
The linear prediction requires fitting the points witlt a
plane of regression. lf there are n known guantities
x1, X2, - - -, o we need (n+41) dimensional space and
the linear theory corresponds to a hyperplane of n
dimensions.

The problem of smoothing and prediction for time
series is analogous. What we are now dealing with, how-
ever, is the function space defined by all the values of
f(t) for t<0. The optimal linear predictor corresponds
to a hyperplane in this function space.

= P. G. Hoel, “Introduction to Mathematical Statistics,” John
Wiley and Sons, Inc., New York, N. Y.; 1947,
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PROCEEDINGS OF THE I.R.I. April .

PREFACE

The present Standards on Electron T'ubes: Definitions
of Terms, supersedes Sections 1, 2 and 3 of the Stand-
ards on Electronics: Definitions of Terms, 1938. Since the
issuance of the carlier Standards, the useful frequency
range of electron tubes has been extended beyond 1010
cycles per second. As the frequency range has been
extended upwards, more and more of the high-frequency
circuit of necessity has been included within the tube
envclope. In addition, the use of electron heams in all
types of electron tubes has seen a remarkable growth.
These two developments have made necessary the gen-
eralization of the familiar electron-tube coefficients so
that they apply to all electron tubes, and the drafting of
definitions pertaining to clectron-heam tubes.

Electron-Tube Admittances

The present Standard generalizes the familiar clec-
tron-tube coefhicients so that they apply to all types of
linear electron-tube transducers at any frequency. The
generalizations include the familiar low-frequency con-
cepts. In the case of a triode, for example, at relatively
low frequencies the short-circuit input admittance re-
duces to substantially the grid admittance, the short-
circuit output admittance reduces to substantially the
plate admittance, the short-circuit forward admittance

GENERAL CLASSIFICATION oF Ranto

r

Electron Beam Tube

l

#()T'ili;;r.upp

reduces to substantially the grid-plate transconduc-
tance, and the short-circuit feed back admittance re-
duces to substantially the admittance of the grid-plate
capacitance. (IFurther explanatory material will appear
in Standards on Electron Tubes: Methods of Testing.)

When reference is made to alternating voltage or cur-
rent components, the components are understood to be
small enough so that linear relations hold between the
various alternating voltages and currents.

Consider a generalized network or transducer having
n available terminals to cach of which is flowing a com-
plex alternating component 7; of the current and be-
tween cach of which and a reference point (which may
or may not be one of the n-network terminals) is applied
a complex alternating voltage 175 In this Standard, this
network represents an n-terminal electron tube in which
cach one of the terminals is connected to an electrode.
The terms carryving an asterisk (*) refer to this network.

Electron-Beam Tubes

The present Standard contains a considerable number
of definitions of terms which relate to electron tubes in
which electron beams are employved. Chart 1 shows the
general scheme of classification to which these defini-
tions conform,
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DEFINITIONS

Accelerating Electrode. An electrode to which a poten-
tial is applied to increase the velocity of the electrons
in the beam.

Accelerating Electrode (of an Electron-Beam Tube).
An electrode the potential of which provides an electric
field to increase the velocity of the beam electrons.

Admittance.” See:

Driving-Point Admittance (between the jth Terminal
and the Reference Terminal of an n-Terminal Net-
work)

Electrode Admittance (of the jth Electrode of an n-
Electrode Electron Tube)

Interelectrode Transadmittance (j-/ Interelectrode
Transadmittance of an n-Electrode Electron Tube)*
Short-Circuit Driving-Point Admittance (of the jth

Terminal of an n-Terminal Network)

Short-Circuit IFeedback Admittance (of an Electron-
1Tube Transducer

Short-Circuit Forward Admittance (of an Electron-
Tube Transducer

Short-Circuit Input Admittance (of an Electron-Tube
Transducer)

Short-Circuit Output Admittance (of an Electron-Tube
Transducer)

Short-Circuit Transfer Admittance (from the jth Ter-
minal to the /th Terminal of an #-Terminal Network)

Transfer Admittance (from the jth Terminal to the /th
Terminal of an n-Terminal Network).

Amplification Factor.* The u-factor for the plate and
control-grid electrodes of an electron tube under the
condition that the plate current is held constant.

Amplifier. See:
Class-A Amplifier
Class-\3 Amplifier
Class-13 Amplifier
Class-C Amplifier

Anode (of an Electron Tube). An clectrode through
which a principal strecam of clectrons leaves the inter-
clectrode space.

Anode Breakdown Voltage (of a Glow-Discharge Cold-
Cathode Tube). The anode voltage required to cause
conduction across the main gap with the starter gap
not conducting and with all other tube elements held at
cathode potential before breakdown.

Anode Current. See: I-lcctrode Current.
Anode Voltage. See: lulectrode Voltage.

Anode Voltage Drop (of a Glow-Discharge Cold-

Cathode Tube). The main gap voltage drop after con-
duction is established in the main gap.

Astigmatism (Electron Optical). In an electron-beam
tube, a focus defect in which electrons in different axial
planes come to focus at different points.

Available Conversion Power Gain (of a Conversion
Transducer). The ratio of the available output-fre-
quency power from the output terminals of the trans-
ducer to the available input-frequency power from the
driving generator. (Note—The maximum available con-
version power gain of a conversion transducer is obtained
when the input termination admittance, at input fre-
quency, is the conjugate of the input-frequency driving-
point admittance of the conversion transducer.)

Available Power. From a generator or an clectric trans-
ducer, the power that would be Jelivered to the output
external termination of the generator or transducer if
the admittance of the external termination were the
conjugate of the output driving-point admittance of the
generator or transducer.

Available Power Gain (of an Electric Transducer). The
ratio of the available power from the output terminals
of the transducer to the available power from the
driving generator. (Note—The maximum available
power gain of an electric transducer is obtained when
the input termination admitrance is the conjugate of
the driving-point admittance at the input terminals of
the transducer. It is sometimes called “completely
matched power gain.”)

Average Electrode Current. The value obtained by in-
tegrating the instantancous electrode current over an
averaging time and dividing by the averaging time.

Beam-Deflection Tube. \n electron-heam tube in which
current in an output circuit is controlled by transverse
movement of the electron beam.

Beam-Power Tube. \n electron-beam tube in which use
is made of directed electron beams to contribute sub-
stantially to its power-handling capability, and in which
the control grid and the screen grid are essentially
aligned.

Camera Tube (Pickup Tube). An electron-beam tube in
which an clectron-current or charge-density image is
formed from an optical image and is scanned in a pre
determined sequence to provide an electrical signal.

Capacitance.* See:
lilectrode Capacitance (of an n-Terminal
Tube)

I.lectron

* See: Preface, Electron-Tube Admittances.
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Input Capacitance (of an #-Terminal Electron Tube)

Interelectrode Capacitance (j-Ith Interclectrode Ca-
pacitance Cj; of an n-Terminal Electron Tube)

Output Capacitance (of an n-Terminal Electron Tube)

Short-Circuit Input Capacitance (of an n-Terminal
Electron Tube)

Short-Circuit Output Capacitance (of an n-Terminal
Electron Tube) ]

Short-Circuit Transfer Capacitance (of an ILlectron

Tube).

Cathode (of an Electron Tube). An clectrode through

which a primary stream of electrons enters the inter-

electrode space.

See also:

Cold Cathode

Hot Cathode (Thermionic Cathode)

Indirectly Heated Cathode (Equipotential Cathode,
Unipotential Cathode).

Cathode Current. See: Electrode Current.

Cathode Heating Time (of a Gas Tube). The time re-
quired for the cathode to attain operating temperature
with normal voltage applied to the heating clement.

Cathode Heating Time (of a Vacuum Tube). The time
required for the time rate of change of the cathode cur-
rent to reach maximum value. (Note—All clectrode
voltages are to remain constant during measurement.
The tube elements must all be at room temperature at
the start of the test.)

Cathode-Ray Tube. An electron-beam tube in which the
beam can be focused to a small cross section on a sur-
face and varied in position and intensity to produce a
visible pattern.

Characteristic. See:

Constant-Current Characteristic

Control Characteristic (of a Gas Tube)

Dynamic Characteristic (of an Electron Tuhe)

Emission Characteristic

Grid-Drive Characteristic

Load (Dynamic) Characteristic (of an Electron Tube
Connected in a Specified Operating Circuit at a Speci-
fied Frequency)

Persistence Characteristic (Decay Characteristic) (of a
Luminescent Screen)

Spectral Characteristic (of a I.uminescent Screen)

Spectral Characteristic (of a Camera Tube)

Static Characteristic (of an Electron Tube)

Transfer Characteristic.

Class-A Amplifier. An amplifier in which the grid bias
and alternating grid voltages are such that plate cur-
rent in a specific tube flows at all times.

OF THE I.R.L.

Class-AB Amplifier. An amplifier in which the grid bias
and alternating grid voltages are such that plate current
in a specific tube flows for appreciably more than half
but less than the entire electrical cycle.

Class-B Amplifier. An amplifier in which the grid bias is
approximately equal to the cutoff value so that the plate
current is approximately zero when no exciting grid
voltage is applied, and so that plate current in a specific
tube flows for approximately one-half of each cycle when
an alternating grid voltage is applied.

Class-C Amplifier. An amplifier in which the grid bias is
appreciably greater than the cutoff value so that the
plate current in cach tube is zero when no alternating
grid voltage is applied, and so that plate current in a
specific tube flows for appreciably less than one-half of
cach cycle when an alternating grid voltage is applied.
(Note—To denote that grid current does not flow during
any part of the input cycle, the suffix 1 may be added
to the letter or letters of the class identification. The
suthx 2 may bhe used to denote that current flows during
some part of the cyvcle.)

Cold Cathode. A\ cathode that functions without the
application of heat.

Cold-Cathode Tube. .\n clectron tube containing a cold
cathode.

Collector. An electrode that collects electrons or ions
which have completed their functions within the tube.

Composite Controlling Voltage. The voltage of the anode
of an equivalent diode combining the effects of all indi-
vidual electrode voltages in establishing the space-
charge-limited current.

Condensed-Mercury Temperature, (of a Mercury-
Vapor Tube). By definition, the temperature measured
on the outside of the tube envelope in the region where
the mercury is condensing in a glass tube or at a desig-
nated point on a metal tube,

Conductance. See:

Conductance for Rectification

Conversion Transconductance (of a lleterodvne Con-
version Transducer)

Electrode Conductance*

Interelectrode  Transconductance (J-¢ Interelectrode
Transconductance)*

Conductance for Rectification. The quotient of the elec-
trode alternating current of low frequency by the in-
phase component of the clectrode alternating voltage
of low frequency, a high-frequency sinusoidal voltage
being applied to the same or another electrode and all
other electrode voltages being maintained constant.

* See: Preface, Electron-Tube Admittances.
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Constant-Current Characteristic. The relation, usually
represented by a graph, between the voltages of two
electrodes, with the current to one of them as well as
all other voltages maintained constant.

Control Characteristic (of a Gas Tube). A\ relation,
shown by a graph, between critical grid voltage and
anode voltage.

Contro! Electrode. An clectrode on which a voltage is
impressed to vary the current flowing between two or
more other electrodes.

Control Grid. A grid, ordinarily placed between the
cathode and an anode, for use as a control electrode.

Control Ratio (of a Gas Tube). The ratio of the change
in anode voltage to the corresponding change in critical
grid voltage, with all other operating conditions main-
tained constant.

Conversion Transconductance (of a Heterodyne Con-
version Transducer). The quotient of the magnitude of
the desired output-frequency component of current by
the magnitude of the input-frequency (signal) com-
ponent of voltage when the impedance of the output
external termination is negligible for all of the frequen-
cies which may affect the result. (Note—Unless other-
wise stated, the term refers to the cases in which the
input-frequency voltage is of infinitesimal magnitude.
All direct clectrode voltages and the magnitude of the
local-oscillator voltage must remain constant.)

Conversion Transducer. An electric transducer in which
the input and the output frequencies are different.
Note —If the freruency-changing property of a con-
version transcducer depends upon a generator of fre-
quency different from that of the input or output fre-
quencies, the frequency and voltage or power of this
generator are parameters of the conversion transducer.)

Conversion Voltage Gain (of a Conversion Transducer).
The ratio of (1) the magnitude of the output-frequency
voltage across the output termination, with the trans-
ducer inserted between the input-frequency generator
and the output termination, to (2) the magnitude of the
input-frequency voltage across the input termination of
the transducer.

Converter Tube. An clectron tube that combines the
mixer and local-oscillator functions of a heterodyne
conversion transducer

Critical Grid Current. In a gas tube, the instantancous
value of grid current when the anode current starts to
flow.

Critical Grid Voltage. In a gas tube, the instantancous
value of grid voltage at which the anode current starts
to flow.

Standards on Electron Tubes: Definitions of Terms, 1950
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Current. See:

Average Electrode Current

Critical Grid Current

Electrode Current (of an Electron Tube)

Fault Electrode Current (Surge Electrode Current)

Field-Free Emission Current (of a Cathode)

Gas (lonization) Current (in a Vacuum Tube)

lieater Current

Inflection-Point Emission Current

Inverse Electrode Current

Peak Cathode Current (Steady-State)

Peak Electrode Current

Transfer Current (of a Glow-Discharge Cold-Cathode
Tube).

Cutoff Voltage (of an Electron Tube). That electrode
voltage which reduces the value of the dependent vari-
able of an electron tube characteristic to a specified
low value. (Note—A specific cutoff characteristic should
be identified as follows: current versus grid cutoff volt-
age, spot brightness versus grid cutoff voltage, etc.)

Decay Characteristic. See: Persistence Characteristic.

Decelerating Electrode (of an Electron-Beam Tube).
An electrode the potential of which provides ar. electric
field to decrease the velocity of the beam electrons.

Deflecting Electrode. An electrode the potential of
which provides an electric field to produce deflection of
an electron beam.

Deflecting Yoke. An assembly of one or more coils the
current through which provides a magnetic field to pro-
duce deflection of an electron beam.

Deflection Factor (of a Cathode-Ray Tube). The re-
ciprocal of the deflection sensitivity.

Deflection Sensitivity (of a Cathode-Ray Oscillograph
Tube). The quotient of the displacement of the electron
heam at the place of impact by the change in the de-
flecting field. (Note— Deflection sensitivity is usually
expressed in millimeters per volt applied between the
deflecting electrodes or in millimeters per gauss of the
deflecting magnetic field.)

Deflection Sensitivity (of an Electrostatic-Deflection
Cathode-Ray Tube). The quotient of the spot displace-
ment by the change in deflecting potential.

Deflection Sensitivity (of a Magnetic-Deflection
Cathode-Ray Tube). The quotient of the spot displace-
ment by the change in deflecting magnetic field.

Deflection Sensitivity (of a Magnetic-Deflection
Cathode-Ray Tube and Yoke Assembly). The quotient
of the spot displacement by the change in deflecting-
coil: current.

* See: Preface, Electron-"Tube Admittince
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Deionization Time (of a Gas Tube). The time required
for the grid to regain control after anode-current inter-
ruption. (Note—To be exact, the ionization and de-
ionization times of a gas tube should be presented as
families of curves relating such factors as condensed-
mercury temperature, anode and grid currents, anode
and grid voltages, and regulation of the grid current.)

Diode. A two-clectrode clectron tube containing an
anode and a cathode.
See also: Equivalent Diode.

Diode Characteristic (of a Multielectrode Tube). The
composite electrode characteristic taken with all elec-
trodes except the cathode connected together.

Direct Grid Bias. The direct component of grid voltage
(Note—This is commonly called grid bias.)

Dissector Tube. A camera tube having a continuous
photocathode on which is formed a photoclectric-emis-
sion pattern which is scanned by moving its electron-
optical image over an aperture.

Driving-Point Admittance (between the jth Terminal
and the Reference Terminal of an n-Terminal Net-
work).* The quotient of the complex alternating com-
ponent /; of the current flowing to the jth terminal
from its external termination by the complex alternat-
ing component V; of the voltage applied to the jth ter-
minal with respect to the reference point when all other
terminals have arbitrary external terminations. (Note
In specifying the driving-point admittance of a given
pair of terminals of a network or transducer having two
or more pairs of terminals, no two pairs of which contain
a common terminal, all other pairs of terminals are con-
nected to arbitrary admittances.)

Dynamic Characteristic (of an Electron Tube). See:
Load Characteristic (of an VZlectron Tube).

Dynode (of an Electron Tube). An electrode whose pri-
mary function is to alter by secondary-electron emission
the electron current to itself or to other clectrodes.

Dynode Current. See: Electrode Current.

Electrode (of an Electron Tube). A conducting element
that performs one or more of the functions of emitting,
collecting, or controlling by an electric field the move-
ments of electrons or ions.

See also:

Accelerating Electrode

Accelerating Electrode (of an Electron-Beam Tube)
Anode (of an Electron Tube)

Control Electrode

Decelerating Electrode (of an Electron-Beam Tube)
Deflecting Electrode

Electrode Characteristic
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Focusing Electrode

Intensifier LZlectrode

Modulating Electrode

Signal Itlectrode (of a Camera Tuoe).

Electrode Admittance (of the jth Electrode of an n-
Electrode Electron Tube).* The short-circuit driving-
point admittance between the jth electrode and the ref-
crence point measurced directly at the jth electrode.
(Note—To be able to determine the intrinsic electronic
merit of an clectron tube the driving-point and trans-
fer admittances must be defined as if measured directly
at the clectrodes inside the tube. The definitions of
Ilectrode Admittance and Electrode Impedance are
included for this reason.)

Electrode Capacitance (of an n-Terminal Electron
Tube).* The capacitance determined from the short-
circuit driving-point admittance at that electrode.

Electrode Characteristic. .\ relation, usually shown by a
graph, between the clectrode voltage and the current
of an electrode, all other clectrode voltages heing main-
tained constant,

Electrode Conductance.* The real part of the electrode
admittance.

Electrode Current (of an Electron Tube). The current
passing to or from an electrode through the interelec-
trode space. (Note—The terms cathode current, grid
current, anode current, plate current, ete., are used to
designate electrode currents for these specific electrodes.
Unless otherwise stated, an clectrode current is meas-
ured at the available terminal.)

Electrode-Current Averaging Time. The time interval
over which the current is averaged in defining the op-
crating capabilities of the clectrode,

Electrode Dissipation. The power dissipated in the form

of heat by an clectrode as a result of electron and/or
ion bombardment.

Electrode Impedance.* The reciprocal of the electrode
admittance.

Electrode Resistance.* The reciprocal of the electrode
conductance. (Note— This is the effective parallel re-

sistance and is not the real component of the clectrode
impedance.)

Electrode Voltage. The voltage bhetween an electrode
and the cathode or a specified point of a filamentary
cathode. (Note—The terms grid voltage, anode voltage,
plate voltages, ctc., are used to designate the voltage be-
tween these specific electrodes and the cathode. Unless
otherwise stated, electrode voltages are understood to be
measured at the available terminals.)

* See: Preface, Electron-Tube Admittances.
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Electrometer Tube. \ high-vacuum tube having a very
low control-electrode conductance to facilitate the
measurement of extremely small direct current or
voltage.

Electron-Beam Tube. An electron tube the performance
of which depends upon the formation and control of
one or more electron beams.

Electron Device. A device in which conduction by elec-
trons takes place through a vacuum, gas, or semi-
conductor.

Electron Emission. The liberation of electrons from an
electrode into the surrounding space. Quantitatively, it
is the rate at which electrons are emitted from an elec-
-trode

Electron Gun. An electrode structure which produces
and mav control, focus, and detlect an electron beam.

Electron Tube. \n electron device in which conduction
by electrons takes place through a vacuum or gaseous
medium within a gas-tight envelope.

Electronic. Of or pertaining to devices, circuits, or sys-
tems utilizing electron devices. Examples: Electronic
control, electronic equipment, electronic instrument
and electronic circuit.

Electronics. That field of science and engineering which
deals with electron devices and their utilization.

[-lectronics, used as an adjective, signifies of or per-
taining to the ficld of electronics. Examples: Ilectronics
engineer, electronics course, electronics laboratory and
electronics committee.

Electrostatic Focusing. A method of focusing an electron
beam by the action of an clectric field.

Element (of an Electron Tube). .\ny integral part of the
tube that contributes to its operation.

Emission Characteristic. A rclation, usually shown hy a
graph, between the emission and a factor controlling the
emission (such as temperature, voltage, or current of the
filament or heater

Equivalent Diode. The imaginary diode consisting of the
cathode of a trinde or multigrid tube and a virtual
anode to which is appliecd a composite controlling
voltage such that the cathode current is the same as in
the triode or multigrid tube

External Termination (of the jth Terminal of an n-
Terminal Network).* That passive or active two
terminal network which is attached cxternally between
the jth terminal and the reference point.

Factor. See:
Deflection Factor (of a Cathode-Ray Tube)
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u-factor (of an n-Terminal Electron Tube)
Rectification Factor
Transrectification Factor.

Fault Electrode Current (Surge Electrode Current).
The peak current that flows through an electrode under
fault conditions, such as arc backs and load short cir-
cuits.

Field-Free Emission Current (of a Cathode). The elec-
tron current drawn from the cathode when the electric
gradient at the surface of the cathode is zero.

Filament. A cathode of a thermionic tube, usually in the
form of a wire or ribbon, to which heat may be supplied
by passing current through it. This is also known as a
filamentary cathode.

Filament Current. Current supplied to a filament to
heat it.

Filament Voltage. The voltage Letween the terminals
of a filament.

Flexion-Point Emission Current. That value of current
on the diode characteristic for which the second deriva-
tive of the current with respect to the voltage has its
maximum negative value. This current corresponds to
the upper flexion point of the diode characteristic and is
an approximate measure of the temperature-limited
emission current.

Focusing. The process of controlling the convergence
and divergence of an electron beam.

See also:

I-lectrostatic Focusing

Gas Focusing

Magnetic Focusing.

Focusing Coil or Focusing Magnet. \n assembly pro-
ducing a magnetic field for focusing an electron beam.

Focusing Electrode. An clectrode to which a potential
is applied to control the cross-sectional area of the elec-
tron heam.

Gain. See:

\vailable Conversion Power Gain (of a Conversion
Transducer)

Available Power Gain (of an Electric Transducer)

Insertion Power Gain (of an Electric Transducer)

Insertion Voltage Gain (of an Electric Transducer)

Conversion Voltage Gain (of a Conversion Trans-
ducer).

Gap. See:
Main Gap (of a Glow-Discharge Cold-Cathode Tube)
Starter Gap (of a Glow-Discharge Cold-Cathode T'ube).

Gas (Ionization) Current (in a Vacuum Tube). Current
flowing to a negatively biased clectrode and composed

* See: Preface, Electron-Tube Admittances.
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of positive ions which are produced by an electron cur-
rent flowing between other electrodes. Positive ions are
a result of collision between electrons and molecules of
the residual gas.

Gas Focusing. A method of concentrating an electron
beam by the action of ionized gas.

Gas Ratio. The ratio of the ion current ina tube to the
electron current that produces it.

Gas Tube. An electron tube in which the pressure of
the contained gas or vapor is such as to affect substan-
tially the electrical characteristics of the tube.

Glow Discharge. A discharge of electricity through a
gas, characterized by a space potential in the vicinity
of the cathode that is much higher than the ionization
potential of the gas.

Glow-Discharge Cold-Cathode Tube. A gas tube that
depends for its operation on the properties of a glow
discharge,

Grid. An electrode having one or more openings for the
passage of electrons or ions.

See also:

Control Grid

Screen Grid

Space-Charge Grid

Suppressor Grid.

Grid Bias. See: Direct Grid Bias.

Grid Characteristic. See: Electrode Characteristic.
Grid Current. See: Electrode Current.

Grid-Drive Characteristic. .\ relation, usually shown by
a graph, between electrical or light output and control-
electrode voltage measured from cutoff.

Grid Driving Power. The average product of the instan-
tancous values of the grid current and of the alternating
component of the grid voltage over a complete cycle.
(Note—This comprises the power supplied to the bias-
ing device and to the grid)

Grid Emission. Electron or ion emission from a grid of
an electron tube.

Grid Voltage. See: Electrode Voltage.

Harmonic Conversion Transducer (Frequency Multi-
plier, Frequency Divider). A conversion transducer in
which the output signal frequency is a multiple or sub-
multiple of the input frequency. (Note—In general, the
output signal amplitude is a nonlinear function of the
input signal amplitude.)

Heater. An clectric heating element for supplying heat
to an indirectly heated cathode.

Heater Current. The current flowing through a heater.
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Heater Voltage. The voltage between the terminals of

a heater.

Heptode. A seven-clectrode electron tube containing an
anode, a cathode, a control electrode, and four addi-
tional electrodes that are ordinarily grids.

Heterodyne Conversion Transducer (Converter). A
conversion transducer in which the output frequency is
the sum or difference of the input frequency and an in-
tegral multiple of a local oscillator frequency. (Note—
The frequency and voltage or power of the local oscilla-
tor are parameters of the conversion transducer. Or-
dinarily, the output signal amplitude is a linear function
of the input signal amplitude over its useful operating
range.)

Hexode. A\ six-clectrode electron tube containing an
anode, a cathode, a control electrode, and three addi-
tional electrodes that are ordinarily grids.

Hot Cathode (Thermionic Cathode). A cathode that
functions primarily by the process of thermionic emis-
sion.

Hot-Cathode Tube. .\n electron tube containing a hot
cathode.

Iconoscope. .\ camera tube in which a high-velocity
electron beam scans a photoactive mosaic that has elec-
trical storage capability.

Image Orthicon. .\ camera tube in which an electron
image is produced by a photoemitting surface and fo-
cused on a separate storage target, which is scanned
on its opposité side by a low-velocity electron beam.

Indicator Tube. An electron-beam tuhe in which useful
information is conveved by the variation in cross section
of the beam at a luminescent target.

Indirectly Heated Cathode (Equipotential Cathode,
Unipotential Cathode). .\ cathode of a thermionic tube
to which heat is supplied by an independent heater
element.

Inflection-Point Emission Current. That value of cur-
rent on the diode characteristic for which the second
derivative of the current with respect to the voltage is
zero. This current corresponds to the inflection point
of the diode characteristic and is an approximate meas-
ure of the maximum space-charge-limited emission cur-
rent.

Input Capacitance (of an n-Terminal Electron Tube).*
The short-circuit transfer capacitance between the input
terminal and all other terminals, except the output ter-
minal, connected together. (Note—This quantity is
equivalent to the sum of the interelectrode capacitances
between the input electrode and all other electrodes ex-
cept the output electrode.)

* See: Preface, Electron-Tube Admittances.
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Insertion Power Gain (of an Electric Transducer). The
ratio of (1) the power developed in the external termina-
tion of the output with the transducer inserted between
generator and output termination to (2) the power de-
vetoped in the external termination of the output with
the generator connected directly to the output ter-
mination.

Insertion Voltage Gain (of an Electric Transducer).
The complex ratio of (1) the alternating component of
voltage across the external termination of the output
with the transducer inserted between the generator and
the output termination to (2) the voltage across the ex-
ternal termination of the output when the generator is
connected directly to the output termination.

* Intensifier Electrode. .\ post-accelerating electrode.

Interelectrode Capacitance (j-Ith Interelectrode Ca-
pacitance C;; of an n-Terminal Electron Tube).* The
capacitance determined from the short-circuit transfer
admittance between the jth and the /th terminals.
(Note—This quantity is often referred to as direct
interelectrode capacitance.)

Interelectrode Transadmittance (j-I Interelectrode
Transadmittance of an n-Electrode Electron Tube).”
The short-circuit transfer admittance from the jth elec-
trode to the Ith electrode.

Interelectrode Transconduc‘ance (j-1 Interelectrode
Transconductance).* The real part of the j-/ interelec-
trode transadmittance.

Internal Correction Voltage (of an Electron Tube).
The voltage that is added to the composite controlling
voltage and is the voltage equivalent of such effects as
those produced by initial electron velocity and contact
potential.

Inverse Electrode Current. The current flowing through
an electrode in the direction opposite to that for which
the tube is designed.

Ion Spot (on a Cathode-Ray-Tube Screen). An area of
localized deterioration of luminescence caused by
bombardment with negative ions.

Ionic-Heated Cathode. A hot cathode that is heated pri-
marily by ionic bombardment of the emitting surface.

Ionic-Heated Cathode Tube. An electron tube contain-
ing an ionic-heated cathode.

Ionization Current. See: Gas Current.

Ionization Time (of a Gas Tube). The time interval be-
tween the initiation of conditions for and the establish-
ment of conduction at some stated value of tube voltage
drop.

Line or Trace. The path of a moving spot.
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Load (Dynamic) Characteristic (of an Electron Tube
Connected in a Specified Operating Circuit, at a Speci-
fied Frequency). A relation, usually represented by a
graph, between the instantaneous values of a pair of
variables such an electrode voltage and current, when
all direct electrode supply voltages are maintained con-
stant.

Local Oscillator Tube. An electron tube in a heterodyne
conversion transducer to provide the local heterodyning
frequency for a mixer tube.

Magnetic Focusing. A method of focusing an electron
beam by the action of a magnetic field.

Main Gap (of a Glow-Discharge Cold-Cathode Tube).
The conduction path hetween a principal cathode and
a principal anode.

Mercury-Vapor Tube. A gas tube in which the active
gas is mercury vapor.

Microphonism (Microphonics) (in an Electron Tube).
The modulation of one or more of the electrode currents
resulting from the mechanical vibration of a tube ele-
ment.

Mixer Tube. \n electron tube that performs only the
frequency-conversion function of a heterodyne conver-
sion transducer when it is supplied with voltage or power
from an external oscillator.

Modulating Electrode. An electrode to which a poten-
tial is applied to control the magnitude of the beam cur-
rent.

Monoscope. A signal generating electron-heam tube in
which a picture signal is produced by scanning an elec-
trode, parts of which have different secondary-emission
characteristics.

u-Factor (of an n-Terminal Electron Tube).* The ratio
of the magnitude of infinitesimal change in the voltage
at the jth electrode to the magnitude of an infinitesimal
change in the voltage atan /th electrode under the con-
ditions that the current to the mth electrode remains un-
changed, and the voltages of all other electrodes be
maintained constant.

Multielectrode Tube. An electron tube containing more
than three electrodes associated with a single electron
stream.

Multiple-Unit Tube. An electron tube containing within
one envelope two or more groups of electrodes associ-
ated with independent electron streams. (Note—A
multiple-unit tube may be so indicated; for example,
duodiode, duotriode, diode-pentode, duodiode-triode,
duodiode-pentode, and triode-pentode.)

Octode. An eight-electrode electron tube containing an
anode, a cathode, a control electrode, and five additional
electrodes that are ordinarily grids.

* See: Preface, Electron-Tube Admittances.
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Operating Characteristic. See: l.oad Characteristic.

Orthicon. A camera tube in which a low-velocity elec-
tron beam scans a photoactive mosaic that has electrical
storage capability.

Oscillograph Tube (Oscilloscope Tube). A cathode-ray
tube used to produce a visible pattern, which is the
graphical representation of electrical signals, by varia-
tions of the position of the focused spot or spots in ac-
cordance with these signals.

Output Capacitance'(of“an:n-Terminal Electron Tube).”
The short-circuit transfer capacitance between the out-
put terminal and all other terminals, except the input
terminal, connected together.

Peak Cathode Current (Steady-State). The maximum
instantaneous value of a periodically recurring cathode
current.

Peak Electrode Current. The maximum instantaneous
current that tlows through an electrode.

Peak Forward Anode Voltage. The maximum instan-
taneous anode voltage in the direction in which the
tube is designed to pass current.

Peak Inverse Anode Voltage. The maximum instan-
taneous anode voltage in the direction opposite to that
in which the tube is designed to pass current.

Pentode. A five-electrode electron tube containing an
anode, a cathode, a control electrode, and two addi-
tional electrodes that are ordinarily grids.

Persistence Characteristic (Decay Characteristic) (of a
Luminescent Screen). A relation, usually shown by a
graph, between emitted radiant power and time after
excitation.

Perveance. The quotient of the space-charge-limited
cathode current by the three-halves power of the anode
voltage in a diode. (Note —Perveance is the constant G
appearing in the Child-Langmuir-Schottky equation

i Gey*'2.

\When the term perveance is applied to a triode or multi-
grid tube, the anode voltage e, is replaced by the com-
posite controlling voltage € of the equivalent diode.)

Phosphor. A substance capable of luminescence.

Phototube. An electron tube in which one of the elec-
trodes is irradiated for the purpose of causing electron
enission.

Picture Tube (Kinescope). \ cathode-ray tube used to
produce an image by variation of the beam intensity
as the beam scans a raster.
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Plate. A common name for the principal anode in an

electrode tube.

Plate Characteristic. See. l-lcctrode Characteristic
Plate Current. See: IXlcctrode Current

Plate Voltage. See: Llectrode Voltage.

Post-Acceleration (in an Electron-Beam Tube). \ccdl
eration of the beam electrons after dellection.

Power. See:
Avatlable Power
Grid Driving Power.

Raster. A predetermined pattern of scanning lines which
provides substantially uniform coverage of an area

Rectification Factor. I'he quotient of the change in aver
age current of an electrode by the change in amplitude
of the alternating sinusoidal voltage applied to the
same clectrode, the direct voltages of this and other
electrodes being maintained constant.

Regulation (of a Glow-Discharge Cold-Cathode Tube).
The difference between the maximum and mimmum
anode voltage drop over a range of anode current

Screen (of a Cathode-Ray Tube). The surface of the
tube upon which the visible pattern is produced

Screen Grid. A grid placed between a control grid and
an anode, and usually maintained at a fixed positive
potential, for the purpose of reducing the electrostatic
influence of the anode in the space between the screen
gritd and the cathode.

Screen-Grid Characteristic. See. l-lectrode Character
istic.

Screen-Grid Current. See: Flectrode Current.

Secondary Emission. [Clectron emission from solids or
liquids resulting directly from bombardment of their
surfaces by electrons or ions.

Secondary Grid Emission. I“lectron emission from a grid
resulting directly from bombardment of its surface bv
electrons or other charged particles.

Sensitivity (of a Camera Tube). The signal current de-
veloped per unit incident radiation density, (i.e., per
watt per unit area). Unless otherwise specified, the
radiation is understood to be that of an unfiltered in
candescent source of 2870°K, and its density, which

is generally measured in watts per unit area, may then
be expressed in foot-candles.

Short-Circuit Driving-Point Admittance (of the jth
Terminal ?f an n-Terminal Network).* The driving
point admittance between that terminal and the refer-

* See: Preface, Electron-Tube Admittances
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:nce terminal when all other terminals have zero al-
.ernating components of voltage with respect to the
-eference point.

Short-Circuit Feedback Admittance (of an Electron-
Tube Transducer).* The short-circuit transfer ad-
nittance from the physically available output terminals
o the physically available input terminals of a specified
socket, associated filters, and tube.

Short-Circuit Forward Admittance (of an Electron-
Tube Transducer).* The short-circuit transfer ad-
nittance from the physically available input terminals
o the physically available output terminals of a speci-
1ed socket, associated filters, and tube.

Short-Circuit Input Admittance (of an Electron-Tube
[ransducer).* The short-circuit driving-point ad-
nittance at the physically available input terminals of a
specified socket, associated filters, and electron tube.

Short-Circuit Input Capacitance (of an n-Terminal
Electron Tube).* The effective capacitance determined
‘rom the short-circuit input admittance.

Short-Circuit Output Admittance (of an Electron-Tube
[ransducer).* The short-circuit driving-point ad-
mittance at the physically available output terminals
of a specified socket, associated filters, and tube.

Short-Circuit Output Capacitance (of an n-Terminal
Electron Tube).* The effective capacitance determined
from the short-circuit output admittance.

Short-Circuit Transfer Admittance (from the jth Ter-
minal to the /th Terminal of an n-Terminal Network).*
The transfer admittance from terminal j to terminal /
when all terminals except j have zero complex alternat-
ng components of voltage with respect to the reference
point

Short-Circuit Transfer Capacitance (of an Electron
Tube).* The effective capacitance determined from the
short-circuit transfer admittance.

Signal Electrode (of a Camera Tube). An electrode
from which the signal output is obtained.

Space-Charge Grid. A\ grid, usually positive, that con-
trols the position, area, and magnitude of a potential
minimum or of a virtual cathode in a region adjacent
to the grid.

Spectral Characteristic (of a Luminescent Screen). A
relation, usually shown by a graph, between wavelength
and emitted radiant power per unit wavelength interval

Spectral Characteristic (of a Camera Tube). A relation,
usually shown by a graph, between wavelength and
sensitivity per unit wavelength interval.

Spot. The area instantaneously affected by the impact
of an electron beam.
See also: lon Spot (on a Cathode-Ray-Tube Screen).

Starter (of a Glow-Discharge Cold-Cathode Tube). An
auxiliary electrode used to initiate conduction.

Starter Breakdown Voltage (of a Glow-Discharge Cold-
Cathode Tube). The starter voltage required to cause
conduction across the starter gap with all other tube
elements held at cathode potential before breakdown.

Starter Gap (of a Glow-Discharge Cold-Cathode Tube).
The conduction path between a starter and the other
electrode to which starting voltage is applied.

Starter Voltage Drop (of a Glow-Discharge Cold-
Cathode Tube). The starter-gap voltage drop after con-
duction is established in the starter gap.

Static Characteristic (of an Electron Tube). A relation
usually represented by a graph, between a pair of vari-
ables such as electrode voltage and electrode current,
with all other voltages maintained constant.

Suppressor Grid. A grid that is interposed between
two positive electrodes (usually the screen grid and the
plate), primarily to reduce the flow of secondary elec-
trons from one electrode to the other.

Surge Electrode Current. The recommended term is
Fault Electrode Current.

Tetrode. A\ four-electrode electron tube containing an
anode, a cathode, a control electrode, and one addi-
tional electrode that is ordinarily a grid.

Thermionic Cathode. See: ot Cathode.

Thermionic Emission. Electron or ion emission due to
the temyperature of the emitter.

Thermionic Grid Emission (Primary Grid Emission)
Current produced by electrons thermionically emitted
from a grid.

Thermionic Tube. .\n electron tube in which one of the
electrodes is heated for the purpose of causing electron
or ion emission from that electrode.

Thyratron. A hot-cathode gas tube in which one or
more control clectrodes initiate, but do not limit, the
anode current except under certain operating condi-
tions.

Transadmittance.* See: [nterelectrode Transadmittance.

Transconductance.* As most commonly used, the inter-
clectrode transconductance between the control gnid
and the plate. At low frequencies, transconductance is
the slope of the control-grid-to-plate transfer character-
1stic.

* Sec: Preface, Electron-Tube Admittances.
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Transducer. See:

Conversion Transducer

Harmonic Conversion Transducer (Frequency Multi-
plier, Frequency Divider)

Heterodyne Conversion Transducer (Converter).

Transfer Admittance (from the jth Terminal to the Ith
Terminal of an n-Terminal Network).* The quotient
of the complex alternating component I of the current
flowing to the /th terminal from the /th external termina-
tion by the complex alternating component V; of the
voltage applied to the jth terminal with respect to the
reference point when all other terminals have arbitrary
external terminations.

Transfer Characteristic. A relation, usually shown by a
graph, between the voltage of one electrode and the
current to another electrode, all other clectrode voltages
being maintained constant.

Transfer Current (of a Glow-Discharge Cold-Cathode
Tube). The starter-gap current required to cause con-
duction across the main gap. (Note—The transfer cur-
rent is a function of the anode voltage.)

Transrectification Factor. The quotient of the change in
average current of an clectrode by the change in the
amplitude of the alternating sinusoidal voltage applied
to another electrode, the direct voltages of this and
other clectrodes being maintained constant. (Note
Unless otherwise stated, the term refers to cases in which
the alternating sinusoidal voltage is of infinitesimal
magnitude.)

Triode. \ three-clectrode electron tube containing an
anode, a cathode, and a control electrode.

Tube. See:

Beam-Deflection Tube
Beam-Power Tube

Camera Tube (Pickup Tube)
Cathode-Ray Tube
Cold-Cathode Tube
Converter Tube

Dissector Tube

Electrometer Tube
Electron-Beam Tube
Electron Tube

Gas Tube

Glow-Discharge Cold-Cathode Tube
Hot-Cathode Tube
Iconoscope

PROCEEDINGS OF TIIE I.R.E.

April ,

Image Orthicon

Indicator Tube
lonic-heated Cathode Tube
Local Oscillator Tube
Mercury-Vapor Tube
Mixer Tube

Aonoscope

AMultielectrode Tube
Multiple-Unit Tube
Orthicon

Oscillograph Tube (Oscilloscope Tube)
Picture Tube (Kinescope)
PPhototube

Thermionic Tube
Thyratron

\acuum Tube

Variable-mu Tube

Tube Heating Time (in a Mercury-Vapor Tube). The
time required for the coolest portion of the tube to
attain operating temperature.

Tube Voltage Drop. The anode voltage during the con-
ducting period.

Vacuum Tube. An electron tube evacuated to such a
degree that its electrical characteristics are essentially
unaffected by the presence of residual gas or vapor.

Variable-mu Tube. .An clectron tube in which the
amplification factor varies in a predetermined way with
control-grid voltage.

Voltage. See:

Anode Breakdown Voltage (of a Glow-Discharge Cold-
Cathode Tube)

Anode Voltage Drop(of a Glow-Discharge Cold-Cathode
Tube)

Composite Controlling Voltage

Critical Grid Voltage

Cutoff Voltage (of an Electron Tube)

Electrode Voltage

Heater Voltage

Internal Correction Voltage (of an Electron Tube)

Peak Forward Anode Voltage

Peak Inverse Anode Voltage

Starter Voltage Drop (of a Glow-Discharge Cold-Cath-
ode Tube)

Tube Voltage Drop

* See: Preface, Electron-Tube Admittances.

-
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Contributors to the Proceedings of the I.R.E.

James S. Allen was born in Halifax, Nova
Scotia, on August 11, 1911. He received the
B.\. degree in physics from the University
of Cincinnatiin 1933.
After several years of
graduate work at the
University of Chi-
cago, he received the
Ph.D. degree in
physics in 1937.

In 1939, Dr.
Allen joined the fac-
ulty of the physics
department of Kan-
sas State College as
associate professor.
During the early part
of the war, he was a staff member at the
MIT Radiation Laboratory and helped de-
velop the indicator systems used in radar.
After leaving the Radiation Laboratory, he
joined the Los Alamos l.aboratory.

From 1946 to 1948, Dr. Allen was as-
sistant professor of physics in the depart-
ment of physics, and also in the Institute
for Nuclear Studies at the University of
Chicago. In 1948, he joined the faculty of
the department of physics at the University
of Illinois as associate professor.

JaMES S, ALLEN

Henrvy G. Booker (SM'45) was born at
Barking, Essex, England, in 1910. He was
educated at Cambridge University, where he
received the B.A.
degree in 1933 and
the Ph.D. dcgree
in 1936. He was
awarded the Smith's
Prize in 1935 and be-
came a Research Fel-
low of Christ's Col-
lege in the same year.

From July, 1937,
to July, 1938, he was
a visiting scientist at
the Department of
Ferrestrial  Magnet-

ism of the Carncgie Institution of Wash-
ington. During the war he was in charge of
| theoretical research at the Telecommunica-
tions Rescarch Establishment in England,
and was decorated by the U. S. Government.
After the war he returned to Cambridge Uni
versity as a lecturer, and in 1948 became a
| professor of electrical engineering at Cornell
University.

Dr. Booker is an associate member of
the Institution of Llectrical Engineers,
London, by which institution he was

| awarded the Duddell Premium in 1946 and
the Institution Premium in 1947, He is vice-
chairman of the IRE Wave-Propagation
| Committee and of certain commissions asso-
| ciated with the International Scientific Ra
dio Union; and is a member of a panel of the
Research and Development Board.

H. G. BookER

Stuart L. Bailey (A'28-M’'36-SM'43-
F'43) was born in Minneapolis, Minn., on
October 7, 1905. He received the BS.E.E.
degree from the Uni-
versity of Minnesota
in 1927, and the M.S.
degree from the same
institution in 1928,

In the summer of
1928, Mr. Bailey be-
came assistant radio
engineer with the air-
ways division of the
United States De-
partment of Com-

S. L. BAILEY merce, where he

worked on radio aids
to marine and air navigation. Following a
year in Panama, during which he installed
two automatic marine radio beacons there,
Mr. Bailey joined with C. M. Jansky, Jr.,
to form the consulting engineering firm of
Jansky and Bailey, in September, 1930.
Mr. Bailey's activities in the consulting field
have been on both general allocation prob-
lems and specific engineering guidance for
broadcast stations and commercial operating
companies. He has had charge of all labora-
tory activities of the firm, as well as all
government-contract work done by Jansky
and Bailey during World War [l. Mr.
Bailey has been active in the development of
frequency-modulation broadcasting, super-
vising the technical operations of radio
station W3XO0, an experimental FM broad-
casting station operated by Jansky and
Bailey from 1938 to 1945.

Mr. Bailey was President of the [RE in
1949, and has served as a member of the
Board of Directors since 1943 and on the
Executive Committee since 1945. He was
appointed Treasurer of the Institute in
1948. He is a member of Sigma Xi, Tau
Beta Pi, and Eta Kappa Nu.

Gilbert B. Devey (S'15-A"48-M"48) was
born on January 5, 1921, in Swissvale, Pa.
After a war-interrupted college course at the
Carnegie Institute of
Technology, he was
awarded the S.B. de-
gree by the Massa-
chusetts Institute of
T'echnology in June,
1946.

From June, 1941,
until December,
1945, Mr. Devey
served with the U. S.
Navy. He was radar
GiLsert B. Devey and airborne  elec-

tronics officer on the
U.S.S. Surutoga from April, 1942, until Oc-
tober, 1944, From November, 1944, until
November, 1945, he attended a course in
electronics engineering, Postgraduate School,
U. S. Naval Academy. In December, 1945,
he was separated from active duty with the
rank of lieutenant commander.

During the period from July, 1946, to
November, 1947, Mr. Devey was an clec-

tronics engincer with the Bureau of Ships.
From November, 1947, until April, 1949, he
held the position of antenna engineering
supervisor at the U. S. Navy Underwater
Sound Laboratory, New London, Conn.,
specializing in antenna systems for sub-
marines. In April, 1949, he joined the Un-
dersea Warfare Branch of the Office of
Naval Research, where he now is concerned
with problems in electronics peculiar to the
complexities of the undersea warfare situa-
tion. Mr. Devey is currently serving on the
steering and program committees of the
[RE/AIEE/RMA\  “Symposium on [m-
proved Quality Electronic Components.”

Hendrik W. Bode (M’31-SM’43) was
born on December 24, 1905, in Madison,
Wis. He obtained the A.B. degree from Ohio
State University in
1924 and the P’h.D.
degree in  physics
from Columbia Uni-
versity in 1935. Since
1926 he has been a
member of the tech-
nical staff of the Bell
Telephone Labora-
tories, engaged in re-
search in network
theory and other
fields of applied
mathematics.

11 . W. BobE

\W. E. Gordon (A’46-M'49) was born in
Paterson, N. J., on January 8, 1918. He re-
ceived the B.A. degree from Montclair in
1939, and the M.S.
degree in meteorol-
ogy from New York
University in 1946.
During World War
[T he served with the
Air Weather Serv-
ices, and was associ-
ated with research on
radar range forecast-
ing and microwave
propagation in the
lower atmosphere at
the MIT Radiation
[.aboratory, and with the Committee on
P’ropagation of the National Defense Re-
scarch Council. In 1945 he joined the Elec-
trical lingineering Research Laboratory at
the University of Texas as a metcorologist,
and became associate director of that Lab-
oratory in 1946.

In 1948 he accepted a position as re-
search associate at Cornell University, work-
ing in radio astronomy and, more recently,
supervising a rescarch project on tropo-
spheric propagation.

Mr. Gordon is a member of Sigma Xi,
the New York Academy of Science, the
American Meteorological Society, and is Sec-
retary of the Joint Commission on Radio
Meteorology of the International Council
of Scientific Unions.

\W. E. GorpON
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Robert C. Fletcher ($'49) was born in
New York, N. Y., on May 27, 1921, He re-
ceived the B.S. degree in physics from the
Massachusetts Insti-
tute of Technology
in 1943, During the
next three years he
was engaged in elec-
tronic research at the
MIT Radiation Lab-
oratory, principally
on magnetron oscilla-
tors. lle then at-
tended the graduate
school in physics at
MIT, having been
awarded a National
Research Council Predoctoral Fellowship.

In June, 1949, he was awarded the Ph.D.
degree. Since then he has been doing re-
search in the electron dynamics group at the
Bell Telephone laboratories, Murray Hill,
N. J.

R. C. FLEICHER

°
D

Loren F. Jones (S'26-A"26-M'38~5M
'13) was born in St. Louis, Moe., in 1905. He
received the B.S. degree from Washing-
ton University in
1926. After working
on high-power trans-
mitter development
for General Electric
for two years, he at-
tended the Graduate
Schoolof Business Ad-
ministration, at Stan-
ford University, in
1928 and 1929, and
then returned to Gen-
eral Electric.

In 1930, he joined
the transmitter engineering department of
the Radio Corporation of America in Cam-
den, N. J., where he had charge of the de-
velopment and design of various types of
transmitters, co-ordinated the design of the
WLW 500-kw transmitter, codirected the
installation of the first television equipment
atop the Empire State Building, and was
technical representative of RCA in several
European countries.

I.. F. JoNEs
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During the war years, he was a member
of Division 13 (communications) and Divi-
sion 14 (radar) of the Office of Scientific Re-
search and Development, and was chairman
of the Direction-Finder Committee. lle was
awarded the Presidential Certificate of
Meritin 1948.

Mr. Jones is presently responsible at
RCA for co-ordinating its research and de-
velopment conducted for the government,
and for new-product planning in certain
fields.

He is a member of Sigma Xi, the Ameri-
can Society of Naval Engineers, and the In-
stitute of Navigation. Heisalsoan Associate
Fellow of the Institute of the Aeronautical
Sciences.

H. J. Schrader (\'31-SM'38) was born
in Schuyler, Neb., on May 2, 1900, He re-
ceived the B.S. degree at the University of
Nebraska in 1923.
Mr. Schrader was as-
sociated with General
Electric ~ Company
until 1930, working in
the high-frequency
section of the general
engineering lahora-
tory on the develop-
ment of radio fre-
quencies for measur-
ing equipment. From
1930 to 1944, he was
associated with the
Radio Corporation of America in the capac-
ity of supervisor of design and development
of factory test equipment, and the design
and development of test equipment for com-
mercial sale.

In 1944, Mr. Schrader was assigned to
the Naval Research Laboratory’s Combined
Research groups, as supervisor of develop-
ment and design of IFF test equipment. In
1946, he returned to RCA as group super-
visor in the advanced development section
of the engineering products department.

H. J. SCHRADER

Correspondence

April =

J. N. Marshall (M'46) was born in New-
castle, England, on June 22, 1916. He re-
ceived the B.A. degree in mathematics and
physics in 1939 from
Cambridge Univer-
sity. Mr. DMarshall
\ joined  the Tele-
communications Re-
search Establishment
(R.A.F, radar) in
1940, and worked on
decimeter radars and
receivers. In 1943, he
went with a British
team to the Naval
Research Labora-
tory, in Washington,
D. C., and, in 1946, he joined the advanced
development group of RCA Victor where he
is now a unit supervisor. He served on special
committees 31 and 41 of the Radio Technical
Commission for Acronautics.

"l

J. N. MagrsHaLL

Claude E. Shannon (M'48-SM’'49-F'30)
was born in Petoskey, Mich., on April 30,
1916. He received the B.S. degree in electri-
cal engineering from
the University of
Michigan in 1936,
and the degrees of
S.M. in electrical en-
gineering and Ph.D
in mathematics from
the Mlassachusetts
Institute of Technol-
ogy in 1940, He was
a National Research
Fellow in 1941 and,
since then, has been
with Bell Telephone
.aboratories as a research mathematician,
working in the fields of communication
theory, switching, and computing machines.

Dr. Shannon is a member of Sigma Xi
and Phi Kappa Phi. He was awarded the
Alfred Nobel Prize by the American In-
stitute of Llectrical Engineers in 1940 and
the Morris Liebmann Award by The In-
stitute of Radio Engineers in 1949.

C. E. SHaxxNoxN

Demonstration of Bunching Effects
in a Klystron*

‘The velocity modulation or phase-
focusing of an electron heam, in which the
fluctuating transit times in the drift space
cause the faster electrons to overtake the
slower ones thus forming the bunches in a
klystron, ordinarily is illustrated by the
Applegate diagram.!? This shows the al-
ternating components of the electron density
in the form of the converging and crossing
trajectories.

As is well known, the bunching effect of
an alternating control field depends on the
distance along the drift space as well as on

* Received by the Institute January 9, 1950,

1D. R. Hamilton, J. K. Knipp, and J. B. H.
Kuper, “Klystrons and Microwave Triodes.” M.L.T.
Raciar Series, vol. 7, 1948

A. E. Harrison. “Kl'yst.ron Tubes,” New York,
N. V.. 1947, including additional Bibliograpby.

SaNweas
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Fig. 1—Three-dimensional diagram of electron bunching. [

the momentary time and, therefore, repeats
with each period. Consequently, the three-

dimensional modification of the Applegate l
diagram portrayed in Fig. 1 is more il-
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lustrative. It differs from Kompfner's
version® in that the X axis contains the
distance along the drift space in terms of
transit time angles, whereas the Z axis
represents one period of the bunching field.
The peaks and corners are computed under
the ideal assumption of pure bunching, but
actually they are leveled out and rounded
off by debunching.

The periodic repeating of the bunching
diagram suggests the third modification il-
lustrated in Fig. 2. The former flat pecak

B S —— Y

Fig. 2—“Living” model of
electron bunching.

diagram is wound around the horizontal
X axis, thus forming a peculiar type of helix
similar to the screw feed of a meat grinder.
\When the model is rotated manually by
means of the crank handle, the periodic
formation and traveling of the clectron
bunches along the drift space become evi-
dent. Particularly the optimum transit time
angle, assuring maximum efficiency of the
fundamental component, and the following
splitting up into two peaks which become
more separated the more the bunching
peaks travel, thereby producing increasing
harmonics, can be seen very clearly. For
demonstration purposes, the shadow of the
model may be projected by parallel light
onto a big screen so that the “life-like”
bunching effect can be perceived by a larger
audience. This procedure is very much
simpler than the demonstration of the
ballistic models* which serve more the pur-
pose of studying the actual state of opera-
tion and the energy conversion in a klystron.
The subsequent bunching effects in a cas-
cade klystron may be demonstrated in a
similar manner.
Hans E. HOLLMANN
105 N. “G” St.
Oxnard, Calif.

' R. Kompfner, *Velocity modulation—results of
further considerations,” Wireless Eng., vol. 17, p. 478,
November, 1940

« H, E. Hollmann, “Theoretical and experimental
investigations of electron motions in alternating fields
with the aid of ballistic models,” Pkoc., ILR.E., vol,
28, p. 282; June, 1940.

A Note on the Synthesis of Elec-
tric Networks According to Pre-
scribed Transient Response*

In recent months we have seen the be
ginning of scrious work in the solution of the
problem indicated in the above title. In
addition to my own,! there is that of Mulli-
gan'and the two by Aigrain and Williams.22

* Recelved by the Institute, November 7, 1949,

' M. Nadler, “The synthesis of electric networks
according ta prescribed transient conditions,” Proc
1.R.E., vol. 37, p. 627; June, 1949,

3 P, R, Algrain and E. M. Williams, “Design of
optimum transient response amplifiers,” Proc. LR.E,,
vol. 37, p. 873; August, 1949

1P R. Algrain and E. M. Willlams, “Synthcsis
of n-reactance networks for desired transient re.

l sponse,” Jour. Appl. Phys., vol. 20, p. 597; June, 1949,

¢ J. H, Mulligan, Jr., “The cticet of pole and zero

l locations on the transicnt response of linear dynamic
systems,” Proc, I.R.E,, val. 37, p, 5106; May, 1949,
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The last paper® | regard as a particularly
elegant solution of the problem I so heavily
treated. Perhaps the elegance is due to the
French touch.

However, both Aigrain-Willams and
myself had difticulties in finding proper
functions to employ with our respective solu-
tions. The former speak of “the difficulty
of completing solutions, . . . of use primar-
ily as a check on circuit designs derived by
other means.” In my own case, it was with
great difficulty that I found a function
which permitted an input shunt capacitance,
and still could be treated by the chosen
method.

Since the publication of these papers, I
have found some conditions restricting the
desired output function (of time, of course)
if the network response found is to cor-
respond to a practical vacuum-tube net-
work ; further, from these considerations, a
hint for research in video amplifier feedback
systems; and finally, a comprehensive
statement of the mathematical problem in-
volved in the choice of output functions.

MixiMuM Risg TiME -

Consider Fig. 1. JI(t) is the unit step
(Heaviside) function. The (two-pole) load

an [T |

2. Co
N N

Fig. 1

consists of Cs« in parallel with Z.. It is re-
quired to calculate 7, the minimum rise time
attainable for any configuration of Zg.

If the total charge delivered by the tube
were available on the capacitor Ca, then
the output voltage would be

ey = ;4”([)(] — ¢ t/rpCak), (])

But after the transient has ceased we
want
wll ()R
= = [Re = Rezwy).
€ Re +7% [Ke R(24) ] (2)
The minimum ¢ for which (2) is satisfied
is found, from (1)

’p+RL

7 = rpCak In . 3)

Ty
For the case of a pentode, wherer,2>> Ky,
7 = RiCos. 4)

From (3) it can be scen that the use of feed-
back to reduce r,, in connection perhaps
with triode amplifiers, would give signifi-
cant reduction of 7. Of course, the feedback
network itself will be a problem in itself,
and | have not yet worked through the im-
plications of this.

A similar reasoning will lead to the con-
clusion that the maximum value of the
time derivative of eo/eq’

d e ry + Re (5)
dl eol RL’pCak

d €p 1

I{LCak

‘These two restrictions, on minimum rise
time and on maximum rate of rise, must
clearly be included in the expression of the
required transient output, in order for that
output to be realizable from the network

lim =
rpen ll‘ eo’

(©)
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as restricted by the need for Cux to be the
first shunt member.

MiNiMUM Rise TIME AND MAXIMUM
BANDWIDTH

It has been shown that the maximum
frequency to which an impedance ter-
minated in a shunt capacitance C may have
constant absolute value §Z| =R, is
fe=1/4RC.

The minimum rise time and the maxi-
mum bandwidth attainable, with a given
capacitor, are thus related in that the mini-
mum rise time occupies a quarter period of
the cutoff frequency. By analogy, it is ex-
pected that the minimum rise time for four
terminal networks will be

= Ryv/CiCo (7)

for the same output voltage as in the two-
pole case.

MatuHEMATICAL FORM OF g(p) AND f(¢)

In the case of two-pole admittances for

video amplifiers, g(p) must be of the form
gp =kp +g'(P) (8

where £=<1/Cs. Other restrictions may be
added, such as poles or zeroes at prescribed
frequency bands. This is the case with
United Stales intermediate-frequency am-
plifiers for television, where one sideband
and the sound channel must be rejected.

The author has not yet been ablc to spec-
ify f() so as to include all required condi-
tions, and still yield a suitable g(p). How-
ever, he has been able to catalog the condi-
tions on f{t) and g(p) in the hope that
others with greater mathematical ability
than he may resolve the problem.

4 £2(2)

ffmax. —m )
£2F(0) : stad2

By
Fig. 2

Given 7'=maximum delay; r=minimum
rise time; r’/=maximum duration of tran-

sient; fmax = Maximum overshot,
A = ) £ £0); £0) = £(0) = £(0) =0
l—esfi)sSfo()S1 4+ 27"

d [ _d
P 20

where fy and fz are arbitrary functions. Now!
.

gp) = ]o ey )

where

« o
o= [t 824 oo
L, b4
g(p) satisfying the well-known conditions
for a passive (physically realizable) network.
How do we write f(¢) such that it com
plies with the above restrictions, while yield
ing a g(p) with the required poles and
zeroes, corresponding to a passive network
and which may be approximated by a con-
vergent or asymptotically convergent ra-
tional function, or 'vhich may be casily real
ized by the Aigrain-Williams method??

MoRTON NAOLER

Tesla, Prague

Czechoslovakia
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Institute News and Radio Notes

AUSTRALIAN IRE MEMBERS

Background, left toright: J. L. Pawsey, D. G. Wyles, R. C. Alisop, N. S. Gilmour, M. H.
Stevenson, A. S. McDonaid (standing), L. A. Hooke, H. B. Wood, G. H. Munro. Fore-
ground, left to right: R, Edwards, Felix Gutman, N. T. Wedgner, K.S. Brown, 1. C. Han-

sen, Immediate foreground: L.. S. Hall.

AusTRALIAN IRE MEMBERS
ORGANIZE FIRST MEETING

(In presenting this item to the readers
of the PROCEEDINGS OF THE |.R.E., pleasure
and gratification may suitably be experi-
enced at the friendliness, mutuality of inter-
est, and close co-operation which exist be-
tween the Institution of Radio Engineers,
Australia, The Institute of Radio Engineers,
and the Australian membership of the
IRE.—The Editor.)

International activities of the Institute
were furthered by the first organized meet-
ing of IRE members in Australia on De-
cember 19, 1949, at Sidney. Reflecting the
close link between the IRE and the Aus-
tralian Institution of Radio Engineers,
H. B. Wood, Vice-President, and other
members of the Australian Institution were
guests. A. S. McDonald (M'23 F'41), Vice-
President of IRE for 1949, addressed the
gathering arranged by Murray H. Stevenson
(A'39-SM'48).

Mr. McDonald spoke of the circum-
stances of the inception of the IRE through
the active part taken by Dr. A. N. Gold-
smith and others. From its origin with less
than 50 members in 1912, the IRE has grown
toan organization of more than 23,000 mem-
bers in all countries of the world at the end
of 1948. Despite the smallness of Australia’s
population there are 93 Australian IRE
members, a total membership which is sur-
passed by only five other countries.

He pointed out that Australian members
derive the greatest membership benefit from
the ProceepinGgs oF TE ILR.E.,, and that
Australia has produced many finds con-
ceived from the mine of information offered
by PROCEEDINGS, and hasin its own way
contributed to the advancement of the elec-
tronic art.

IRE WesT CoasT CONVENTION
WiLL Be HELD 1IN SEPTEMBER

Advances in civilian and military elec-
tronic and radio services in the West will be
highlighted at the IRE West Coast Con-
vention to be held September 13, 14, and
15, at the Municipal Auditorium, Long
Beach, Calif. :

The convention will feature a technical
program combined with the Sixth Annual
Exhibit of the West Coast EElectronic Manu-
facturers Association.

NEW ENGLAND RaADIO ENGINEERS
WiLL MEET ApPRIL 15 Ix Bostox

An outstanding program of technical pa-
pers will be offered to radio engineers attend-
ing the 1950 New England Radio Lngineer-
ing Meeting to be held at the Somerset
Hotel, in Boston, on Saturday, April 13.
Sponsored by the North Atantic Region of
the IRE, the theme of the meeting is “Prog-
ress Through Research.”

In addition to a morning and afternoon
technical program, those attending the ses-
sion will have opportunity to visit the tele-
vision facilities of WBZ and to inspect the
toll dialing equipment of the New England
Telephone and Telegraph Company. Further
information may be obtained from \W. M,
Broadhead, General Chairman, 131 Claren-
don Street, Boston, Mass.

AIEE NoMINATES NEW OFFICERS

Titus G. Le Clair, assistant chief electri-
cal engineer of the Commonwealth Ldison
Company, Chicago, 11, was nominated to
succeed James A. Fairman of New York
as President of the American Institute of
Electrical Engineers, at the Winter General
Meeting held at the Hotel Statler, New
York, N. Y., on January 31-February 3.

TrcuNicAL COMMITTEE NOTES

The Standards Committee held a meet-
ing on February 9 under the Chairman-
ship of John G. Brainerd. Ralph Batcher,
Chairman of the Annual Review Com-
mitiee, reported that on February 2, he
attended an ASA Committee meceting on
symbols for servomechanisms and feedback
control system. This Committee is pre
paring definitions and will welcome IRE
representation, ASA will be advised of IRE's
interest in the work and its desire to have
representation. The Symbols Committee has
established a subcommiittee to review abbre
viations for use in text material. A similar
group formed by ASA Sectional Committee
Z-10 will be represented on the IRE Sub-
committee. Chairman Brainerd announced
that a Committee on Electronic Instrumen-
tation is being set up in ASA at the request
of IRE. Upon formalization, IRE will
nominate a chairman. Axel G. Jensen will
attend the next meeting of the National
Rescarch Council in connection with the
preparation of the Glossary of Nuclear
Terms. Mr, Jensen, Chairman of the Defi-
nitions Co-ordinating Subcommittee, re-
ported on the several activities of this work-
ing group. M. Baldwin Chairman of the
Television Co-ordinating Subcommittee, re-
ported on the activities of his group. .\ sub-
committee was formed under the Chair
manship of Wayne Mason, to study IRE
participation in the formulation of inter-
national standards. . . . The Electron Tubes
and Solid-State Devices Committee met on
January 12 under the Chairmanship of
L. 8. Nergaard. The Standard on Definitions
and Methods of Testing for Traveling-
Wave Tubes, Magnetrons and Klystrons
will be completed this year. This committee
will appoint a representative to serve on the
Committee on Measurements and Instru
mentation. The Electron Tubes and Solid-
States Devices Committee will hold its 1950
Electron Devices Conference at the Uni
versity of Michigan in June. John E.
Gorham has been named Chairman of the
1950 Electron Devices Conference, details
of which will be announced when the sched-
ule iscompleted. . . . The Wave Propagation
Committee held a eeting on January 25,
under the Chairmanship of C. R. Burrows.
All subcommittees of the Wave Propaga-
tion Committee held individual meetings
on January 25, prior to the main committee
meeting. H. O. Peterson, Chairman of the
Subcommittee on Standards and Practices,
reported that his group is in the process of
rewriting new standards. Mr. Peterson
stressed the need for new terminology. A re-
port on the activities of the Subcommittee
on Theory and Application of Tropospheric
Propagation was given by Chairman
Booker. This working group is planning a
preparation of a bibliography. The first
meeting of the Subcommittee on Theory and
Application of lonospheric Propagation,
under the Chairmanship of A. H. Waynick,

+
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was held on January 25. Dr. Sinaclair re-
ported on the activities of his subcommittee,
Definitions and Publications, which also
held its first meeting on January 25. Chair-
man H. W. Wells of the Subcommittee on
Annual Review reported that the annual
review material had been submitted for
1949. T. J. Carroll of the Wave Propagation
Committee has recently been made Chair-
man of a Subcommittee on Tropsopheric
Propagation in the CCIR. ... The Com-
mittee on Measurements and Instrumenta-
tion held a meeting on January 20, under the
Chairmanship of Professor Ernst Weber.
Liaison between the various subcommittees
of this committee and the other technical
committees was discussed. Dr. \Weber re-
minded committee members that they have
been invited to attend meetings of all other
technical committees whose work is related.
Mr. Gaffney has been appointed Vice-
Chairman of the Committee on Measure-
ments and Instrumentation. . B. George
has accepted the Chairmanship of Sub-
committee 25.1. Reports were made by
chairmen present on their subcommittees.
In the absence of Dr. George, Mr. Dalke
submitted the report of Subcommittee 25.2.
Mr. Fred .\. Muller, Director of the Dielec-
tric Laboratory of the Telephone Communi-
cations [aboratorics, has agreed to par-
ticipate in the work of this subcommittee.
He is in charge of preparing standards for
the ASTM on measurementsabove 100 Mc.
Mr. Muller's service provides excellent co-
ordination between IRE and ASTM. The
Chairman of this subcommittee through his
contacts at the National Bureau of Stand-
ards will also function as liaison with ASTM
activities in Dielectric Measurements. Mr.
Christaldi, Chairman of Subcommittee
25.10, attended a meeting on December 19,
of the AIEE Joint Subcommittee on Elec-
tronic Instrumentation. An AIEE task
group on Cathode-Ray Instruments is work-
ing on a project comparable to one phase
of the work of the IRE Subcommittee on
Oscillography. The work of the two groups
will be co-ordinated by utilizing common per-
sonnel, The scope of this subcommittee will
encompass activitics of the present AIEE
Task Group which is concerning itself with
establishing definitions of terms, and a pro-
posed standard form for specifications for
cathode-ray instruments. It is expected that
the IRE subcommittee will go further and
co-ordinate techniques of oscillographic
measurements in conjunction with the ac-
tivities of other committees. Mr. Steen,
Chairman of Subcommittee 25.11, reported
hat his group i1l tie in its work with the
Professional Group on Quality Control.
Mr. Mayo-Wells reported excellent progress
in the organization of his subcommittee
25.13. This group will review the Tele-
metering Glossary prepared by J. F. Brinster
‘or the Research and Development Board.
4. C. Reid reported plans to organize his
aubcommittee 25.14 in two segments: a
governmenta and military group in Wash
ington area, and a dominating industrial
group in the New York area. Dr. Weber re
ported on the Symposium on Improved
Quality Electron Components to be held in
Washington next May. The ’roceedings of
the Symposium will be published as a
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pamphlet. The program will include five
half-day sessions on utilized methods, on
quality elements, and on miniaturization.
J. G. Reid, Jr., Chairman of Subcommittee
25.14, has been appointed to the key post of
Technical Program Chairman of this Sym-
posium. Chairman Weber also reported that
a petition for a Professional Group on Elec-
tronic Instrumentation had been approved
by the IRE Executive Committee. Ulti-
mately this group will take over the IRE
Sponsorship of the Symposium on Improved
Quality Electronic Components. . . . The
Video Techniques Committee held a meet-
ing on January 26, under the Chairmanship
of J. E. Keister. The Chairman reported
that liaison members from the Society of
Television Engineers had been appointed to
each of the subcommittees. Mr. Daugherty
reported that his subcommittee is reviewing
definitions which will be forewarded to the
Definitions Co-ordinating Subcommittee
for consideration. A report was given on the
activities of Subcommittee 23.3, Video
Systems and Components-Methods of Meas-
urements. The following Standards pre-
pared by this subcommittee will be pub~
lished in the May issue of PROCEEDINGS.
“Measurements of Timing on Video Switch-
ing Systems; and “Methods of Measure-
ments of Resolution in Television.” The
“Standards on Methods of Measurement of
Television Signal Levels” prepared by Sub-
committee 23.4 was approved and will also
be published in the May issue of PRro-
CEEDINGS. . . . A Meeting of the Steer-
ing Committee of the IRE/AIEE/RMA/
Symposium on Improved Quality Elec-
tronic Components held a meeting on Jan-
uary 23, under the Chairmanship of F. J.
Given. This Symposium will be held in
Washington, D.C.,onMay 9, 10and 11. . ..
The Planning Committee of the Third
Annual Joint Nuclear Science Symposium
held a meeting on February 2. The Nucle-
onics Symposium will be held in New York
City on October 23, 24, and 25....The
Joint Technical Advisory Committee held its
meeting on January 13, at the Hotel Statler,
Washington, D. C., prior to an informal
conference with the Federal Communica-
tions Commission.

MIT OrfFiErs FELLOWSHIPS IN
ELecTtroNic RESEARCH, STUDY

A number of graduate and advanced re-
search fellowships are offered by the Massa-
chusetts Institute of Technology for study
and research in the field of electronics.
Known as Industrial Fellowships in Elec-
tronics, they are sponsored jointly by a
group of industrial organizations concerned
with the advancement of electronics and its
applications.

Applicants for Graduate Student Fel-
lowships must satisfy the requirements for
admission to the Graduate School on recom-
mendation of the departinent of physics or
the department of electrical engineering.
Recipients will pursue programs of study
and research leading towards advanced aca-
demic degrees in physics or electrical en-
gineering.

There will be awarded a few Advanced
Research Fellowships to candidates pos-
sessing the ’h.D. degree or its equivalent
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who, without enrolling as graduate students,
wish to pursue advanced studies and re-
search in the field of electronics at MIT.

Applicants should communicate with
the Director, Research Laboratory of Elec-
tronics, at least four months prior to the
intended date of entrance.

JoiiNsoN AND MILLER APPOINT
CENSORSHIP PROBLEM COMMITTEE

A joint committee of the radio broad-
casting and motion picture industries,
charged with the task of co-operating against
all forms of censorship and in other fields
of common interest, has been appointed by
Eric Johnson, president of the Motion Pic-
ture Association, and Justin Miller, presi-
dent of the National Association of Broad-
casters.

Appointment of the committee was fol-
lowed by the unanimous adoption, by the
boards of the two Associations, of a state-
ment of principles and of opposition to all
forms of censorsuip directed against freedom
of expression.

Calendar of
COMING EVENTS

American Society of Tool Engineers
Meeting, Philadelphia, Pa., April
10-14

New England Radio Engineering
Meeting, sponsored by North At-
lantic Region of IRE, Boston,
Mass., April 15

NAB Annual Engineering Conference,
Chicago, 1., April 12-15

IRE /URSI Meeting, Commissions 1,
4, 6, 7, Washington, D. C., April
17-19

Fourth Annual Spring Technical Con-
ference, Cincinnati Section, IRE,
April 29, Cincinnati, Ohio

1950 IRE Technical Conference, Day-
ton, Ohio, May 3-5

Conference on Improved Quality
Electronic Components, sponsored
by IRE, AIEE, RMA, Washing-
ton, D. C., May 9,10 and 11

Armed Forces Communications Asso-
ciation 1950 Annual Meeting, Pho-
tographic Center, Astoria, L. L.,
N. Y., and New York City, May
12; Signal Corps Center, Fort
Monmouth, N. J., May 13

IRE West Coast Convention of 1950,
Municipal Auditorium, Long
Beach, Calif., Sept. 13-15

Radio Fall Meeting, Syracuse, N. Y.,
October 30, 31, November 1
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AUSTRALIAN IRE MEMBERS

Background, left toright: J. L. Pawsey, D. G. Wyles, R. C. Allsop, N.S. Gilmour, M. H
Stevenson, A. S. McDonald (standing), L. A. Hooke, H. B. Wood, G. H. Munro. Fore
ground, left to right: R. Edwards, Felix Gutman, N.T.Wedgner, K.S. Brown, I. C. Han

sen. Immediate foreground: L. S. Hall.

AUSTRALIAN [RE MEMBERS
ORGANIZE FIRST MEETING

(In presenting this item to the readers
of the PRoceEDINGs oF THE [.R.E., pleasure
and gratification may suitably be experi-
enced at the friendliness, mutuality of inter-
est, and close co-operation which exist be-
tween the Institution of Radio Engineers,
Australia, The Institute of Radio Engineers,
and the Australian membership of the
IRE.— The Editor.)

International activities of the Institute
were furthered by the first organized meet-
ing of IRE members in Australia on De-
cember 19, 1949, at Sidney. Reflecting the
close link between the IRE and the Aus-
tralian Institution of Radio Engineers,
H. B. \Wood, Vice-President, and other
members of the Australian Institution were
guests. A. S. McDonald (M’'23 F’41), Vice-
President of IRE for 1949, addressed the
gathering arranged by Murray H. Stevenson
(\'39-SM'48)

Mr. McDonald spoke of the circum-
stances of the inception of the IRE through
the active part taken by Dr. A. N. Gold-
smith and others. From its origin with less
than 50 members in 1912, the IRE has grown
to an organization of more than 23,000 mem
bers in all countries of the world at the end
of 1948. Despite the smallness of Australia’s
population there are 93 Australian IRE
members, a total membership which is sur-
passed by only five other countries.

He pointed out that Australian members
derive the greatest miembership berefit from
the PrOCEEDINGs OF THE [.R.E., and that
Australia has produced many finds con-
ceived from the mine of information offered
by ProCEEDINGS, and hasin its own way
contributed to theadvancement of the elec-
tronic art.

IRE WEST CoasT CONVENTION
WiLL BE HELD 1N SEPTEMBER

Advances in civilian and military elec-
tronic and radio services in the West will be
highlighted at the IRE West Coast Con
vention to be held September 13, 14, and
15, at the Municipal Auditorium, Long
Beach, Calif.

The convention will feature a technical
program combined with the Sixth .\nnual
Exhibit of the West Coast Electronic Manu-
facturers Association.

NEW ENGLAND RaDIO ENGINEILRS
WiLL MEET AprIL 15 IN BosToN

An outstanding program of technical pa
pers will be offered to radio engineers attend
ing the 1950 New England Radio Lingineer
ing Meeting to be held at the Somerset
Hotel, in Boston, on Saturday, April 15
Sponsored by the North Atlantic Region of
the IRE, the theme of the meeting is “Prog
ress Through Research.”

In addition to a morning and afternoon
technical program, those attending the ses-
sion will have opportunity to visit the tele-
vision facilities of WBZ and to inspect the
toll dialing equipment of the New England
Telephone and Telegraph Company. Further
information may be obtained from \W. M.
Broadhead, General Chairman, 131 Claren-
don Street, Boston, Mass.

AIEE NoMiNaTES NEW OrrFICERS

Tiwus G. Le Clair, assistant chief electri
cal engineer of the Commonwealth Edison
Company, Chicago, 111, was nominated to
succeed James A. Fairman of New York
as President of the American Institute of
Electrical Engineers, at the Winter General
Meeting held at the Hotel Statler, New
York, N. Y., on January 31-February 3.

TeciNIcAL COMMITTEE NOTES

The Standards Committee held a meet-
ing on February 9 under the Chairman-
ship of John G. Brainerd. Ralph Batcher,
Chairman of the Annual Review Com-
mittee, reported that on February he
attended an ASA Committee meeting o
symbols for servomechanisms and feedback
control system. This Committee is pre-
paring definitions and will welcome IRE
representation. ASA will be advised of IRE'’s
interest in the work and its desire to have
representation. The Symbols Committee has
established a subcommittee to review abbre-
viations for use in text material. A similar
group formed by ASA Sectional Committee
7-10 will be represented on the IRE Sub-
committee. Chairman Brainerd announced
that a Committee on Electronic Instrumen-
tation is being set up in ASA at the request
of IRE. Upon formalization, IRE will
nominate a chairman. Axel G. Jensen will
attend the next meeting of the National
Research Council in connection with the
preparation of the Glossary of Nuclear
Terms. Mr. Jensen, Chairman of the Defi-
nitions Co-ordinating Subcommittee, re-
ported on the several activities of this work-
ing group. M. Baldwin. Chairman of the
Television Co-ordinating Subcommittee, re-
ported on the activities of his group. .\ sub-
committee was formed under the Chair-
manship of Wayne Mason, to study IRE
participation in the formulation of inter-
national standards. . . . The Electron Tubes
and Solid-State Devices Committee met on
January 12 under the Chairmanship of
L. S. Nergaard. The Standard on Definitions
and Methods of Testing for Traveling-
Wave Tubes, Magnetrons and Klystrons
will be completed this year. This committee
will appoint a representative to serve on the
Committee on Measurements and Instru
mentation. The Electron Tubes and Solid
States Devices Committee will hold its 1950
Electron Devices Conference at the Uni
versity of Michigan in June. John L.
Gorham has been named Chairinan of the
1950 I-lectron Devices Conference, details
of which will be announced when the sched
uleis completed. . . . The Wave Propagation
Committee held a meeting on January 25,
under the Chairmanship of C. R. Burrows.
\ll subcommittees of the \Wave Propaga-
tion Committee held individual meetings
on Japuary 25, prior to the main committee
meeting. H. O. Peterson, Chairman of the
Subcommittee on Standards and Practices,
reported that his group is in the process of
rewriting new standards. Mr. Peterson
stressed the need for new terminology. .\ re-
port on the activities of the Subcommittee
on Theory and Application of I'ropospheric
Propagation was given by Chairman
Boolker. This working group is planning a
preparation of a bibliography. The first
meeting of the Subcommitteeon Theory and
Application of lonospheric Propagation,
under the Chairmanship of A. H. Waynick,
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was held on January 25. Dr. Sinclair re-
ported on the activities of his subcommittee,
Definitions and DPublications, which also
held its first meeting on January 25. Chair-
man H. W. Wells of the Subcommittee on
Annual Review reported that the annual
review material had been submitted for
1949. T. J. Carroll of the Wave Propagation
Committee has recently been made Chair-
man of a Subcommitice on Tropsopheric
Propagation in the CCIR. ... The Com-
mittee on Measurements and Instrumenta-
tion held a mieeting on January 20, under the
Chairmanship of Professor Ernst Weber.
Liaison between the various subcommittees
of this committee and the other technical
committees was discussed. Dr. \Weber re-
minded committee members that they have
been invited to attend meetings of all other
technical committees whose work is related.
*Mr. Gaffney has been appointed Vice-
Chairman of the Committee on Measure-
ments and Instrumentation. \W. B. George
has accepted the Chairmanship of Sub-
committec 25.1. Reports were made by
chairmen present on their subcommittees.
In the absence of Dr. George, Mr. Dalke
submitted the report of Subcommittee 23.2.
Mr Fred .\. Muller, Director of the Dielec-
tric Laboratory of the Telephone Communi-
cations lLaboratories, has agreed to par-
ticipate in the work of this subcommittee.
He is in charge of preparing standards for
the ASTM on measurementsabove 100 Mec.
Mr. Muller's service provides excellent co-
ordination between IRE and ASTM. The
Chairman of this subcommittee through his
contacts at the National Bureau of Stand-
ards will also function as liaison with ASTM
activities in Dielectric Measurements. Mr.
Christaldi, Chairman of Subcommittee
25.10, attended a meeting on December 19,
of the AIEE Joint Subcommittee on Elec-
tronic Instrumentation. An AIEE task
group on Cathode-Ray Instruments is work-
ing on a project comparable to one phase
of the work of the IRE Subcommittee on
Oscillography. The work of the two groups
will be co-ordinated by utilizing common per-
sonnel. The scope of this subcommittee will
encompass activities of the present AIEE
Task Group which is concerning itself with
establishing definitions of terms, and a pro-
posed standard form for specifications for
cathode-ray instruments. It is expected that
the IRE subcommittee will go further and
co-ordinate techniques of oscillographic
measurements in conjunction with the ac-
tivities of other committees. Mr. Steen,
Chairman of Subcommittee 25.11, reported
_hat his group will tie in its work with the
Professional Group on Quality Control.
Mr. Mayo-Wells reported excellent progress
in the organization of his subcommittee
25.13. This group will review the Tele-
metering Glossary prepared by J. F. Brinster
‘or the Research and Development Board.
3. C. Reid reported plans to organize his
subcommittee 25.14 in two segments: a
governmenta’ and military group in Wash-
ington area, and a dominating industrial
group in the New York area. Dr. \Weber re-
ported on the Symposium on Improved
Quality Electron Components to be held in
Washington next May. The Proceedings of
the Symposium will be published as a
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pamiphlet. The program will include five
half-day sessions on utilized methods, on
quality elements, and on miniaturization,
J. G. Reid, Jr., Chairman of Subcommittee
25.14, has been appointed to the key post of
Technical Program Chairman of this Sym-
posium. Chairman Weber also reported that
a petition for a Professional Group on Llec-
tronic Instrumentation had been approved
by the IRE Executive Committee. Ulti-
mately this group will take over the IRE
Sponsorship of the Symposium on Improved
Quality Electronic Components. . . . The
Video Techniques Committee held a meet-
ing on January 26, under the Chairmanship
of J. E. Keister. The Chairman reported
that liaison members from the Society of
Television Engineers had been appointed to
each of the subcommittees. Mr. Daugherty
reported that his subcommittee is reviewing
definitions which will be forewarded to the
Definitions Co-ordinating Subcommittee
for consideration. A report was given on the
activities of Subcommittee 23.3, Video
Systems and Components-Mecthods of Meas-
urements. The following Standards pre-

pared by this subcommittee will be pub-~

lished in the May issue of PROCEEDINGS.
“Measurements of Timing on Video Switch-
ing Systems; and “Methods of Measure-
ments of Resolution in Television.” The
“Standards on Methods of Measurement of
Television Signal Levels” prepared by Sub-
committee 23.4 was approved and will also
be published in the May issue of I’ro-
CEEDINGS. . . . A Meeting of the Steer-
ing Committee of the IRE/AIEE/RMA/
Symposium on Improved Quality Elec-
tronic Components held a meeting on Jan-
uary 23, under the Chairmanship of F. J.
Given. This Symposium will be held in
Washington, D.C., on May 9, 10and 11. . ..
The Planning Committee of the Third
Annual Joint Nuclear Science Symposium
held a meeting on February 2. The Nucle-
onics Symposium will be held in New York
City on October 23, 24, and 25. ... The
Joint Technical Advisory Committee held its
meeting on January 13, at the Hotel Statler,
\Vashington, D. C., prior to an informal
conference with the Federal Communica-
tions Commission.

MIT OFfFErs FELLOWSHIPS IN
ELEcTRONIC RESEARCH, STUDY

A number of graduate and advanced re-
search fellowships are offered by the Massa-
chusetts Institute of Technology for study
and research in the field of electronics
Known as Industrial Fellowships in Elec-
tronics, they are sponsored jointly by a
group of industrial organizations concerned
with the advancement of electronics and its
applications.

Applicants for Graduate Student Fel-
lowships must satisfy the requirements for
admission to the Graduate School on recom-
mendation of the department of physics or
the department of electrical engineering.
Recipients will pursue programs of study
and research leading towards advanced aca-
demic degrees in physics or electrical en-
gineering.

There will be awarded a few Advanced
Research Fellowships to candidates pos-
sessing the Ph.D. degree or its equivalent
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who, without enrolling as graduate students,
wish to pursue advanced studies and re-
search in the field of electronics at MIT.

Applicants should communicate with
the Director, Research Laboratory of Elec-
tronics, at least four months prior to the
intended date of entrance.

JornnsoN AND MILLER APPOINT
CensorsHir ProeLEM COMMITTEE

A joint committee of the radio broad-
casting and motion picture industries,
charged with the task of co-operating against
all forms of censorship and in other fields
of common interest, has been appointed by
Eric Johnson, president of the Motion Pic-
ture Association, and Justin Miller, presi-
dent of the National Association of Broad-
casters.

Appointment of the committee was fol-
lowed by the unanimous adoption, by the
boards of the two Associations, of a state-
ment of principles and of opposition to all
forms of censorship directed against freedom
of expression.

Calendar of
COMING EVENTS

American Society of Tool Engineers
Meeting, Philadelphia, Pa., April
10-14

New England Radio Engineering
Meeting, sponsored by North At-
lantic Region of IRE, Boston,
Mass., April 15

N AB Annual Engineering Conference,
Chicago, I1l., April 12-15

IRE 'URSI Meeting, Commissions 1,
4, 6, 7, Washington, D. C., April
17-19

Fourth Annual Spring Technical Con-
ference, Cincinnati Section, IRE,
April 29, Cincinnati, Ohio

1950 IRE Technical Conference, Day-
ton, Ohio, May 3-5

Conference on Improved Quality
Electronic Components, sponsored
by IRE, AIEE, RMA, Washing-
ton, D. C., May 9, 10 and 11

Armed Forces Communications Asso-
ciation 1950 Annual Meeting, Pho-
tographic Center, Astoria, L. [.,
N. Y., and New York City, May
12; Signal Corps Center, Fort
Monmouth, N. J., May 13

IRE West Coast Convention of 1950,
Municipal  Auditorium, Long
Beach, Calif., Sept. 13-15

Radio Fall Meeting, Syracuse, N. Y.,
October 30, 31, November 1
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BUREAU OF STANDARDS REVISES
WAWVY AND WAVVIH ServICES

A new series of technical radio broad
cast services over radio station \WWV,
Beltsville, Md., and WWVH, Maui, Terri-
tory of Hawaii, has been inaugurated by
the National Bureau of Standards. These
services will not differ greatly from those
given in the past. .

The revised services from WWYV include
standard radio frequencies of 2.5, 5, 10,
15, 20, 25, 30, and 35 megacycles; time an-
nouncements at S-minute intervals by voice
and International Morse Code; standard
time intervals of 1 second, and 1, 4, and §
minutes; standard audio frequencies of 440
cycles (the standard musical pitch A above
middle C) and 600 cycles; and radio propa-
gation disturbance warnings by Interna-
tional Morse code consisting of the letters
\W, U1, or N, indicating warning, unstable
conditions, or normal, respectively.

The audio frequencies are interrupted at
preciscly one minute before the hour and
are resumed precisely on the hour and each
five minutes thereafter. Codle announce-
ments are in Universal Time using the 24-
hour system beginning with 0000 at mid-
night; voice announcements are in Eastern
Standard Time. The audio frequencies are
transmitted alternately: the 600-cycle tone
starts precisely on the hour and every 10
minutes thereafter, continuing for 4 minutes;
the 440-cycle tone starts precisely five
minutes after the hour and every 10 minutes
thereafter, continuing for 4 minutes. Lach
carrier frequency is modulated by a seconds
pulse which is heard as a faint tick; the pulse
at the beginning of the last second of each
minute is omitted.

Radio station W\WVH, recently estab-
lished in Hawaii by the National Bureau
of Standards, broadcasts on an experimental
basis on 5, 10, and 15 megacycles. The pro-
gram of broadcasts on the three frequencies
is essentially the same as that of station
WWV. Reception reports indicate that
WWVH is received at many locations not
served by WWV, thus extending the area
served by standard frequencies and time
signals. Time announcements in Universal
Time are given from WWVH every five
minutes by International Morse Code only.

Further information on the technical
radio broadcast services may be obtained on
request from the National Bureau of Stand-
ards, Washington 25, D. C. Reports on
reception are welcomed; forms on which to
submit such reports may also be obtained on
request.

Treasury REFUSES To PostroNE
Excise Tax IFor LLOUDSPEAKERS

Following formal refusal, at least at the
present, by the Internal Revenue Bureau
to suspend its ruling of October 26 taxing
loudspeakers, with or without transformers,
arrangements have been made for renewal
of the postponement request at a conference
with Treasurv officials by representatives of
the RNMA Speaker Section and Excise Tax
Committee. Although the speaker tax ruling
is continued in effect on the ground that not
a sufficient showing has yet been made for
its postponement, Chairman Matt Little

PROCEEDINGS OF THE |I.RE.

of the Speaker Section and Vice-Chairman
A. M. Freeman of the lixcise Tax Commit-
tee have arranged for an carly conference
with the Treasury officials to present ad
ditional and more detailed facts in support
of the RMA request for postponement.

EastMaN Kobak Comrany PLANS
CoLoR TELEVISION SYMPOSIUM

Owing to current interest in the subject
of color television, a special symposium on
color and color photography as applicd to
television may be presented by the Eastman
Kodak Company at Rochester, N. Y. in late
May, provided sufficient registration ic ob-
tained.

Designed for engineers active in color
television, the symposium would aim the
subject of color and color photography di-
rectly at the color television field. The tenta-
tively scheduled symposium would consist of
illustrated talks and demonstrations fol-
lowed by questions and discussion periods.

The symposium will be held if at least
25 individuals indicate that they would at-
tend. Interested persons should send a
tentative registration to: Eastman Kodak
Company, East Coast Division, Motion
Picture Film Department, 342 M\ladison
Avenue, Suite 626, New York 17, N. Y.
Each registrant would be notified by the
middle of Nay as to whether the symposium
would be conducted the latter part of May.
If the symposium were to be conducted, full
details would be sent at that time, including
information regarding hotel reservations in
Rochester.

The symposium would be an adaptation
of a series of meetings currently heing held
for representatives of the motion picture
industry. The following is a list of subjects,
covered by the current meetings, which
would be somewhat altered so as to apply
directly to color television: Fundamentals of
Color and Color Photography, Light Sources
and Filters, the Perception in Identification
of Color, Characteristics of Color Materials,
Color Processes, the I’rablem of Duplication,
Negative-Positive Color Processes, Color
Sensitometry, P’rinters and Color Balancing,
and Psychological Aspects of Color I’hotog-
raphy.

NADB Si:kS GOVERNMENT ACTION
ON BKOADCASTING ALLOCATIONS

The National Association of Broadcast-
ers' Board of Directors has adopted a resolu-
tion urging on the U. S. Congress, State De-
partment, and Federal Communications
Commission “the viral necessity of a new
treaty” on broadcasting channel allocations,
pointing out that the Cuban Government
has authorized radio operations which
“severely damage the coverage” of Ameri-
can stations.

The resolution, adopted at the close of
the Board's three-day meeting at NADB head-
quarters, called attention to “the serious
degradation of program service to millions of
listeners in the United States of America.”

April

SyrLvania Ernictric PropucTts
Apsonkis CoLonial Rapio Co.

Sylvania Electric Products Inc. has an-
nounced the absorption of its wholly owned
subsidiary, Colonial Radio Corporation,
manufacturer of radio and television sets.
Operations will be continued in Buffalo
N. Y., as the Coloniel Radio and Television
Division, Sylvania llectric Products Inc.

k.. 1. Lewis, formerly president of
Colonial, has been elected vice-president of
Sylvania in charge of the Colonial Radio
and Television Division. The personnel and
policies will continue unchanged.

300,000,000-VOLT SYNCHROTRON
Passizs ITs First Tist AT MIT

A 300,000,000-volt synchrotron, which
will be used for research on atomic particles,
has passed its first operating tests in the
Laboratory for Nuclear Science and |
gineering at the Massachusctts Institute of
Technology. Announcement of the comple
tion of the test of the synchrotron, which
was started in 1946, was made by Professor
Jerrold R. Zacharias, Director. Its con
struction was supported in part by the Office
of Naval Research, and the machine was
designed and built under the direction of
Ivan A. Getting, professor of electrical en
gineering.

The Institute’s Synchrotron is powerful
enough to produce mesons artificially, and
should produce enough of them so that their
behavior can be studied carefully. It is
believed that from such studies may come
new information in the realm of nuclear
physics. Lventually, understanding of the
meson may disclose the true nature of the
forces that bind together the particles of the
atomic nucleus.

S
Wave PropacaTioN Is Susjict
or SyaMPosiuM AT NYU IN JuNE

“The Theory of Electromagnetic Wave
Propagation™ is the subject of a Symposium
to be held June 6-8 at New York University,
Washingion Square College, New York,
N. Y., under the sponsorship of NYU’s
Mathematic Department and the Geophysi
cal Research Directorate of the Air Force
Cambridge Research Laboratories.

Among the speakers will be Professor
H. G. Booker of Cornell University, Dr
H. Bremer of Philips Research Laboratorices,
Eindhoven, llolland, Professors K. O.
Friedrichs and Bernard Haurwitz of New
York University, Professor R. 12, Langer of
the University of Wisconsin, Professor Har-
old Levine of Harvard University, Dr. Wil
helm  Magnus of California Institute of
Fechnology, and Professor Nathan MNar
cuvitz of Brooklyn Polytechnic Institute.

The Symposium is sponsored for the
purpose of providing an exchange of views of
those engaged in research in electromagnetic
theory, hasic applications to propagation,
diftraction, etc., and the associated mathe-
matical techniques and theory.

[




-

1950

NBS PUBLISHES NEW BOOKLET
ON SPECTROPHOTOMETRIC DATA

Reliable spectrophotometric data can be
obtained from a new booklet, “Spectro-
photometry,” recently issued by the Na-
tional Bureau of Standards and made avail-
able from the U. S. Government Printing
Office.

The techniques and data resulting from
the Bureau’s extensive experience in spec-
trophotometry are presented in this guide
so users of spectrophotometer can better
understand their instruments, calibrate
and maintain them in the proper op-
erating condition, and guard against the
numerous errors common in such work.

Instruments and methods for use in the
ultraviolet, visible, and near-infrared spec-
tral region are considered, including the
photographic, visual, as well as the photo-
electric methods.

Industrial Engineering
Notes'

TELEVISION NEWs

With RMA set production reports add-
ing up to 2,413,397 television receivers,
total output for the entire industry, accord-
ing to the best information available, is be-
lieved to have exceeded 2,800,000 TV sets
compared with an estimated 975,000 units
in 1948. Radio receiver production, while
rising during the fourth quarter of the year,
declined for the year, however, to about two-
thirds of the 1948 output. RMA figures on
both AM and FM receivers totalled
7,266,876 in 1949, with an estimated in-
dustry output of more than 10,000,000
sets. Total television receiver production in
1949 brought the accumulated estimate of
television receivers manufactured since the
war to just short of 4,000,000. . . . An uitra-
modern television, radio, and recording
system is being installed at the White
House, now being remodeled. The built-in
system will be operated from a central
master control, and will feature a large
television screen in every room. Each screen
will be tuned in merely by dialing a number.
In addition to the installation of big screens
in all rooms, a giant six-bv-cight foot TV
screen will be placed in the small movie
theater which is located in the executive of-
fices section of the White House. The system
also includes similar scrvices for AM and
FM radio programs, Muzak, as well as
cquipment to use wire and tape recordings
and phonograph records in every room. . . .
Reflecting the giant strides made in the pro-
duction of television receivers in 1949, the
value of TV picture tubes sold for new sets
was almost triple the corresponding 1948
sales figures, according to tube manu-
facturers' reports to the RMA Tube Divi-
sion. The value of television-receiver type

' The data on which these NOTES are bascd were
selected, by permission. from Industry Reporis, issuce
of January 20, January 27 Fcbruar}/ 3, and February
10. published by the Radio Manufacturers Associa-
tion, whose helpful attitude is gladly acknowledged.
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cathode-ray tubes sold in 1949 to equip-
ment manufacturers rose 197 per cent to
$92,402,520, compared with $31,158,194 in
1948, while in units the increase was 170
per cent or from 1,225,419 to 3,305,673
tubes. Indicating a sharp trend toward
larger TV set screens, more than 43 per cent
of the TV picture tubes sold to set manu-
facturers in 1949 were from 12 through 13.9
inches in size, as compared with six per cent
in 1948. Tubes from nine through 11.9 inches
accounted for 34 per cent and tubes over 14
inches accounted for 16 per cent of manu-
facturers’ purchases. The remaining sales
were of tubes smaller than 8.9 inches and
projection tubes. . .. Complying with an
FCC request issued the middle of December,
parties to the current color television in-
quiry, including RMA, have filed formal
comments with the FCC on general recom-
mendations previously on record in the FCC
hearings. The statements filed by RMA,
RCA, Philco, and CBS were on a procedural
requirement. The RMA statement noted
that any statements filed prior to the FCC
hearings by the Association should be viewed
by the FCC in the light of RMA President
R. C. Cosgrove’s later testimony. This re-
ferred specifically to an RMA major rec-
ommendation that any color television
system authorized by the FCC should be
compatible. Philco pointed out it had not
changed its views, and CBS noted that there
was no change in its position as outlined in
previous written statements on file with the
FCC. RCA called attention to several tech-
nical advances which it has made in its
system, including an automatic color phasing
development which was tested during
the January session.

RADIO AND TELEVISION NEWs ABROAD

Holland expects to have its first non-
laboratory television this year with receivers
being placed on the market, and a station
crected at Het Gooi, according to informa-
tion received by the U.S. Department of
Commerce. Transmissions will be made
with 625 picture lines and on an experi-
mental basis for the first two years under the
over-all responsibility of the Netherlands
Broadcast Transmission Co. It is estimated
there will be 30,000 television viewers after
two experimental years and 225,000 after
six years of operation, according to the re-
ports. Radio dealers in Bristol, England,
were experiencing a rapidly increasing de-
mand for television receivers prior to the
opening in mid-December of Britain's
second television station at Birmingham,
according to a report received by the US.
Department of Commerce. If the demand is
as good as many expect, manufacturers will
be unable to supply sufficient models to
meet requirements, the report said. The
Bristol interest in television is said to have
increased with the reception of test signals
from the new station. Up until recently only
73 television licenses had been taken out in
the Bristol area.... An estimated 11,360
radio receivers arc in use in Nicaragua, of
which about half were manufactured
prior to 1939. Approxinately 90 per cent of
the radios in operation are table models. An
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estimated 95 per cent of the sets are
equipped to receive medium-wave and short-
wave broadcasts. Approximately 12,000
radio receivers are in use in Indo China, of
which about 95 per cent are of French manu-
facture. The remainder are principally
Dutch, according to a report received by the
U.S. Department of Commerce. Imports of
radios into Iran from March 21, 1949, to
March 20, 1949, totalied 18,191 sets valued
at 37,491,942 rials, of which 12,292 receivers
valued at 22,371,368 rials were of U.S.
manufacture. . . . There is a growing in-
terest in television in Germany, and a sta-
tion may be erected in Hamburg by the
middle of this year, according to a report
received by the U.S. Department of Com-
merce. TV development for the most part is
dependent upon radio amateurs. There are
an estimated 2,800,000 radio receivers in
operation in Italy, and about 70 per centare
equipped for short-wave reception. About
55,000 sets are located in public places. . . .
Restrictions on New Zealand’s imports of
radio receiving tubes from the United States
during 1950 are expected to be even more
severe than in 1949. An estimated 30,500
radio receiving tubes, most of them ob-
solescent types and not available from ster-
ling areas, will be imported from the United
States this year.

FCC AcTiONS

The FCC has denied the petition of
Prismacolor Pictures, Inc., of Wilmette, Iil,,
seeking permission to participate in the
color television hearings. The FCC ruled
that the petition of the company did not
make a prima facie showing that the pro-
posed system of color photography could be
adopted to color television. “On the con-
trary,” the FCC said, “itappearsfrom your
petition and statement that at the present
time your proposed color television system
is predicated on the asserted success of your
color photography; that there has been no
research and development of the proposed
color television system in the laboratory to
determine fundamentals and to explore
basic problems; and that no transmitting or
recciving apparatus have been constructed
by you which would be suitable for either
laboratory or field testing.” ... The FCC
in accordance with its rules and engineering
practices concerning FM broadcast stations,
this week issued an up-to-date list of manu-
facturers, of approved FM transmitters, fre-
quency monitors, and modulation monitors.
The list, containing the names of trans-
mitting equipment manufacturers and ap-
paratus classified by type and power, may
be obtained from the Secretary of the
Federal Communications Commission,
Washington 25, D. C....The FCC has
authorized a Class 2 Experimental station to
the S. S. Pike Co., Inc., New York City, to
be used up to Nov. 1, 1950, to demonstrate
a new type of sky writing. Flying in a
straight formation approximately 350 feet
apart, seven aircraft would release smoke
dots to stream out and outline block letters.
The center plane would carry an auto-
matically keyed tone-modulated transmitter
which would activate receivers controlling
smoke apparatus on the other planes. ...
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Muzak Corp. has petitioned the FCC to hold
a hearing on the nonbroadcast uses of FM
signals and other activities of some FM
licensees. Muzak, which provides a leased
music service with telephone lines, now
seeks FCC permission for installing super-
sonic signals and a special form of multi-
plexing in connection with FM broadcast-
ing. The petition charges that some stations
are violating existing FCC.rules by utilizing
supersonic signals for the elimination of
commercial announcements on FM station
broadcasts. Muzak asked that until the
rules are amended, the FCC advise all FM
licensees that the service which some of
them are now performing by the use of
supersonic signals and the sale of service
directly or indirectly, either by the station
itself or through agency relationships to
multiple addresses, is contrary to the FCC
rules. The FCC has granted the Depart-
ment of Forests and Waters of the State of
Pennsylvania construction permits for 62
fixed stations in the Forestry Conservation
Radio Service to be used for determining
water levels throughout the Susquehanna
River basin in connection with flood fore-
casting. The proposced new system will con-
sist of u control center at Harrisburg, 11
automatic relay points, and 50 reporting
units. It will operate on nine frequencies in
the 170-Mc range. ... The FCC has re-
versed itself and granted the Zenith Radio
Corp. special temporary authority for a
period of 90 days to conduct experimental
operations employing *‘Phonevision.” Pre-
viously, over the dissent of Chairman Wayne
Coy and Commissioner George Sterling, the
FCC had ruled that a public hearing should
be held before the experiments involving
paid subscriptions could be conducted. This
action was opposed in a subsequent Zenith
petition for reconsideration. . .. The FCC
has been offered the assistance of 50,000 ex-
perienced television experimenters, who
have assembled black-and-white television
receiving sets from knock-down kits in their
homes, to help decide which system of color
television will best serve the \merican
public. The ofier was made in a letter
written by Emanuel Cohan, President of
Transvision, Inc.

NaT1oNAL TELEVISiON SYsTEM GROUP OF
RMA WiLL AssisT COLOR STANDARDS

The creation of a National Television
System Committee to attain industry-wide
agreement on technical developments needed
for the expansion of television to all sections
of the country, and for the establishment of
basic standards which will bring color tele-
vision toreality, wasannounced by the Radio
Manufacturers’ Association.

W. R. G. Baker, vice-president of the
electronics department of General Electric
Company, and Director of RMA’s engineer-
ing department, will serve as chairman of
the group. Donald G. Fink, editor of
Electronics, and David B. Smith, vice-presi-
dent in charge of engineering and research
of Philco Corporation, are vice-chairmen.

The following organizations and individ-
uals have been invited to participate:
Philco Corporation, Electronics, McGraw-
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Hill, DuMont Laboratories, Crosley Divi-
sion of AVCO, Zenith Radio Corp., The
Institute of Radio Engineers, Colimbia
Broadcasting System, Television Broad-
casters Association, Bell Laboratories, Gen-
eral Flectric Co., National Association of
Broadcasters, Color Television, Inc., Hazel-
tine Corporation, Admiral Corporation,
Motorola Inc., Westinghouse Electric Co.,
John V. L. Hogan, Federal Communications
Commission, and the Radio Corporation of
America.

Dr. Baker has told Chairman Coy that
“‘\ve shall be pleased to have the FCC par-
ticipate in the work of NTSC to the extent
you desire.” He added that the FCC will be
advised at all times as to the work of the
NTSC and “as additional representation is

appointed.”

House Group 10 INCLUDE TV IN ITS
Prorosep FCC BiLL PrBLi HEARINGC

Testimony on the FCC activities in con-
nection with television, including color, is
being given at public hearings by a sub
committee of the House Interstate and
Foreign Commerce Committee to consider
several bills affecting the administration of
radio communications, RMA has been
informed.

Acting Chairman Sadowski(Dem. Mich.),
who introduced a biil to amend the Com-
munications Act and revise certain functions
of the FCC, said that industry representa-
tives will be invited to testify in connection
with the television phases of the inquiry.

The bill as introduced proposes three
major changes in the Communications Act
which would: (1) create an independent five
member Frequency Control Board to deai
with the allocation and assignment of radio
frequencies; (2) broaden the FCC admini-
strative authority with respect to radio
station licensees and holders of construction
permits; and (3) make radio station licensees
immune from criminal or civil actions for
statements made in political broadcasts and
would clarify Section 315 of the Communica-
tions Act relating to such broadcasts.

RMA NaMES INDUSTRY REPRESENTATIVES
10 SLATE INTERNATIONAL TV ExHiBITS

The Radio Manufacturer’s Association
in response to a request of the U.S. State
Department, has designated industry repre-
sentatives to assist the Government in ar-
ranging for an international demonstration
of American television in this country be-
tween March 27 and April 7. The demon-
stration will also include exhibits of color
television, according to an announcement
by Donald S. Parris, of the Office of Inter-
national Trade.

The demonstration will be conducted for
a group of European technicians comprising
Study Group 11 of the International Radio
Consultative Committee, which met last
July in Switzerland to consider international
television standards.

The following nations are members of
the Study Group: Austria, Belgium, Czecho-
slovakia, Denmark, France, Hungary, ltaly,
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the Netherlands, Sweden, Switzerland,
United Kingdom, Yugoslavia, and the
United States. Following the television
demonstrations in this country, the Study
Group will visit Paris and Eindhoven for the
French and Dutch demonstrations from
April 20-25, and London for a British dem-
onstration from April 27-May 4.

W. R. G. Baker, Director of the
RMA engineering department, has made
the following appointments: President, R.
C. Cosgrove; Director, Larry F. Hardy,
President of Radio and Television, Philco
Corp., Philadelphia; Director, Allen B.
Dumont, President of Allen B. Dullont
Laboratories, Inc., Clifton, N. J.; Karl
Phillippi, General Electric Co., New York,
N.Y.; Director, J. B. Elliot, Vice-President,
RCA Victor Division, Camden, N. J.; and
V. S. Mameyeff, Chairman of the RMA
Export Committee, of the Raytheon Manu-
facturing Co., New York, N. Y.

RM.A\ also recommended the following
industry representatives to serve on an Ad-
ninistrative Subcommittee to be named by
the State Department: Max F. Balcom,
chairman of the RMA Television Committee
and \ice-President of Sylvania Electric
Products Inc., Emporium, Pa.; President
Cosgrove; Donald G. Fink, editor of
Electronics, New York, N. Y.; Dr. DuMont
and Mr. Philippi.

The Technical Subcommittee held its
first meeting on Tuesday, January 31, at
the headquarters of The Institute of Radio
Engineers in New York, N. Y.

Ranto PROPAGATION LABORATORY TO
MovE 10 BoULDER, COLORADO, SITE

Approval has been given for the develop-
ment of a site at Boulder, Colo., for addi-
tional laboratory facilities for the National
Bureau of Standards. The site will be used
initially by the Bureau's Central Radio
Propagation Laboratory. Laboratory facili-
ties costing $4,500,000 will be erected, with
construction expecfed to begin in the sum-
mer of 1951 NBSsaid. \When the laboratory
is completed, a research staff of 300 people
will be employed, with most of them being
transferred from the present staff in Wash-
ington. The Bureau's radio work is being
carried on in three units: The ionospheric
research laboratory, the system research
laboratory, and the measurements standards
laboratory.

ARMY TO TEST TELEVISION FOR
TrAINING RESERVE COMPONENTS

The Army is presenting a series of eight
experimental television programs designed
to test television as a training medium for
its Reserve Components, according to an
announcement by General Mark \W. Clark
C.hnef’of Army Field Forces, Fort Monroe,
Va. Time for the test programs, which began
on February 9, has been donated by the
Columbia Broadcasting System. General
Clark emphasized that these are test training
'programs,'the results of which will be studied
in c.]etermming’ the possibility of using tele-
vision as a training medium.
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Samuel Lubkin (SM'46), formerly con-
sultant to the Nationa! Bureau of Standards,
will head a new company, The Electronic
Computer Corporation of Brooklyn, N. Y.,
which has been formed to meet the demand
for companies specializing in electronic digi-
tal computers.

Dr. Lubkin’s work with the National Bu-
reau of Standards was concerned with the
mathematical, logical, and engineering phase
of electronic digital computers. He is one of
the leading authorities of this highly special-
ized subject. Before his association with the
NBS, Dr. Lubkin was in charge of the digital
computer group of the Reeves Instrument
Corporation, on loan to the Moore School of
the University of Pennsylvania as consultant
in the design of their EDVAC; and engineer
in charge of computing machines at the Bal-
listics Research Laboratories, Aberdeen
Proving Ground. As president of the Elec-
tronic Computer Corporation, Dr. Lubkin
will actively direct and supervise production
of both general purpose and special purpose
computers and associated components. The
company also will engage in research and
consultancy in the field.

Benedict K. V. French (A’24-M’30-SM-
’43), has been appointed application engineer
of the Electronic Parts Division of Allen B.
DuMont Laboratories, Inc., at East Pater-
son, N. J. He will collaborate with engincers
and production men of various TV set man-
ufacturers in fitting DuMont components to
their assemblies.

Mr. French began his radio career in
1923 with Federal Telegraph and Telephone
Co. as development engineer. Later he was
with American Bosch in its development of
the first all-wave radio sets, auto radios, and
personal type receivers; with RCA’s License
Division Laboratory; and later with Case
Electric as chief engincer.

While associated with P. R. Mallory Co.
in 19371046 he was instrumental in the de-
velopment of the Mallory-Ware Inductuner,
now incorporated in the DuMont Inputuner
used in DuMont and other quality TV sets.
He was responsible for the introduction of
push-button station selection and wave-
band switching.

During World War I he served on the
joint Army-Navy Standardization Board,
and late in 1944 he became supervisor of
Mallory research for the development of the
mercury-type dry battery extensively used in
armed forces radio equipment.

Harold B. Rothrock (A’37-VA’39) has
established an office in the Citizens Bank
Building, Bedford, Ind., where he will con
tinue the practice of consulting radio ¢n
gincering.

Karl G. Jansky (A’28-M'34-
SM’43-F'47), of the technical staff of
Bell Telephone Laboratories, Inc.,
who as a radio engineer became world-
famous for his discovery of radio
waves emanating from interstellar
space, died recently.

Born 44 years ago in Norman,
Okla., he was a son of Cyril M.
Jansky, now professor emeritus of
electrical engineering at the Univer-
sity of Wisconsin. Mr. Jansky re-
ceived the B.S. degree from that uni-
versity in 1927 and the M.A. degree
in 1936. He was a member of Phi
Beta Kappa, honor society, and Phi
Kappa Phi and Phi Sigma Phi fra-
ternities.

Mr. Jansky was an expert on radio
transmission and particularly on at-
mospherics and other forms of inter-
ference. He was also known for his
studies of noise in amplifiers and re-
ceivers, and for the design of several
types of wide-band amplifiers. His
work was done at the Holmdel,N. ],
installation of Bell Laboratories.

Recently he received an Army-
Navy Certificate of Appreciation for
his work on radio direction finders in
the second World War. le was made
a Fellow of the Institute for his “re-
searches in the realm of cosmic and
circuit noise affecting radio com
munication.”

B. Ray Cummings (A’18-M’'20-
SM'43) of Fort Wayne, Ind., died re
cently. He was born on September
5, 1891, at Lancaster, 1'a.

Mr. Cummings, who was gradu-
ated from Columbia University in
1917, was with the United States
Navy. He was in charge of the design
and production of spark transmitters
and associated apparatus for vessels
of the U.S. Navy and Emergency
Fleet Corp. until June, 1919. Then he
was placed in charge of the Trans-
mitter Laboratory at the Navy Yard,
Washington, D. C., where he was
responsible for the test and design of
radio transmitters for Naval vessels,
including transmitter of arc, spark,
and valve types.

Ralph Hackbusch (A’20-M'30 F'37),
president and managing director of Strom-
berg-Carlson Co., Ltd., Canada, was elected
president of the Canadian Radio Technical
Planning Board at the fifth annual meeting
of the group.

C. Paul Young (A’37-SM’46) has been
appointed government sales manager of the
Industrial Division of Philco Corporation.
After two years as a development engineer
in the communications field, Mr. Young
joined Philco in July, 1933.

During the war he was given a leave of
absence to serve in the Electronic Division,
Bureau of Ships, Navy Department, where
he was engaged in airborne radar design
work. He returned to Philco in November,
1945, as a sales engineer to develop the com-
pany’s research and engineering contract
work.

Mr. Young received the B.S. and M.S.
degrees in electrical engineering from the
University of Pennsylvania.

In his new position he will be responsible
for customer relations and contract negoti-
ations for commercial products, microwave
relays for television and communications,
television studio equipment, Loran, and
other communications equipment.

Viadimir K. Zworykin (M’'30-F’48), di-
rector of electronic research, vice-presi-
dent and technical consultant, RCA Lab-
oratories Division, Princeton, N. J., has been
inducted into Eta Kappa Nu Association,
the national electrical engineering honor
society. Mr. Zworykin was honored at the
Recoguition Award Dinner held in New
York City recently.

James H. Ludwig (A'37-VA'39-
SM’48), president and treasurer of
the Control Engineering Corpora-
tion, Canton, Mass., died recently.
Mr. Ludwig was born on February
4, 1914, in linois.

He was graduated from Albion
High School, and received the A.B.
degree from Albion College in 1935.
Mr. Ludwig earned the M.S. de-
gree in physics at the University of
Michigan in 1936.

He was associated with Philco
Radio and Television Corp. during
1936 unti! 1938, and then trans-
ferred to RCA Victor at Camden,
N. J., where he took part in radio
engincering on commercial and
government equipments. From 1944
until 1948 he was afhliated with
Raytheon  Manufacturing  Co,,
Waltham, Mass.,, as department
manager of an engineering group of
approximately 120 people concerned
with the Navy contracts on guided
missiles.
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Harold W. Schaefer (A'44) has been
appointed a special assistant at the Philco
Corporation. Mr. Schaefer has been active
as a radio, electronics, and television en
gineer for the past 24 years. He will handle
special duties in connection with research
and engineering for the Philco Television
and Radio Division.

Mr. Schaefer had been assistant manager
of the \Westinghouse Home Radio Division
since 1944, He was also in charge of product
development and director of research and
engineering on radio and television receivers.
He commenced his career in the industry
with Grigsby-Grunow in 1926, and made
several basic contributions to the design
and production of radio sets. During the
second World War, Mr. Schaefer served at
the Applied Physics Laboratory of The
Johns Hopkins University, where under
OSRD he had charge of engineering produc-
tion of the “VT” proximity fuze.

Mr. Schaefer attended the University
of Chicago and Lewis Institute.

Commod