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LINEAF STANDARD
High Rdelity Ideal

COMPONENTS FOR EVERY APPLICATION
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HIPERM ALLOY

[High Fidelity . . . Compact

Portable . . .

ULTRA COMPACT
High Fidelity

OUNCER

Wide Range . . . 1 ounce

SUB OUNCER
Weight 15 ounce
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COMM:RCIAL GRADE
Industrial Dependability

SPECIAL SERIES
Quality for the ‘““Ham"

POWER COMPONENTS
Rugged . . .

VARITRAN

Dependable Yoltage Adjustors

MODULATION UNITS
One watt to 100KW

VARIABL: INDUCTOR

Adjust |#e a Trimmer

TOROID HIGH Q COILS
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TOROID FILTERS
Any type to 300KC

MU-CORE FILTERS
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Any type %2 — 10,000 cyc.

EQUALIZERS

Broadcost & Sound

PULSE TRANSFORMERS

For ¢l Services

HERMETIC COMPONENTS

Ceromic Terminals

HERMETIC COMPONENTS
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GRADE 3 JAN

Components

CABLE TYPE

For mike coble line

VERTIZAL SHELLS

Husky . . Inexpensive
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REPLACEMENT

Universol Mounting
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STEP-DOWN LINE ADJUSTORS
Up to 2500W . . . Stock Motch any line voltage

~

CHANNEL FRAME

Simple . . . Low cost
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Hi-Q TEMPERATURE COMPENSATING CAPACITORS

Hi-Q temperature compensating capacitors are available in three types. CN & SI types with
capacities from .25 mmf to 1830 mmf and CI types from .25 mmf to 595 mmf with a tempera-
ture coefficient range from P 100 to N 1400. All of these Hi-Q styles are of tubular ceramic
construction with pure silver electrodes precision coated. Style SI is insulated with a syn-
thetic coating of Durez, style CN is of Styrene and CI is Steatite covered.

Hi-Q GENERAL PURPOSE CERAMIC CAPACITORS

Hi-Q General Purpose Ceramic Capacitors readily replace mica and paper condensers of
corresponding values. Hi-Q General Purpose Ceramic Capacitors should not be confused
with the Hi-Q line of close tolerance temperature compensating units. Hi-Q General Purpose
Ceramic Capacitors are available in capacity ratings from 5 mmf to 33,000 mmf.

Hi-Q FEED-THRU

CAPACITORS

#Hi-Q “feed-thru” capacitors provide perfect transmission through the chassis or
ground, as well as by-passing to ground. The high quality construction of Hi-Q “feed-
thru” capacitors, is extremely rugged and will withstand severe vibration, making

Hi-Q STAND-OFF CAPACITORS

Hi-Q “stand-off” capacitors are basically tubular with a screw
fixture for mounting to the chassis or common ground. Close
coupling and their unique construction make them an excel-
lent choice for by-passing RF in the high frequencies. Standard
capacity tolerances are + 109, and + 209, for "stand-off ” capaci-
tors and — 20% and + 30% for multiple tap units. Closer tol-
erances available wherever economical manufacturing permits.
All units flash tested for 1000 volis DC with power factor
under 3% maximum and insulation resistance is above 10,000
megohms. All units stamped for capacity.

them ideal for use in mobile and aircraft applications. I/

Hi-Q HIGH VOLTAGE CAPACITORS HI-Q DISC CAPACITORS

Hi-Q HV Capacitors are a
sturdy unit, capable of
withstanding high volti-
.ages, operating at extreme
humidity and raised tem-
peratures. They are a nat-
ural television component.
The basic dielectric is
body 20, encased in a low
luss, mineral filled bake-
lite. Available in capacities
50 mmf to 1,000 mmf. Spec-
ify desired capacity after
type HV when ordering.
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Hi-Q Disc Capacitors are high die-
lectric by-pass, blocking or coupling
capacitors. Designed for application
where its physical shape is more
adaptable than tubular units. The
placement of leads is such that
close connections are easily made,
thus reducing inductance to a mini-
mum, a much desired feature in high
frequency designs, such as television
and FM. Available in three types:
BPD-5: .005 MFD guar. min,
BPD-10: .01 MFD guar. min. and
BPD-1.5: .0015 MFD guar. min.

WRITE FOR FREE CATALOG |

FRANKLINVILLE, N. Y.

Plants: FRANKLINVILLE, N. Y.—JESSUP, PA.
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Table of contents will be found following page 32A



STEPPING-STONES TO PROGRESS

IN MARINE RADIOTELEPHONY

I i

The first ship-to-shore radiotelephone communica-
tions were established almost 30 years ago be-
tween land stations ot Green Harbor, Mass., and
Deal Beach, N. J, and the steamers ‘“Ontario”
and “Gloucester,” operafing between Boston and
Baltimore.

The “Leviathan® was the first ship to handle radio-
telephone messages as a public service to and
from land telephones.

This selector set made it possible to dial ships ot
sea, and eliminoted the need for constant moni-
toring by loudspeaker or headphones,

T'S COMMONPLACE TODAY to pick
I up atelephone on shipboard and
talk to a business associate on land.

But little more than 30 years ago, this
was just a dream.

Back in 1915, the spoken voice
could travel to far places only by wire.
Then telephone scientists developed
the radiotelephone, and soon the spoken
word was winging its way across the
ocean. A further use of this new magic
was soon proposed: could not the human
voice be sent from shore to ships at sea?
Soon sub-chasers and other small Navy
craft were talking to each other over equip-
ment designed by Bell engineers. And in
experiments starting in 1919, the men on two
coastwise steamers talked through land stations
to land telephones of the Bell System.

These early experiments covered fairly short
distances. But in the meantime, telephone calls
across the Atlantic by radio had become an
ordinary occurence. So ... why not ’phone calls
to ships way out in msd-Atlantic?

Of course, long-distance ship-to-shore radiote-
lephony brought up problems of varying distances
and directions—problems not encountered in point-
to-point transmission. Bell Telephone Laboratories
solved these problems with the design of the
“Leviathan’s’”’ equipment. For the first time, long-
range marine radiotelephony became a reality.

Later, Bell Laboratories scientists developed
selective ringing, which made it possible to dra/ par-
ticular ships at sea. The basic elements of practical
marine radiotelephony had now been developed.

BELL TELEPHONE LABORATORIES

World’s largest organization devoted exclusively to research

and development in all phases of electrical communications.
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THE NEWEST IN
MARINE RADIOTELEPHONE EQUIPMENT

IN ADDITION TO producing radiotelephone equip-
ment for the largest ocean liners, Western Electric
for many years manufactured the 224, 226 and 227
type sets, which brought the benefits of radiotele-
phone facilities to coastwise vessels and small craft.

These sets provided power capacities ranging up
to 100 watts. As the Bell System had tremendously
expanded its chain of harbor stations, coastal craft
were normally near a shore station. Hence these
capacities were ample to maintain contact with land.

There still existed, however, no equipment speci-

Left: Main cabinet |
of 248A mounting
transmitter and three

fically designed for tankers, freighters and smaller rAe;elvers.
. . 3 ove: Remote con-
passenger ships plying the ocean lanes. This need trol unis

has been filled by the introduction of the Western
Electric 248A.

This new equipment provides 250 watts of trans-
mitted radio frequency carrier power, resulting in
greatly increased range. Provision is made for
transmission and reception on the frequencies of
the high-seas shore stations (as well as on the coastal
harbor and ship-to-ship channels). Because of these
two features, a ship equipped with the 248A, at
practically any point on world trade routes, can es-
tablish contact with a land station.

The 248A combines this advantage with the com-
pactness and simplicity of operation essential on
smaller ships.

The long experience of Bell Laboratories and
Western Electric in design and manufacture of
marine radiotelephone equipment has cuiminated
inthe 248 A—compact, powerful, simple tooperate.

A single cabinet houses the fransmitter and three
receivers. Eoch of the three receivers con be tuned
to any one of 10 pre-set frequencies; the trans-
mitter to any one of 30. Transfer from one
frequency to another is occomplished simply by
turning knobs on the remote control panel.

Becouse three receivers are used, it is possible
for the ship 1o monitor simultaneously on three
different channels. The set is designed to permit
easy instollotion of selective equipment to allow
dialing the ship from shore stations.

Western Elecrfric

Manufacturing unit of the Bell System and the

nation’s largest producer of communications equipment.

DISTRIBUTORS: IN U. 5. A.— Graybar
Electric Company, IN CANADA AND NEW-
FOUNDLAND—Northern Electric Co., Lid.



THEY'RE BETTER BECAUSE...

PYROVAC* PLATES, the revolutionary

Eimac development, withstand excessive abuse. Manu-

factured by an advanced technique, these plates can handle

momentary overloads in excess of 1000%, consequently
they contribute appreciably to the tube’s life.

APPLIED RESEARCH by Eimac engineers

has produced a thoriated tungsten filament

with ample reserve emission. lts instant heat-

ing characteristics make the 4-65A well adapted to
mobile application.

ouTPUT

EIMAC PROCESSED GRIDS, manufactured by
an exclusive technique, impart a high degree of opera-
tional stability. Both primary and secondary emission
are controlled.

SPECIALLY DESIGNED screen
grid effectively shields input and
output circuits,within the tube, without excessive screen

power. All internal structures are self supporting without
the aid of insulating hardware.

These are but some of the- features that combine
to make the Eimac 4-65A a better tetrode. It is
unexcelled in its category as a power amplifier,
oscillator or modulator. For example, in typical op-
eration as a power amplifier or oscillator (class-C
telegraphy or FM telephony) one tube with
1500 plate volts will supply 170 watts of output
power with less than 3 watts of driving power.
A complete comprehensive data sheet on the 4-65A
has just been released. Write for your copy today.

EITEL-McCULLOUGH, INC.
204 San Mateo Ave., San Bruno, California

Export Agents: Fraxer & Mansen, 310 Clay Street, San Frencisco |I, California

CONTROLLED PRODUCTION prac-
tices include a slow oven-anneal to re-
move the last vestige of residual strains, and four to
eight hours of testing under severe VHF conditions.

*Trade Mark Req. U. S. Pat, Off.
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FIRST AIDS FOR NUCLEAR RESEARCH

CUSTOM BUILT BY SHERRON

Our many years of diversified experience
in building custom electronics equipment
are now serving in the design, develop-
ment and production of precision in-
struments to aid in blazing new trails in
nucleonics. Sherron physicists and engineers
have at their command the very newest
in laboratory resources and facilities to
tackle your problems. Let us tell you just

how we can work with you.

PROCEEDINGS OF THE L.R.E. December, 1948

SHERRON CAN DESIGN

COUNTERS: Maximum
count as required. Pre-
determined sefting any-
where within the counting
range. Resolution in the
micro-second region.

COMPUTERS: Mechanical
linkages. Electrical ana-
logues of any complexity.
Digital computers,

SERVO-MECHANISMS:
Control to any desired
accuracy. Power as de-
sired. Linear control,
logarithmic control.

AMPLIFIERS: R.F., Video,
A.F., D.C. to fit any ap-
plication. Particular em-
phasis on high gain, high
stability characteristics.

OSCILLATORS: All fre-
quencies.

AND MANUFACTURE:

POWER SUPPLIES: Elec-
tronic — Regulation %2 %
and fess,

REGULATORS: Electronic
— direct or through servo
control, Regulation, drift,
etc. to specification.

MEASUREMENT —CON-
TROL: Devices for measur-
ing and control of all pa-
rameters capable of being
controlled and producing
proportional electrical,
optical or measuring dis-
placement. Electronic
microamm eters, radiation
counters.

CONTROL OF ACCELER-
ATOR ACCESSORIES:
Grouping of controls,
supplementary apparatus,
and experimental system
into a compact versatile
vnit.

ELECTRONICS C€O.

. Division of Sherron Metallic Corporation

1201 FLUSHING AVENUE + BROOKLYN 6, NEW YORK
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Developed by General Electric and proven by the thousands in the
war, these compact units are now available for any commercial
use. They find application in radar and industrial equipment
where the normal capacitor discharge shape is not suitable and
where an impulse having a definite energy content and duration
is required. The network consists of one or more equal capacitor
sections and the same number of inductance coil sections. Both
capacitors and coils are hermetically sealed in the same metal
container. Networks are treated with top quality mineral oil to
provide stability of capacitance characteristics over a wide range
of ambient temperatures. Sizes from which you can make your
selection range from a 0.5-kw output rating to 4500-kw. Write
for bulletin GEA-4996.

PROCEEDINGS OF THE 1.R.E.

DESIGNED
FDR BETTER
READABILITY

General Electric’s new line of 3 15-inch
thin panel instruments will save space
and add to the appearance of your
panels. They're dust-proof, moisture
resistant, and vibrations normally en-
countered in aircraft and moving
vehicles have no adverse effects. Espe-
cially designed for better readability, the
scale divisions stand out by themselves.
Lance-type pointers and new-style num-
bers mean faster reading. Available in
square and round shapes, depth behind
the panel is only 0.99 inches. Construc-
tion is of the internal-pivot type, with
alnico magnets for high torque, good
damping, and quick response. Check
bulletin GEA-5102. ’

December, 1948



 SIMPLIFY CONTROL WIRIN
WITH THESE TERMINAL BOARDS

Easy-action hinged covers protect
control wiring, help give your product
a neat appearance. Hook-ups are easy
with the hard-gripping connectors.
Simply strip the wire end, screw down
the connector on the bare wire. Blocks
are durable, too, constructed of strong
Textolite with reinforced barriers be-
tween poles to insure against breakage.
Marking strips are reversible—white on
one side, black on the other. These
terminal boards are available with 4 to
12 poles, 2 inches wide, 131{ inches
high. Send for bulletin GEA-1497C.

HOLDS
‘OUTPUT VOLTAGE _
CONSTANT

This latest addition to G.E.’s line of
autcmatic voltage stabilizers comes in
15-, 25-, and 50-va ratings. Output is
115 volts, 60 cycles. The small size of
the unit makes it particularly applicable

PROCEEDINGS OF THE L.R.E.

to shallow-depth installations in many
types of equipment. You may have a job
for this unit which will give you auto-
matically stabilized output voltage at a
low cost. There are no moving parts, no
adjustments to make; long service is
assured. Check bulletin GEA-3634B for
more information about this and other
G-E voltage stabilizers.

LOOKING FOR
LIGHTWEIGHT SWITCHES?

Switchettes* are designed for applica-
tions which require a manually operated
electric switch in a limited space.
Though small, these switchettes are
lightning fast in action and are built to
withstand severe service. A wide variety
of forms and terminal arrangements
makes them particularly useful where
special circuit arrangements are neces-
sary. Switchette shown above has one
normally open and one normally closed

circuit, transferable when button is

depressed. Check bulletin GEA-4888.

* Switchette is General Electric’s trade name for
these small snap switches.

Here’s a fractional-horsepower fan
motor suitable for many uses because
of its compact design, low servicing
requirements, and extreme quietness.
Long, dependable operation is assured
by sturdy, totally enclosed construction.
These Type KSP unit-bearing motors
are of shaded pole type design with low
starting torque characteristics especially
applicable to fans. A continuous oil
circulation system furnishes good lubri-
cation. You can use simple, hubless,
low-cost blades with the special mount-
ing arrangement. Write for bulletin
GEC-219.

i

I General Electric Company, Section C642-19 I
Apparatus Department, Schenectady, N. Y.
I Pleose send me the following bulletins: I
l [1GEA-4996 Capacitor Pulse- [JGEA-3634B Avtomatic Voltage I
forming Networks Stabilizers I
l [ GEA-5102 Panel Instruments [DGEA-4888 Switchettes l

[JGEA-1497C Terminal Boards

l NAME. -

J COMPANY.

ADDRESS. . .. .. ..

[ GEC-219 Unit-bearing Far Motor

/
eemtecenseminaas l

CITY s

December, 1948
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OTHER STACKPOLE
PRODUCTS

FIXED AND VARIABLE RESISTORS
IRON CORES
POWER TUBE ANODES
ELECTRICRL CONTACTS

CARBON PILE VOLTAGE
REGULATOR D1SCS

MICROPHONE CARBONS
SINTERED ALNICO I

PERMANENT MAGNETS
+ » and dozens more

CONTACT CODE

POSITION )
POSITION 2 [—3
POSITION 3 {I223
POSITION q 3§00

STACKPOLE

SS 10 eand SS712

,.--...‘

®

§TjaY

99

$S-8 -nl $S-6

1001 Uses for these 16 Handy
SLIDE SWITCHES

Name the switch contact arrangement
you need! From 1 to 6 poles, up to 4
positions, with or without detent,
spring return, covers, or other optional
features.

Chances are Stackpole can supply ex-
actly the right switch—promptly and
inexpensively. 16 standard slide types,

each designed for good appearance and
real dependability, provide a low cost
way of modernizing almost any electri-
cal equipment and adding greatly to
its sales appeal, Many economical adap-
tations can be supplied on special order
to large quantity users,

Write for Catalog RC-6

CARBON CO. o

PROCEEDINGS OF THE LR.E.

ST.
ELECTRONIC COMPONENTS DIVISION

MARYS,

PA.
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Bcca“s‘sc wad € \ nation, are small . . . but their importance
a 0o of a\\o\os‘ \ cannot be overemphasized. For dependable
“cca“se\c was components that never “let a product down"
\\.\“ . { _3 - — specify El-Menco.
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MANUFACTURERS

Our silver mica department is
now producing silvered mica films
for all electronic applications.
Send us your specifications.

THE ELECTRO MOTIVE MFG. CO., Inc.

WILLIMANTIC, CONNECTICUT
Send for samples and complete specifications.
Foreign Radio and Electronic Manufacturers
ONICS: NC. communicate direct with our Export Depart-
ARCO E"EC‘RN W ¥y otk NY- ment at Willimantic, Conn., for information.
(A Ds-
o and
o L:;ent* 2o Do Canade:
Sole

. tributor® o m
MOLDED MICAEl EnEuMICA TRIMMER

CAPACITORS
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providing every measurement necessary for top-flight operation

COMPLETE &)Wl

TEST EQUIPMENT

Here is a complete transmitter maintenance group —

from microphone to antenna! Three fast, accurate precision
instruments in one compact whole — specifically designed for
years of trouble-free performance — proven in service in radio
stations throughout America.

These are the -bp- instruments that comprise this group.

-hp- 335B Frequency and Modulation Meter.
Continuous measurement of carrier frequency and
modulation swing. Low distortion audio output for
measuring and monitoring.

-hp- 206A Audio Signal Generator.

Provides continuously variable audio frequency vol-
tage having a total wave form distortion of less
than 0.1% from 50 cps to 20 k.

-hp- 330C Noise and Distortion Analyzer.
Measures harmonic distortion and noise level from

demodulated carrier or audio channels. Built-in-vac-
uum-tube-voltmeter measures audio level, frequency

All instruments have identical panel sizes for convenient
mounting in relay racks. Can be delivered in colors and finishes

response and gain.

to match your equipment.

GET FULL INFORMATION...WRITE TODAY
HEWLETT-PACKARD COMPANY

PALO ALTO, CALIFORNIA

14810 PAGE MILL ROAD

This-hp-Maintenance Group Makes These Essential FM BROADCAST MEASUREMENTS

Carrier Frequency: Continuously moni-
tored with accuracy well within
F.C.C. limits.

Modulation Swing: Continuously meas-
ured at instrument installation and
at control console.

Modulation Limit: Alarm lamp flashes
on instrument and console when
pre-set level is exceeded.

Avral Monitor: Demodulated signal pro-
vides listening check for operator.

Harmonic Distortion: Measured from r-f
carrier or audio channel,

Noise: Measured accurately from FM
carrier or audio channel.

Frequency Response: Overall response,
microphone to antenna, of individ-
ual units in transmitter set-up.

n— e —— - — = - e — —— = = —_— ——e

PROCEEDINGS OF THE I.R.E.

Avudio Transmission: Accurately meas-
ures gain of audio channels.

Avudio Level: Mcasured over range from
450 db to —60 db at 600 ohm level.

Equalizer Circvits: Characteristics of
circuits and lines can be checked
accurately, swiftly.

Oscilloscope Connections: Facilitates
visual study of noise and distortion.

e e ——
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BRIEF SPECIFICATIONS

Frequency Range: Any single frequency,
8€ to 108 mec.

Deviation Range: + 3 ke to —3 ke.

Accuracy: Better than 1000 cps.

Modulation Range: Modulation swing
100 ke. Scale calibrated 100% at75 ke.

Audio Output: Supplied with 75 micro-
second de-emphasis circuit, flat within
Vs db of standard curve, 20 ¢ps to
20 ke.

Monitoring Output: 1 milliwatt into 600
ohms, balanced, at 100% modulation.

Size: Panel 10%;"'x 19”. Depth 13”.

Precision accuracy, unique stability,
new convenience and compact size —
those are but a few of the reasons
why this -hp- 335B is the finest in-
strument ever developed for FM
broadcast monitoring. Here are addi-
tional advantages that help make this
new -hp- instrument an ideal com-
ponent of the -bp- FM group.

Simple to Operate. No adjustments re-
quired during operation.

independent af Signal Level. Readings
of frequency or modulation meter are unaf-
fected by variations in transmitter level.

Unusual Stability. Low temperature co-
efficient crystal in temperature-controlled
oven combined with specially developed

electronic linear counter circuits provides
accuracy far beyond that required. Meas-
urements do not depend on accuracy of
conventional discriminator circuits.

Remote Modulation Meter. Modulation
may be monitored at control console or
other remote point.

Law Distartian. Audio output for meas-
uring purposes has less than .25% residual
distortion.

Low Noise Level. Residual noise and
hum in audio output are at least 75 db be-
low 1009% modulation.

Meets F.C.C. Requirements.

This instrument is small in size, easy
to install, suitable for cabinet or rack
panel mounting. Can be furnished to
match your transmitter color scheme.

BRIEF SPECIFICATIONS

Frequency Range: 20 ¢ps to 20 k¢, 3
bands.

Qutput: +15 dbm to matched resistive
loads. 10 volrs available for open
cirevit.

Output Impedance: 50, 150, 600 ahms
center-tapped and balanced. 600 ohms
single-ended.

Frequency Response: Better than 0.2 db
beyond output meter at all levels.

Distortion: Less than 0.1% abave 50 ¢ps.
Less than 0.25% fram 20 cps to 50 cps.

Hum Level: At least 70 db below output
signal, or more than 100 db belaw 0
level, whichever is larger,

Size: Panel 10%,”x 19”. Depth 13”.

PROCEEDINGS OF THE I.R.E.

The -hp- 206A Audio Signal Gen-
erator provides a source of continu-
ously variable audio frequency vol-
tage having a total distortion of less
than 0.1%. This feature, combined
with high stability, flat frequency re-
sponse, and great accuracy of output
voltage, makes it an ideal component
for FM station maintenance. Here
are some of this instrument’s unusual
advantages:

Distortion less than 0.1% between 50
cps and 20 kc.

Continuously variable frequency range,
covered in 3 bands, micro-controlled dial,

December, 1948

effective scale length 477, ball-bearing
smoothness for tuning ease.

OQutput meter monitors output voltage
signal with accuracy of at least 0.2 db.

Special low temperature co-efficient fre-
quency determining elements provide high
stability and excellent accuracy over long
periods of time.

Precision attenuators vary output signal
level in 0.1 db steps over 111 db range.

This new -hp- generator is con-
venient to use, compact in size. It can
be provided for rack or cabinert
mounting, in colors matching your
installation.

148}




NEW ELECTROLYTICS
fully dependable
TO 450 VOLTS AT 85°C

ILLUSTRATIONS
ACTUAL SIZE

Designed for dependable operation up to 450 volts
at 85°C. these new Sprague electrolytics are a
good match for television's severest capacitor as-
signments. An extremely high stability character-
istic is assured, even after extended shelf life,
thanks to a special Sprague processing technique.
Greatly increased manufacturing facilities are now
available.

Your inquiries concerning these new units are invited.

.........
*****

SPRAGUE ELECTRIC COMPANY - NORTH ADAMS, MASS,

R n E Capacitors
* Koolohm Resistors

P 1 ONTETERSS (] —
T vELECTRIC AN ELECTRONIC PROGRESS
pi R R QS LS At “
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Most prominent position in any parade is

UP FRONT

With power shortages playing hob with line
voltages all over the country—isn’t it about
time that you too joined the parade of manu-
facturers who are featuring constant voltage
as a built-in component in their products.

This preamplifier phasing control section of a
medium power, low distortion restricted band
audio-amplifier employed in a new printing plate
engraving system couldn’t operate satisfactorily
on available line voltages. Robert H. Rigby Corp.,
solved the problem with a ‘“built-in” SOLA
CONSTANT VOLTAGE TRANSFORMER.

Unstable voltages varied the light output essen-
tial for satisfactory operation of this precision
instrument. High voltages burned out the light
source. “Built-in”’ SOLA CONSTANT VOLTAGE
TRANSFORMERS now provide a constant source
of light and enable R. S. Wilder Company to
guarantee the life of the lamps.

The H. C. Schildmeier Co. says, ‘“We have found
the SOLA CONSTANT VOLTAGE TRANSFORMER
to be the solution to many of our troubles, by
maintaining a constant output voltage to actuate
a unit that is direct meter reading” . ..a SOLA
CV transformer is a built-in component of every
Seal Line Balancer produced by this company.

SOLA HANDBOOK
BULLETIN KCV-102

A complete, and authoritative
treatise on voltage regulation.
Write for your copy.

fransformers for: Constant Voltage ¢ Cold Cathode Lighting * Airport Lighting « Series Lighting * Fluorescent Lighting ¢ Luminous Tube Signs
Oit Burner Ignition * X-Ray « Power * Controls * Signal Systems « etc. «+ SOLA ELECTRIC COMPANY, 4633 W, 16th Streot, Chicogo 30, llinols

ﬂ’anufa;'tu”d under license by: ENDURANCE ELECTRIC CO., Concord West, N. §. W, Australia « ADVANCE COMPONENTS LTD., Walthamstow, E., England
UCOA RADIO S.A., Buenos Aires, Argentina « M. C. B. & VERITABLE ALTER. Courbevoic (Seine), France
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**COUPLATE" is made of high dielectric Ceramic-
X to give long life, low internal inductance,
positive resistance to humidity and vibration. A
circuit diagram of CRL's Couplate is shown below.

SCREEN
GRID

(@ erio crovmo

GROUND (Can be hed tied directly to
growd term. No. 1 it desired)

14a

How Admiral Radio uses
Centralab’s Printed Electronic Circuit
to build finer radios . . .

to cut assembling time!

Here you see how Admiral engineers use
Centralab's -custom pentode “Couplate" in
their battery portable AC-DC receiver. In
addition to this P.E.C. unit, this set contains
five dependable CRL “Hi-Kap” capacitors,

Chassis courtesy of Admiral Radio Corp.

*Centralab’s “Printed Electronic Circuit”
— Industry’s newest method for
improving design and manufacturing efficiency!

IMAGINE the time, the space, the material you save by using one unit
& instead of six. That's just what Centralab’s amazing pentode
“Conplate” is doing for Admiral Radio Corporation, Chicago. This
complete interstage coupling circuit combines three resistors and
three capacitors into one tiny, dependable P.E.C. unit. "Conplate”
saves time for Admiral by eliminating many assembling operations.
It saves space and material by reducing the number of components
needed. What's more it improves performance by minimizing the
chance of broken or loose connections,

Integral Ceramic Construction: Each Printed Electronic Circnit is
an integral assembly of ""H/-Kap” capacitors and resistors closely
bonded to a steatite ceramic plate and mutually connected by means
of metallic silver paths “printed” on the base plate.

You'll want to see and test this exciting new electronic develop-
ment. For complete information about Conplate, as well as other
CRL Printed Electronic Circuits, see your nearest Centralab Repre-
sentative, or write for Bulletin 999,

LOOK TO &nab IN 19491

Division of GLOBE-UNION INC., Milwaukee

PROCEEDINGS OF THE LR.E.

December, 1948



AMPLIFIER CUTTER

oure Siure

WHEN IT’S 100% PRESTO

Pictured here is an all-Presto
single channel recording sys-
tem. Above is the block dia-
gram, worked out for this
equipment by Presto engi-
neers.

WHEN yoU NEED recording or transcription equipment you
can’t go wrong if you make the complete system 100% Presto. |

For Presto is the world’s foremost manufacturer of recording and |
transcription equipment and discs. And Presto’s experience with
countless installations, including all the big ones, will aid you in
achieving greater efficiency and trouble-free operation.

The recorder is the 8DG with direct gear drive. The amplifiers |
are the 39-B three channel preamp, the 41-A limiter, the 92-A 60 |
watt recording amplifier, and the 89-A monitor. '

RECORDING CORPORATION

Paramus, New Jersey

g . . . . . ‘ ili : P.O. i k, N.
Multiple channel installations consist of as many duplications of | = ey ke kiag L0 RoROUIHRgkses !
the basic channel as are needed with the addition of switch or patch- ! In Canada: WALTER P. DOWNS, Ltd., Dominlen So. Bdg., Montrea!
ing facilities. When you think of recording, think of PRESTO. '

WORLD'S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS
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SPECIAL
MIXTURE

BECAUSE OFHC Copper looks like any other copper,
Revere takes great pains to identify it throughout process-
ing, to see it is not lost track of or mixed up with other types.
The obvious thing is to mark each piece, which is done, but
markings are obliterated by operations such as rolling, and so
Revere goes to the length of assigning special personnel to follow
each lot of OFHC Copper from one operation to another, watch-
ing carefully to be sure each load is kept intact.

In addition, Revere takes full cognizance of the fact that
OFHC Copper for radio purposes must have special qualities. In
making anodes, it must be deep drawn, and for the feather-edge
seal, it must be capable of being rolled or machined down to
.002”/.010”. By carefully controlling mill processing, grain size
is kept at or below permissible limits. Freedom from oxygen,
and from voids, is guaranteed by the method of casting the bars
from which we roll the forms required. In addition, there is an
operation which results in Revere OFHC Copper being not just
commercially free but nearly absolutely free of internal and ex-
ternal defects. This great care in producing copper for radio and
radar purposes probably accounts for the fact that Revere is a
preferred source of supply.

16a

REVERE PRODUCTS AND SERVICES

All Revere Metals are processed with the
care and attention required to assure that
they meet all metallurgical and physical
specifications, Revere supplies mill products
in non-ferrous metals and alloys, and also
electric welded and lockseam steel tube.
An important part of our service to industry
is the Revere Technical Advisory Service,
which will gladly collaborate with you on
specifications and fabrication methods,

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York
Mills: Baltimore, Md.; Chicago, 11l.; Detroit, Mich.; S
New Bedford, Mass.; Rome, N. Y.
Sales Offices in Principal Cities, Distributors Everywhere

PROCEEDINGS OF THE IL.RE. December, 1948



ngamﬁé’e: A manvufacturer replaced a machined part which
cost him 33 cents each with an improved AlSiMag component
which cost 14 cents each. AlSiMag engineers cooperated in
redesigning this component for maximum usefulness to the
customer and minimum production cost—That some engineering
cooperation is avoilatle fo you on request.

7

A

a superior, low cost
alternate for many
commonly used materials

® Engineers are often surprised t> find that metal, plastic or
wood parts can be replaced with AlSiMag components at a
saving in cost. At the same time they usually gain highly ce-
sirable advantages in product performance. It is natural that
d product with the many superior advantages of AlSiMag would
be expected to be expensive. The basic materials in AlSiMog
are costly.

Automatic and efficient manufacture permits quantity p-o-
duction of AlSiMag parts at low prices. Thus, AlSiMag prices
are frequently lower than prices of similar parts in cheaper
materials which are more expensive to fabricate.

AlSiMag technical ceramic comnponents are custom moce
for the individual requirement. AlSiMag is the trade name of
a large number of ceramic compositions. The physical charac-
teristics of the various compositions are clearly and accurately
listed in the AISiMag Property Chart, sent free on request.

Our engineers will be glad to submit suggestions on design
and give you information on cost if you will submit details of
your requirements,

F CHEL REA ML C € S AIDN 1ERR RS IS

MERICAN LAVA CORPORATION

CHATTANOOGA 5, TENNESSEE

SALES OFFICES: ST. LOUIS, MO., 1123 Washington Ave., Tel: Garfield 4959 o NEWARK, N. J., 671 Broad St., Tel: Mitchell 2.8159 e CAMBRIDGE, Mass., 38.8 Brattle St.,
Tel: Rirkland 4498 e CHICAGO, 9 S. Clinton St., Tel: Central 1721 o LOS ANGELES, 324 N. San Pedro St., Tel: Mutual 9079 e PHILADELPHIA, 1649 N. Broad St.




For wider frequency range...top writing rates...

. ® L] '
increased brightness...it’s Mm @
* ol 0 ”9
(4) Optical magnification by projection
/¢ lenses such as Du Mont Type 2542. Al-
»

The basis is the Type SRP-A Cath- though deflection sensitivities are

ode-ray Tube operating at an acceler- slightly less than those of low-voltage
ating potential up to 29,000 volts maxi- cathode-ray tubes, high-voltage oscil-
mum. This achieves: (1) Greatly lographs produce smaller spot size and
increased brightness; (2) Observation higher brightness, thereby presenting
or recording of traces hitherto invisible; a finer, better resolved trace.
(3) Vastly increased writing rates even And here’s the Du Mont selection of
better than 400 inches per microsecond; high-voltage oscillographs:
\

Type 281

plifiers, the

tions within p)

Phenomena ha

%“;‘. ; : needs are exire
b s for standard
!
WRITING RATES TO >3 Wore i
ABOVE 400 IN./MSEC. combination,

d-c 1o 200 ke. Po-
d-c and a< components may
eatures for genera\ usage
1 flexibility: auto-

10 CPS to 10 MC ‘

-H: Covers range from

faining both ¢
ManY specxal f

Type 250
tentials con
be examined.

. X ime-base of unusud 4 -
Type 280: A precision time-meas- include: linea: :,‘:: on driven Sweeps: ‘mer:::‘ ecaos.
urlng oscillograph with range of 10 matic beam COWTS . de. This is a high-vollsss
cps 1o 10 mc. Sweep speeds as high prator of signal amP imum accelerating potentia N
as 0.25 microsecond/in. are avail- cillograph w;h 1:::;19 writing rate of approximately
: g co
able. Duration of amy portion of 13,000 volts. He osecond.

signal measured on 0.25 micro- 40 inches per micr

in. sweep 1o an accuracy
Z:m;%/.(l;; micro‘:econd. Intervals Blcae snouce
greater than § microseconds read
on calibrated dial to accuracy of
+0.1 microsecond. Ready applica-
gon fo precise measurement of du-
ration of waveform of various com-
ponents in the composite television
signal. Accelerating potentlal ad-
justable from 7,000 to 12,000 volts.
Recordable wriling rates up to 63
inches per microsecond, with com-
merclally available equipment.

Type 248
~A: Fre
Specific quency range of 2
falning *;lli';'hi;uended for lnvesugauonoolcm l':' 5 me,
-Irequenc Pulses cop.
transien; Y componentg n
necessa: nature. For this Purpose ud recurrent or
sweeps-thhuaC'erhucs’ High-freqy, b A,
Y s%ortduration driyen N ency recurreny
e <Ll de'aY network, SR timing mark.

© ALLEN B. DU MONT LABORATORIES, INC.

ALLEN B. DU MONT LABORATORIES, INC., PASSAIC, N,
CABLE ADDRESS: ALBEEDU, NEW YORK, N. Y, U.S A,
g s T R I s ey 4 N
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“. .. Worked So Well

We’ve Forgotten About It!”

That’s the kind of report we like to hear—because it describes
a Mallory Magnesium-Copper Sulfide Rectifier Stack which has
served ten years—in daily operation—with minimum maintenance.
Its job—supplying DC current for the operation of a magnetic
chuck on each of five surface grinders such as the one shown above.
Its performance—it still gives over 90% of its original efficiency.

This is not surprising. Mallory Magnesium-Copper Sulfide Rec-
tifier Stacks are made rugged—practically immune to damage
or abuse. Rectification is confined to core of the stack—the out-
side fins are for heat dissipation only. No liquids, bulbs or moving
parts—nothing to give trouble or wear out. And Mallory MgCu$S
rectifier stacks are more than “‘the world’s toughest rectifiers”—
when subjected to abnormal voltage surges, their rectifying junc-
tions are so made that they actually heal themselves.

No wonder millions are in use. Write for more information or
for engineering help.

P

— ]
~
b

Check These Features:

v Proved long life
V Unaffected by high temperatures

Withstands abuse and accidental
short circuits

v Self-healing rectifying junctions
v Constant outpul over many years

Resists harmful atmospheric condi-
tions

‘/ Rugged, all-metal construction

No bulbs, no brusbes, no sparking
\/ contacts

MALLORY MgCu$S
RECTIFIER STACKS A l Lo
ARE THE
WORLD’S TOUGHEST

RECTIFIERS

PROCEEDINGS OF THE LR.E. December, 1948

P.R.MALLORY & CO.Inc

RECTOPLATER* SUPPLIES —RECTOTRUCK CHARGERS —
RECTOSTARTER” AIRCRAFT POWER SUPPLIES—
RECTOPOWER* SUPPLIES — AUTOMOTIVE BATTERY CHARGERS

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

MAGNESIUM-COPPER
SULFIDE RECTIFIER STACKS
AND POWER SUPPLIES

*Reg. U. S. Pal. OF.
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General Application

LOAD RANGE *REGULATION
MODEL  VOLT-AMPERES ACCURACY

! 1 -1 5%

Extra Heavy Loads | 150 25-150  o0s%

LOAD RANGE *REGULATION 500 50 - 500 0.5%

MODEL VOLT-AMPERES ACCURACY [ 1000 100-1000 0.2%

5,000% 500-5,000 0.5% § 2000  200-2000  0.2%

110,000% 1000-10,000  0.5% o -

! 15,000% 1500-15,000  0.5% |
) |

1
[}

« 2

3-Phase ReAg'uluiion

LOAD RANGE *REGULATION |
MODEL  VOLT-AMPERES ACCURACY

3P15,000.1500-15,000 0.5%
3P30,000 3000-30,000 0.5%
3P45,000 4500-45,000 0.5%

=

* Harmonic Distortion on above models 3%,.

Lower capacities also available. ,-‘/S 0 R [ " S [ N
- d

400-800 Cycle Line
INVERTER AND GENERATOR REGULATORS
g FOR AIRCRAFT.

; Single Phase and Three Phase

LOAD RANGE *REGULATION
MODEL  VOLT-AMPERES ACCURACY

The First Line of standard electronic
AC Voltage‘ Regulators and Nobatrons |

IOV em

s

D500  50-500 0.5% . GENERAL SPECIFICATIONS:

D1200  120-1200 0.5% Harmonic distertion max. 5% basic, 2% *'S"” models
3PD250 25-250 0.5% ' Is)
3PD750 75750 0.5% Input vo'tage sange 95-125: 220-240 volts (—2 models

Other capacities also available . Output edjustable bet. 110-120: 220-240 (—2 models)
e e e o — Recovery time: 6 cycles: ¥ (9 cycles)

| Input frequency range: 50 to 65 cycles

Power factor range: down to 0.7 P.F.

Ambient temperature range: —50°C to + 50°C

All AC Regulators & Nobatrons may be used with no lood.

*Models available with increased regulation accuracy.

Special Models designed to meet your unusual applications.

. ' Write for the new Sorensen catalog. It contains complete
The NOBATRON I."'e specifications on standard Voltage Regulators, Nobatrons,
Increvolts, Transfermers, DC Power Supplies, Saturable Core
Vocl)::::'bc lo:dm':;'_‘ge Reactors and Meter Calibrators.
6 VO"S ]5-40-]00 1 S 0000 20 C0OS PP OO S0P OO0 POV E 00O OO0 SO0 OGGGEOESES
12 ¢ 15 :
28 ¢ 10-30 ;
a8 15 .y INC.
112510 5-10 | F |
® Regulation Accuracy 0.25%, from 1/, | STAMFORD CONNECTICUT

to full load.

Fepresented in oll principal cities,
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QUICK

TRIP

from

DESIGN

to DELIVERY

As insulating parts and structural members,
Taylor Phenol Fibre and Taylor Vulcanized Fibre
have literally humdreds of applications in the
electrical industry.

Not the least of their advantages is the speed
and versatility of fabrication. Sheets, rods, and
tubes of Taylor Laminated Plastics machine with
such ease, and such precision, that parts can
usually be delivered to stock rooms well in ad-
vance of requirements . . . helping to solve many
a production headache.

If you do your own fabricating, Taylor can
supply you with Phenol Fibre, Vulcanized Fibre,
or special formulations . . . and with valuable
advice to increase the speed of your production.

1. Contact insulation washer, stamped from
Taylor Phenol Fibre sheet.

2. Switch insulator, stamped from Taylor
Vulcanized Fibre sheet.

3. Support member, stamped from Taylor
Phenol Fibre sheet.

If you seek a source of supply for finished
parts, Taylor again is your answer. Taylor’s
completely equipped Fabricating Service is always
at your call.

Whatever your problem, mechanical or elec-
trical, our engineers will he glad to tell you
exactly what Taylor can do for you. Write today,
sending sketch or blueprint,

b
TAYLOR FIBRE COMPANYX

LAMINATED PLASTICS: PHENOL FIBRE « VULCANIZED FIBRE . Sheets, Rods, Tubes, and Fabricated Parts

NORRISTOWN, PENNA. Offices in Principal Cities Pacific Coast Plant: LA VERNE, CAL.
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THERES PROFIT FOR YOU IN
 THE TIME ANO MONEY-SAVING QUALITIES OF

PERMANENT MAGNETS

Several avenues of profit are open to you in Arnold
Permanent Magnets. You can improve the performance
and overall efficiency of equipment. You can increase
production speed, and in many cases reduce both weight
and size. And most important, you can maintain these
advantages over any length of production run or period
of time, because Arnold Permanent Magnets are com-
pletely quality-controlled through every step of manufac-
ture—from the design board to final test and assembly.
You'll find them unvaryingly uniform and reliable in
every magnetic and physical sense.

It’s our job to help you discover and then fully attain
these benefits. Arnold Products are available in all Alnico
grades and other types of magnetic materials—in cast or
sintered forms, and in any size or shape required. Our
engineers are at your command—check with our Chicago
headquarters, or with any Allegheny Ludlum branch office.

\

THE RRN()LI);:&GIN!:ERING CoO.

L dadd

: -~
ﬂ‘\fj‘-l’ Subsidiary of ALLEGHENY LUDLUM STEEL CORPORATION
4,,"‘0‘9 147 East Ontario Street, Chicago 11, lllinois
| Specialists and Leaders in the Design, Engineering and Manufacture of PERMANENT MAGNETS |
AT Sa ik J X
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O,él‘éca«f %madcaﬁe IS ANOTHER
PRECISION INSTRUMENT EMPLOYED BY
SYLVANIA TO ASSURE TUNGSTEN AND
SPECIAL ALLOY WIRE PERFECTION * * %

Al

bludying the crystals in a magnified section of
Sylvania tungsten and special alloy wire is just one
more phase of Sylvania’s never-ending efforts toward

higher and higher quality in radio and electronic tubes.
With the optical microscope shown above, the image
of the wire section, magnified as much as 2,000 times,

can be projected on the ground glass seen to the left.

To the metallurgist who uses this instrument, the sizes,
shapes and distribution of the crystals in filamentary
and heater wires are extremely important. On the
microscope, he examines and studies specific crystal

features that are essential for long tube life. .
RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT

Sylvania’s research metallurgy facilities are in con-
y 8y LAMPS, FIXTURES, WIRING DEVICES; PHOTOLAMPS; LIGHT BULBS

stant touch with the Sylvania wire plant in Towanda,
Pa., and special alloy wire plant in Warren, Pa., to
assure superlative products. Sylvania Electric Products
Inc., 500 Fifth Avenue, New York 18, N. Y.
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e e DEPENDABILITY

of OHMITE Products

MoNG radio engineers everywhere—there's a definite
A preference for Ohmite resistance products. These
men know—from experience—that Ohmite rheostats,
resistors, and chokes provide long, trouble-free service.

Here's the reason why you get extra performance. Every
Ohmite product is designed and constructed to stand
up under severe operating conditions. Every unit is
built to withstand the effects of shock, vibration, tem-
perature extremes, altitude, and humidity. Make
sure you get the benefit of this unfailing dependability.
Ask for Ohmite products by name.

e
ESISTORS

s ENAMELED R

. VITREOU ,  on a ceramic
W ire wount ) i
ONTROL R“EOSTATS > & core, ng\(“y he‘d ln'_p‘da y
CLOSE < xtensive line of - g '\nsu\ﬂ\cd and prol‘ec ed‘ 4 }
re is the most © sizess o ven winding G158
ue offercd today - - Ly vitreous enamel. E ts hot spots-
rheostats 00 watts, with many reat rapidly —prevent e

from 25 0 10 pu\es\

resistance valu
construc

" : from 5 to
- n raungs
Many 1ypess ! |

es in each size. All-
tion. Windings are

ceramic

| " * . L3 * . T
locked in vitreous cname 4 - . |
SRR PLATE CHOKES :
et : 10 FREQUENCY W
y . RAD For covering higher frcqucncllov.l 1
: or |
AD’“STABLE RESISTO / Single-layer wm{nd ono‘dCd
IV“,OHM i ] factor steatite OF O |
D Used as multi-tap f e T |
voliage 41V iders. * /- / ovr factr = = |
ors of 1 winding e o plastic coret- S0 ey ’
e e ] i 3 10 520 meg 1000 ma.
Narrow sy t surface for the o = 310520 me ey
e co“(l;fres odd resistance v
' D et 00 watts.
, ad]‘:;(s:“:\ly)weven ratings—10 102 . / &
| i, . o :
—= values 4 P uh&-

OHMITE MANUFACTURING COMPANY ¢ 4862 Flournoy St., Chicago 44, 1

Be 2ighe ik OIHIMITE

RHEOSTATS « RESISTORS « TAP SWITCHES « CHOKES « ATTENUATORS
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mtn G"O] R U@ N . . . helps WEBSTER-CHICAGO

So ) nb

In designing their superb wire recorder for office
and studio recording, Webster-Chicago needed a spe-
cial meter-type, volume-level indicator for accurate |
input control. Ruggedness and accuracy were basic
requirements, Because Marion has long been noted for
fool-proof, trouble-free electrical meters and instru-
ments, it was natural for Webster-Chicago to turn to
Marion for this important component.

Marion soon developed a small, specially designed,
panel-mounting type of meter for the amazing
Webster-Chicago Wire Recorder. In doing so Marion
played a vital part in helping Webster-Chicago record
the human voice and other sounds on a wire.

When you have a problem that concerns electrical
measuring or indicating, we invite you to turn to
Marion. We have a long record of success in helping
others. And, because we know the name *Marion”
means the “most” in meters, we believe we can help
you too.

THE NAME “MARION’ MEANS THE MOST IN METERS

MARION ELECTRICAL INSTRUMENT COMPANY

M ANCHESTER,6 NEW HAMPSHIRE

Export Division, 458 Broadwaoy, New York 13, U. $. A., Cobles MORHANEX

. IN CANAOA: THE ASTRAL ELECTRIC COMPANY, SCARBORDO BLUFFS, ONTARID
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_for a smooth performance
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Syntheticsapphire wheels are unequalled
for grinding or burnishing small metal
parts to a matchless finish. Because of
superior hardness and dimensional sta-
bility, sapphire wheels will maintain
exact wheel form, eliminating any need

for machine adjustment.

LinpE svnthetic sapphire has many
other properties to recommend it to

makers of small but vital parts:

L ]
Knoop Hardness . . . . . Li25wz2000  PlUS:
Chemical Resistance . . . . All Acids Unicrystalline structure — offers no location
. . . for immediate wear.
Compressive Strength, psi . . 300,000

Water Absorption. . . . . 0.0 Superior wear resistance.

Dielectric Constant . . . . 7.510 10 Extremely low coeflicient of friction.

Thermal Conductivity . 0.010
cal. sec.=! em.=! deg. C.7! Send for Booklet No. 3A—see how synthetic
at 300 deg. C. sapphire can help you with your problems.

) o 7
Linde SyntheticJapptivr
Linde 7 2L /ﬂ/j////m

when the small part is the important part

THE LINDE AIR PRODUCTS COMPANY

UNIT OF UNION CARBIDE AND CARBON CORPORATION

30 EAST 42nd STREET + NEW YORK 17 - N.Y. [T[W OFFiCES IN OTHER PRINCIPAL CITIES

Rods, 0.065-in.
’:O 125-in. diameter IN CANADA: DOMINION OXYGEN COMPANY, LIMITED, TORONTO

The word "Linde™ is a trade-mark of The Linde Air Products Company
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SPECIAL CONDENSED |

LI

CATALOG?

* THE RJC-2 SPECIAL CANNON ELEC- ‘
TRIC Condensed Catalog covers the
electrical connectors sold through

our 300-odd regular radio parts dis-
tributors for radio and sound appli-
cations such as microphones, ampli-

fiers, transmitters, receivers,etc. They
include type series “P”, “X”, “XK”
“XL”, “TQ”. Also shown in the same
catalog are Sectional Cable Termi.
nals, Laboratory & Switchboard Con-
nectors and Bayonet Type Lamp
Sockets. List prices are given on all
items. Address Dept.
1-377 for your free copy.

CANNONH =

ENEIGTRUG

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF.

IN CANADA & BRITISH EMPIRE:
CANNON ELECTRIC CO., LTD., TORONTO 13, ONT.
WORLD EXPORT (Excepting British Empire):
FRAZAR & HANSEN, 301 CLAY ST., SAN FRANCISCO

l SINCE 1915
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CT.C. Custom-Engineers
The Solution To

T prodlemy

Feeding an R. F. potential through the wall of
a cavity oscillator presented many
difficulties. Not only was space at a premium,
but extreme changes

in humidity, temper-
ature and other service
conditions had to

be met.

o THE ANSWER

C.T.C. 1795B Insulated
- Feed-Thru Terminals

fulfilled every require-
ment. Design-features
like these show you why:
Rugged construction that
withstands loosening
under vibration or shock
. .. approved phenolic
insulating material, JAN
type LTS-E-} . . . brass

| bushings, cadmium

| plated . . . brass thru-

| terminals, silver plated for
easy soldering.
SPECIFICATIONS

The 1795B mounts in a %" hole, and has an
over-all length of approximately 74". C.T.C.
Feed-Thru Terminals are available in addi-
tional sizes. The 1795A is similar to the
1795B, but with an over-all length of 1”. Also
similar in design and function are X1771A
and X1771B, but larger in size and mounting
in a 34" hole. Breakdown voltages, at 60
cycles R.M.S,, are:

1795A ... 3800V XI1771A ... 8200V
1795B ... 3200V X1771B. .. 6000V
Catalog No. 200 contains details of C.T.C.
standard electric and electronic components,
together with full information on our custom-
engineering service. Write for it today.

Cuslom ov Flandaid
Yie Guaranleed

T n

T R

Swager Double-End Split Turret Terminal
Lugs Boord

¢ —stalifil

CAMBRIDGE THERMIONIC CORPORATION
456 C d Av , Cambridge 38, Mass.




BECAUSE OF MACHLETT EXPERIENCE,
SKILL AND “SINCERITY OF SERVICE”

® For over a half century Machlett Laboratories has pio-
neered and made notable contributions to the development
of the electron tube art.

Today, through its modern plant, development laboratories
and skilled personnel, it provides the best in tubes and ser-
vice for Broadcasting and Industrial uses. No matter what
your purpose—Broadcasting, Communication or Industrial
electronics—you will find a Machlett tube to fill your needs
—and fill them well. And, no less important than the tube
itself, Machlett Service —valued by tube users for more
than 50 years—will give you a new sense of value to apply
to your tube procurement problem.

If you want better value—more satisfaction—try MACH-
LETT.

4
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Note to Broadcasters: Machlett Laboratories now produce for the
Western Electric Company its line of high power transmitting tubes
—so well known and respected by all broadcasting engineers.
Made by Machlett Laboratories in close collaboration with Bell
Telephone Laboratories, these tubes will continue to set the highest
standard of performance in broadcast service. These tubes are
distributed exclusively for Western Electric by the Graybar Electric
Company in the U.S.A., and by the Northern Electric Company in
Canada and Newfoundland.

This new combination of Western Electric and Machlett—two pioneers
in the electron tube field—is your best assurance of progress and
performance in the further development of better tubes to fill
your needs.

Equipment designers, brood-

casters, operatars of point-to-

point services, and industrial

users of power tubes are in- T
vited to write for complete in- ;

formation.The Machlett Electron

Tube Doto Book will be sent
an request.

Over 50 years
of Electron Tube Experience

MACHLETT LABORATORIES, INC.
Springdale, Connecticut
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NEWS and NEW PRODUCTS

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

Microgroove

This fall our industry has seen one
outstanding development in the home en-
tertainment field, that interests all en-
gineers conscious of their need to keep
abreast of the radio field. The vast amount
of interest in those markets where it has
been shown, has caused many firms to an-
nounce materials and accessories for the
reproduction of the new long-playing
Columbia Microgroove records. Changers,
pick-ups, new cartridges, and similar ac-
cessories are flooding the market, not to
overlook the adaptation of this feature to
the completed sets offered the buying pub-
lic. When far enough along in the develop-
ment work Columbia records asked the
co-operation of Philco to make a player
attachment, with slow speed motor and
light crystal cartridge equipped playing
arm. Since then many other manufac-
turers have added these and other com-
ponents to their lines.

General Electric, Electronics Division,
Electronics Park, Syracuse, N. Y., who
caused the largest stir in the phonograph-
reproducer field, by the introduction
about 18 months back, of their D1 RM
66 variable-reluctance cartridge, has en-
tered the microgroove field with the an-
nouncement of the MICRO-GROOVE
MODEL featuring a 1-mil-radius stylus,
low mass of the moving system, and high
compliance, to meet the requirements of
the new records. Physically, the unit is
one-third smaller than the predecessor
model for standard records. All of the sa-
lient features such as quietness, absence of
needle talk, long record life, etc., have
been brought into this new design.

Gray Research & Development Co., 16
Arbor Street, Hartford 1, Conn., have in-
troduced their version of the older GE
cartridge, to which has been added a new
moving system, of extreme lightness of
mass, high tracking compliance, and
proper stiffness, together with a diamond
stylus of 1-mil radius to fit the shape of
the new grooves. New damping blocks also
have been fitted to Gray cartridge.

Webster-Chicago, 4245 N. Knox Ave.,
Chicago, Ill., has announced as available
two models of a record changer capable of

30Aa
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playing both 33 and 78 rpm records,
equipped with a special needle in their
“Tilt-o-Matic” tone arm. These changers
play both types of records on an automatic
or manual contro! basis, and afford the
added advantage of disengaging the driv-
ing rubber idler wheels when in the off
position, thus preventing the idlers from
forming bumps or flats, and giving quieter
operation.

Zenith Radio Corp., 6001 W. Dickens
Avenue, Chicago 39, Ill., has announced
that the console models of their fall line
have microgroove feature added. Magna-
vox, and many more of the set makers
have jumped aboard the bandwagon, to
offer the buying public the means with
which to play this latest development, in
the home entertainment field.

Without philowphizing on the merits
of this new offering, it is interesting to see
the way in which manufacturing ingenuity
and speed of production can accrue to fill
a market readymade for it, when some en-
terprising firm takes it upon itself to
pioneer a new product.

Recent Catalogs

National Co. 61 Sherman Street, Mal-
den, Mass. announces a new television
receiver, with 7" tube, covering all 13 chan-
nels, scheduled for fall marketing. Tech-
niques developed by this renowned com-
pany in stable communication receiver de-
velopment find their way into the video
sets they will offer. A novel innovation is
the employment of dual 6° oval loud-
speakers flanking the video tube, for more
realistic sound reproduction. Full par-
ticulars will be supplied for the asking.

Lenkurt Electric Co., 1129 County
Road, San Carlos, California, announce a
new catalogue comprising a comprehen-
sive listing of the carrier-current telephone
and telegraph equipment of their manu-
facture, form CX-42. In addition to the
communication equipment described, ring-
ing, dialing, and telemetering apparatus
are covered, as well as selected test equip-
ment, especially designed for operational
servicing of carrier-current apparatus, is
displayed and described. Comprehensive
bulletins on each system are also available
from the company.

Metalace Corp.,, 2101 Grand Con-
course, New York 53, N. Y., have an-
nounced through a descriptive sheet their
all-purpose antenna mounting base for
affixing an antenna to a chimney or roof
parapet. With the increased number of
FM and video antennas finding their way
to the rooftops of apartment houses and
rural homes, such an accessory will lend
itself readily to the safe and workmanlike
installation of the antenna supporting pole.
Simple tools alone are needed to make the
installation, following the complete in-
structions furnished with the new stand.

(Continued on page 48A)
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UHF EQuiPMENT

C Detailed information and estimates of LAVOIE service O
are available promptly without cost or obligation.

SawoieLaboralorics

RADIO ENGINEERS AND MANUFACTURERS
MORGANVILLE, N. J.

Specialists in the Development and Manufacture of UHF Equipment
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Representative RCA types standardized for future equipment designs

Tubes for today
and tomorrow

ERE ARE power tubes, phototubes, and c-r tubes to serve

the major requirements of equipment manufacturers

for a long time to come. The tubes listed are those you can
depend on now, and for your future designs.

These RCA types are especially recommended because
their wide-spread application permits production to be con-
centrated on fewer types. Such longer manufacturing runs
reduce costs—lead to improved quality and greater uni-
formity. Resultant benefits are shared alike by the equipment
manufacturer and his customers.

RCA Application Engineers are ready to suggest suitable
tube types for your design requirements. For further infor-
mation write RCA, Commercial Engineering, Section LR-42,
Harrison, N. J.

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA

TYUBE DEPARTMENT

HARRISON, N. J.

32a

Preferred List of RCA Non-Receiving Types

CATHODE-RAY TUBES AND CAMERA TUBES

Kinescopes Camera Types Oscillograph Monoscope
(Projection) 5527 ypes 2F21
5TP4 2P23 2BP1
5655 3KP1
(Directly Viewed) 1850-A 5UP1
7DP4
7JP4
10BP4
PHOTOTUBES
Gas Types 1P41 m 927 930
Vacuum Types 922 929
Multiplier 931-A
GAS TUBES
Thyratrons 2021 3D22 884 2050 5563
Ignitrons 5550 5551 5552 5553
Rectifiers 3B25 673 816 857-B 866-A  869-B |
8008
Voltage Regulators 0A2 0C3/VR105 0D3/VR150

POWER AMPLIFIERS AND OSCILLATORS

(Air-Cooled)
8l

812-A
826
833-A
8000
8005
8025-A

TETRODES

(Air-Cooled)
4-125A/4D21

TRIODES
(Forced-Air-Cooled)
6C24

7C24
9C22
9C25
889R-A
892-R
5588
5592

BEAM TUBES

(Water-Cooled) (Air-Cooled)
8D21 2E24

2E26
807
8i3
815
828
829-8
832-A

(Water-Cooled)
9C21

(Air-Cooled)
802

9C27
889-A
892

PENTODES

PROCEEDINGS OF THE IL.R.E.

T

The world’s most modern tube plant . ..
RCA, Lancaster, Pa

ez

RADIO CORPORATION of AMERICA
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Frederic Stanley Howes

DIRECTOR, 1948

Frederic Stanley Howes, associate professor of electrical engi-
neering at McGill University in Montreal, was born on July 25, 1896,
at Paris, Ont., Canada. Graduating from high school in 1916, he im-
mediately enlisted in the Canadian Army and served as a signaller
until his discharge at the end of the First World War. He thereupon
entered industry and worked as a sheet-metal layout man until 1920,
when he matriculated at McGill University in order to complete his
interrupted studies.

In 1924 Mr, Howes received the B.Sc. degree from McGill and
was then appointed an instructor there. He continued in that post
until 1927, having been awarded the M.Sc. degree the year before,
His graduate work was finished in England where the City and Guilds
Institute, Imperial College, University of London, gave him the doc-
torate in electrical communication engineering following a two-year
period of study there,

Immediately afterward, in 1929, Mr. Howes rejoined McGill as
an instructor and has taught there since with but one interruption—
after becoming an Associate of the IRE in 1937, he spent the following
year, 1938-1939, in studying advanced communication engineering at
the University of California in Berkeley, U. S. A.

In 1940, shortly after Canada entered the War, Dr. Howes was
appointed a civilian instructor at the RCAF's No. 1 Wireless School

at McGill. Meanwhile, during the summers of 1941 and 1942 he did
war development work at the Northern Electric Cofpany in Mon-
treal. In 1942 he organized graduate evening courses in communica-
tion engineering at McGill. The year 1943 heralded Dr. Howes ap-
pointment to an assistant professorship; his opening of a private
consulting practice as a radio engineer specializing in broadcast
antenna design and related problems; and his being transferred to
the rank of IRE Member and advancement to Senior Member,

Dr. Howes became an associate professor in 1946, Currently, in
addition to his lecture work, he is in charge of the radio engineering
laboratories at the University and is supervisor of graduate evening
classes at McGill and Ottawa both.

Elected Chairman of the Montreal Section for the year 1945,
Dr. Howes was also appointed Chairman of the IRE Canadian Coun-
cil, a position which he still holds. He is the Canadian IRE repre-
sentative on the administrative board of the Canadian Radio
Technical Planning Board and also represents the IRE on the
Canadian Council of Professional Engineers and Scientists. Chairman
of the latter organization, which is composed of the Presidents of
eleven national engineering and scientific organizations, Dr. Howes
also is a member of the Council of the Corporation of Professional
Engineers of Quebec.
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There has been a wealth of sometimes heated argument as to the relative opportunities for
engineers in private versus governmental employ. One side of this question is clearly and force-
fully presented, with substantiating reasons, by the writer of the following guest editorial—a
[ member of the IRE Board of Editors and a skilled communications engineer who, after

seventeen years of experience in private industry, has joined the staff of the Sandia Base
Branch of the Los Alamos Scientific Laboratory.—The Editor.

Are You Satisfied?
C. W. CARNAHAN

To those radio engineers who are happy in their present work, this editorial can have little interest. It is addressed
primarily to those who had real jobs to do during the war, and who now find their return to peacetime pursuits some-
thing of a let-down.

This group will remember that their war labors, while long and arduous, were vital and exciting, and that they
demanded the utmost of their skill and knowledge. Things were built in the way they should be built, neglected text
books had to be dug into again, and sudden accretions of knowledge in entirely new fields had to be gained. Results
were measured in terms of lives and victories, not in figures on a quarterly statement.

Since the end of the war, however, many engineers have returned to their prewar occupations, where their technical
achievements now may consist of such exciting things as saving ten cents on that new receiver, or making a further
compromise with quality to beat that other outfit. They have returned to the normal battle with the sales department,
whose decisions and salaries invariably outrank their own. Many of them look back with longing to the days when
vice-presidents made fair expediters, and sales departments, while drawing those fat salaries, of course, at least had to
listen to the engineers without any backtalk. In their leisure, they now read in the IPROCEEDINGS about a rapidly
expanding art which is growing beyond them.

Continued government spending in the postwar period has already had a considerable effect in those radio in-
dustries which existed before the war. The unfilled demand for engineers in government work has made more valuable
commodities out of those still in private industry, This point management usually concedes with reluctance, being
prone to indicate to dissatisfied engineers the horrors of governmental work, the insecurity, the red tape, bureaucracy,
restriction of publications, and so forth. Those old timers who remember the security and other advantages offered by
private industry in the thirties will be able to assess these arguments at their true worth.

Financially, the average engineer will not be any more underpaid in government work than he is in private industry.
As for job security, there are more problems now than there are men to solve them, and new ones arise every day
Furthermore, the advances in knowledge and new techniques resulting from this work will create new jobs in private
industry for those who can fill them. There are publication restrictions, of course, but to compensate there are interest-
ing, demanding work on the frontiers of radio knowledge, unlimited facilities to work with, and no sales department
on the engineer's neck. What more can a good engineer want?

So far, this has been an appeal to the self-interest of the individual engineer. There is, however, a larger side to this.
Good men must be found for the unfilled government jobs now available, if our stated objectives of national security
are to be attained. If a fair percentage of those who performed so splendidly during the war will take up where they
left off, this need will be met.
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A Digital Computer for Scientific Applications”

C. F. WESTY, MEMBER, IRE, AND J. E. DETURK{}

Summary—During the past two years development has been
initiated on several large-scale automatic digital computing machines,
both in this country and abroad. The present paper is concerned with
the over-all organization of one such machine. A logical division of
the machine into four major components is described, and the ma-
chine performance is interpreted in terms of these component func-
tions. The electronic techniques used to accomplish the storage,
transmission, and arithmetic manipulation of numbers, together
with certain methods used for control of the computer, are briefly
discussed. Although the paper is concerned with the design of a
particular machine, it is felt that the design problems and engineering
techniques are applicable to most large-scale computing machines.

I. INTRODUCTION

HE TERNMI “digital computer” applies to a calcu-

lating machine in which a number can assume

only a discrete value the precision of which is
determined by the number of digits used for its repre-
sentation. A desk calculator is a digital (or discrete-
variable) computer, whereas a slide rule is a continuous-
variable computer. A large-scale digital computer is a
machine not only capable of digital computation, but
one which can perform long sequences of computations
in accordance with a pre-established program of opera-
tion. Machines of this type are also referred to as se-
quence-controlled calculators. Such a computer is ca-
pable of solving complex problems involving thousands
or millions of individual arithmetic operations without
the intervention of a human operator.

Large-scale computers may be divided roughly into
two categories: Scientific machines which are designed
to perform large numbers of calculations based upon
relatively few input data and yielding relatively few
output data, and statistical machines of which the
opposite is true. The calculator to be described is in-
tended primarily for scientific applications. Some of the
types of problems which the present machine is intended
to solve are the following:

(1) The systematic handling of linear arrays.

(2) Solution of the partial differential equations of
hydrodynamics.

(3) Fourier analysis and synthesis.

(4) Applications of electromagnetic theory.

(5) Study of shock waves.

(6) The solution of nonlinear differential equations.

(7) The problem of systematic sorting.

The only true computing operations which the ma-
chine can perform are the basic arithmetic operations

* Decimal classification: 621.375.2. Original manuscript reccived
by the Institute, May 19, 1948. Presented, 1948 IRE National Con-
vention, New York, N. Y., March 25, 1948.

This paper describes preliminary computer design studies con-
g&;:ted for the National Bureau of Standards under Contract CST

2

t Raytheon Manufacturing Company, Waltham, Mass,

of addition, subtraction, multiplication, and division.
Before the above complex problems can be presented to
the machine for solution, they must be reduced to
arithmetic processes through application of the methods
of numerical analysis. These arithmetic routines-must
then be expressed in terms of coded commands which
the machine is capable of following.

II. MACHINE ORGANIZATION

Fig. 1 is a block diagram showing the principal com-
ponents of a large-scale digital computer. The arithme-
tic unit is the only true computing unit in the machine.
That is, it is the only one capable of generating new
numbers. The internal (or high-speed) memory is a

"HIGH SPEED TNETIC
MEMORY ARrl!:lNlT

RS — (NUMBERS

S oroers 3 8 ORDERS)

___MAIN MACHNE _
'AUXILIARY UNITS

]
- i 1
OBLEM
ngmRTAnoq»—J L~ PRINTERS ‘
)

Fig. 1—Block diagram of the digital computer.

storage place for numbers and commands. During com-
putation, numbers which serve as operands are trans-
ferred from the internal memory to the arithmetic unit,
where the arithmetic operations take place. The result
of each arithmetic operation is returned to the internal
memory. The central control unit of the machine gov-
erns the exchange of numbers between the internal
memory and the arithmetic unit. Central control gov-
erns this exchange in accordance with orders or com-
mands which are also located in the internal memory.
For each arithmetic operation, the central control must
select two operands from the internal memory, and must
supply these to the arithmetic unit. It must designate
to the arithmetic unit which operation (e.g., addition,
division) is to be performed, and must transfer the result
of the operation to a selected memory position. Central
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control then initiates the next operation by selecting
from the internal memory the next command.

The magnetic memory units are used to supplement
the internal memory. These units store numbers and
orders on magnetic tape. The speed of operation of the
magnetic units is considerably less than that of the in-
ternal memory, but the storage capacity is many times
greater. These units also serve as input-output devices
for the computer.

The page printers and problem-preparation unit
shown in Fig. 1 are auxiliary units which are not directly
connected to the main part of the machine, but which
communicate with the computer by means of the mag-
netic memory units. The problem-preparation unit con-
sists of a manually operated keyboard which is used to
record initial numbers and commands on magnetic tape.
This device makes use of additional magnetic storage
containing the commands for frequently used comput-
ing routines. Thus, certain complete routines may be
introduced into the computer by a single manual op-
eration. The page printers are electrically operated type-
writers which respond to signals recorded on magnetic
tape. They are used to record the final results of com-
putation.

Because one command is required for each arithmetic
operation, it might seem that a prohibitive number of
commands would have to be introduced into the ma-
chine in order to direct the solution of a relatively simple
problem. This is not the case. The iterative methods of
numerical analysis involve the repeated performance of
computing routines. When a routine is repeated, the
commands governing the computation may differ from
those of the previous cycle only with respect to some
systematic pattern of variation. By storing commands in
the internal memory and by the use of suitable schemes
for their coding, they may be introduced into the arith-
metic unit and modified by addition or subtraction. As
an example of the effectiveness of this process, the total
number of commands which must be supplied to the
machine to obtain all of the roots of a polynomial equa-
tion should not exceed fifteen. This number is independ-
ent of the degree of the polynomial.

The complexity of the problems which a machine
can solve efficiently is limited both by computation
speed and memory capacity. For example, partial differ-
ential equations in three dimensions and time may
require a total storage of 10® numbers and may involve
10'° arithmetic operations. In the present machine, the
internal memory has a capacity of approximately 4000
numbers, and the permanent storage medium associated
with each magnetic memory unit has a capacity of
200,000 numbers. The over-all speed of the computer
depends primarily upon the time required to perform
the basic arithmetic operations and the time required
to select a number from the internal memory. In this
machine, 900 arithmetic operations together with the
associated memory selections are performed each
second.

West and DeTwurk: Digital Computer for Scientific Applications
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Since the entire function of the machine is to carry
out numerical computation in accordance with coded
commands, the represeptations of numbers and com-
mands are basic elements of the machine design. Num-
bers may be represented in a variety of ways, depending
upon both the mathematical and the physical means
employed.

Mathematical representations may employ different
number bases. Thus an n-digit decimal number (base
ten), as conventionally written, is a shorthand expres-
sion for the quantity.

An-10"4+A4, 104 - o 4451074 - - - 41,100 (1)

where the integer coefficients A; are the digits of the
number. Any A; in the decimal system may take on a
value from 0 through 9. When a number is represented
to the base X, it is still written as a sequence of digits
Aj, but these now are interpreted as meaning

Ap- XntA, - X4 oo+ A4 X4 -0 +44-X0 (2

and any digit A; can now take on only the values 0
through X —1.

In addition to the decimal notation, this paper will
refer to the binary scale of notation; i.e., X=2 in (2)
above. lere the only possible digits are 0 and 1. The
binary equivalents of the decimal numbers 0 through 15
are shown in Table I.

TABLE I
DEeciMAL BINARY EQUIVALENTS

Decimal Binary Decimal Binary
0 0000 8 1000
1 0001 9 1001
2 0010 10 1010
3 0011 11 1011
4 0100 12 1100
S 0101 13 1101
6 0110 14 1110
7 0111 15 1111

The physical representation of a number to the base
X requires a physical representation for each of the
possible digits (0 through X —1) in each of the n-digit
columns. That is, each number is denoted by a particu-
lar selection from X physical states. For a given num-
ber base, several physical representations are possible,
depending upon the number of temporal and spatial
selections used to designate the number. Fig. 2 shows
two ways in which the binary number 101101 may be
represented. At (a) the number is being transmitted
serially on a single wire and the representation is en-
tirely temporal. At (b) the number is being transmitted
in parallel on six wires and the representation is entirely
spatial. In either case, the digit 1 is represented by the
presence of a pulse, and the digit 0 by the absence of a
pulse.

Because the rules of arithmetic are simpler in the
binary notation than in any other base, this notation is
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used in the present machine. Binary-decimal conversion
is required at the input and output of the machine.

A
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-} 1 2

o o

AA A _ ..

1 4

(a) (b)

Fig. 2—Serial and parallel representation of the number 101101. (a)
Se_rial transmission on one wire. (b) Parallel transmission on six
wires.

This may be justified in a calculator for scientific prob-
lems because of the large amounts of calculation that
are done with comparatively few initial data.

When discussing machine operation, it is convenient
to speak of a composite pulse group of fixed length as a
“word.” A word in the present machine contains 45
pulse positions or binary digits which are transmitted
between units in a serial manner. Two kinds of words
are shown in Fig. 3. These are: (1) a “number word,”
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Fig. 3—Allocation of information in number and order words.

which contains the absolute value of a number, its sign,
and auxiliary digits used in checking; and (2) a “com-
mand word,” which contains coded pulse groups ca-
pable of governing the machine operation.

The machine cycle is the basic unit of computing op-
eration, and in this machine is approximately 1 milli-
second in duration. During this cycle four distinct events
take place. (1) Two operands are selected from the in-
ternal memory and are sent to the arithmetic unit. (2)
The arithmetic unit performs the desired operation.
(3) The result of the operation is sent back to the in-
ternal memory. (4) The command which governs the
next operation is selected from the memory.

A command is required for each machine cycle and
contains all the information necessary for the perform-
ance of the cycle, namely, the locations of the operands,
the specification of the operation, the location which is
to receive the result, and the location of the next com-
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mand. Locations within the memory are termed ad-
dresses, and are specified by binary numbers which
identify consecutively all of the storage positions of the
memory. Operations are also specified by coded pulse
groups.

Besides addition, subtraction, etc., several nonarith-
metic operations are required during the solution of
most problems. The transfer operation serves to transfer
a word between different memory locations, or between
the internal memory and one of the magnetic memory
units. The substitution operation is used to modify a
command word by adding or subtracting from one or
more of the addresses contained within the command.

The branch operation allows the machine to choose
between two computing routines on the basis of the re-
sults of past computation. The command governing
the branch operation contains the locations of two com-
mands, only one of which is to be chosen to govern the
next computing cycle. This choice is determined by the
sign of the inequality of the two operands. As an exam-
ple of the use of the branch operation, consider the solu-
tion of a polynomial equation. An approximate root of
the equation is calculated by means of computing rou-
tine A. The difference between this approximation and
the last approximation is obtained. If this difference is
greater than some preassigned number, the next com-
mand selected is the first command of routine A, and its
selection results in the calculation of a nearer approxi-
mation. If the difference is less than the pre-established
tolerance, the next command selected is the initial
command of routine B, which initiates reduction of the
degree of the polynomial in preparation for the calcula-
tion of the next root.

I1I. INTERNAL M EMORY

The internal memory must be capable of storing a
large number of words with short access time. The
stored information must be easily erasible. In the
present machine, the internal memory makes use of the
acoustic delay line as the storage mechanism. Fig. 4

INPUT TRANSOUCER oL _ L OUTPUT TRANSDUCER
“~Pvercury Tl —

|

RESHAPER
GATE 2 { AMPLIFER |
T J

DIGIT PLLSES
FROM CLOCK

Fig. 4—Delay-line memory unit.

is a block diagram of an acoustic delay line in which
mercury is the acoustic medium. Assume that the line
contains some pulse configuration at a given instant of
time, and that the configuration is propagating down
the line at the velocity of sound in mercury. Each pulse
received at the output transducer is amplified and
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applied to a gate or reshaper which allows a new digit
pulse from a continuous pulse source to be fed to the
input transducer. Thus, the pulse configuration will cir-
culate around the closed loop indefinitely without
progressive degeneration of the pulse shapes or the pulse
spacing.

The number of pulse positions which a line contains
(i.e., its storage capacity) is proportional to the time
delay of the line and the frequency of the continuous
pulse source. The former is limited by the attenuation
of the mercury and the transducers; the latter, by the
bandwidth which can be attained around the circulation
path and the dependence of attenuation on frequency.

The access time of the delay line is equal to the delay
time. For a given memory capacity, the access time may
be decreased by decreasing the length of each line and
increasing the total number of lines while the repetition
rate is held constant. Reduction obtained in this manner
is costly, for the total memory equipment is primarily
proportional to the number of circulation paths and is
only secondarily influenced by the attenuation per path.
The access time can be reduced more effectively by in-
creasing the pulse-repetition rate and shortening the
line, while holding constant the number of lines and the
pulse capacity of each.

The present machine design makes use of 255 acoustic
delay lines, each capable of storing 16 information words
and one additional word used for checking. The total
memory capacity is, therefore, 4080 words. The delay
lines operate at a pulse-repetition rate of 2 Mc, and the
digit pulses are amplitude-modulated upon a 30-Mc
carrier. The memory access time is about 380 micro-
seconds.

Fig. 5 is a block diagram of a delay line showing the
use of additional gates for reading (i.e., taking informa-
tion from the line), writing (i.e., putting information
into the line), and crasing. The erase gate and the write
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Fig. 5 —Organization of memory-delay-line circuits.

gate are normally connected together, so that a word is
erased only when a new word is written into the line.
Continuous circulation through a delay line requires
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that the delay time be a constant integral multiple of
the period of the continuous pulse source used for re-
shaping. Because the acoustic velocity in mercury is
temperature-dependent, some means of temperature
control is required. The temperature coefficient of acous-
tic velocity is such that a 1 per cent change in delay
time results from a temperature change of 30°C. The
temperature effect may be expressed more conveniently
by the equation

30007
AT = ——-°C. (3)
N

where AT is the permissible temperature variation in
degrees centigrade, N is the total number of pulse posi-
tions in the line, and 7 is the fraction of a pulse period
by which the delay can change and still allow reshaping
of the circulating pulses. By using sharp pulses in the re-
shaping operation, the value of 7 may be made as high
as 0.75 without difficulty. In the present design, each
delay line contains 765 pulses, and the corresponding
permissible temperature gradient is approximately 3°C.
Temperature gradients in the memory can be con-
trolled, while reasonable equipment accessibility is
maintained by subdividing the memory into groups of
lines. Each group may consist of several (say, 6 to 10)
independent acoustic paths operating within a single
container of mercury. The relatively high thermal con-
ductivity of mercury is effective in keeping the gra-
dients between paths small. Each container is then
supplied with an independent temperature-control
mechanism which maintains the temperature of the

pool constant.
Fig. 6 is a photograph of a mercury pool contained in
a stainless-steel tank less than 7 inches long, 2% inches
high, and 2} inches wide. Three acoustic paths operate

Fig. 6—Photograph of a mercury pool contained in a stainless-
steel tank, with three acoustic paths operating within the pool.

within the pool. Each path is multiple-reflecting and
consists of three travels the length of the container.
The circulation time of each path is 320 microseconds.
This pool has been used in a prototype memory unit



1456

with temperature control used to maintain synchroniza-
tion between the delay line and a fixed-frequency pulse
source.

IV. AritaMEeTIC UNIT

The basic arithmetic operation is addition. Other
arithmetic operations, though coded as single opera-
tions, are compounded of successive additions per-
formed under the local control of the arithmetic unit.
Accordingly, the mechanism of addition largely deter-
mines the manner in which other operations are carried
out. Addition may be performed serially or in parallel.
In a serial adder the two operands are added one digit
at a time, commencing with the lowest-order digit. In
a parallel adder, all of the digits of one operand are
simultaneously added to the digits of the other operand,
thereby generating all the digits of the sum at once.

-,

L

———d

E REGSTER C |

Fig. 7—Serial-adder operation.

Fig. 7 is a block diagram indicating the operation of
a serial adder. The two operands are assumed to be in
registers 4 and B which may be delay lines. The suc-
cessive digits of the operands enter the adder, which
generates the digits of the sum and enters these into
register 4. In multiplication, the multiplicand stands in
register B and the multiplier in register C. The partial
sums generated during multiplication are stored in regis-
ter 4. The serial adder requires a minimum of equip-
ment. Its chief disadvantage is that the time for addition
cannot be less than the circulation time of an operand
in its register. The multiplication time is then equal to
the product of the addition time and the number of
digits used.

Fig. 8 is a block diagram of a parallel adder. The
addend stands in register 4 and the augend in register
B. Upon application of a control pulse, all columns of
the addend are simultaneously added to the augend and
the sum is left standing in the sum-augend register. In
principle, the addition is completed in one pulse time,
although practical considerations generally require that
the process take from 5 to 10 pulse times.

Speed is obtained at the expense of equipment in the
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parallel adder, for the basic columnar adding circuit
must be repeated for each digit column of the addend
and augend. A further advantage of the parallel over
the serial adder is that the parallel unit requires less
complex control circuits to perform operations com-
pounded of repeated additions.

ADDEND REGISTER (A)
(FLIP-FLOPS)

i
|
|
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) o GATES
° -'{ i ‘{‘G ~]-- ¢ ‘—-]
]
]
CONTROL
PULSE

T I AUGEND-SUM REGISTER (B)
: : (FUIP-FLOPS)
1 1

Fig. 8—Parallel-adder operation.

With either type of adder several variations are possi-
ble, depending upon the method used to transfer car-
ries from one column to another. For example, a parallel
adder may first perform the addition without carries
and later add the carries to the result. The addition of
carries may generate new carries which must be added
in again. Such sequential adding of carries increases the
time required for an addition. Simultaneous addition
of carries may be performed by adding all carries to the
augend in one operation. In this case, the addition speed
is limited only by the propagation times of the carry
pulses and the add pulses through the necessary circuits.

Before discussing the adder circuits in detail, it is
worth while to describe a shift register. This isa simpler
device than the parallel adder, but involves similar tech-
niques. The register may be used to convert between
serial and parallel number representation, to change the
repetition rate of a serially transmitted number, and to
act as buffer storage for numbers entering the arithmetic
unit.

The register consists of a chain of flip-flops, one for
each digit to be stored, as shown in Fig. 9. One plate of
each flip-flop is connected to the grid of an adjacent
flip-flop through an electrical delay network. Provision
is made for applying a reset pulse simultaneously to all
flip-flops in the register.

If any configuration of ones and zeros stands in the
register and a reset pulse is applied toall flip-flops, those
which stand at 1 undergo a change of state. This change
produces a pulse at one of the plates which is momentar-
ily stored in the delay network associated with that
plate. After the reset pulse has passed, every pulse
which entered a delay network emerges and triggers the
flip-flop immediately to the right of it. In this manner
the configuration of ones and zeros is shifted one column
to the right.

In Fig. 9 a three-digit word is shown serially entering
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the shift register. A train of reset pulses is applied to the
shift register at the same repetition rate as the digits of
the entering word. The resct pulses must be advanced,
with respect to the applied digit pulses, to avoid inter-
ference between the two pulse trains. Once the word
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Fig. 9—Shift-register operation.

stands in the register it may be read out in parallel from
the platesof the flip-flops, or it may be read out serially
at some other repetition rate by applying reset pulses
of the desired frequency. Fig. 10 is a circuit diagram of
two columns of a shift register which operate reliably at
pulse rates up to 2 Mec.

Fig. 10—Shift-register column.

The present machine makes use of a parallel adder
with simultaneous carry, as shown in Fig. 11. In this
circuit the addition (without carry) of the addend to
the augend occurs first, and is followed by the simul-
taneous addition of all carries. The operands are as-
sumed to stand in the addend (4) and the augend-sum
(B) registers. An add control pulse is applied to the
gates G1. In each column where the addend contains a
1, the control pulse passes through the normally closed
gate GI1 and changes the state of the corresponding
column of the augend-sum register. Following the addi-
tion without carry, a carry pulse is applied to the nor-
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mally closed gates G2. Gates G4 sense the digits standing
in the A and B registers. In each column where a 1
stands in the addend register and a zero in the augend-
sum register, gate G4 opens gate G2. The applied carry
pulse passes through G2 to an electrical delay network,
as well as to gate G3, through the phase inverter I.
Gate G3is open if a 1 stands in the augend-sum register,

ADD P NPT
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CARRY PASE ST

T, CANRY SATES
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FLIP- ucv

'n'l ..A{’ﬂ D0 o | RERTES
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Fig. 11—Parallel adder employing simultaneous carry.

and the carry pulse passes GJ3 to the next higher-order
column, etc. Thus, a carry pulse which is initiated in
any column may pass several gates G3 and be applied
to several higher-order columns. Each time a carry pulse
passes a gate GJ, it is applied to the electrical delay net-
work associated with the next column. The propagation
of the carry pulses does not immediately cause a change
of state in any of the flip-flops, but rather serves to in-
troduce the carry pulses into the appropriate electrical
delay networks in accordance with the configurations
of the numbers in the 4 and B registers. After propaga-
tion of the carry pulse, all pulses applied to the delay
networks emerge and change the states of the associated
augend-sum flip-flops. The true sum then stands in the
lower register.

Numbers may be placed in the adder registers by the
use of shift-register techniques, in which case additional
gates and delay circuits are associated with the register
flip-flops so that these may function as a shift register
during the introduction of a number.

The arithmetic unit of the computer requires nu-
merous control circuits in addition to the basic adder.
These are necessary to perform the compound arithme-
tic operations of multiplication and division, as well as
the logical operations described previously.

V. CENTRAL CONTROL

The basic cycle of machine operation requires super-
vision of the following processes: selection of the op-
crands from the memory, specification of the operation
to be performed, disposition of the result, and the selec-
tion from memory of the next command. Many possible
organizations of the central control unit exist, depending
upon the time and manner in which the above steps are
carried out. For example: (1) the selection of the two
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operands may occur sequentially or simultaneously;
(2) the selection of operands may occur while previous
operands are being processed in the arithmetic unit, or
after the arithmetic process has been completed; (3)
the disposition of a result may or may not occur simul-
taneously with some of the other steps; (4) part of or all
of a command may be selected in one step; (5) a com-
mand may be selected in accordance with information
contained in the previous command, or all commands
may be located consecutively in the memory; (6) the
control sequence may constitute a fixed cycle in which
each step or combination of steps is allocated a fixed
amount of time, or a variable cycle in which each step
proceeds as soon as the previous step has been com-
pleted. There is no known optimum organizational pat-
tern for the control process. Compromises must be made
between speed of operation, simplicity of operation, and
economy of equipment. By performing a large number
of steps in parallel, the speed, cost, and complexity of
the machine are all increased.

The control system of the present machine involves
fixed-cycle, dual-selection operation. Each command is
selected on the basis of information contained within the
previous command.

A command consists of two words which are stored in
adjacent positions in the internal memory. Referring to
Fig. 3, it will be seen that each word of a command
contains two address positions and a group of checking
pulses. The second command word also contains an
operation code. For most operations, address positions
1 and 2 contain the addresses of the two operands, ad-
dress position 3 contains the address of the result, and
address position 4 contains the address of the next com-
mand. Two exceptions to the above occur: (1) Certain
operations (e.g., transfer) require but one operand. This
appears in the first position, and the second position is
then .vacant. (2) In the branch operation the addresses
of two commands appear in the third and fourth posi-
tions. The branch operation chooses which of the com-
mands will be used in the next computing cycle.

The fixed-operation cycle is called the machine cycle,
and is approximately 1 millisecond in duration. It is
composed of three equal parts called major cycles which
are equal in duration to the circulation time of a
memory delay line, and which are synchronous with the
memory circulation. During the first major cycle, the
command governing the cycle is selected from the
memory, and simultaneously the result of the previous
computation is transferred to the memory. The selec-
tions made at this time are governed by the third and
fourth addresses of the previous command. During the
second major cycle, the two operands specified by the
new command are selected from the memory, and the
operation code is transmitted to the arithmetic unit.
During the third major cycle, the arithmetic operation
occurs.

From the above discussion it is apparent that the cen-
tral control unit must contain registers for storing a com-
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plete command, and two selection circuits for the simul-
taneous selection of two memory locations. Since the
operands selected from the memory may arrive at cen-
tral control during any part of the selection cycle, the
central control should also have one-word storage re-
gisters for holding the operands until they are to be
transmitted to the arithmetic unit. A one-word register
for the result is also required. The simplified organiza-
tion of the central control is shown in Fig. 12.
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Fig. 12—Simplified organization of central control.

The operation of central control while making a given
selection from the internal memory involves a spatial
selection of one of 255 delay lines and a temporal
selection of one of 16 word positions within the line. The
address of any memory position is specified by a 12-
digit binary number, the lower-order four digits of which
refer to the temporal selection, while the upper-order
eight digits refer to the spatial selection.

A selection of one of 2" gating lines in accordance
with an n-digit binary number governing the selection
can be effected through the use of a diode matrix. Fig.
13 shows an elementary matrix in which a two-digit
binary number contained in two flip-flops selects one of
four gating tubes. The principle of operation depends
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Fig. 13—Rectifier matrix.

upon the fact that the impedance across a parallel com-
bination of diode gates varies only slightly with the
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number of gates closed if at least one gate is closed, but
changes abruptly when all gates are opened. The recti-
fier matrix of Fig. 13 can be extended in both directions
to accommodate as many binary digits as desired.

V1. MAGNETIC MEMORY

The magnetic memory units serve to augment the
internal memory of the computer, to introduce initial
data and commands into the machine, and to record the
results of computation. These units make use of mag-
netic tape as a permanent continuous-storage medium,
Each unit has a capacity of approximately 200,000
words, and is capable of operating at a maximum rate
of 500 words per second.

Communication between the magnetic-tape units and
the other parts of the machine is under the jurisdiction
of the central control. Each unit has assigned to it an
address which is of the same form as an internal memory
address, except that the address in this case includes one
of the three operation codes: read, write, and hunt.
The read and write codes are always interpreted as ap-
plying to the next consecutive word position on the
magnetic tape. The hunt code causes the tape unit to
hunt for a particular word position, the number of which
is supplied by central control.

Because the central control may call upon a magnetic
memory unit at highly irregular rates, it is not feasible
to propel the tape in response to each individual com-
mand. Instead, information is recorded on the tape in
blocks of 16 words each and the tape mechanism always
operates to read or write an entire block. A mercury-
delay-line reservoir consisting of two 16-word delay
lines is associated with each tape unit, as shown in Fig.
14. During a sequence of writing operations, the words
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Fig. 14—Organization of magnetic-memory-unit reservoirs.

to be written are accumulated in the consecutive word
positions of this reservoir. When 16 words have accumu-
lated in either delay line, the tape mechanism is actuated
by local controls, and the contents of the reservoir are
transferred to the tape. During a sequence of reading
operations, the reservoir is filled from the tape, and as
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soon as one of the delay lines has been emptied by cen-
tral control, the tape starts and refills the delay line.

The recording medium is §-inch-wide magnetic tape
on which five parallel channels are recorded. Four of
these contain information, and the fifth serves as a
marker or control channel. The marker channel contains
markers which identify the beginning and end of each
block of 16 words, as well as binary numbers which con-
secutively identify the blocks.

The maximum speed of operation of the magnetic
memory units depends upon the pulse-repetition rate per
channe! and the time required for starting and stopping
the tape. With operation rates of several hundred words
per second, it may be necessary to accelerate the tape
at several thousand inches/sec/sec. Fig. 15 shows the
arrangement of a tape-drive mechanism which permits
rapid acceleration. A magnetic clutch and drive capstan
is used to propel a short segment of tape which is in
contact with the recording heads. Spring slack absorbers
are used to average the motion of the active portion of
the tape and to control servomechanisms which drive
the take-up reels.
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Fig. 15—Input-output drive mechanismn.

VII. CHECKING

It is desirable that a computer be self-checking in
order to minimize the number of undetected errors. The
error-checking mechanism should be highly diagnostic,
so that the location of a defective part is indicated when-
ever an error occurs. By incorporating diagnostic check-
ing equipment in the design, the trouble shooting of
equipment failures is greatly facilitated and the per cent
of the total time during which the machine is operative
is proportionately increased.

Numerous methods for checking digital computers
have been suggested. Some of these include the simul-
taneous operation of duplicate equipments, the repeti-
tion of each operation or its inverse on the same equip-
ment, and the use of operational checks which involve
the periodic running of a test problem.

Checking by duplication of equipment may be un-
desirable for several reasons. The total amount of equip-
ment is doubled, thereby doubling the cost as well as
the total frequency of failures. Repeating each operation
or its inverse reduces computation speed by one-half.
It also seems doubtful that checking schemes based on
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the repetition of each operation can be made sufficiently
diagnostic to indicate the location of a failure. The
periodic running of a test problem has many of the dis-
advantages cited above concerning loss of speed and
lack of diagnostic information. The existence of a time
lag between an error and its detection makes it difficult
to determine the exact point in the computing routine
at which failure occurred, and consequently increases
the difficulty of resuming operation. It is possible that
intermittent errors might escape detection altogether.
It may also be difficult or impossible to construct a test
problem which completely checks the machine (e.g.,
tests all storage positions or all control circuits).

A general system of checking developed by Bloch,!
known as the method of weighted counts, is believed to
offer numerous advantages in regard to economy, re-
liability, speed, and diagnostic ability. A particular
adaptation of this theory is used to check memory
storage, word transfers, and arithmetic operations in the
present machine.

The successive digits of a binary number may be said
to be valued or weighted with the value 2 where % is
the number of the column. The conventional value of
the number is then the sum of the weights of those
columns in which 1's appear. A different number can be
obtained by weighting the columns in a different man-
ner. For example, successive columns may be given the
weights 1, 2, 4, 1, 2, 4, etc. The new number is the sum
of the weights off all columns in which the digit 1 occurs.
“This new number (or rather, the lowest-order four digits
of it) is called the weighted count of the original number.
Each number stored in the computer has its weighted
count stored with it (note the group of checking pulses
in Fig. 3). A number can be checked whenever desired
by formulating a new weighted count and checking this
for identity with the weighted count carried with the
number. Such a check is performed each time a number
is transferred from one location to another.

It can be shown that the basic arithmetic processes
can be checked by means of the weighted count. Such
checks are possible because the sum (difference, product)
of the weighted counts of two numbers has a known rela-
tion to the weighted count of the sum (difference, prod-
uct) of the numbers.

The weighted-count system of checking storage and
transfers is operative throughout the machine. When
initial input data and commands are manually recorded
in the problem preparation unit, weighted counts are
-generated simultaneously with the depression of the re-
«cording keys. Thenceforth, each word contains its own
weighted count. Each transfer of a word from the
time of manual recording up to and including the time
when results are printed by a page printer is checked by
the weighted-count process.

Additional checking methods are used to verify the
selection of memory positions, and the transfer of op-
eration codes. A selection from the memory involves a

PROCEEDINGS OF THE I.R.E.

December

temporal selection from among the 16 information word
positions in each line and a spatial selection from among
the 255 delay lines. Each delay line has a seventeenth
word position which contains the binary number of the
line. Whenever a line is selected, the number of the line
is taken from this seventeenth word position, and is
compared for identity with the number of the line as it
occurs in the command governing the selection. An
additional delay line is used to check temporal sclec-
tions. This line operates in synchronism with the 255
information lines. The 16 information word positions
of the extra line contain the binary numbers from zero
to fifteen. Each time a word is taken from an informa-
tion line, a word is simultaneously gated out of the extra
delay line, and the number so obtained is compared for
identity with the word position as it appears in the
command governing the selection. In this way, each
selection made from the memory is checked during the
selection cycle in which it occurs.

The transmission of operation codes from the central
control to the arithmetic unit is checked by incorporat-
ing a code generator in the latter unit. For each arith-
metic operation the code generator returns an operation
code to central control for checking purposes.

Although the checking system is elaborate, in the
sense that each function of the computer is checked
during each operating cycle, the equipment necessary
to provide such checking does not exceed 20 per cent of
the total equipment in the computer. The checking
equipment has associated with it a set of controls and
neon lights which operate to stop the machine in the
event of an error and to indicate the location of the
fault. The actual numbers and commands which were
being processed when the error occurred are displayed
to the machine operator. By virtue of these diagnostic
aids, a defective part or subassembly can be quickly
located and replaced, in many cases without loss of in-
formation or the disruption of the computing routine.
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Signal-to-Noise Ratio in AM Receivers®
EUGENE G. FUBINIT, SENIOR MEMBER, IRE, AND DONALD C. ]OHNSONI

Summary—Experimental tests have been made to determine the
effect of linear detectors upon the signal and the signal-to-noise
ratio obtained from the demodulation of an rf carrier. The experi-
mental data confirm theoretical results and indicate that:

1. The concept of excess noise figure must be used with care.
It cannot be employed to calculate the noise at the output of a re-
ceiver unless due consideration is given to the presence of a non-
linear device following the if stage. The reason for this is the effect
of the presence of a carrier on the noise output of a detector. This
noise increases when a carrier is present; the maximum increase is
4 to 7 db, depending upon the shape of the if filter.

2. For sine-wave amplitude modulation and if bandwidths at
least 3 or 4 times larger than the af bandwidth, a universal curve
can be given that shows the relation between the signal-to-noise
ratio at the output and the carrier-to-noise ratio at the input of a
second detector.

3. If two AM carriers are simultaneously present at the input of
a linear second detector, this discriminates against the modulation of
the weaker carrier.

INTRODUCTION

YHE INFLUENCE of the second detector on the
] performance of a system involving the use of
modulated radio frequencies is well known for
the cases of frequency modulation and pulse modula-
tion, while only recently has a substantial amount of
work been done for the case of amplitude modulation.
It has often been assumed, for instance, that an AM
receiver will furnish at the output of its audio or video
stage a signal-to-noise ratio that does not depend upon
the bandwidth of the if stage; this assumption has led
to the use of the AM receiver as a standard for the
measurement of the “improvement” due to FM or other
types of modulation. On the other hand, in some cases
(radar receivers, for instance), the if bandwidth of AM
receivers has been considered as one of the essential
parameters that determine the performance of the set.
It is also well known that FM systems discriminate
against interfering signals in favor of the strongest sig-
nal present, but it is seldom mentioned and often forgot-
ten that a similar phenomenon may well occur in any
nonlincar system. The so-called “linear detector” used in
AM receivers is by definition a detecting—and, there-
fore, a nonlinear—device; it is not surprising, therefore,
to find that, as in FM, AM linear detectors do discrim-
inate in favor of strong signals.

It may be useful to consider in detail the very com-
mon assumption that the output signal-to-noise ratio
of AM communication receivers is independent of the
if bandwidth. Consider a linear detector that follows an

* Decimal classification: R261.51XR361.211. Original manu-
script received by the Institute, February 20, 1948; revised manu-
script received, June 28, 1948. This work was done under Navy
Contract NOa(s)-8575, under sponsorship of the Office of Naval
Research.

t Airborne Instruments Laboratory, Inc., Mineola, L. I., N. Y.

{ Formerly, Airborne Instruments Laboratory, Inc., Mineola,
L. I., N. Y.: now, Hazeltine Electronics Corp., Little Neck, L. I.,
N. Y.

if stage and precedes an audio amplifier. At the input
of the detector, there is a modulated carrier and some
noise; at the output, there will be an af signal and some
noise. If the carrier is strong, the spectrum of this noise
is practically uniform because the beats between noise
components are negligible when compared with the
beats between the carrier and the noise, and the latter
are uniformly distributed from zero cps to afrequency
equal to half the if bandwidth.! Since af stages pass only
part of this uniform spectrum, it is obvious that, when
the carrier is strong, the noise at the output will depend
only upon the bandwidth of the audio filter and upon the
noise density; it will be independent of the if band-
width.

In low-frequency applications, the if bandwidth is
usually of the order of the bandwidth of the audio or
video stage; for acceptable service, the signal at the
output of the detector must be several db above the
noise level. This condition usually requires that the
carrier at the input of the detector be several db above
the noise level. For this reason, the assumption that the
signal-to-noise ratio at the output is independent of
the if bandwidth holds in most of the low-frequency
applications. At very high frequencies (around 100 Mc
or more), however, the if bandwidth can well be 100
times wider than that of the audio or video stages, and
the noise level at the input of the second detector will
not necessarily be small compared with the signal, even
when this is large enough for acceptable service.

These questions then arise: How strong does the
signal need to be, as compared with the noise, in order
to make the output signal-to-noise ratio independent of
the if bandwidth, and what happens if the signal is not
strong enough?

This paper will deal first with the effect of the pres-
ence of an unmodulated carrier on the noise at the out-
put (audio or video) of an AM receiver. Modulated
carriers are then considered, and the amplitude of the
signal and its relation to the noise level are discussed.

The theory of detection of rf signals in the presence of
noise for different spectral shapes, percentages of
modulation, and detector characteristics has been rigor-
ously developed by Middleton.?

EFFECT OF AN UNMODULATED CARRIER
oN THE OuUTPUT NOISE

Consider a detector with a noise voltage applied at
its input and consider the noise as a voltage caused by
the presence of many components comparable in ampli-

1 These considerations are only qualitatively correct; they as-
sume, for instance, a carrier centered with respect to a symmetrical
and uniform (square) if filter.

t David Middleton, “Rectification of a sinusoidally modulated
carrier in the presence of noise,” P’roc. I.R.E., this issue, pp 1467-
1477,
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tude and random in phase. Assume now that a very
small if carrier is introduced at the input of the second
detector and that its amplitude is comparable with that
of one of the noise components. The detector will treat
the carrier as if it were just another noise component.
To the noise beats existing in the absence of the carrier,
new beats will be added with an amplitude roughly
proportional to the carrier amplitude ¢. Since all these
beats are random with respect to each other, the total
noise power #? in the presence of the carrier can be
expressed as

n? = ng® + kB, ke K ng? (1)

where n¢? is noise power in the absence of the carrier, &2
is a proportionality constant, and ¢? is the carrier power.
Fig. 1 represents (1) graphically; #? (in db referred to
n¢?) is plotted against ¢® (in db referred to n®/k?).

WICREASE W WOSE POWER W D8
|
———t—t—t—t—— 11

D T S S S
+.+4—¢+4—-&-4-‘.‘.4.
|
R
|

a6 ——T—
osf—t
04
0.3 —

SR S S

CARMER ~TO-NOISE RATIO N NS

Fig. 1—Increase in noise power at the output of an audio- or video-
frequency amplifier due to the presence of a carrier at the input of
the second detector. This curve is based on the broad assumptions
described in the text; it is not quantitatively accurate.

It is obvious that the preceding assumptions and
the resultant Fig. 1 are only qualitatively accurate, but
they are helpful in visualizing how the noise at the out-
put of an AM receiver increases when a small if car-
rier is present at the input of the second detector.? It
is easy to realize that the noise at the output will soon
level off at a few db over its no-carrier value. It is well
known, in effect, that the if voltage in a receiver is in-
dependent of the amplitude of the local-oscillator volt-
age if the latter is large enough. Similarly, the noise in
the audio or video stage must be independent of the if
carrier amplitude if the latter is large enough. It can be
said roughly that when the if carrier voltage is large the
carrier-noise beats “ride” on top of the carrier, and the
noise voltage, after detection, is then obviously not a
function of the carrier level.

The results of the experiments and of the rigorous
theory are plotted in Fig. 2. Two curves give the theo-

3 This increase is completely unrelated to the cffect of the first de-
tector on the noise present in the if stage
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retical values for an “optical” spectral shape and for a
uniform (square) spectral shape. The other four curves
give the experimental data on the amount of noise
power present at the output of an af amplifier for two
if bandwidths (4.2 and 1.7 Mc) and two af bandwidths
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Fig. 2—Comparison between experimental and theoretical results on
the increase in noise power at the output of an audio- or video-
frequency amplifier due to the presence of a carrier at the input
of the second detector preceding it. The two heavy I'nes are the
theoretical curves for “optical” and uniform spectral shapes. The
other four curves represent experimental results for the following
if and af bandwidths: .

Curve 1—4.2-Mc if, narrow af;
Curve 2—4.2-Mc if, wide af;
Curve 3—1.7-Mc if, narrow af;
Curve 4—1.7-\Mc if, wide af.

The increase in noise power is referred to the noise presentat the
output when no carrier voltage is present.
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Fig. 3—Typical shape of if selectivity curve showing inte-
grated equivalent power bandwidth.

¢ “Optical spectrum” is a term introduced by J. H. Van Vleck of
Harvard University to represent a spectral shape equal to the selec-
tivity curve of a single-tuned circuit.



1948

(roughly, from 100 to 1100 cps and from 100 to 3700
cps). It appears clear from Fig. 2 that, according to
theory, the spectral shape has a definite effect on the
total increase in noise output between the no-carrier
condition and the infinite-carrier condition (Fig. 3
shows a typical shape of the if stages used in the tests).
[t must be emphasized, however, that, although this in-
crease depends upon the selectivity curve of the if stage,
it does not depend, for a given spectral shape, upon the
actual width of the if band. The reason behind this re-
sult is the normalizing effect obtained by referring the
ordinates in Fig. 2 to the noise at the output when no
carrier is present. The theoretical curve given for the
case of uniform spectral shape is exactly the same as
that given by Bennett.®

The application of this theory is limited to the case
in which the if bandwidth is substantially larger than
the af bandwidth. The theoretical results obtained by
Middleton show that a ratio of 3 or 4 between half of
the if bandwidth and the af bandwidth is sufficient to
guarantee satisfactory accuracy.® The theoretical and
experimental curves show a general trend common to
both, but there is a discrepancy for the case of low-
input carriers that cannot be easily explained.

The carrier-to-noise ratio at the input of the second
detector was determined experimentally by a method
suggested by North.” It is based on the principle that a
de voltage measured across a diode detector whose
time constant is equal to the reciprocal of the if band-
width will increase by a factor of 3 db if a nonmodulated
if carrier is applied whose rms voltage is equal to the
rms noise voltage. The results are independent of the
spectral shape.

In calculating the useful range of some ANM commun-
ication systems, it will be worth while to remember that
the noise increases from 4 to 7 db when a carrier is
present.

LiNEAR DETECTION OF AN RF CARRIER IN THE PRES-
ENCE OF NOISE

The rigorous theory shows that any detector will act
as a square-law detector for carriers whose amplitudes
are very small in comparison with the noise level. It is
the purpose of this section to give experimental confir-
mation of this theoretical conclusion and to offer some
nonrigorous explanations. Referring to (1) and consid-
ering the case in which the carrier is 100 per cent modu-
lated, one finds that the noise varies with the modulat-
ing voltage. It can be assumed to a first approximation
that the fundamental component m of the modulation is
proportional to the difference between the noise voltages

s \. R. Bennett, “Response of a linear rectifier to signal and
noise,” Bell Sys. Tech. Jour., vol. 23, pp. 97-113; January, 1944.

¢ D. Middleton, “The response of biased, saturated lincar and
quadratic rectifiers to random noise,” Jour. App. Phys., vol. 17, p.
789, Fig. 11; October, 1946.

*D. O. North, unpublished synopsis of “The modification of
noise by certain nonlinear devices,” presented at the 1944 IRE
Winter Technical Meeting, New York, N. Y., January 28, 1944.
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when the carrier is present and when the carrier is not
present. \WWe obtain, therefore, the approximate formula

(/1 + k2 — ng)

kc?
lz[uo<1 + — —> - no:l
2)102

hk*c? 2
B 2)10

m =

12

where m is the fundamental audio- or video-frequency
component at the output, and & is a proportionality
constant.

Equation (2) indicates that when the signal is small
the detector follows a square law. Although this reason-
ing is only qualitatively accurate, the experiments and
the rigorous theory check the conclusions. It is clear
from Fig. 4 (which represents the result of a typical ex-
periment) that the slope of the curve is 1 for large car-
rier inputs and about 2 for small carrier inputs, confirm-
ing the fact that the detector acts as a square-law
detector for small carrier inputs.
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Fig. 4—Experimental determination of the effect of noise on the
characteristic of a linear detector. The ordinates represent the af
voltage obtained after a sine-wave-modulated rf voltage was de-
tected and filtered. The curve shows that, for low carrier inputs, a
linear detector becomes a square-law detector.

The above result (or, for that matter, any of the re-
sults presented in this paper) must not be attributed to
the fact that any linear detector realizable in practice
becomes nonlinear if the voltage applied to it is small
enough. The experiments were conducted with a type
0005 diode detector, which is linear when the voltage
applied is greater than 0,2 volt (scc Fig. 9). The noise
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at the output of the if amplifier in the absence of a
carrier was greater than 0.7 volt, so that for all practical
purposes the detector was operated well in the linear re-
gion of its characteristic, even with the smallest carrier
input.

THE SIGNAL-TO-NOISE RaTIO

Comparing Fig. 2 and Fig. 4, one sees that, for large
signals, the noise is constant, and that the audio or video
output increases linearly with the carrier input. This
means that the signal-to-noise ratio in this region will
also increase linearly with the input; in other words, an
increase of, say, 3 db in the carrier input corresponds to
a 3-db improvement in signal-to-noise ratio at the out-
put. Again comparing Fig. 2 and Fig. 4, one finds that
for very small carrier inputs the noise is practically con-
stant, and the audio- or video-frequency signal is a
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Fig. 5—Universal curve for determining the signal-to-noise ratio at
the audio or video output of an AM receiver. The curve is valid
for sine-wave modulation when the af bandwidth is much (at least
3 or 4 times) smaller than the if bandwidth. The signal-to-noise
ratio is normalized to take into account the different if to af band-
width ratios of different receivers; each ordinate represents the
calculated value of the signal-to-noise ratio at the output in db
minus 10 loz (if bandwidth)/(2 Xaf bandwidth). Modulation co-
efficients m different from 1 per cent can be taken into account
with good approximation (errors less than 0.3 db in all practical
cases) by decreasing the ordinates by 20 log 1/m.

quadratic function of the carrier input. If, therefore,
one plots signal-to-noise ratio in db versus carrier input
in db, one would expect to obtain a curve that, for large
signals, would be asymptotic to a line with a slope of 1
and, for small signals, to a line with a slope of 2.

The rigorous theory confirms this result, and the
curve resulting from it (for the “optical spectral” case)
is shown in Fig. 5. It is important to note that Fig. 5§
represents a universal curve that is valid for any if and
af bandwidth so long as the if bandwidth is at least 3 or
4 times larger than the audio- or video-frequency band-
width. The carrier input is plotted in db referred to the
input noise power, and the signal-to-noise ratio is plot-
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ted in “normalized” db. Normalization is necessary in
order to make the curve universal: the signal-to-noise
ratio at the output is plotted in such a way as to take
into account the different if and af bandwidths of vari-
ous receivers; a number equal to

if bandwidth
10 log —M8M——
2 X af bandwidth
is subtracted from the calculated or measured value of
db before it is plotted in the diagram. In practice, if one
dealt, for example, with a receiver whose if bandwidth
was 100 kc and whose af bandwidth was 3 kc, one would
have to add to the value of signal-to-noise ratio read as
an ordinate, a number equal to 10 log 100/6=12.2 db.
In general, one should always add to the ordinate read
in the diagram the number of db corresponding to the
ratio given above.

Before discussing the experimental results, it may be
useful to examine in detail the consequences of the the-
ory. Consider two receivers that are exactly alike except
for the fact that the excess noise figure is 3 db worse for
the first receiver than for the second. This would mean
that, for the same carrier input if, the value read as an
abscissa would be 3 db higher for the better receiver
than for the worse one; from Fig. 5, it appears that the
signal-to-noise ratio would also be 3 db worse in the
first receiver when the carrier input was large enough,
but that it might be up to 6 db worse if the carrier input
was very small.

If one considers two receivers that are otherwise iden-
tical but whose af stages have bandwidths in the ratio
of 2 to 1, one will find that, irrespective of the values of
the carrier input, the signal-to-noise ratios at the out-
put will always differ by 3 db, provided, of course, that
the if bandwidth is substantially larger than the af
bandwidth.

It is more difficult to visualize the case of two receiv-
ers identical in every respect but having different if
bandwidths. This difficulty occurs because changing the
if bandwidth introduces changes both in the abscissa
and the ordinates of the diagram. For instance, doubling
the if bandwidth, while leaving the signal unchanged,
means shifting the reading on the abscissa 3 db to the
left and adding to the reading on the ordinate 3 db more
than in the preceding case. If the carrier input is large
enough, this does not result in any change in the output
signal-to-noise ratio. However, if the signal is small
enough, the signal-to-noise ratio at the output may de-
crease as much as 3 db. Consider, for instance, a receiver
with an if bandwidth of 100 kc and an af bandwidth of
3 ke, and consider the case in which the carrier-to-noise
ratio at the input of the second detector is —8 db: the
normalized signal-to-noise ratio at the output, as read
in Fig. §, is about —12.2 db. The actual signal-to-noise
ratio is, therefore, equal to —12.2410 log 100/6 =0 db.

Now suppose that the if bandwidth of the receiver is
doubled and the carrier input remains the same. The
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carrier-to-noise ratio becomes —11 db (instead of —8
db) and the normalized signal-to-noise ratio, as read in
Fig. 5, becomes about —16.8 db (instead of —12.2 db).
The actual signal-to-noise ratio in this case will be
—16.8410 log 200/6 = —1.6 db.

In the region of small carrier inputs, thercefore, the of-
fect of doubling the if bandwidth is to impair the signal-
to-noise ratio by amounts that increase from 0 to 3 db
with decreasing carrier input.

Experimental checks of the theorctical results have
been made at 30 Mc, using three different if band-
widths (12.6, 4.2, and 1.7 Mc) and two af bandwidths
(1060 cps and 3600 cps). The results of the experiments
are shown in Fig. 6. It is apparent that the signal-to-
noise ratio measured for small carrier inputs is almost
always a little worse than that predicted by the theory.
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Fig. 6—Comparison of theoretical and experimental data. The 50
per cent modulation curve is obtained by means of a 6-db shift of
the 100 per cent modulation curve in Fig. 5. The other six curves
represent experimental results for the following if and af band-
widths:

Curve 1—12.6-Mc if; wide af
Curve 2—12.6-Mc if; narrow af
Curve 3—4.2-Mc if ; narrow af
Curve 4—4.2-Mc if ; wide af
Curve 5—1.7-Mc if ; narrow af
Curve 6—1.7-Mc if ; wide af

The modulation percentage used in the experiments was 50 per
cent. The ratio between the wide and the narrow af bandwidths
corresponds to a 5.3-db difference in the signal-to-noise ratio.

This is only partially due to the assumption made in the
theory that the spectral shape is “optical”; the differ-
ences are, at any rate, of the order of the experimental
errors made in calculating the if and af bandwidths, in
measuring the percentage of modulation, etc.

Di1SCRIMINATION AGAINST WEAK SIGNALS

Fig. 4, which shows that a linear detector becomes a
square-law detector when the signal is small enough,
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could be interpreted as stating that a linear detector
discriminates against the signal in favor of the noise
when the signal level is below the noise level. On the
same basis, one would expect that, if two equally modu-
lated rf carriers were present at the input of a linear de-
tector, the ratio of the amplitudes of the two cor-
responding audio frequencies would not be equal to the
ratio of the two carrier amplitudes; in other words, one
would expect that, if two signals were present, the lin-
ear detector would discriminate in favor of the stronger
signal.

This conclusion can be shown to be correct. Two sig-
nals were introduced at the input of an if amplifier, one
with sine-wave modulation and the other unmodu-
lated. \WWhen the unmodulated signal had an amplitude
greater than that of the modulated signal, the af volt-
age at the output decreased—the same effect as that
due to overload in an average amplifier. The voltages
utilized, however, were such that both the detector and
the amplifier were still working in the linear portion of
their characteristics. The results of the experiment are
plotted in Fig. 7.

REDUCTION IN AUDIO OUTPUT IN 08
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Fig. 7.—Experimental data showing how the audio output resulting
from the detected modulation of one carrier is reduced by the
simultaneous presence of a stronger carrier at the second detector.
(That part of the curve for values of the abscissa greater than 12
db may have been somewhat influenced by a slight nonlinearity
in the amplifiers.)

CONCLUSIONS

It has been shown that it is possible to predict to a
reasonable approximation the signal-to-noise ratio at
the output of an AM receiver as a function of the if and
af bandwidths and the carrier level at the input. This
paper has dealt exclusively with sine-wave modulation
and with if bandwidths substantially larger than af
bandwidths. Experiments confirm the validity of a uni-
versal curve calculated from Middleton’s theory, which
gives the desired relations for any ratio of if to af band-
widths greater than 3 or 4. The following conclusions
can be drawn:

1. There is a form of threshold for AM receivers: be-
low this threshold, the influence of the if bandwidth on
the performance of the receiver becomes increasingly
important. When the carrier rms voltage is equal to the
noise rms voltage, the influence of the if bandwidth is
reasonably small (a 2 to 1 change in the if bandwidth
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will cause about a 1-db change in the output signal-to-
noise ratio).

2. The excess noise figure measured after the second
detector of a receiver is a function of the carrier ampli-
tude; care should be used, therefore, in applying the
concept of excess noise figure to the calculation of noise
output of a receiver.

3. The noise level increases in the presence of a car-
rier by an amount that is a function of the shape of the
if selectivity curve, but that is independent of the val-
ues of the if and the af bandwidths.

4. An AM receiver is not a linear device. For example,
if two rf signals of different amplitudes but with the
same percentage of modulation are present at the input
of a second detector, the corresponding audio- or video-
frequency voltages, after detection and filtering, are not
in the ratio of the two rf carrier amplitudes (unless this
ratio is 1 to 1). The detector always discriminates in
favor of the modulation of the stronger carrier.

APPENDIX—EXPERIMENTAL PROCEDURE

The experiments were conducted at 30 Mec, using an
if amplifier and a standard-signal generator. The detec-
tor was followed by an af preamplifier, a filter, and a
power amplifier that was terminated with a thermo-
couple and a wave analyzer in parallel. (See Fig. 8.)

SIGNAL COANIAL ] i SECOND | [ A-F PRE-
GENERAT PAD AMPLIFIER | DETECTOR | AMPLIFIER
— —~ L — —J — —J

WAVE 3700-CP3
ANALYZER LOW-PasSS
— J —

POWER FILTER
I

Auoio

COUPLE FILTER

| aweuren L_ —
_ noo-ces |
’;"“-o‘ l wow-pass |

Fig. 8—Block diagram of the experimental setup
used for the measurements.

A General Radio signal generator type 805A provided
the if signal source. This signal generator gives a modu-
lated or unmodulated rf output continuously variable
from 0.1 microvolts to 2 volts and 400-cps modulation
variable from 0 to 100 per cent. A Western Electric co-
axial pad was used between the generator and the input
of the if amplifier to give an attenuation of 20 db. The if
strip, which used type 6AC7 tubes, was originally built
for a type SPR-2 receiver. It was modified for single-
tuned interstage coupling. The if strip was followed by a
type 9005 diode detector which was, in turn, followed by
a two-stage af preamplifier, feeding into a filter system
consisting of a high-pass filter with a 100-cps cutoff and
a low-pass filter with either a 1100-cps or a 3700-cps cut-
off. The output of the filter system was fed into a power
amplifier, and the output of the amplifier was fed to a
General Radio wave analyzer type 736A connected in
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parallel with a Western Electric vacuum thermocouple
type 20A.

The linearity of the diode detector was tested by
measuring dc output versus rf input (Fig. 9); the diode
was found to be linear down to an input as low as 0.2
volt. Since the dc reading due to noise at the output of
the diode was never allowed to go below 0.7 volt, the
diode for all practical purposes was operated on the

1]
2

L e e I Sm——

.oo.__.} ! + = =

g
[

&

0-C OUTPUT IN MILLIVOLTS

U

g

o o2 X} os o8 [X-] [ re
ReF INPUT IN VOLTS

Fig. 9—Characteristic of the type 9005 diode, showing the linearity
of the characteristic down to input voltage of the order of 0.2 volit.

linear portion of its characteristic. The bandwidth of the
af filter system was calculated by graphical integration
of the power versus frequency curve, and the ratio be-
tween the two af bandwidths corresponded to 5.3 db.
The linearity of the if amplifier for large signals was
checked by feeding a modulated rf signal into the input
of the if amplifier, reducing the modulation, and increas-
ing the amplitude to maintain a constant output. The
exact value of each if bandwidth of the three amplifiers
used was calculated by graphically integrating the area
under the if selectivity power curve and by referring the
equivalent width to the amplitude of the curve at the
frequency used for the measurements (see Fig. 3).

The signal-to-noise ratios were measured as follows.
For each value of rf input, the audio signal at 400 cps
was read on the wave analyzer, and the signal-plus-noise
power was simultaneously read on the thermocouple.
The modulation percentage was 50 per cent. The modu-
lation was then turned off, and the noise power alone
was measured with the thermocouple. For each carrier
input level, the measurements corresponding to the
narrow and the wide af bandwidths were taken consecu-
tively. Conversion factors between the thermocouple
and the wave analyzer were determined, using the mod-
ulated-output reading on the thermocouple when noise
was negligible. The signal output voltages read on the
wave analyzer were then converted to thermocouple
units of power, and the signal-to-noise ratio was com-
puted.
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Rectification of a Sinusoidally Modulated
Carner 1n the Presence of Noise*
DAVID MIDDLETONY, MEMBER, IRE

Summary—The low-frequency output, signal and noise, is de-
termined following a general sth-law (»>0) half-wave rectification
of a sinusoidally modulated carrier. The spectral width of the noise
before rectification is assumed to be much narrower than its mean
frequency f,, the normal condition for reception. Attention is focused
on one of the harmonics of the rectified signal, generally the first,
whose modulation frequency is small compared to the if frequency
fo and to the width of the noise band. Special attention is given to
the important cases of linear (»=1) and quadratic (»=2) detection,
and audio signal-to-noise ratios s,/n, are calculated for them. The
noise passed by the audio filter is found to depend on the spectral
shape of the if; for the three types of if filter specifically considered,
namely, rectangular, gaussian, and ‘‘optical,” the optical yields the
least, the rectangular the most noise; provided, of course, that the
mean input signal-to-noise power p is of the order of unity or less,
the customary region of interest. When p<<1, all half-wave detectors
(v>0) behave like the quadratic device. Modulation (0 <X <1) does
not radically affect the output noise power, particularly when (p>1),
and for very large signals, p— o, s5./n. is directly proportional to the
input carrier amplitude, is independent of if filter width, and is only
slightly dependent on filter shape. The best if filter is one whose
response is the modulus of the Fourier transform of the signal, as
in the radar case of pulsed signals. The theory is in good agreement
with the experimental results for the linear rectifier, and a number of
theoretical curves illustrating the variation of the audio ratio s,/n,
with p are also included.

I. INTRODUCTION

N RECEIVERS the obscrvability of a signal is
I[ limited by the accompanying noise, originating

either in the receiver elements themselves or coming
in with the carrier from external sources. Now, in all
cases the complicating factor is the nonlinear device,
the second detector, by which demodulation of the
carrier is accomplished.! Signal and noise enter this ele-
ment simply as the sum of their instantaneous ampli-
tudes, but leave it in quite a different manner. The non-
linearity of the detector produces beats between com-
ponents of the noise (nXn), the signal and noise (s Xn),
and the signal with itself (s X's). What then appears is
no longer the “pure” noise and “pure” signal that
entered originally, but noise modified by the presence
of the signal, and more significantly, especially for small
signals, signals that are altered by the noise. Under these
circumstances it has been found that a useful criterion
by which to estimate the performance is the signal-to-
noise ratio, obtained at the output in a manner appropri-
ate to the type of receiver in question. This ratio, in
turn, may be related to the incoming signal and noise in

* Decimal classification: R134 XR161.6. Original manuscript re-
ceived by the Institute, February 20, 1948; revised manuscript re-
ceived, June 1, 1948.

t Cruft Laboratory, Harvard University, Cambridge 38, Mass,

1 Although the first detector or mixer is also a nonlinear element,
the presence of a beating-oscillator voltage, large compared with
either signal or noise, makes its operation effectively linear in that
there is no mixing of signal and noise.

a fashion depending on the filter response, detector char-
acteristic, and mode of presentation of the apparatus.

Our present problem concerns the rectification of a
sinusoidally modulated carrier, accompanied by random
noise. The bandwidth (~Afu.ise) Of the if stage is taken
to be much larger than the modulation frequency f4
and much less than the mean frequency of the band fo,
so that the low-frequency output of the detector may
be easily separated from the higher spectral zones gen-
erated by the cross-modulation of the components of
the input (see Fig. 1(a)). Of this low-frequency output,
only the spectral region in the neighborhood of f=0
is of interest (Fig. 1(b)), since it contains the harmonic
(first or higher) of the modulation, which constitutes
the detected signal. A filter Af cps wide is employed
which allows only this harmonic (Ifa, I=1,2,3:.-)
and the rectified noise in the region If4—Af/2 to
Ifa+Af/2 cps to pass. Our output signal-to-noise ratio
may then be defined as: the rms value of the Ith com-
ponent of the modulation divided by the rms value of
the noise transmitted by the selective audio filter. (It
should be noted that the audio filter Af may be either
the natural response of the ear? or the response of an
electrical filter, whichever is the narrower at this fre-
quency.) This criterion is precisely the same as that for
the aural detection of radar signals.?

(a) *"
af
—q-
~Anxn)

ol
fa 2%,

2t fow

Fig. 1—Spectral distribution of the input and output power after
(a) half-or full-wave quadratic detection; (b) low-frequency out-
put.

* J. H. Van Vleck and D. Middleton, “A theoretical comparison of
the visual, aural, and meter reception of pulsed signals in the presence
of noise,” Jour. Appl. Phys., vol. 17, pp. 940-971; November, 1946,
See part I, sec. 1.
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Ragazzini® has obtained an approximate expression
for the output power spectrum when a carrier modu-
lated by a sine wave is impressed on a linear rectifier.
His result for the low-frequency part of the output con-
tinuum is, as Rice* has shown, quite accurate for small
indices of modulation, and particularly when the
amount of noise relative to the signal is small. Work on
related lines by Bennett® also bears out this observation.
The scope of the present paper is considerably wider
than previous efforts, covering all degrees of modulation
(0-100 per cent) and all (v> 0) types of unsaturated half-
wave rectifiers. The more precise technique of the pres-
ent treatment, following the method of Rice,’ is obtained
from generalizations developed by the author in a recent
paper.” Our purpose, then, is to determine the noise, the
audio signal, and signal-to-noise ratios after rectifica-
tion by a half-wave vth-law detector, and their depend-
ence on input signal, degree of modulation, if spectral
shape, etc. Detailed calculations are given for the two
important cases of linear and quadratic detection, and
three specific if filter responses are considered: rectangu-
lar, gaussian, and “optical.”

To illustrate the approach, we examine first the simple
and important problem of small-signal, full-wave quad-
ratic rectification.

II. SMALL-SIGNAL, FULL-WAVE QUADRATIC
RECTIFICATION

Following the notation of footnote reference 2, we
write, for the amplitude factor of the if carrier entering
the second detector,

v2 sp(t) = Ao(t) = spv2 (1 4 \ cos wal),

wi=2xfa, O=|r|=1 (1)

where X is the modulation index and w, is the (angular)
frequency of modulation. The actual wave leaving the
if is, exclusive of the noise,

Ao(t) cos wet SPV 2 (1 4 X cos wat) cos wel
(wo = 2mfo), (2)

so that sy is the rms amplitude of the signal+*for no
modulation (A\=0); w, is the angular frequency of the
carrier, which is also the same as the central frequency
of the noise band, since in all our work the if filter is
assumed so tuned that the signal is in the center of the
band. Then, the mean total signal power is clearly

P, = sp’(1 + \/2), 3)

3 J. R. Ragazzini, “The effect of fluctuation voltages on the linear
detector,” Proc. I.R.E,, vol. 30, pp. 277-288; June, 1942,

4 S. O. Rice, “Mathematical analysis of random noise,” Bell Sys.
Tech. Jour., vol. 24, pp. 46-108; January, 1945, See discussion follow-
ing equation (4.10-11).

§ W. R. Bennett, “Response of a linear rectifier to signal and
noise,” Jour. Acous. Soc. Amer.,” vol. 15, pp. 164—172; January, 1944,

¢S, O. Rice, “Mathematical analysis of random noise,” Bell Sys.
Tech. Jour., vol. 23, pp.282-332; July, 1944 ;and Part IV of reference 3.

7 D. Middleton, “Some general results in the theory of noise
through non linear devices,” Quart. Appl. Math., vol. 5, p. 445; Janu-
ary; 1948.
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of which A\%%/2 is attributable to the modulation.

Now, from equation (16) of footnote reference 2 or
from equation (8.20) of footnote reference 7, the low-
frequency correlation® function after full-wave quadratic
rectification is, exclusive of the dc component due to
the noise terms (nXn) and (s Xn),

Ro(t) = B*{¥a(1)* + Wa(D)se(ts)se(t + 1)
+ sr @) e T 07 (4)

where the bars indicate the average over the phases
(proportional to, &) of the modulation, and y,(f) is the
correlation function of the if noise band, central fre-
quency removed. (The actual correlation function is
¥(t) =v¥o(t) cos wet. See (11)~(13) of footnote reference
2, and consult Table I for specific examples.) We note
that

Volt) = ¥ro(t) = ni'ro(t);  np* =¥ = Y(0) (5)

where 7,(¢) is the (normalized) correlation of the input
noise referred to the frequency fo. The quantity 8 is a
scale factor that has the proper dimensions so that, if
the incoming wave is a voltage on the grid of the de-
tector, it appears as a current in the output. (It may
also appear as any other suitable quantity, depending
on the circuit, with the proviso that the circuits in
question are primarily resistive, i.e., have only small
reactive components over the frequency range of opera-
tion. This is to insure the one-valuedness of the dynamic
output versus input path.)

The first term in (4) represents noise alone (nXmn),
the second term gives the cross-modulated noise
(s Xn) produced when the signal and noise components
beat together, while the final term is the contribution
due to the modulation itself. The average of the third
term in (4) is readily shown to be

R RECE
)\2 2 )\4
= spt {(1 + —2-> + 2% cos wat + = cos 2w4t} . (6

The mean power in the harmonic (f=f4) we wish to
hear is, then,

Py = 28°\%spt = 5,2 (7)

Since the noise is assumed to be spectrally wide com-
pared to the modulation frequency, i.e., Afncise> >fa
(where Afqoiee is the width between half-power points of
the if noise power spectrum (see Fig. 1)) we may take as
the spectrum of the noise output in the neighborhood
of fa the value of the spectrum at f=0. The well-known
transform relations between the mean power spectrum
and its correlation function?4%.7 permit us to write for
the mean noise power transmitted by the audio (or
aural) filter of width?® Af

8 The correlation function is the Fourier transform of the mean
power spectrum. See equation (11).

? The audio filter is considered rectangular, of width Af, which is
not a very critical assumption.




1948

Na

[Wo(H)ASf]jm0 = 4Af< fu wRo(t) cos wtdl)

w=0

Because Afnoise> >fa, it is easily shown for any par-
ticular case that y,(¢) falls off to zero so rapidly for
t>0that we may set cos wal=1 as well as cos wf =1, i.e.,
for w=0. Then the mean audio noise power (8) becomes

n? = 4(32_'\fnp-4{f ro(H):t + (2 + )xz)pf ro(t)dt} 9)
0 0
where p=sg?/ng?; see (5).
The rms signal-to-noise ratio follows from (7) and

(9), and is
o £ —-1/2
{f ro(t)?(1t+(2+>\2)pf ro(l)dt} . (10)

Ap
‘. (A2
As will be shown later (Part VI), this result also holds
exactly for the half-wave quadratic detector (v=2).
Before examining any special input noise spectra, we
observe at once that the values of the integrals in (10)
depend on the spectral shape of the if, and this depend-
ence may be expected to differ for (nXn) and (sXn)
terms by a not entirely negligible numerical factor.
Physically, the argument goes something like this: The
spectral contribution near f=0 arises from beats be-
tween closely adjacent components; hence, the power in
beats of this kind produced at high frequencies, i.e.,
out on the “tails” of the if spectrum, will depend on the
power density in their neighborhood, and hence the
spectral shape of the if output noise will determine in

Sa

Middleton: Rectification of Stnusoidally Modulated Carrier in Noise
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1
1/2
] UVZ+ 1] p2+ )

varying degrees the spectral ordinate near f=0 after
rectification, as it may be considered as the sum (prop-
erly weighted in accordance with the law of the de-
tector; see Section V) of these beats produced in the
process of detection. Thus, for a rectangular if spectrum
we will get one spectral density near f=0; for the gaus-
sian, another.

Table I below gives the salient properties of three
common spectral distributions; the correlation functions
are calculated from the relations?*8.7

R() =f W(f) cos wtdf,
; (11)
(with IV(f) = 4f R(t) cos widt, w= 2rf)
0
where use is made of the fact that the central noise
frequency fo> >Afnoise, 50 that the if correlation func-
tion may be written
Y(t) = ne?ro(t) cos wel. (12)

The various spectral parameters wp as determined
by the normalization are related by

(13)

1
(wl")opt. = = (wl")zaun= - (wF)rect-
VT T

The audio signal-to-noise ratio (10) then becomes ex-
plicitly

—1/2

L) A wp R
Ly 7‘%[( A)f""‘ (14)
",
1/2
(nXn) (sXmn)
TasLe I
» ] | e | oo | o0
Type of if R o | e . Haltwidh | %) P
i correlatio =
spectrum 7 I " [Afnoise/?] Vs fr f rot)%dt f ro(t)dt
. rolt) o [ 0
Rectangular W) =0,f>fo+ fr sin wrt Wowwp | fr = Afn Ea o
f<fo—fr ‘ wrl | x g 2 2wp 2wp
| = [Vo,fo—fl? <f | ? ‘
| <fotfr | | ’ I
Gaussian W(f) = Woe @0 regt et nlt Wowp Afn 1 /nr V=
el 4 fe=115x22 | —4/2 AL
] 2V 2 wp? 2 wp
- |
“Optical””** W e19p'l Wow Afa ! 1 1
’ Wi = ] ey (- or
1 SR |
+ [3) o ) '

* These spectra are normalized so that np? =y is the same in all cases and W, the maximum spectral intensity, is likewise kept unchanged; wp is accordingly varied.

** This is equivalent to the selectivity curve of a single-tuned circuit.
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where the parantheses ( ) apply downward in the order
given by Table I; (14) is illustrated in Figs. (9-11) for
the three types of if spectrum, respectively, by the
curves for quadratic rectification. Note that, of the
three, the optical spectrum, corresponding to a single-
tuned circuit, gives the largest signal-to-noise ratio.

I11. CENERAL HALF-WAVE THEORY: SIGNAL

We proceed now with the more difficult problem of the
general half-wave detector. First let us consider the
output signal; this may be obtained from the appropri-
ate part of the correlation function after rectification,
which contains only frequencies of the modulation, their
harmonics, and the dc contribution from (nXn) and
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since it is an unimportant part of the low-frequency
output not passed by the video or audio filters. Ex-
pansion of s,(¢) in a Fourier series yields

0
Z a [8“"‘“,
l=—00

Tol/2

I f
a, =
To _1‘

where Ty (=2m/w,4) is the period of the modulation.
The rms amplitude of the /th component, which is under
observation, is

s,(t) = with
(18)

s, () eiwattdy

7,112

(s Xn) products. From eqL{ations (3.3) of footnote refer- = Vi|a| =22 f s (t)e““““dt!‘, 1> 1. (19
ence 7 we find the expression to be 12 J
BT+ 1)? (¢ B
R ¢ 2X3, TV 2 1 o F o 2 1 - av.y 1
o) exs) = 4I‘( 2% /2)2< ) {\F1(—v/ pNF(—v/ Pz)} (15)

where p; is the instantaneous input signal-to-noise
power ratio p(¢) at time £, and p, is this ratio at time ¢
later. Specifically, p(¢) is here

2() = (1 4+ X cos wal)?sp?/np?
p(1 4+ Ncoswaf)?,, O0=SAS 1. (16)

The quantity F, is the confluent hypergeometnc func-

S“_\/frr((vv;jr)l)U)

tion, some of whose more important properties are
mentioned in Appendix I1I of footnote reference 7. The
average, as in (4) and (8), is to be performed over all
phases of the modulation. Observe that when v =2, (15)
reduces to (4), the numerical factor } appearing in the
former because only half the wave is transmitted, and
that subject to square-law rectification.

f [F(=v/2; 1; p(e))—lle-'"do!,

Since we observe only one component, phase considera-
tions are not important (not so if we look at a radar
screen, for example, where phase relations between com-
ponents of the modulation are essential for our informa-
tion, which is obtained from the envelope of the dis-
turbance). From (17) and (19), the rms audio signal
amplitude may be written

(20)

Instead of expanding the hypergeometric function, let
us approximate in an ad hoc fashion, according to the
procedure of footnote reference 2, part II, II(d), which
consists in replacing the infinite series by a polynomial
of two terms.!® After this has been done and (16) has
been used for p(t), we obtain finally for the first har-
monic (!=1), which is of primary interest,

ﬂ'ﬁ”’p
(v=1): s, = i (1 —0.2289p'2[1 + A%/4)), p(1 4+ N2 =10 (21a)
1r
A
v=2): s.= ﬂf/PZ p=0. (21b)

The direct determination of averages in (15) is very
laborious in most instances. However, we can get around
this difficulty by observing that the form of the dc
output s,(¢) with carrier modulation is the same as
that of the dc without modulation, s,, except that the
former fluctuates, adiabatically compared with the if
and higher frequencies. Analytically, this is equivalent
to setting pr=p2=p(t) in (15) and taking the square
root; the result is

o = IO+ D

exclusive of dc due to (nXn) products. The mean dc
response (due to the signal) may be safely discarded

20(v/2 + 1)< > {\Fy(—v/2;1; —

Figs. 2 and 3 illustrate the variation of s, when p<2.5.
and A takes on all permissible values, with v=1orv =2,
As we expect, for small signal-to-noise ratios the linear
and quadratic responses are nearly the same, due to
modulation suppression in the former case. There, the
noise reduces the signal strength. However, as p in-
creases, the noise in turn is progressively suppressed
by the signal, and the audio signal amplitude becomes
more nearly proportlonal to spN, as compared to sgN

p(1) — 1},

(17)

10 Details are available in Technical Report No. 45, Cruft Labo-
ratory, Harvard University, Cambridge, Mass.



1948 Middleton : Rectification of Sinusoidally Modulated Carrier in Noise 1471

1 [ T 1 ] ’
za} —l—"‘ T e— Ty { /H, 24 — + _ —
ANS AUDID SIGNAL ANPLITUDE AFTER WALF - WAVE LINEAR " ‘ ,’ //
22 L AND QUADRATIC RECTIFICATION IFIRST wARMONIC &10) ¥ RMS Aumo SIGNAL AMPLITUDE AFTER HALF -WAVE LINEAR | ’
| | | | // 22 b— _ANO QUAORATIC RECTIF!CATION (FIRST HARMONIC &= Il il )
4 l : | | 4 —
e I e I e e e e o ’
| | | /7 ‘ |2 | { ’
S IN TS OF " ! i 20 ——+—+ + + 1 4 + . 2A——
8 f———t— AVAE— — —— OUADRATIC DETECTOM, V:2 i — ),’ L | ’ 4
,‘ P i J 1 ' | Ve 7
Avl//" LINEAR DETECTOR 11 ,/ | 21 OUAMATIC DETECTOR,V 12 — — ———— { / Va
| | ’ 7 | LINEAR DETECTOR,V 4| ————— / ’
) g = —— | e e e = 4 1 e ¥1 MEAN - SOUARE INPUT NOISE VOLTAGE ';"' [~ /"Jl |
I =7 N X = MODULATION INDEX
r ) 36 : i |
14—t v, MEAN- SQUARE INPUT NOISE VOLTAGE |71 —74 et iy — T Lz _,L
° 1, TION 1 | - 1 & 7
‘ 3231, woouLs m‘ NDEX : ,/uo /#,/ i } 5 /o‘ T /,
g { |
/V M4 5q INUNITS OF
~ ol AV ez
3 NAT v
| —— AY Vs i
1.0
o8
06
04
Fig. 2—Rms audio signal amplitude after half-wave linear or
quadratic rectification as a function of p=sg?/n s 02 7
7
. 4
for the square-law device. These effects are naturally . é
enhanced for the higher percentages of modulation, for ©
then the signal is, on the average, greater by a factor Fig. 3—Same as Fig. 2, as a function of the modulation index.
(14N2/2)12,

When p—, our expression (20) for the rms audio with those of the noise, as well as cross-modulation of
signal is easily modified with the aid of the asymptotic the noise with itself, have to be calculated. The results
form of ,F; (see A (3.3) of footnote reference 7) to give themselves are more complex and less susceptible to
finally the important result for the first harmonic, facile approximation than those for the signal, although
namely, snmpllfymg approximations may still be made, but

ﬂl‘(u = 1))\1'5;‘ <1 - V, 2 —v 2, )\2>, (l
2(’+3)/2F(V/2 + 1)2

= 1), (22)

Salpen 2

2 2

and in particular, for the lincar and quadratic detectors, these require a narrower range of values for such vari-

(22) becomes ables as the input signal-to-noise ratio p, and modula-
BAs B\s? tion index A,
(v=1): s.= ; v=2) s, =—7=- (23) The low-frequency correlation function Ro(¢) for the

T V2 noise output forms the starting point of this part of our
As we would expect, the noise is no longer effective in  analysis. Footnote reference 7 then enables us to write!
modifying the signal amplitude. the (nXn) part of the correlation function as

Ro()uxmy = C,2 {ro(t)z[,p,(l —v/2; 1; —pWFi(l — v/2; 1; = o) Juv.

= [ui(g — V215 = p)Fu(g — v/2; 15 —p ) lav.ro()*

+ T(/2) Y - : }
a2 (@)(1 = g+ »/2)?

IV. GENERAL HALF-WAVE THEORY: NOISE and for the contribution arising from the beats between

In order to obtain signal-to-noise ratios, we must signal and noise

o (24)

Ro(t) sxtn) = C.z{Zfo(t)[(Plpz)”lel(l —v/2; 2; —pWFi(1 = v/2; 2; — pa) |av.

B w11 qi(g + m)'(m')ZI‘(l —m — q+ v/2)?

determme the mean-square or the rms noise current or It The low-frequency correlation function follows at once from
(3.3), footnote reference 7, when [ is put equal to zero. Equation (4.4)
voltage passed by the detector and its associated filters. ibid., with b,=0 for the half.wave condition, gives us Hm mazq if we

This is a more difficult problem for noise than for signals, let n=m+2q The result is the correlation function consisting of
B .. . (nXn) and (sXn) terms, the former appearmg if m=0,¢21,and the
since the mixing of the components of the modulation jatter'if m=1,g=1. The dc noise output is obtained when m=g=0.

o o 9 m+2q 1Pa mllel —_y — il i 4 2) jav.
R ro(t) ™22 [(prp2) (m+q—v/2Zim+ 1; —p)iFs(m + ¢ —v/2;m + 1; P)]} (25)
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where

2= ? I(y +_,ll<_¢_> . (26)
4T(v/2)* \ 2

Observe that when p—w, either because the signal
relative to the noise is very large or the noise is vanish-
ingly small while the signal remains constant in
strength, the low-frequency correlation function as-
sumes the following forms, in the important special
cases of linear and quadratic rectification discussed here,
specifically:

2 8 ! o0 %0
(v = 1): Ro(t)(sxn) EE"/‘/{ rO() + Z Z -
8r
2 ~—l‘ -
(v = 1): Ro()axm) = ro()2l'1(1;3/2; 1, N%);
8x? (27)
ia
Ro(t)(sxn) = "ﬁ—‘f fo(t),
T
and
2.1,2
(v = 2): Ro(Hinxm) = ro(t)?;
gy (27b)
Ro(l)(:xn) = 1 P (2 + )\2)7’0(!).

We notice from (24) and (25) that the (nXn) noise is
always (all v>0) suppressed relative to the (sXn) dis-
turbance, by a factor p~'(A=0) at least.

When v =2, we have the familiar half-wave quadratic
detector, for which (24) and (25) become particularly
simple, namely, one-quarter of the first two terms of
(4), respectively. In fact, when » is even, (24) and (25)
assume simple forms, since the various series terminate
after v4+2 —2m —2¢ <0 terms; » odd, however, is not so
obliging. The series do not terminate, and we must in-
vestigate them to see in what way it may be possible to
evaluate the averages and reduce the number of terms.

First, let us consider the case of no modulation,
p()=p, when v is odd and, in the most important in-
stance, unity. Numerical examination of (24) when
t=0 shows that the error is greatest (9.3 per cent) in
omitting the series (¢=2) for small values of p(<1),
and that this error steadily decreases as p—o. The
limiting expression for (24) is

(¥ =1): Ro(Dinxn) = *8—"

g
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indicating that on the whole the (7 X#n) contribution is
suppressed as p~!, p— oo, but that the higher terms
(g=2) go out at least p? as rapidly as the leading term
(g=1).

A similar analysis for (25) shows that in this instance
the absolute error arising from the omission of the series
(m=1, g=1) starts at zero for p =0, increases to a maxi-
mum of about 0.09 at p~0.7, and then falls off uni-
formly with increasing p. The limiting expression for
(25) becomes

2 ptmtapy(1) | (29)

from which it is evident that the series terms, repre-
senting higher-order (sXn) modulation products, are
suppressed at least as p~2 versus p° of the leading term.
In other words, when sz? exceeds ng* (=y) sufficiently,
there is still noise in the low-frequency output, but
this noise is directly proportional to the original noise
leaving the if and quite independent of signal strength.

The total per cent error in omitting the series terms in
Ro(®)axny and Ro(£)sxn) is found to be 8.5 per cent, or
less, as p increascs, in the instance of the mean noise
power (¢=0), and is even smaller for the various spectra;
for example, (<4 per cent) for the optical if when p=0.
It has also been found that the error is somewhat re-
duced when there is modulation. In any case, for most
purposes we see that it is quite safe to neglect the higher
noise components (m =0, g=2, and m21, ¢=1). There
then remains the calculation of the averages of the lead-
ing terms of (24) and (25). With modulation the exact
treatment is also tedious but, fortunately, unnecessary
for input signal-to-noise ratios less than about 2, as we
may then approximate the hypergeometric functions in
the leading terms in the same manner as was used for
the signal (see Part I11). Very large values of p(¢) permit
us to use the asymptotic development in connection with
(24) and (25), but for intermediate values there appears
to be no escaping the direct development in moments
[prfps+2]ey. Again, fortunately, the region of greatest
interest is usually that for which p<2.

Observing that we may set t=0 in ps, i.e., p2=p
=p(lo’) (but not in 7o(#)!), with negligible error, in the
first terms of (24) (25), because 7,(¢) falls off to zero so

’ 28
@)TG/2— ' 1o (28)

rapidly when ¢>0 compared to cos walt, we obtain
finally the correlation functions for the noise

(v =1): Ro(Dinxmy = C.2ro(t)%a1(p, \; )
= Ciro(0)2{1 + 2a1p — 2v1p*® + ay2p? + y 2p?Ft — 2am1pFF ], (30)
and
(v =1 Ro(&)sxm = C.2ro(t)a2(p, N\ v)
= Ci2ro()2{p + 200p% — 2y2pB¥ + y?p7 + 7o?pTHFl — 2agyaphit?), (31)
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with p(8)max < p, the upper limit for which our approxi-
mation of the hypergcometric functions are valid.

In the specific instance of the sinusoidally modulated
carrier, (16) describes p(t), and from (2.30) of footnote
reference 7 we observe that the average value of p(¢)*
becomes

P = proF (=, —p+ 1/2; 1; M. (32)
Then we may write, finally,
a(p, A 1) = {1 = p(1 + 2\%/2) + 0.334%2(1 + 32*/2)
+ pA1 4 3T+ 3N8/8)/4
— 0.167p5/2(1 4 52 + 1504/8)
+ 0.0279p%(1 4+ 15)2/2
+ 45)4/8 + 5\8/16) },
ax(p, Ni 1) = 2p1(1 4+ N/2) — p(1 4 3N + 3\4/8)/2
4+ 0.131532(1 + 35X 4 15)4/8)
+ p2(1 4 1532/2 4 45M4/8 + 5N8/16)
— 0.0327p5/3(1 4 2122/2 4 105)%/8
+ 3508/16) + 4.29-10-3p3(1 4 1422
+ 105N%/4 + 35M8/4 + 3508/128) ), (33)

for the linear detector, and for the quadratic device we
have simply

ai(p,N;2) = 1,and a2(p, N 2) =p(2+N\), p 2

Figs. 4 and 5 illustrate ¢, and o2 when »=1, and Fig. 5
also shows ¢2(p, N, 2). In the linear rectifier the (zXn)
noise is suppressed as the signal strength is increased,

0. (39)

the more so for the lesser percentages of modulation.
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Fig. 4—Mean low-frequency output (nXn) noise power,
for the linear rectifier.

On the other hand, the (sXn) contribution increases
with the larger signal powers, and the less is the increase
for greater values of A\. Physically, this behavior is ex-
plained by the fact that, when the signal is large, the
noise “rides” on top of it, so that for little modulation
both positive and negative noise peaks are passed by the
detector without much clipping due to cutoff. Greater
percentages of modulation mean less noise voltage
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Fig. 5—A\lean low-frequency output (nX#n) noise
power, for the lincar and quadratic rectifiers.

passed near the bottom of a modulation cycle; hence the
decrease in (sXn) noise for A~1, or A=0. \When
p— <, however, there is not much difference between
noise outputs with 0 or 100 per cent modulation, as rela-
tively little noise per (modulation) cycle is then blocked
in either instance.

Figs. 6 and 7 show the total mean low-frequency
noise power, o;+02, when »=1 and »=2 for all degrees
of modulation. Here again it is evident (v =1) that even

—_— -

T T
22} »

21— inunTs of v /e

TOTAL NEAN LOW-FREQUENCY NOISE
POWER AFTER RECTIFICATION OF &
SINUSOIDALLY MODULATEC CARRER
BY A MALF-WAVE LINEAR RECTIFIER
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- A'® MODULATION INDEX
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Fig. 6—Total mean low-frequency noise power output, v=1.

in the extreme case of A=1 modulation does not radi-
cally change the output noise power. This is important
experimentally, because it allows us to measure the out-
put noise separately from the signal, by injecting an
unmodulated carrier into the if. The output then contains
no signal contribution, the dc being filtered out. The
noise power so determined may be substituted for the
exact expression in the presence of modulation with an
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Fig. 7—Same as Fig. 6, but with »=2,

error of less than 10 per cent, an error which decreases
as p—r o,

The fuil low-frequency power spectrum follows from
(11), (30), (31), and (33), (34), namely,

Wo(f) = C,? {m([), A v) f nnro(t)"’ cos widt
0

+ as(p, N v)fmro(t) cos wldt} , (35)
0

the first term representing (n Xn) products, the second,
(sXn) products; (35) is exact for »=2. The mean
audio noise power may then be obtained from (35) in
(8).

V. Aupio Noise POwERr (»>0)

The mean noise power passed by our audio filter, of
width Af, is

ne® = I32A£1_(l(’_;2'; 1)~2(—‘;—>. { mj;mro(t)zdl
+0’zﬁm70(l)dl}, (36)

with different ranges of applicability for p and \, de-
pending on the value of »; for v =1, p(14\)? is required
to be less than 4, while for »=2, all values of p and A
are allowed. Now the physical significance of this quan-
tity is conveniently brought out through an examination
of its behavior for limiting values of signal strength,
i.e., p=0, p— =, and its dependence on if filter width at
these values.

Let us consider first the linear rectifier and restrict
ourselves to the case of no modulation (A =0); the latter
assumption embodies no real loss of generality, as
the preceding section has shown that modulation has
small effect (~10 per cent or less) on the output noise
power when »=1. To obtain n,? when p becomes very
large we must use asymptotic forms for R, instead of
(36); the resuit is
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4;32Aflﬁf‘(” 4pro

2
na I,,,‘ =

Wed,  (37)

mlwr

where I'®, T®, and I'® are numerical factors depend-
ing on the shape of the if. Specificaily,

I'® =g/ Wowp = 1/m; 1/2\/7; 1/2 )

wor f re()dt = 7/2; /75 1
0

|
l‘(])

oo (38)
|

wp f ro(t)2dt = 7/2,\/7/2;1/2 |
0

)

e

for the rectangular, gaussian, and optical distributions,
in that order (see Table 1),

nE ) N UNTS oF
8ot w, ¥ pir

ay2

L ! .
10°2 107! 100 0! w0?

Fig. 8—NMean audio noise power output in the absence of
modulation, for three different detector characteristics.

The expression (37) is approached monotonically
and is the maximum value of the audio noise power,
while the minimum value occurs for no signal at all and
is, without the higher terms,

BNAT® B ATOT®

0 - I ?
2rwr 2w

2
a | p=

(39)
from (36). The physical explanation is as follows:

When the signal is negligible, the envelope, i.c., the
low-frequency part of the rectified output, in which we
are interested, is formed essentially of the positive peaks
of the noise wave. When the signal is very large, the
noise “rides” on it, and although only the positive por-
tion of this mixture is passed by the detector, the noise
can now fluctuate about its average, on either side, thus
effectively doubling the deviation in amplitude of the
resulting envelope. It is this deviation that forms the
low-frequency voltage, after the dc has been removed.
The effect becomes more pronounced as the signal is
increased, until for huge signals there is no further gain,
since the noise is now effectively lifted above the rectifi-
cation level. The process is clearly monotonic. Thus the
presence of the carrier adds progressively more (s Xn)
noise to the low-frequency, at the expense of power in
the higher spectral zones centered about harmonics of
the carrier, until the limit p— o is attained.

A similar argument holds when v>1. Here we have
the more general results, from (36), (24), and (25),
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analogous to (37) and (39), that - - ) - [
(v + 1)2Af11 ol Owpm11'®
p—0:  nl0) = Pl DRI e — (n X n) (40)
2'T'(v/2)?
2P (v + 1)2AfIV T (g, 20—2
p— = nli(y) ~ ol e T (s X n). (41)

Now when v<1, the (sX#n) noise is completely sup-
pressed!? (sp2— 2 ). The detector characteristic tends to
“squash down” the higher peaks of the input wave, and
conscquently, as the signal is increased, the noise that
rides on top is ironed out. When »> 1, the reverse is true:
the peaks are enhanced, the greater they and the signal
amplitude are, and the (s X7) grows indefinitely. Equa-
tion (41) illustrates this and explains why, when »>1,
one does not have a maximum. Fig. 8 shows the three
cases, including v =1, discussed at the beginning of the
section,

\We observe further from (41) that for all values of
v the amount of noise is independent of the if spectral
width (~wp), since it is only the immediate spectral
vicinity of the carrier that contributes to the (sXn)
noise which appears near f=0 in the output.

We have now to explain the behavior of the audio

Sa T
1): —= p)\[
ta

(‘I’F)opt.

2af

v =

o1
+ - 11/\/5}01(17, A1)+ %
1

1/2

noise as a function of wr. Let us again consider the linear
rectifier. Then, spreading the if spectrum, but keeping
its intensity W, constant, does not increase the amount
of noise near f=0, although at first glance one increases
the number of closely adjacent noise products out on the
added portions of the spectrum. However, we have
neglected to take into account the “crowding effect,”
which is a consequence of the nonlinear action of the
device, and which states that the products of adjacent
frequencies near the center of the band outweigh in
intensity those near its limits, although the number of
such products is independent of frequency within the
bandwidth. The result is that an increase in the if width
simply increases the width of the low-frequency spec-
trum, but does not change the intensity near f=0.
This is somewhat easier to understand on the basis of
our earlier picture of the noise envelope. Doubling the
spectral width merely increases the average and rms
heights of the envelope by \/2. The low-frequency (cur-
rent or voltage) output is increased by the same factor
and the low-frequency output power is doubled. The
area of the power-spectrum triangle® is doubled, but

12 \s has been shown in Part [V, (nXn) noise is always suppressed
more rapidly than the (sXn) products, by a factor p71, at least.

13 \We have assumed for simplicity that the if is rectangular and

that p=0. A finite signal introduces no change in the essentials of the
argument,

2PN/ DM/2+ 17

since the envelope now varies twice as rapidly, the low-
frequency power-spectrum triangle must now expand to
twice its original value. Thus the area is doubled and
consequently the intensity near f=0 must remain un-
changed.™

We see also, from (40), that when v <1 the spectral
ordinate near f=0 is actually decreased as wr is made
larger, while the reverse is true when »>1, the latter a
familiar result in the instance of the quadratic detector.

V1. Aupio SiGNAL-TO-NoISE RaTios: DiscussioN

The results of Sections III and IV now enable us to
obtain a general expression of the rms audio signal-to-
noise ratios, when the /th harmonic of the modulation is
chosen as the signal to be observed. In the first case of
chief interest, namely, the first harmonic after linear
detection, we may write the ratio as

172 '
] (1 — 0.2289p1/2[1 + \?/4))

—1/2

t 02(?1 )\; 1) ’ P(l + )‘)2 é 4 (42)

where the quantities in the braces |} apply downwarl
accordingly as the if has a rectangular, gaussian, or
optical shape (see Table I and footnote). For the other
important special case, quadratic rectification, our more
general results are readily shown to reduce to (14)
valid for all p and A=1. Curves illustrating s./n, as a
function of p are given in Figs. 9-11 for the three types
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Fig. 9—Rms audio signal-to-noise ratios after half-wave linear
or quadratic detection. Optical if filter.

14 Rice, in footnote reference 4, part IV, comes to the same conclu-
sion, and by much the same train of thought.



1476

of spectra mentioned above. Observe that the rectangu-
lar if gives the smallest, and the optical the largest value
of sa/ns for a given p.

When the signal is small, we find for the general
vth-law device that

Sa p)\ ] , —1/2
" (2Af)”2<f , "0 ‘”)

PO\ &1,
SRR — 4 (43)
Wo(28fwrTOT@)2" | = 1,

which shows that in all cases the behavior is that of a
quadratic rectifier, and is quite independent of ». The
reason for this lies in the aforementioned phenomenon
of modulation suppression. Now, for small signals the
background noise is hardly affected by the signal, and

Sa Apli2
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consists almost exclusively of (nXn) terms. However,
the signal is drastically affected by the noise, being re-
duced as the square of the input signal strength. Fur-
ther, following precisely the same argument as that
given in parts 11, 111, of footnote reference 2 for radar
or pulsed signals, we can show that the best if filter, which
makes sqo/n, a maximum for a given input signal, is one
which ts the modulus of the Fourier iransform of the signal
—in this instance, three “delta-functions” or infinitely
narrow pass-bands centered about the carrier and its
two sidebands. Again, it is modulation suppression,
arising from the nonlinearity of the detector, which
dictates this kind of optimum if filter response, for with-
out suppression one would need only an indefinitely
narrow filter centered about one of the components.
For very large signals, we find with the aid of the
asymptotic form for ,F; applied to (20), (24), and (25),

zF1(1/2 - v/2 1—/2;2; 7\2)<f ro(t)dt>—m

na VIQANHM Fy(1 = v, 3/2 — v; 1; A2
Nsr oFi(1/2 = v/2i 1 = /2; 2520

(44)

\/2(2Af)”2 [r(o)r(l)wo 2p1(1
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Fig. 10—Same as Fig 9, rectangular if filter.
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Fig. 11-——Same as Fig. 9, gaussian if filter.

v, 3/2 —v; 1; )\2)]”2 -

Here only (sX#n) products are significant, the if filter
shape is unimportant, just as in the corresponding radar
case, except for minor numerical terms (I'?, T'® etc.),
and so also is the law (v) of the detector only secondarily
significant. Note, however, for the continuous signals
considered here, that the audio signal-to-noise ratio is
proportional to p'%, while for pulsed signals this ratio
becomes proportional to p. The explanation follows from
the presence of (sXn) noise terms, which become
dominant (~p*~! as p— ) in the former instance,
whereas in the radar example the signal is on such a
small fraction of the repetition period that (sXn)
products are ignorable and (#Xn) components (~p*—2
as p— o alone are the obscuring factor. Thus, as we
would expect, the chief difference between the detection
of pulsed and continuous signals only becomes apparent
when p>1.
Special forms of (44) are

= 2o (o
T T V2 \arw)
Sa )\pm wp 12
=2: = — 45
(V ) "a [(7 + )\Z)Afl'“)] ’ ( 3)

and so we find that

(Sa/1a) vm2 1

(so/ma)omr (142720
which can be observed in Figs. 9-11: the ratio for the
quadratic detector is always reduced relative to the

linear, due to a generation of a greater amount of
(s Xn) noise when A>0 in the latter instance.

(46)
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The results of this theory give a general picture of
the relation between the signal at the output of a
receiver as a function of the signal at the input of the if
amplifier. For the purposes of making tests on the cor-
relation between theory and experiment, it appears
clear that the most useful type of detector, and therefore
the one to be investigated, is the linear type.

% E. G. Fubini and D. C. Johnson, “Signal-to-noise ratio in AM
modulated receivers,” Proc. I.R.E., vol. 36, pp. 1461-1467; this issue,
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In the companion paper’® by Fubini and Johnson,
the results of the theory for sinusoidal modulation and
linear detection have been tested. The curves given in
their paper are a replot of those presented here with a
change in scale from linecar to logarithmic co-ordinates. It
appears in their work that, despite all the approximations
made as to shape of if filter, linearity of rectification,
and the like, the correspondence between theory and
experiment is satisfactory for most practical purposes.

An Approximate Solution of the Problem of Path
and Absorption of a Radio Wave 1n a
Deviating Ionosphere Layer®
JAMES E. HACKE, JR.}, axp JOHN M. KELSO}

Summary—A previously obtained double-parabola approxima-
tion to a Chapman distribution is used to obtain approximate solu-
tions for ray path and absorption of a radio wave incident obliquely on
adeviating plane ionospheric layer from which the wave is “reflected.”
The solutions, expressed analytically and graphically, are valid when
the earth’s magnetic field and second-order absorption effects can be
neglected.

INTRODUCTION
&_ PREVIOUS PAPER! proposed a double-parabola

approximation to the Chapman distribution?

which is generally accepted as representing
variation of ion density with height in the E and the
Fi layers of the ionosphere. The paper also proposed a
parabolic approximation for the product of ion density
by electron-collision frequency as a function of height.
By using these approximations, analytical solutions
were obtained for “true” and apparent reflection height,
and for absorption of a radio wave incident normally
on the ionosphere. These solutions were also expressed
in graphical form, and were compared with numerical
results obtained by Pierce® and by Jaeger.*

The present paper extends the results of the previous
paper to oblique incidence while retaining the restric-
tions that the wave frequency in the ionosphere be
everywhere greater than the collisional frequency, that
the effects of the earth’s magnetic ficld be neglected,
and that absorption per wavelength be small. These re-

* Decimal classification: R112.62. Original manuscript received by
the Institute, March 29, 1948.

t The Pennsylvama State College, State College, Pa.

! J. E. Hacke, Jr., “An approach to the approximate solution of
the ionosphere ahsorptlon problem,” Proc. I.R.E., vol. 36, pp. 724-
727; June, 1948.

i3, Chapman, “The absorption and dissociative or ionizing eﬂ'ect
of monochromatic radiation in an atmosphere on a rotating earth,”
Proc Phys. Soc., vol. 43, pp. 2645; January, 1931.

Al Plerce “The true height of an ionosphere layer,”
Rev vol. 71, pp. '698-706; May, 1947,

¢ J. C Jaeger, “Equivalent path and absorption in an ionosphere

region,” Proc. Phys. g’oc vol. 59, pp. 87-96; January, 1947.
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strictions are met in practice for waves above about 1
Mc and correspond to consideration of the “ordinary”
ray in quasi-transverse propagations.® Attention is con-
fined to refraction and absorption in the deviating region
(wave frequency insufficiently high to penetrate the
layer) because an exact solution can be made of the
problem when the ray penetrates the layer, at least if
the ray can be considered as passing on essentially to
infinity, and if the wave frequency is much greater than
the critical frequency.

SUMMARY OF PriEvious RESULTS

In the previous paper! it was shown that the ion den-
sity in a Chapman region is given by

N = N,Ch(%) (1)

where
N, = v/(BS. scc x)/xllae)
Chix)y =exp(1 — 2 —€e7)/2 (2)
(h — he)/II — In sec x

x=

a=the recombination coefficient in the iono-
sphere
e =the base of Naperian logarithms
B =the ionization density produced by unit sur-
face density of incident radiation
S, =the surface density of radiation incident on
the ionosphere
IT=the “scale height” of the atmosphere in the
region where the ionization is produced; divi-
sion by H yields distances in “scale units”
ho=the height at which N is a maximum when
x=0
$ H. G. Booker, “Some general properties of the formula of the

magneto-ionic theory,” Proc. Phys. Soc., vol. 147, pp. 352-382; No-
vember, 1934.
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x =the sun’s angular distance from the zenith.
Equation (2) was approximated by the two parab-
olas,

Pyx) =1 — /T2 x,4x20;
Po(x) = A% — x5)?, 2052 21,

3)
4)

In these equations T', 4, and x; are parameters adjusted
to fit (2), and x, is the negative point of inflection of

(2):

£ = —1In(2++/3) = — 1.317
X2 =2 — 4/(em — 1) = — 2.781
T = — x/a/1 — Ch(x;) = 1.848

A = (e — 1)2/Ch(x,)/4 = 0.4792.

The index of refraction in an ionized layer is given by
u*=1— Ch(x)/R? (5)

where R is the ratio of wave frequency to vertical-inci-
dence critical frequency; and the absorption per unit
length is given by

K = KnCh(x)e*/(uR?) (6)

where
Kn=v,/(2c)
vm =the value of the collisional frequency v at x=0
¢ =the velocity of light in vacuum.,
It is shown in the previous paper that

Ch(x)e* = Py(x) = a0+ arx + az22, 23240 (7)
where
ap = 0.7055; a, = — 2.382; a, = — 1.1696;
and
a3 = — 2.299 is the negative root of Py(x) = 0.
The ratios

N/Nn = Ch(x), and Nv/N v,) = Ch(x)e*

are plotted in Fig. 1 as functions of x. Shown dotted are
the parabolic approximations P,, P,, and P..

Ray Patn

Fig. 2 depicts an upgoing radio wave entering a plane
ionized layer at an initial angle 8, with the vertical. The
decrease of u in the region deflects it away from the
vertical; at a point x, its path becomes horizontal and
the wave is said to be “reflected” at this point. The
ray leaves the ionosphere at the same angle 8, with the
vertical as that at which it enters.

By Snell's law,

(sin 8)/(sin 6o) = 1/u (8)

where 8 =the angle the ray makes with the vertical at
any point on its path. This equation gives the angular
direction of the ray path at any point in the region
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Fig. 1—Ion density and its product with collision frequency as func-
tions of height in scale units below point of maximum ion density.
Solid curves, Chapman distributions; dashed curves, parabolic
approximations.
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-
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Fig. 2—Diagram illustrating ray path of radio wave
through plane ionosphere.

which the ray reaches, irrespective of the value of g in
intervening strata (on the downcoming half of the path,
of course, 8 is greater than x/2). From this equation,

dy/dx = tan @ = (sin 6,)/+/u® — sin? 6, 9)
where dy is horizontal displacement in scale units.
From equation (5),

dy/dx = (sin 85)/A/1 — Ch(x)/R? — sin? 6,,

= (R sin 6o) /A/R? cos? 6, — Ch(x),

/2

= (R sin 60)/v/R'?* — Ch(z)

(10)

where R’ =R cos 0, is the ratio of wave frequency to the
critical frequency at angle of incidence 8.

When (3) and (4) are substituted in (10), the problem
divides into three parts:

(i) Behavior in the upper region; the ray penetrates
to the region (x,£x£0) when R’ is equal to or greater
than 0.7015.

(ii) Behaviorin thelower region (x:£xZx1;R’£0.7015)
when reflection occurs in the lower region.



1948

(iii) Behavior in thelowerregion (v3Z xZx1; R’ >0.7015)
when reflection occurs in the upper region.
In Case (i), (9) becomes

dy=(R sin 8g)dx/\/R*—(1—x?/T?),
= (TR sin 8o)dx//TA(R2=1)+ a2 21 Lx Lxe; (11)

v—yo=(T'R sin 8;) f dx/\/THR?—1)+ a2,
E3}

x TAR?2—1)+ 22
=(TRsinby) In - +\/. ( :~)+x )
3‘1+\/T2(R’2— 1)+x12

v lxlxy (12)
where ¥, is defined later (see (135)).

The height of reflection x, can be found from (8),
for the ray path must be horizontal at x =x,, and there-
fore sin  must equal one. From (5) and (8),

p? =1 — Ch(xo)/R?* = sin? b,;
substituting (3),

1 — (1 — 2/T%/R* =1 — cos? by, x1£ xo;

o= — T\/1 =R x,Z x. (13)
If (13) be substituted in (12), one obtains
v— vo=TRsinfIn x4 v/ — x,%
[3‘1 + \/W:To’:l’
xiLxlx. (14)
Choose ¥y so ¥(x,) =0:
— vo = TRsin 6g In [xo/(x1 + /%12 — xo2)],
x1lxlxg; (13)

substituting in (14),
y = TRsin g In [(x + /a2 — x0?)/x0], 21 L x L xo. (16)

In numerical calculations the negative value of the
square root of x2—x,? is chosen in order that y increase
with decreasing xo%. This same choice is also made in
(21), (23), (25), and (30) for \/x?—x¢*

In Cases (ii) and (iii), where it is the region (x:£xZ x;)
that is being studied, (9) becomes

dv=R sin fpdx/A/R?—A2(x—x9)?, x9LxL2y;  (17)

v—yy=R sin 6, f dx/v/R'P— A (x—x2)?,

=(R/A) sin 6y sin~! [A(x—x2)/R'], 22 Lx 2L x:. (18)

In Case (ii) reflection occurs in the region (x:£ x0Z xy),
and the height of reflection is given by

sin 0(xo) = 1 = sin 0y/u(x0);
from (5),

Ch(x0)/R? = cos? bo;
substituting (4),

A2(xg — x2)? = R cos? by, %2 L 5oL 21,

Xo = X2 + R’/A, xgéxoéxl. (19)
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In this case we again define y, so y(x,) =0, and obtain
from (18)

— yo = (R/A) sin g sin™! 1
= (R/A)(w/2) sin o, x2 L x0 L %1}
and since
/2 — sin"! u = cos™! u,

(18) becomes
y=(R/A) sinbocos™ [A(x—x:)/R'], 2Lz LxeLar (20)

In Case (iii), when reflection occurs in the upper re-
gion, then the value of y(x;) given by (18) must equal
the value of y(x;) given by (16):

yo + (R/A) sin 8, sin™* [ (x; — x2)/R’]
= — TRsinbp In [(x1 + V212 — xo?)/x0), ¥1Zx0:

=
=3
Il

R sin 8, [T In

and (18) becomes, for this case,
y = (R/A) sin o[sin™! A(x — x5)/R’
— sin~! A(x; — x2)/R’
4+ AT In (v1 4+ /%12 — 200 /%0), 22 L x L 21 £ x0. (21)

The quantity ¥/(R sin 6,) is a function only of R’
and x, under all three cases

(1) x, 2 x £ xg—see (13) and (16);
(ii) x2 L x L 20 £ x1—see (20);
(iii) xe L x £ 21 £ x—see (21).
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Fig. 3—Ray paths in the ionosphere with R’ as a parameter. Ordi-
nates are in units of y/(R sin o). See text for notation.

Fig. 3 shows the paths of radio waves through the iono-
sphere with R’ as a parameter. Horizontal distances on
the graph must be multiplied by IR sin 6, to obtain
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physical distances; vertical distances by H. The origin
of the graph is at the level of maximum ionization di-
rectly above the point of reflection.

The horizontal range in the ionosphere 2y, can be
approximated by

Im = 3(x2);
from (16) and (21),

= (n/2)(R/A) sin 0y, x0 £ xy; (22)
= (R/A) sin 00[AT In (xl + \/xlz - xoz)/xo
— sin! (2, — 23)/R’], %14 xo. (23)

The apparent height of reflection x’ (see Fig. 2) is
given by extrapolating the path directions (upgoing
and downcoming) at (xs, +y.) until they mect at
x’, 0). From geometry, then,

4

X' = %2+ Ym cot by,
= 22+ (7/2)(R'/A)» H,C Hy: (24)
=22+ (R'/A)[AT In (21 + /1.2 — %)/ %0
— sin™! (2, — x3)/R’), 214 0. (25)

The actual and the apparent heights of reflection are
plotted in Fig. 4 as a function of R’.

When Martyn’s equivalent path theorem® is put in
the notation of this paper, it takes the form

2 (R, ) = «'(R, 0).

In words, the apparent height of reflection at oblique
incidence is the same function of R’ as the apparent
height of reflection at vertical incidence is of R. This also
applies to the actual height of reflection:

xo(R', 0y) = x4(R, 0).

These two relations can be verified by comparing (24)
and (25) of this paper with (17) of footnote reference 1.

ABSORPTION

The reflection coefficient p is given by

%o
p= exp(—Zf de). (26)
Let us define the absorption
S =de g
’ (27)

the value of K is given by (6), and that of ds by
ds = I\/(dx)® + (dy)°.
Substituting from (9),
ds = II\/(dx)? + sin? 6,(dx)2/(u? — sin? 6y),
= Hudx/\/u* — sin? Oy;
and (27) becomes, substituting from (6),

¢ D. F. Martyn, “The propagation of medium radio waves in the
ionosphere,” Proc. Phys. Soc., vol. 47, pp. 323-329; March, 1935.
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S = f [KnCh(x)e =/ (uR?) ] [Hudx/+/u* — sin? 6],

= (K,,.II/RQ)fClt(x)e"dx/\/u‘-' — sin? 6,. (28)

The product of the numerator, Ch(x)e=, is approxi-
mated by (7) in the region x.£xZ0. As in the determina-
tion of path, three cases must be distinguished in the
absorption problem:

(i) Absorption in the region (x:£xZ0) which occurs
when R’ is greater than 0.7015.

(ii) Absorption in the region below x, when R’ is less
than 0.7015.

(iii) Absorption in the region below x; when R’ is
greater than 0.7015.

In Case (i), u? is approximated by

/.l.z =1 — Pl(x)/Rz, xllxlxo;

and (28) becomes, for the absorption in the P, region,

S(") = y xllxo. (29)

K.,.HTf ] (ao + ax + axx¥)dx
R z \/x2 - xo4

(To this must be added the absorption S in the P,
region (see (32)). Equation (29) yields three integrals

of the form
j‘::c..’.\'/\/::c2 — xo%;

f dx/\/ 3% — a0

j 22 x/\ ¥t — xl.

Integration of these is straightforward; the result is

— (KwlIT/R)[(a0+a2x02/2) In xo/(214+/ x12— x¢%)
- (a1+azx1/2)\/x12— xo’]-, xll Xo. (30)

SH=

The negative sign in front of the right-hand member of
this equation appears because of the choice of the
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Fig. 4—Apparent and actual height of reflection in scale units below
height of maximum ionization of a radio wave as a function of
R’ =R cos 8s=ratio of wave frequency to oblique-incidence criti-
cal frequency.
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negative square root of x.*>—x,® as mentioned previ-
ously.

In Case (iii) (which is being considered before Case
(ii) to complete the absorption S+ SGi when R’ is
greater than 0,7015), the absorption S¢ is given by

S(ns):(111\',,,/}{)fIl Py(x)dx/r/R?= A (x— x2)?,
xléxo. (31)

This can be transformed by a change of variable to three
integrals of the form

j‘du/\/R’2 — u?; fudu/\/R’- — u?;

f wdu/\/R'* — u;
and the absorption in this region for this case is given
by
S = [HKa/(A*R)]{ [42Ps(x2)
+ ayR'?/2][sin"! A(x) — x2)/R’
— sin~! A (x3 — x5)/R’]
+ A[Ps'(x2) + az(xs — x2)/2]
‘A/R'T— 4%(x3 — x3)%
— A[Py'(x2) + a2(a1 — 12)/2)
VR — A% xy — 1)), 1L (32)
where
Pi(x3) = ap + arx; + asx,?;
Pi'(x3) = a) + 2azx,.

When R’ is greater than 0.7015, the total absorption
is given by

S = SO 4 SGiD g £xq. (33)

In Case (ii), when R’ is less than 0.7015, (31) with the
upper limit changed to x, is the expression for S,
From (19),

Xo — 22 = R'/A, x0L x0 L x;
hence,

\/WZ — 7.15(3?05 - xzz—) =

\/R? = A°R"/A* = 0,

12 L x9 L Xy
and
sin™! A(x¢g — x9)/R’ = sin"' AR'/R'A = /2, x3/ 20 £ %1.
Also,

7/2 — sin~! 4 = cos™! u.

When the upper limit x, is substituted in (32) in place
of x; and the above simplifications made, we have for
reflection in the lower region
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S6D = [HK./(A*R)]{ [A2P3(x2)
+ a,R'?/2] cos! [A(xs — x2)/R’}
+ A[P3'(x2) + ax(xs — x5)/2]
/R — A%(x; — x3)? }, X3l a9 L Xy, 34)
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Fig. 5—Absorption as a function of R’. The quantity plotted is
—SR/(HTKn). See text for notation.

Fig. S shows the value of (SR)/(IITK,) as a function
of R'. The value of S can be found from the graph in
a specific instance, knowing R, H, T, and K., and sub-
stituted for [Kds in (26).

Martyn's absorption theorem® states, in the present
notation,

S(R', 65) = (cos 05)S(R, 0);

this can be verified by comparison of (30), (32), and
(34) of this paper with (22) and (23) of footnote refer-
ence 1.

CONCLUSIONS

Approximate ray path and absorption of a radio wave
obliquely incident on the ionosphere can be calculated
using the parabolic approximations obtained in footnote
reference 1. The accuracy of these results are compara-
ble to those obtained at vertical incidence.

In addition to the analytic approximations to the
Chapman distribution, the following approximations
have been made throughout this paper: (1) plane iono-
sphere; (2) collisional frequency in ionosphere much
less than wave frequency; (3) no magnetic field; and
(4) a quasi-homogeneous ionosphere, i.e., (du/dx<<Kw/c).
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The Negative-Ion Blemish in a Cathode-Ray Tube

and Its Elimination”
R. M. BOWIE}, FELLOW, IRE

Summary—This paper is a critical review of the widely scattered
and somewhat conflicting data regarding negative ions in cathode-
ray tubes and blemish formations.

The form of the ion blemish is a function of the form of focusing
and scanning used, being a small central spot with electric focus and
magnetic scan, and being a circle about an inch in diameter with
magnetic focus and scan.

The blemish is due to chemical poisoning of fluorescence by nega-
tive ions formed on or near the cathode. The paths of such ions are
substantially unaffected by the magnetic fields normally used with
cathode-ray tubes. The path followed by an ion through an electric
field is, however, the same as that of an electron starting from the
same point of rest. Thus the ion blemish has the same shape as would
the electron spot were the magnetic fields only removed from the
crt. The use of a backing layer such as aluminum reduces the blemish
but does not eliminate it, apparently owing to porosity of the backing
layer. Such a layer has, however, other beneficial properties not re-
lated to the blemish problem.

The ion blemish can be eliminated by the use of an ion trap,
which is a device usually located in or near the gun.

ray tubes there appears, after some operation, a

blemish which is particularly annoying when the
tube is employed for television viewing. The form of the
blemish depends upon the type of tube, but is usually a
darkened area or spot with a rather well-defined bound-
ary. In Fig. 1, the blemish spot is above the girl's left
eyebrow. In the still picture it is rather unobtrusive, but
when motion is present it becomes a source of considera-
ble dissatisfaction among television set owners.

@N THE SCREENS of certain types of cathode-

Fig. 1—Picture on the face of an electrically focused, magnetically
scanned crt, showing ion blemish over the girl's left eyebrow.

This blemish is due to the localized reduction in the
efficiency of light production, but is not visible under
external illumination even when the bombarded side of
the screen is examined. The blemish can take several

* Decimal classification: R371.5. Original manuscript received
by the Institute, May 4, 1948; revised manuscript received, July 16,
1948. Presented, 1948 IRE National Convention, New York, Ny Y

March 23, 1948.
t Sylvania Electric Products Inc., Bayside, L. 1., N. Y.

forms, the form being determined by the focusing and
scanning means employed. It will be shown later that
most ions originate on or near the cathode, traverse the
same paths as electrons through electrostatic fields, but
are substantially unaffected by the magnetic fields used
with cathode-ray tubes. Thus a tube employing an elec-
trostatically focused gun and magnetic deflection usu-
ally develops, frequently in less than an hour of opera-
tion, a small blemish of the general shape and size of an
undeflected spot. This is the most objectionable case. If,
however, the tube is magnetostatically focused and em-
ploys magnetic scan, the resulting blemish has the same
size and location as the undeflected “spot” seen with the
focusing magnetic lens removed. In this case, the “spot”
is a “shadow” of the limiting aperture in the gun, and is
usually about an inch in diameter. This form of blemish
develops more slowly because the ions are spread over a
greater area. It appears after perhaps a hundred hours of
operation and is particularly objectionable because of its
well-defined boundary.

In a tube employing electrostatic focus and electric
deflection, the electrons and ions are both focused into
spots which are then scanned about the screen in the
same way. The very-slowly forming ion blemish is there-
fore indistinguishable from the gradual loss in efficiency
of the phosphor due to electron bombardment. It is pos-
sible to conceive of various other combinations of focus-
ing and scanning means. The form of blemish which
might develop can be predicted for each, but because of
the lack of commercial importance, this will not be done
here.

There are certain generally observed characteristics of
the ion blemish. Its prominence decreases with increas-
ing beam voltage. The potential at which it is no longer
regarded as objectionable varies with the screen mate-
rial, being about 12 to 15 kv for the sulfides. The rate of
formation for a fixed viewing potential appears to be a
decreasing function of beam voltage, also. Thus a tube
operated for a short time at 1000 volts will have devel-
oped more blemish when viewed at 6 kv than it would
have had it been operated for the same pertiod at 6 kv.

The various screen materials have widely differing
sensitivities to ion deterioration. Willemite is relatively
insensitive to this effect, while zinc sulfide and zinc cad-
mium sulfide are highly sensitive. This fact points to the
chemical poisoning of fluorescence by the ions as the
cause of the ion blemish. In general, the susceptibility to
ion blemishing appears to be related to the susceptibil-
ity of the phosphor to poisoning by impurities during
manufacture.

Willemite, manganese-activated zinc orthosilicate, is
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a compound requiring a relatively large concentration of
activator (~1 per cent) and being relatively insensitive
to poisoning of fluorescence by impurities such as nickel.
The sulfides, which are usually activated with silver or
copper, require activator concentrations of 0.01 per cent
or less and are correspondingly more susceptible to poi-
soning of fluorescence by impurities.

Although the ion blemish has been ascribed by Sharpe!
to the deposition of material on the surface of the phos-
phor crystals, which material slows the impinging elec-
trons, the poisoning theory is much more tenable. To re-
duce the fluorescence the layer would have to have ap-
preciable thickness. Data? reported for aluminum indi-
cate that at 2 kv approximately 1000 molecular layers
are required to reduce the beam power 20 per cent. If, as
will be shown later, the ions are chiefly oxygen, it is dif-
ficult to see how a sufficient thickness could be retained.
Furthermore, Bachman and Carnahan? report that the
negative ion blemish can be “developed” by immersing
the face removed from a cathode-ray tube in photogra-
pher’s “hypo.” This points to some sort of chemical
change rather than to a film formation. It appears, how-
ever, that no explanation has been advanced in terms of
chemistry of the solid state.

Nature and Origin of the Ion Beam

Several notable papers*—® have appeared dealing with
the nature and origin of the negative-ion beams. The in-
vestigations reported involved mass-spectrographic
analyses of crt beams. In two cases,>* standard or sub-
stantially standard cathode-ray tubes were employed as
mass spectrographs by replacing the customary scan-
ning coil with a strong electromagnet, and using the
poisoning effect of the negative ions upon the screen to
produce the records. The combined findings appear in
Table I. In properly processed tubes, the predominant
ion is O,~. The two chlorine ions appear to be abundant
also during early life, but substantially disappear in a
few hours of operation.

Both the origin of the ionizable material and the mech-
anism of ion formation are subject to some uncertainty.
Three mechanisms appear to be involved, although sev-
eral others have been considered and ruled out. These
three are: (1) emission of ions as such from the cathode;
(2) ejection of ions from the cathode and grid by impact
of positive ions formed by the electron beams; and (3)
ion formation by attachment of electrons from the beam
to gas molecules.

1 ]. Sharpe, “The ion trap in cr tubes,” Electronic Eng., (London)
pp- 385-386, December, 1946.

* D. W. Epstein and L. Pensak, “Improved cathode ray tubes
with metal-backed luminescent screens,” RCA Rev. Vol. 7, pp. 5-8;
March, 1946.

3 C. H. Bachman, and C. W. Carnahan, “Negative ion compon-
ents in the cathode-ray beam,” Proc. I.R.E., vol. 26, pp. 529-539;
May, 1938.

4 L.. F. Broadway, and A. F. Pearce, “Emission of negative ions
from oxide cathodes,” Proc. Phys. Soc., (London), vol. 51, pp. 335~
348;1939.

8 Von H. Schaefer, and W. Walcher, “Negative ions in braun

tubes and their relation to the oxide cathode mechanism,” Zeit.
Phys., vol. 121, pp. 679-701; 1943.
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I. EMIssiOoN OF NEGATIVE IONs

With no exceptions, in a well-processed tube all nega-
tive ions appear to have their origins at or very near the
cathode (or grid),%~% as the ion blemishes are well focused
in electrically focused tubes. In certain magnetically
focused tubes it is possible, with the magnetic lens re-
moved, to form an electron image of the cathode sur-
face on the screen. In such a tube Liebman? showed that
this electron image agrees exactly in detail with the ion
blemish, except for a few additional features.

Schaefer and Walcher® conclude from such observa-
tions as the independence of the O,~ ion current on gas
pressure that oxygen is emitted as ions. Broadway and
Pearce* observed, however, that O~ ion spot formation is
reduced by reduction of oxygen pressure. This, and the
relatively poorer focus of the O~ spot, they took as evi-
dence that oxygen is not emitted as ions. Both may be
right. The former had cathodes operated under adverse
conditions with high electrolytic conduction, apparently
conducive to a surface reaction leading to O,~ emission.
The well-formed cathodes of the latter apparently emit-
ted uncharged oxygen which contributed to the gas even-
tually ionized by electron attachment. Note that the
oxygen ions reported are different in the two cases. Both
papers agree, however, that chlorine is emitted as an
ion.

Regardless of the exact mechanism of ionization, how-
ever, oxygen appears to originate from the well-known
slow decomposition of the oxides of the cathode during
operation. Chlorine may originate as an impurity in the
cathode materials, although recently Hamaker, Bruin-
ing, and Aten® have reported evidence that it is due to
the following chemical reaction in the glass during bak-
ing on exhaust:

2NaCl + H,0 + SiO; — Na,SiO; + 2HCL.

The NaCl is a common impurity, while H,O is always
present in commercial glass. The HCI reacts with BaO
to yield BaCl, and H,0. The former decomposes to yield
Cl-ions.

II. NEGATIVE-IoN ForMATION BY POSITIVE-
IoN BOMBARDMENT

It has been shown that positive-ion bombardment of
a surface usually yields spectra of negative ions much
like those observed in cathode-ray tubes.'* Bachman®

¢ C. H. Bachman, “Ring focusing of negative ions in a cathode-ray
beam,” Jour. Appl. Phys., vol. 11, pp. 83-85; January, 1940.

7 G. Liebman, “Origin of ion burn in cathode-ray tubes,” Nature,
vol. 157, p. 228; February 23, 1946. Also, Elec. Eng., vol. 18, pp.
289-290; September, 1946.

8 H. A. Barton, “Negative ion emission from oxide coated fila-
ments,” Phys. Rev., vol. 26, pp. 360-363; 1925.

? H. C. Hamaker, H. Bruining, and A. H. W. Aten, Jr., “On the
activation of oxide-coated cathodes.” Philips Res. Rep., vol. 2,
pp. 171-176; 1947,

19 ], S. Thompson, “A new method of producing negative ions,”
Phys. Rev., vol. 38, p. 1389; October, 1931.

1K, S. Woodcock, “The emission of negative ions under the
bombardment of positive ions,” Phys. Rev., vol. 38, pp. 1696-1703;
November 1, 1931,
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was able to explain the ring-shaped spots previously ob-
served? in certain purposely gassy tubes in terms of pos-
itive-ion bombardment of the grid aperture. The result-
ing negative-ion emission from the grid produced the
ring-shaped ion blemishes observed for the oxygen. This
theory was confirmed by notching the grid aperture and
observing the “notch” in the ion-blemish circle, and also
by noting grid-aperture erosion in dissected tubes. The
heavy ions such as CaO-, Ni, and BaO;~ very possibly
are due to positive-ion bombardment of the cathode sur-
face.

ITI. NEGATIVE-ION ForMATION BY ELECTRON
ATTACHMENT

From gaseous-discharge research it is well known that
electron attachment takes place only to electronegative
molecules such as oxygen, and becomes relatively im-
probable at electron velocities above those correspond-
ing to a few volts. Hence, attachment must occur very
near the cathode. Approximate calculations of ion cur-
rent by this process* yield low values, but do not rule
out the method. As attachment to molecular oxygen
mayresult in dissociation into O~ and O; the O~ found by
Broadway and Pearce! very probably was produced by
this attachment process.

The organic-vapor ions may be attributed to the
breaking down of the cellulose-nitrate binder used in
cathode preparation,? or to the presence bf grease vapor
as evidenced by the great number of such ions found by
Schaefer and Walcher,® whose tube could not be baked
out and had greased joints.

BLEMISH ELIMINATION

It can be seen that the negative ions responsible for
the blemish are chiefly O.~ and Cl- originating at or near
the cathode. They are undeflected by magnetic fields
employed with cathode-ray tubes, and reduce the low-
voltage (<10,000 v) fluorescent efficiency of the screen
material. To eliminate this defect, three approaches
have been used. The first is to attempt to eliminate sub-
stances likely to form negative ions from the important
parts of the tube by special care in parts preparation,
followed by rigorous exhaust. In some cases, “getters”
activated during operation have been employed to take
up gas which might form ions. A hot tantalum filament
in parallel with the cathode heater, and zirconium on
gun parts, have been employed. It has been the author’s
experience, however, that such methods merely shift the
blemish from an item of manufacturing shrinkage to a
field complaint.

12 R. H. Sloane, and R. Press, “Formation of negative ions by
positive ion impact on a surface,” Proc. Roy. Soc., vol. A168, pp. 284—
300; 1938.

B F. L. Arnot, and Clark Beckett, “A new process of negative-ion
formation IV,” Proc. Roy. Soc., vol. A168, pp. 103-122; 1938,

14 R. H. Sloane, and Eliza Cathcart, “gormation of negative ions
by negative-ion bombardment of surfaces, a new process,” Nature,
vol. 143, pp. 474-475; March 18, 1939,
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Backing Layer As Ion Filter

An interesting approach is to protect the screen with
afilter relatively pervious to electrons, but impervious to
ions. It is known'® that the depth of penetration of a
particle into a substance increases with particle velocity
and decreases in proportion to particle mass. This indi-
cates a strong discrimination by particle mass.

The application of a thin metallic backing layer has
received considerable attention, primarily for three rea-
sons other than the elimination of negative-ion blem-
ishes.!-2 First, an unbacked screen is brighter on the
bombarded side because the light-producing interac-
tions occur nearer that side. If a very thin metallic film
is “stretched” relatively smoothly over the phosphor
grains on the bombarded side of the screen, the bright-
ness of the viewed side may be increased, provided that
the loss of energy by the electrons in passing through the
film is not too great. This is because the metal film re-
flects the back-directed light. In practice, the anode po-
tential at which the brightness of a backed screen just
equals that of a similar but unbacked screen is a func-
tion of backing-layer thickness and is of the order of a
few kilovolts. Bachman!® reports a value of 5 kv, which
is presumed to apply for a tube intended for operation at
10 kv.

The second reason for the backing is the improvement
of contrast by the elimination of the stray light from the
bombarded side of the screen reflected from the inside
walls of the tube. The third reason has to do with the
provision of a conductive return path for the beam cur-
rent; an unbacked screen relies upon secondary emis-
sion from the screen material to provide the path for the
electron current in the beam to the second anode. The
screen will not operate at a potential above which the
secondary-to-primary current ratio drops below unity,
which frequently occurs below 15 kv.

Means for obtaining backing layers are described by
Law,'?22 Schaefer,? and Bramley.?? The aluminum back-
ing currently in commercial use, while providing the
advantages mentioned above, appears only to reduce
the rate of ion-blemish formation.

Negative-ITon Trap

The third approach to the elimination of the negative-
ion blemish is the use of the negative-ion trap, which
separates the negative ions from the electrons in the

B Beth, Ann. der Phys. vol. S, p. 374; 1930.

18 M. Von Ardenne, British Patent No. 402,411, accepted Novem-
ber 21, 1933,

17 Kurt Schlesinger, U. S. Patent No. 2,209,639, issued February
4, 1936.

18 C. H. Bachman, *Image contrast in television,” Gen. Elec. Rev.,
vol. 48, pp. 13-19; September, 1945.

19 R. R. Law, U. S. Patent No. 2,233,786, issued March 4, 1941.

¢ Vincent J. Schaefer, U. S. Patent No. 2,374,311, issued April
24, 1945.

1 Art Bramley, “Aluminum backed phosphor screen in cathode
ray tubes,” The Electrochemical Society Preprint 91-30; Meeting,
April 9-11, 1947.

7 R. R. Law, U. S. Patent No. 2,303,563, issued December 1,
1942,
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beam. As has been pointed out by several authors,?+4.2
in several different ways, the path followed by any
charged particle through any purely electrostatic field
is independent of mass-to-charge ratio, provided that all
such particles start from rest at the same point. If a
magnetostatic field is present, the path of a particle is
not independent of its mass-to-charge ratio. This latter
principle is employed in the ion trap.

There are three features associated with the trap or
its operation. First, the charged particles are at least
partially formed into a beam before reaching the trap.
By this it is meant that by the time the ions and elec-
trons reach the vicinity of the trap, their trajectories
should form a bundle, the cross section of which does
not change greatly in a length equal to its diameter.
Second, the beam is subjected to a magnetic field having
a component perpendicular to the beam length. Third,
the ions are disposed of in a manner not to obstruct the
passage of the electrons to the useful part of the screen.

The first form of ion trap with which the author had
experience® is that shown in Fig. 2 and Fig. 3, in which
the gun is aimed at the edge of the screen and the verti-
cal scanning coil is provided with strong, steady bias. It
is obvious that the beam must be bent through a rather

ELECYRON SUN

DEFLECTION YOKE
/ILIGV”LI.V rocusto /(9.& BiAS ON VERTICAL CONS)

/M can OUTSIDE OF RASTER

SCANNED ELECTRON BEAM

Fig. 2—An early jon-trap tube of the bent-beam variety,
requiring excessive beam bending.

Fig. 3—Photograph of a tube of the type shown in Fig. 2.

large angle by the steady component of the magnetic
field in order that the ion blemish will fall outside of the
scanning raster. This results in considerable spot distor-
tion. The tube? of Fig. 4 proved much more satisfactory

8 H. Busch, and E. Bruche, “Beitrage zur Elektronenoptik,”
]ohann Ambroslus Barth; Leipzig, p. 34; 1937.
M. Bowie, U. S. Patent Nos. 2, 11 ,613 and 2,211,614,

Bowie: Negative-Ion-Blemish Elimination
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from that standpoint, but presents manufacturing dif-
ficulties because of the nonaxial symmetry of the en-
velope. However, quite a number of such tubes have
been made. This manufacturing disadvantage can be

ELECTRON BEIAM

Fig. 4—Bent-neck variety of ion-trap tube employing the
bent-beam principle.

overcome by bending the gun in such a way that it will
fit in a straight neck, as shown in Fig. 5. In this case,
bending occurs before the beam electrons reach final
velocity. A version of this arrangement, employing a
magnetic lens, was used by Philco Radio and Television
Corporation before the war.

- BIAS MAGMNET

leLectaon seam \
SECOND ANODE

{e000 v)

'FRST AnODE
{1500 V)

Fig. 5—Bent-gun variety of ion trap employing the bent-
beam principle.

H. Branson?® described the gun shown in Fig. 6, in
which the beam is focused and magnetically deflected so
as to pass through a slightly off-center hole in the end of
the extended second-anode cylinder.

VERY wEAX
MASNETIC FRLL

JSRO (VARABLE NEGATVE )

Ld
®
/
/ caTwooe t
{srowD) \ \
'FRST AnoDE "ELECTRON BEAW

\
\
SECOND ANOOE
v
(1200 v) .004° DIA HOLE

(6000 V)

Fig. 6—The Branson® ion-trap gun.

In England, a type of crt employing an ion-trap gun
due to Woodbridge?® is manufactured by Electronic
Tubes Ltd. The trap and gun are shown schematically
in Fig. 7. Note that the cathode, the grid aperture, and
the anode aperture are eccentric. The resulting field
causes the entire beam to be deflected in the opposite di-
rection to that which one might at first expect. At the

% H. Branson, U. S. Patent No. 2,274,586, issued February 24,
1942,
# Leonard A. Woodbridge, British Patent Pending.
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place where the beam crosses the gun axis, a magnetic
field is provided which directs the electron beam along
the axis, while the ions proceed to the stop in the anode.

fagnetic Lens

_'t/flnllm

i
o

lens

|| Magnetic Fisld

Fig. 7—The Woodbridge ion-trap gun.

The ion trap described above may be classed as of the
bent-beam variety. Another class is that in which the
electron beam is substantially unbent. This is accom-
plished by applying a transverse electric field with the
magnetic field and of such a strength as to compensate
the tangential force exerted by the magnetic field on the

JELECTRON BEAM

D.C CURRENT o\ /
APPLIED N e
GUN oGS

~ g 10N BEAM

{
0.C ELECTRIC BIAS

Fig. 8—Ion trap employing the undeflected-beam principle.

electrons. Such a trap was described by Bowie,* and is
shown in Fig. 8. The transverse electric field bends the
ion beam to one side, causing it to impinge upon the
baffle, while the magnetic field counteracts the bending
force on the electrons. A modification?? of this unbent-
beam trap is currently used in the type 10PB428 crt shown
schematically in Fig. 9. The trap is so incorporated in

- et o
MAGNETIC FIELD R
14 r
CATHODE \
(omoumo) \
\ CELECTRON BEAM
\ AR ey
[ ] L] @ COEE——
a / \a-u * \ n;:(v‘: rew

om0 ¥ {280 v)

(vamiasiLe nesative)

(‘-‘o":o"v)/ T

Fig. 9—TIon-trap gun of the type employed in the 10BP4,
using the undeflected-beam principle.

7 “Television receivers in mass production,” Electronics, vol. 20,
pp. 86-91; June, 1947,

# See RCA registration of crt type 10BP4, RMA Data Bureau,
release no. 482, April 15, 1946; and of focusing coil, deflection yoke,
and ion-trap magnet, release no. 661, May 13, 1948,
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the gun that no extra potential need be applied to the
tube itself. By tilting the slot between grid No. 2 and the
adjacent end of the anode, a component of electric field
transverse to the gun axis is obtained. This component
substantially compensates the action of the magnetic
field upon the electrons. However, as the two fields do
not compensate point-by-point along the axis, the elec-
tron beam deviates somewhat from the axis and is
brought back by slightly overcompensating the electric
field with one magnetic field, and then correcting the
direction subsequently by means of a weak magnetic
field in the opposite direction.

CONCLUSIONS

The widespread use of magnetically deflected, directly
viewed cathode-ray tubes operating below.10 kv in
high-quality receivers has again pointed up the nega-
tive-ion-blemish problem which had received con-
siderable attention before the war. The art has now pro-
gressed to the point at which the mechanisms of forma-
tion of the negative ions producing the spot are reasona-
bly well understood, while means for reducing and for
preventing the formation of the blemish are known.
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TABLE 1

NEGATIVE IoNsIN CRT BEAMSAS REPORTED BY BACHMAN AND CARNA-
AN, BROADWAY AND PEARCE,* AND SCHAEFER AND WALCHER®

Schaefer and

Bachma Broadwa Schaefer and
Ion d i d y Walcher, Walcher,
Mass Caan I Pan oxide tungsten
rnahan Cars cathode cathode
1 H H strong H strong
12 C C
13 CH, strong
14 CH, strong
16 O or CH, 0
17 OH strong
18 OH, OH, weak
19 F
23 Na weak
24 C, strong
25 C:H medium
26 C,H, CN-C;H, | Cil; medium | C;H; weak
30 NO
32 Oq 0O, O, strong 0, weak
33 ?
34 ?
35 Cl Cl Cl medium
37 Cl Cl Cl medium
40 Ca Ca weak
42 CNO-C;}IQ ? weak
43 ? weak
48 ? weak
56 CaO CaO weak
58 Ni weak
60 Ni weak
62 ? weak
68 ? weak
74 Ca(OH),
80 Br
101 CQCO;
120 SrOz
127 I
169 BaOg
261 Ba(NO.)g
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The Patterns of Slotted-Cylinder Antennas”
GEORGE SINCLAIRY, SENIOR MEMBER, IRE

Summary—A method is described for calculating the patterns of
arrays of axial-slot antennas mounted on the surface of a metallic
cylinder. The method of calculation gives information on the relative
phase of the radiated field in addition to the amplitude. Measure-
ments have been made for certain of the antennas to verify the
accuracy of the calculations. A number of calculated patterns are
shown to indicate the extent of the control of the pattern which can be
obtained by using arrays of slots on a cylinder.

INTRODUCTION
ﬁ.NTENNAS WHICH USE the radiating prop-

ertics of slots in the surface of a metal cylinder

are being used to an increasing extent for vhf
and uhf applications. Slotted-cylinder antennas are
particularly useful when it is desired to produce a hori-
zontally polarized field with a horizontal pattern which
is essentially circular. If the diameter of the cylinder is
not too large, a single slot parallel to the axis produces
a pattern which is usually sufficiently near a circle for
most purposes. As the diameter of the cylinder is in-
creased, the antenna becomes directional with a pattern
which may have pronounced minima. While these direc-
tional properties can sometimes be utilized to secure
more advantageous coverage of a given area, they are
generally undesirable. It is, therefore, important to be
able to predict the amount by which the pattern de-
parts from a true circle.

As the number of stations using the higher fre-
quencies increases, it is to be expected that there will be
an increased demand for antennas with controlled di-
rectional patterns. Alford! has shown that a certain
amount of control of the pattern of a slotted-cylinder
antenna can be achieved by putting wings on the slots,
but the amount of control which can be obtained is
limited. Another method for modifying the pattern
consists of using a number of slots spaced around the
periphery of the cylinder. If the slots are equispaced
around the periphery and fed in phase with equal
amounts of power, the pattern can be made more nearly
circular.? By feeding power of different amounts and
different phases to the slots, a wide variety of patterns
can be obtained.

* Decimal classification: R326.7. Original manuscript received by
the Institute, May 10, 1948; revised manuscript received, July 19,
1948. Presented, National Electronics Conference, Chicago, Ill.,
November, 1947; and IRE Canadian Section Conference, Toronto,
Canada, May 1, 1948.

A co-operative research contribution of the United Broadcasting
Company, Cleveland, Ohio, and The Ohio State University Research
Foundation, Columbus, Ohio. The research described was conducted
in the Antenna Laboratory of the department of electrical engineer-
ing, the Ohio State University.

t Formerly, The Ohio State University Research Foundation;
now, University of Toronto, Toronto, Ontario, Canada.

A, Alford, “Long Slot Antennas,” Proc. Nat. Electronics Conf.,
Chicago, Ill., pp. 143-155; 1946.

t H. J. Riblet, “Microwave omnidirectional antennas,” Proc.
I.R.E., vol. 35, pp. 474—478; May, 1947.

Some data have been published on the patterns of
slot antennas.!® lHowever, in order to design antennas
consisting of arrays of slots, it is necessary to have
available information on the variations in phase of the
radiated field, in addition to information on the ampli-
tude of the field. While it is possible to obtain this in-
formation from either full-scale or model measure-
ments using well-known techniques, such a procedure is
generally impractical because the necessary measuring
equipment is not available to the antenna designer.
Calculation of the pattern is a much more satisfactory
procedure, and can be carried out quite readily.

CALCULATION OF THE PATTERNS OF SLOT ANTENNAS

The exact calculation of the field radiated by a
slotted-cylinder antenna is a difficult boundary-value
problem. However, the antenna designer is generally
most interested in the horizontal pattern of a vertical
slotted-cylinder antenna, and fortunately the calcula-
tion of this pattern is a much simpler problem. It can be
shown that, when the breadth of the slot is small in
comparison with the wavelength, the horizontal pattern
is independent of the axial distribution of the field along
the slot. By assuming the simplest possible axial dis-
tribution, namely, one in which the field is uniformly
distributed in a slot which is infinitely long, an expres-
sion for the pattern can be obtained in the form of a
Fourier series.*

In the following, only the horizontal patterns of
vertical slotted-cylinder antennas will be considered.
However, it is also possible to make approximate calcu-
lations of the vertical patterns, if certain simplifying
assumptions are made.'* Jordan and Miller?® have shown
that the vertical pattern of a vertical slotted-cylinder
antenna is approximately the same as the corresponding
pattern for a similar slot in a perfectly conducting plane
sheet of infinite extent. This pattern can be approxi-
mated by calculating the H-plane pattern of the field
radiated from the open end of a rectangular waveguide.®

PATTERN OF A SINGLE SLoT IN A CYLINDER

Fig. 1 shows the co-ordinate system employed in the
calculation of the field, and also illustrates the notation
used. The axis of the cylindrical surface coincides with
the z axis of a cylindrical co-ordinate system. The slot is
assumed to be parallel to the z axis, and located at
¢=0° on the surface of a cylinder of diameter D =2qa, a

3E. C. Jordan and W. E. Miller, “Slotted-cylinder antennas,”
Electronics, vol. 20, pp. 90-93; February, 1947.

¢ G. Sinclair, E. C. Jordan, and E. W. Vaughan, “Measurement
of aircraft-antenna patterns using models,” Proc. I.R.E., vol. 35,
pp. 1451-1462; December, 1947,

8 S, A. Schelkunoff, “Electromagnetic Waves,” D. Van Nostrand
Co., Inc., New York, N. Y., 1943; p. 359.
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being the radius. In the slot the field is assumed to be
uniformly distributed axially, and polarized so that
there is only an E, component. Thus, at the surface

»+0°
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Fig. 1—Diagram showing the co-ordinate system.
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p=a, the field is assumed to be of the form
Ey = Eet for —6< ¢ <56 (1a)
Ey=0 for other values of ¢ (1b)

where 2§ is the angular width of the slot in radians. It is
assumed that the width of the slot is small, in com-
parison with the wavelength and with the diameter of
the cylinder.

For these assumptions, it can be shown* that the
field produced at a fixed large distance from the cylinder
is a Fourier series

A -]
E, =~ ,—[ao + 2 an cos n¢] (2)
]1['

ne=1l
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1
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Fig. 2—Patterns for a single slot in a cylinder. The slot is located at ¢ =0°.
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The parameter 4 depends on the exciting voltage, and

' \ [ T3 ==
the distance from the antenna, but does not depend on - SSe=m
the azimuth angle.* For calculating relative patterns, :
the value of 4 need not be known.

In (2), the cocfficients a, are complex, to take account
of the phase variations in the field. The reference for
phase in (2) is at the axis of the cylinder. The azimuth
angle ¢ is measured from a reference line through the
center of the slot (see Fig. 1).

AMPLITUDE AND PHASE PATTERNS FOR A SINGLE SLOT

Amplitude and phase patterns have been calculated,
using (2), for a series of slotted-cylinder antennas of
various diameters. Some of the amplitude patterns are
shown in Fig. 2, and relative phase patterns in Fig. 3.

Phose ongle in degrees. (Lagging)

Fig. 3—Curves showing the variation in relative phase of the field
with azimuth for a single slot in a cylinder. The slot is located at
¢=0° in each case.

The patterns in Fig. 2 cannot be used to compare the
gains obtained with the various antennas, since (2) does
not give any information on gain, due to the assump-
tions made in deriving the equation. Hence, the pat-
terns in Fig. 2 have been plotted to the same maximum
value of relative field intensity in each case. The phase
patterns in Fig. 3 show the phase of the field in a given
direction, relative to the field at the same distance in the
direction ¢ =0°. The absolute phase computed from (2)
has little significance for practical antennas, because of
the large phase shifts which are unavoidably introduced
by most feeding systems.

In order to verify the accuracy of the calculations of
relative phase patterns, measurements were made on a
slotted-cylinder antenna having a diameter of 0.1910
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Fig. 4—The patterns of slotted-cylinder antennas having diameters
large in terms of the wavelength. Slot is located at ¢ =0°,




1490

wavelength. The measurements were made for every
20° of azimuth. The maximum deviation of the meas-
ured values of phase from the calculated curve was
+5°
SLOTTED CYLINDERS OF LARGE DIAMETER

Three patterns have been calculated for cylinders
whose diameters are comparatively large in terms of
wavelength. The patterns are shown in Fig. 4, and are
for diameters of one-half, one and one-quarter, and eight
wavelengths. It is apparent from these patterns that the
effect of increasing the diameter is to reduce the signal
in the region of the shadow cast by the cylinder. For
cylinders of large diameter, the pattern is always ap-
proximately a cardioid.

THE PATTERNS OF ARRAYS OF SLOTS

The patterns of arrays of slots can be computed by
suitably combining, in the proper phases, the fields from
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the various slots, each calculated using (2). Since the
reference for phase for each slot is at the axis of the
cylinder, it is not necessary to introduce any phase fac-
tor involving the distance of each slot from the axis.
Hence, the pattern of the array is found by simply su-
perimposing the ficlds of cach of the slots, taking due
account of the relative amplitudes and phases of the
power being fed to each slot.

Consider the situation when two slots are used,
slot No. 1 being located at ¢ =0°% and slot No. 2 at
¢ =¢2. The field radiated by slot No. 1 is given by

A 0
E, =— [ao + > a, cos n¢:|. (3)

j‘ll' nasl
Assume that slot No. 2 is fed in such a way that the
field it produces is given by

MA = .
Eq, = [ao+ D @, cos n(ps — ¢):| e (4)
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where M is the ratio of the amplitude of the field radi-
ated in a given direction by slot No. 2 to the ampli-
tude radiated by slot No. 1 in a similar direction from
slot No. 1, and ¢ is the time phase difference between
these fields. If V, is the voltage fed to slot No. 1, and
V, the voltage fed to slot No. 2, then

Vz = Me”Vl. (5)

The field produced by the array of the two slots is
the sum of the fields in (3) and (4). The patterns of
arrays of several slots can be obtained in a similar
fashion.

AMPLITUDE AND PHASE PATTERNS FOR ARRAYS OF SLOTS

To illustrate some of the patterns which can be ob-
tained from arrays, patterns have been calculated for
arrays of two slots, the slots being located at opposite
ends of a diameter and fed equally and in phase. Such
arrays are of interest in that they are sometimes sug-
gested as a means for obtaining patterns which are more
nearly circular than the patterns for a single slot.

The patterns for the two-slot arrays are shown in
Fig. 5, for the same diameters of cylinders used incom-
puting the patterns in Fig. 2. The relative phase pat-
terns are shown in Fig. 6.
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Fig. 6—Curves showing the variations in relative phase
of the fields of arrays of two slots.

The ratios of the maximum to minimum field in-
tensities in the patterns of Fig. 5 have been plotted in
Fig. 7 as a function of cylinder diameter, for comparison
with the corresponding ratios for a single slot. It is ap-
parent that, for most diameters, two slots give some
improvement in pattern over one slot. The improve-
ment in phase is quite marked, as can be seen from Fig.
6. Fig. 7 also shows the maximum-to-minimum ratio
for arrays of three slots, equispaced and fed equally
and in phase. When four slots spaced 90° apart around
the cylinder, are employed, the improvement in the
maximum-to-minimum ratio is substantial for the range
of diameters in Fig. 7.

Fig. 9 shows some patterns of arrays of two slots on
a cylinder one-half wavelength in diameter. The pattern
in Fig. 9(a) is for two slots diametrically opposed and
fed equally and in phase, so that ¢;=180° M =1, and
¥ =0° Fig. 9(b) shows the pattern obtained when the
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Fig. 7—Maximum-to-minimum ratio for the patterns of
arrays of slots in cylinders.

phase of one of these slots is reversed (M=1 and
¥ =180°).

It is apparent from the patterns in Fig. 9(a) and (b),
and also from an examination of the manner in which
(3) and (4) depend on ¢, that when two diametrically
opposed slots are used, the pattern must be sym-
metrical about the diameter through the slots. However,
when the angle ¢, between the slots is other than 180°,
there will be, in general, no line of symmetry to the
pattern. For example, with the arrangement of slots
shown in Fig. 8, where ¢3=90°, M =0.5, and ¢ =90°,
the pattern of Fig. 9(c) is obtained. Hence, in designing
an antenna to produce a given asymmetrical pattern,
it may be possible to achieve the desired pattern with
only two slots.

Slot Mo. |

Slot No. 2
@

A

Fig. 8—Diagram showing the location of the slots
or the pattern in Fig. 9(c).

ADJUSTMENT OF SLOTTED-CYLINDER ARRAYS

It is necessary to use a trial-and-error method in
adjusting antenna arrays of this type to produce a given
calculated pattern. In certain special cases it is easy to
design a feed system to produce the calculated pattern,



1492

as, for example, when the slots are fed in phase with
equal amounts of power! Measurements have been
made to prove it is possible to obtain the calculated
patterns with properly designed feed systems, as shown
in Figs. 9(a) and (b).

There seems to be very little information available
on the impedance properties of slotted-cylinder anten-
nas. Jordan and Miller have published some data on the
impedances of single slots.? When two or more slots are
used, there will be mutual impedances between the

(b)

(b) Diametrically opposed slots fed
(c) Slots at ¢1=0° and ¢;=90° with
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slots. No data on mutual impedances between slots on
cylinders has appeared in the literature as yet.

CONCLUSIONS

It is apparent that considerable control over the pat-
terns of slotted-cylinder antennas can be obtained by
using arrays of slots. By using the expression in (2) for
the field radiated from a single slot, it is possible to
calculate, with adequate accuracy, the horizontal pat-
terns of such arrays.
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Fig. 9—Patterns of two slots in a cylinder one-half wavelength in diameter.
(a) Diametrically opposed slots fed equally and in phase.

ually and out of phase.
=0.5 and ¢ =90°,

The measured points shown in (a) and (b) were obtained at 1500 Mc.
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A Swept-Frequency 3-Centimeter
Impedance Indicator’
HENRY ]. RIBLETY, ASSOCIATE, IRE

Summary—An item of test equipment is described which is capa-
ble of presenting on a cathode-ray tube sufficient information to de-
termine the magnitude and phase of the impedance of a load at a
number of closely spaced frequencies over a 12 per cent frequency
range centered in the 3-cm band. The first model of the equipment
measures reflection coefficients with an accuracy, for low standing-
wave ratios, of +4° in phase and 18 per cent in magnitude. A novel
rf circuit, called a wave sampler, makes the accuracy of this system
independent of frequency.

I. INTRODUCTION

HE MEASUREMENT of impedance over a
Tbroad band of frequencies is one of the most tedi-

ous and time-consuming chores in the design and
testing of radio-frequency components. Time is not the
only loss, however, in using conventional standing-wave
equipment. Inability to obtain quickly a picture of the
over-all effect of small dimensional changes in the sam-
ple under test limits the performance obtainable from
certain critical components. It is the object of this paper
to describe a system which will present rapidly on a
cathode-ray tube information from which may be read-
ily deduced the magnitude and phase of a load at a num-
ber of closely spaced points in the 3-cm band.

Two essentially distinct systems for obtaining some-
what similar results have been discussed previously.
Gaffney! has described a reflectometer which uses a
“magic-tee” hybrid junction? to separate the power in-
cident on a load from the power reflected by it. One may
then compare these powers and determine the standing-
wave ratio. For a complete discussion of the limitations
of this system, the reader is referred to the original pa-
per. In brief they are:

1. No measurement of phase is convenient. This re-
stricts the usefulness of this piece of test equipment se-
verely, since, for most experimental work, phase infor-
mation is fully as important as amplitude information.

2. The accuracy, for standing-wave ratios near unity,
is limited (for varying frequencies) by the performance
of the hybrid circuit, since in this limit the measured re-
flected power depends on the phase of the power actu-
ally reflected in a manner not easily taken into account.

* Decimal classification: R244.3. Original manuscript received by
the Institute, March 3, 1948; revised manuscript received, May 11,
1948. Presented, 1948 IRE National Convention, March 24, 1948,
New York, N. Y.

The work discussed in this paper was carried out at the Submarine
Signal Company in connection with its Section “T” activity under
contract NOrd-9788 with the Bureau of Ordnance, Navy Depart-
ment, Washington, D. C.

+ Submarine Signal Company, Boston, Mass.

1'F. ]. Gaffney, “Microwave measurements and test equipments,”
Proc. I.R.E., vol. 34, pp. 778-780; October, 1946.

2 \. A, Tyrrell, “Hybrid circuits for microwaves,” Proc. L.R.E,,
vol, 35, pp. 1294-1307; November, 1947,

3. The need for comparing power levels differing by
as much as 40 db in the case of well-matched com-
ponents—actually the situation of principal interest for
many applications—requires the additional complica-
tion of a more sensitive receiver than is ordinarily used
in standing-wave measurements.

On the basis of these objections, work was begun
early in 1946 on the arrangement to be described and
has been.continuing on a low-priority basis at the Sub-
marine Signal Company ever since. We believe that it
meets all of the objections listed above; however, it pays
for this by giving correct impedance information only
at a set of discrete frequencies. As a consequence, the
present equipment appears to be useful only in meas-
uring components known to have reasonable band-
widths.

The arrangement suggested by Samuel® and Korman?*
gives the magnitude and phase of a waveguide termina-
tion for a continuous range of frequencies. Its accuracy
depends on a rather narrow-band waveguide circuit
Calculations made on the basis of the analysis given by
Samuel indicate serious errors for this waveguide circuit
when it is used over a 12 per cent frequency band. Un-
fortunately, what amounts to crosstalk between the
amplitude and the phase of the reflected wave would
appear to make it rather difficult to remove these er-
rors by calibration. Accordingly, it is felt that this sys-
tem is a natural complement for the system here de-
scribed.

[f. THE SYSTEM

For an explanation of the operation of the swept-fre-
quency impedance indicator, reference is made to the
schematic diagram of Fig. 1. The rf energy, originating
in a variable-frequency signal generator having reason-
ably constant output, is fed through a special wave-
guide circuit devised for this purpose and called a wave
sampler, for want of a better name, and then through a
known length of transmission line to the load whose im-
pedance is to be measured. The wave sampler is a four-
terminal-pair waveguide circuit. At two of its arms ap-
pear rf signals proportional to A24-B?4-2A4B cos ¢ and
A?+B?—2AB cos ¢, regardless of frequency. Here 4 is
the incident voltage in the main guide, B is the reflected
voltage, and ¢ is their relative phase. It will be seen that
the wave sampler, to be described in detail later on, is

3 A. L, Samuel, “An oscillographic method of presenting imped-
ances on the reflection-coefficient plane,” Proc. I.R.E., vol. 33, pp.
1279-1283; November, 1947.

¢ N. A. Korman, “Theory and design of several types of wave
selectors,” Proc. Nat. Electronics Conference, vol. 2, pp. 418-422;
1946.



1494

equivalent to a section of waveguide having on it two
identical, uncoupled, short probes one-quarter wave-
length apart at all frequencies. Two voltages propor-
tional to 42 +B?+24 B cos ¢ and A2+ B*—2A4B cos ¢
are developed in suitable identical detectors and fed
after amplification to a continuous computer which has
an output proportional to the ratio of these voltages.

A 8 C [+

CONSTANT OUTPUT
[VARIABLE FREQUENCY
SIGNAL GENERATOR

WAVE SAMPLER LoAaQ
KNOWN LENGTH OF

TRANSMISSION LINE

[
|
AT+t +2ABcosy

At+pt-2aBc0sy

VOLTAGE ox
TO FREQUENCY VOLTAGE RATIO

comruter | €

At +8t+24Bco1y
At +BE-24Bcosy

TO VERTICAL PLATES

CRT, F
TO HORIZONTAL PLATES

Fig. 1—Schematic of system.

This output voltage is applied to the vertical plates of
a ¢rt while the voltage on the horizontal plates is syn-
chronized with the frequency of the signal generator, so
that on the oscilloscope face we have a graph of R= (42
+B*+24B cos ¢)/(A*+B?*—2A4B cos ¢) against fre-
quency.

It is fundamental to an understanding of the opera-
tion of this device to appreciate that ¢, the phase of the
reflected voltage B relative to the incident voltage A
(measured at the wave sampler) is a function of the fre-
quency, the length of line separating the load from the
slots of the wave sampler, and the phase of the imped-
ance of the load. At 3 cm, for a transmission line (C)
whose length approximates 3 feet, ¢ changes sufficiently
rapidly with X, for reasonably broad-band loads, so that
R takes on alternately the values (4 + B)?/(4 — B?) and
(4 —B)*/(A+B)* about once for every 1 per cent
change in wavelength. These, of course, are true values
of the square of the standing-wave ratio and its recipro-
<al, respectively. All other values of R lie between these
extremes. Thus, on the face of the crt we see traces as
shown in Figs. 6 and 7. True values of standing-wave ra-
tio are given only at those wavelengths Ay, Ay - - -\,
which correspond to maxima and minima of the trace.
Since the phase of the reflected wave at the wave sam-
pler, Ay, Ag, - - +, N\, and the length of the transmission
are known, we are in a position to determine the phase
as well as the magnitude of the impedance of the load at
these wavelengths.

It is clear that the principles by which the impedance
of a termination is determined with this arrangement
are identical to those employed in slotted-line measure-
ments. The use of the wave sampler and rather wide
frequency variations combine to make any mechanical
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molion unnecessary. As a consequence, the speed with
which the data may be presented on a crt is limited only
by the time constants of the electronic circuits and the
characteristics of the frequency-modulated signal gen-
erator. It seems reasonable to believe that, with a suita-
ble signal generator, it should be possible with this ar-
rangement to present the data containing the imped-
ance of the load on a crt at a speed sufficient to give a
continuous trace, as is now done at this frequency with
conventional spectrum analyzers. Lacking such a signal
generator, we have employed a tunable magnetron and
have had no difficulty in covering a 6 per cent frequency
band in 3.5 seconds.

SysTEM COMPONENTS

Fig. 2 is a photograph of the waveguide and mechan-
ical components used. A 2]51 tunable magnetron pulsed
at a repetition rate of 1000 cps is used as the variable-
frequency signal source. A very suitable reversing mech-

WAVEMETEN FON wavg
INDICATOR tawpLgn
Grving

wEASUNED
NG T oF
CALISRATION

LoAD

TUNABLE e ous
MAGNETRON viwa wave e unoen

TERMINATING L0408 FOR
DIRECTIONAL COurLER

VARIABLE PAD
TO SET POWER LEVEL

Fig. 2—Rf components.

anism for tuning the magnetron back and forth across a
6 per cent frequency band was available out of war sur-
plus, at a nominal cost, in the form of an aircraft control
cable motor and clutch system. The magnetron, blower,
reversing mechanism, and the potentiometer pick-off for
moving the crt spot horizontally are shown at the left-
hand side of Fig. 2. To avoid interaction between the
load under test and the magnetron, about 30 db of pad-
ding is provided between them by a cross-type direc-
tional coupler.® The physical appearance of the wave
sampler is clear from the photograph. At the output
arms of the wave sampler may be seen the two Sperry
barretters which detect the rf signals. The electronic cir-
cuits are not shown. Two chassis contain the power sup-
plies, crt, and associated amplifiers. Another chassis
contains the computer. It is a two-channel amplifier ar-
ranged so that a simultaneous automatic gain control
holds the output of one of the channels constant. In this
way, the output of the other channel gives the ratio of
the input signals. To minimize the effects of tube unbal-
ances, the same tubes are used in both channels. The
numerator channel operates at 1 kc and the denomina-
tor at 3 kc. These frequencies are obtained directly from

¢ M. J. Surdin, “Directive couplers in wave guides,” Jour. I.E.E.
(London), Pt. I11A, vol. 93, p. 728; March-May, 1946.
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the repetition rate of the magnetron by filtering in two
sharply tuned amplifiers.

The wave sampler, which is fundamental to the ac-
curacy and bandwidth of this scheme, is a special wave-
guide circuit designed specifically for this project. Al-
though it is the outgrowth of considerable general dis-
cussion, its present form was suggested by Saad. The
possibility that its rather surprising performance might
be traced to basic symmetry considerations® was sug-
gested by Lippmann and then worked out in detail by
the writer. These arguments are presented in detail in
the Appendix. Fig. 3 shows a cutaway view of the wave
sampler. Terminals (1) and (2), as shown, are respec-
tively connected to the signal generator and load. When
terminals (4) and (6) are well matched, signals propor-
tional to A2+ B?—2A4B cos ¢ and A*+B?424B"cos ¢
are obtained from terminals (3) and (5). This is accom-
plished by cutting slots (a) and (b) in the main guide so
that their centers fall in a plane perpendicular to the

Fig. 3—Wave sampler.

axis of this guide. Since slot (b) is excited by the total
longitudinal current flow in the main guide, while slot
(a) is excited by the total transverse current flowing in
the main guide, it is easily argued that the excitation of
slot (b) is proportional to the vector difference of the in-
cident and reflected voltages, while the excitation of slot
(a) is proportional to their vector sum (i.e., the equiva-
lent probes are one-quarter wavelength apart at all fre-
quencies). Fairly careful analysis, however, is required
to show that the factors of proportionality are identical
at all frequencies. As will be pointed out in the next sec-
tion, this theoretical fact has been checked experimen-
tally to within 0.1 db over the 12 per cent 3-cm band.

PERFORMANCE

The most accurate way of using this equipment is to
tune the magnetron manually across its band and record
the maximum and minimum values of the output of the
computer as indicated by a voltmeter, together with the
frequencies at which they occur. Normalization of these
values to the values obtained with a matched load at the
same frequencies then allows one to determine the
standing-wave ratio over the frequency band. The

¢ The thinking that led Saad to this result was based on formulas

due to H. Bethe (see footnote reference 5), and is thus rigorous only
in the limit of small coupling slots.
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phase of the impedance of the load is determined from
the length of the wave sampler and the frequencies at
which the maximum and minimum values occur. Of
course, the most rapid procedure consists in mechani-
cally tuning the magnetron across the band and photo-
graphing the trace as it appears on the crt. The im-
pedance data may then readily be obtained by com-
parison of the photograph obtained from the load under
test with that obtained when the wave sampler is
terminated with a matched load and with a short
circuit.

Of these two methods, the first is the more accurate
and gives the ultimate accuracy of the present appara-
tus, since it places no strain on the speed of the elec-
tronic circuits or on the linearity of the crt. Accordingly,
three loads have been measured in this way, and the re-
sults compared with those obtained from slotted-line
measurements. The results as concerns the absolute
value of the standing-wave ratio are shown in Fig. 4.
On the basis of these data, it is felt that the system will

| ?
I

1

| |
-= LEGEND -=
@ MEASURED IN COMPUTER
I | @© MEASURED IN SLOTTED LINE

.‘

VOLTAGE STANDING WAVE RATIO

L | l J 1 ‘

32 33 3.4

X IN CENTIMETERS

Fig. 4—Comparison of slotted-line and computer data.

measure reflection coefficients of less than 0.20 (stand-
ing-wave ratios of magnitude less than 1.50) with an ac-
curacy of better than +8 per cent. An idea of the phase
accuracy is obtainable from Fig. §, which shows the im-
pedance in both magnitude and phase at five selected
points in the band for the three loads of Fig. 4. It is clear
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that the phase accuracy is inversely related to the
length of the wave sampler. It is our experience that the
frequencies of the maximum and minimum values of the
computer output can be determined to about +1 part
in 3000. If the length of the wave sampler centers
around 20 guide wavelengths, as in this case, it is read-
ily determined that the phase error will be in the neigh-
borhood of +0.01A g. It will be observed that this is just
about the accuracy obtained in Fig. 5. Absolute phase
information would appear to depend on a precise knowl-
edge of the frequency and the dimensions of the wave
sampler. Actually, the wave sampler and wavemeter
may be calibrated by shorting the output terminal of the
wave sampler and determining the wavemeter readings
at which the slots of the wavesampler are an integral
number of quarter guide wavelengths from the short.
By linearly interpolating between these readings, the
absolute phase information plotted in Fig. 5 was ob-
tained.
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Fig. 5—Comparison of data on an impedance diagram.

Data obtained photographically are shown in Figs.
6(a), (b), (c) and 7(a), (b), (c). Figs. 6(a) and (b) show
the traces for loads No. 1 and No. 2. These are to be
compared with the trace obtained with a matched load
in Fig. 6(c). Fig. 7(a) gives the data for load No. 3.
Figs. 7(b) and (c) are the comparable data for a ter-
minating short and matched load, respectively. Fig. 8
compares the values of the standing-wave ratio obtained
from the photographs with those obtained from a slot-
ted line. It should be recalled that the scope values were
normalized to the values obtained from a matched load,
so that the data are inherently more accurate for low
standing-wave ratios. It is clear from Fig. 8 that, allow-
ing for a certain amount of smoothing, which appears to
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be very permissible, the accuracy of the photographic
procedure is more than adequate for most purposes. The
phase characteristics of the load No. 3, say, may be read-
ily determined by comparing Figs. 7(a) and (b). A lit-
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tle consideration will show that the impedance of this
load moves about half way around the circle diagram
over the frequency band involved.

It will be observed that the data so far have been
limited to a 6 per cent frequency band. The reason for
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Fig. 8—Comparison of slotted line and photographed data.

this is simply that this band is adequate for the pur-
poses for which the equipment was constructed, while a
wider band was rather awkward to obtain with the me-
chanical reversing mechanism which was available. The
only components of the system which in any way in-
volve the frequency have, however, been tested over the
12 per cent band. The output of the tunable magnetron
is, of course, constant over the band within 1 db. The
items about which there remain some doubt are, then,
the wave sampler and the barretters. The performance
of these is shown in Fig. 9. The lower graph of this figure
shows that the barretters are identical to within 0.1
db over the band. The signals out of the wave sampler,
when terminated in a matched load, are the same within
0.2 db, as shown in the middle graph. The upper graph
indicates that the combined unbalance of wave sampler
and barretters taken together is less than 0.2 db over the
12 per cent band. Incidentally, the trace of Fig. 6(c)
shows about this amount of variation for a matched
load.
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in the actual device are identical. Waveguide 5-6 is
above waveguide 1-2, just as is shown in Fig. 5. Termi-
nals (1) and (2), (3) and (4), and (5) and (6) are taken to
be the same distance from the lines A4, BB’, and CC’,
respectively.

On the assumption that the identical slots (a) and (b)
are infinitesimally wide, the following statements follow
from the mechanical and electrical symmetry of the de-
vice:

I. A field in slot (a) does not excite a field in slot (3),
and vice versa.
I1. Slot (a) is not excited by incident voltages anti-
symmetric about AA4’, and similarly for slot (4)
as seen from guide 5-6.
Slot (b) is not excited by voltages symmetric
about AA4’, and similarly for slot (a) as seen from
3-4.
IV. A field in slot (a) generates antisymmetric out-
going voltages in guide 3-4, and similarly for (b)
in 1-2,

V. A field in slot (b) generates symmetric outgoing
voltages in guide 5-6, and similarly for (a) in 1-2.

Consider in guide 1-2 the electromagnetic field which
is established by two symmetric voltages of amplitude
&, incident on (1) and (2). Then, by III and 1V, two out-
going fields antisymmetric about BB’ will be generated
in 3-4. The voltages at (3) and (4) will be denoted re-
spectively by @ and — . We should now like to in-
voke the reciprocity theorem to show that antisymmet-
ric voltages incident on 3-4 of magnitude ®, and — &,
respectively, will generate symmetric outgoing voltages
at (1) and (2) of magnitude $%. Since, by I and III, slot
(b) is not excited by the assumed field configuration,
there is no current flow across it, and we may assume

I11.

(8)
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Fig. 10—Schematic of wave sampler.
APPENDIX that it is shorted out or closed over without altering the

Fig. 10 gives a plan view of the wave sampler. For the
sake of clarity, the wave guides 3—4 and 5-6 are shown
displaced laterally from each other. The two lines 44’

field in any of the guides. During this part of the argu-
ment, slot () need not exist, so we can consider the net-
work whose terminals are (1), (2), (3), and (4). We write
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the equations relating reflected to incident voltages:
By = Sudy + Siede + Sisds + Sudy
By = Siody + Saed s + Saadds + Saaddy
B3 = Suady + S2ade + Sasds + Saudy
By = Sudy + Suds + Saads + Seals

where B; and A4; are the reflected and incident voltages
at the £ terminal. The matrix (Sij) of this system of
equations is known as the scattering matrix of the net-
work and may easily be shown to be symmetric, a fact
already assumed in (1). Since the network is symmetric
with respect to an interchange of terminals (1) and (2),
S11=S22, S13=S23, and Sy =S:. Moreover, it is clear
that S33=S4 and, by 1V, Si3= —Su and Sa3= —Su.
Thus (1) becomes

By = Sudys 4+ Sizde + Sisdg — Sizddy
By = Spedy + Sude + Sisds — Sisdy
B3 = Suzly 4 Siade + Saacls + Saeely
By = — Sl — Sl + Saads + Ssade.

In the absence of energy incident on terminals (3) and
(4), incident voltages ®.at (1) and (2) generate outgoing
waves at (3) and (4) which are 2 S13 ®,and —2 Si;3 P,,
respectively. Thus Q=2 S,; P,.

\Ve then see from (2) that voltages ¥, and — &, inci-
dent on (3) and (4) respectively, in the absence of en-
ergy incident on (1) and (2), generate outgoing voltages
at (1) and (2) which are both Q. This is what we wished
to prove.

Now the geometry seen by incident antisymmetric
voltages at (3) and (4) is identical to that seen by anti-
symmetric voltages at (1) and (2), since slot (¢) may be
assumed to be closed for this case. Thus, if symmetric
incident voltages at (1) and (2) of magnitude ¥, estab-
lish voltages 2o and — Q at (3) and (4), antisymmetric
voltages ®, and — &, incident at (1) and (2) will estab-
lish symmetric voltages of magnitude 2, at (5) and (6).
The sum of two solutions of Maxwell's equations is
again a solution and we conclude that, if the only volt-
age incident on the network is 2 ®, at terminal (1), the
outgoing voltages at (3), (4), (5), and (6) will be Q,,
— Qo, Qo, and Qo, respectively. Thus the device has the
property, under the condition of perfect match at termi-
nal (2), that for power incident at (1), equal powers ap-
pear at the other terminals. Clearly, then, if terminals (4)
and (6) are perfectly terminated, terminals (3) and (5)
are equivalent to identical uncoupled probes at all fre-
quencies. That they are one-quarter wavelength apart,
as has already been indicated, follows from the fact that
slot (a) is in parallel with guide 1-2, while slot () is in
series with it.

Of course, the slots, unless small themselves, will in-
teract with the quantities to be measured and give rise
to appreciable errors. We may evaluate this type of er-
ror as follows. The scattering matrix for the complete
six-terminal network is, on the basis of remarks of the
previous paragraph,

(0

)

Riblet: Swept- Frequency 3-Cm Impedance Indicator

1499

By= Sndi+S1242+S51:43—S134 4+ S1345+S1346

By= Spd1+SudetS1:ds—S13d—S1sds—Suds

Bs= S1341+S1:42+S3d3+Sad, 0 0 3)
By=—81341—S1342+S3d3+S344 0 0

Bg= S51341—S81:42 0 0  SssdstSseds

Bs= 513/11'—513142 0 0 556A5+555A6-

For voltages 4, and A4, incident on terminals (1) and
(2), B3=S51;3 (A1+A3) and Bs=S13 (41— 4,). Thus the
ratio of the power out of terminals (3) and (5) is

A2i?
|A1+A2|2 I+A—1
IAI—A2I2=‘I__A__22 (4)
A4,

independently of frequency. If the voltage incident on
the wave sampler 4, were the same as the voltage B,
incident on load under test, this device would be exact,
regardless of the size of the coupling slots. Of course, this
is not the case. Actually, by (3), Bo=S124,14+Su4.. Thus
the ratio of the power at terminals (5) and (3) equals
| B2+ (S1z — S1)4. 2
l By — (Si2 + 511)/12]2
In the limit of small slots S;3—Su—0and | S12] =1, so
that (5) approaches
A2+ B2+ 248 cos ¢
A* 4+ B2 — 24 B cos ¢

(5)

For the wave sampler pictured in Fig. 2, |Su] =0.01
and ]Sul was approximately 0.005. Since the matrix of
(3) is known to be unitary, we have that

l511l2+1512I2+4I51312= 1. (6)

Then | Se|2=1—4.10~4—0.25 X 10~ ~0.9995. For small
standing-wave ratios, then, this gives an error in the
reflection coefficient of, at most, about one-half of one
per cent. This is a truly insignificant error in the stand-
ing-wave ratio.

It might be interesting to point out that by making
guides 3-4 and 5-6 coincide, and by superimposing
slots (@) and (b) in the form of a cross, one is led to a
type of directional coupler whose directivity is, in the-
ory at least, independent of the frequency. The proof
given here, however, is more general than that given by
Surdin,? since no restrictions need be placed on the size
of the slots other than those required for the validity of
I-V. Furthermore, it is rather easy to imagine analogous
coaxial-line circuits by making use of the notion of series
and parallel coupling essential to the symmetry of the
wave sampler.

7 See footnote reference 5. Surdin’s discussion of the properties
of the cross-type directional coupler depends on formulas due to
Bethe, which may readily be shown to be incorrect for slots of finite
size,
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The Ultrasonic Interferometer with
Resonant Liquid Column®
FRANCIS E. FOXt anp JOSEPH L. HUNTER{, MEMBER, IRE

Summary—The ultrasonic interferometer is simple in construc-
tion and operation, and yields accurate and consistent data. From
these data, one can readily determine the velocity of sound in a
liquid with high accuracy. Formerly, the absorption of sound in the
liquid and the coefficient of reflection at the reflector surface has been
obtained through a complicated analysis of the electrical and equiva-
lent-electrical circuits of the quartz crystal and the associated fluid
column. The simplified analysis of the equivalent circuit given here
is made possible by limiting the discussion to the conditions that
exist when all parts of the system (electrical, mechanical, and acous-
tical) are adjusted to resonance. Under these conditions, the analy-
sis of the complete electrical and equivalent-electrical circuit is
greatly simplified. One does not need to analyze the shape of a re-
action dip in order to obtain coefficients of absorption and reflection.

ARIOUS AUTHORS, such as Cady,! Van Dyke,?

&/ and Dye,® have developed the analysis of the

equivalent electrical circuit of the quartz-crystal
resonator. Hubbard* has extended the analysis to in-
clude the modification introduced by a fluid column cou-
pled to the resonator. He assumed the sound source to
be an infinite plane executing simple harmonic motion.
The plane progressive waves thus generated in the fluid
are reflected from an infinite plane surface at a distance
r from the source. Hubbard expressed the particle veloc-
ity (pressure) and displacement at each point in the
fluid and calculated the effect of the multiply reflected
waves on the sound source. These assumptions are valid
if one uses a source with a diameter large compared to
the wavelength of the sound in the fluid.

Hubbard measured the current variation produced as
the reflector-to-source distance r is varied and from these
changes calculated ‘the coefficient of absorption in sev-
eral gases and the coefficient of reflection at the reflector
surface. Fox® adapted Hubbard’s theory to the cor-
responding measurements for liquids and determined
the absorption coefficient for water. Using the inter-
ferometer, Hunter® measured the absorption coefficients

* Decimmal classification: R214.2 XR141.2. Original manuscript re-
ceived by the Institute, February 11, 1948. Presented, 1948 National
IRE Convention, New York, N.Y., March 25, 1948,

t Catholic University of America, W ashington, D. C.

t John Carroll University, Cleveland, Ohio.

1 W. G. Cady, “The piezo-electric resonator,” Proc. I.R.E., vol.
10, pp. 83-115, April, 1922,

3 F( S. Van Dyke, “The piezo-electric resonator and its equivalent
network,” Proc. I.R.E., vol. 16, pp. 742-765; June, 1928.

3 D. W. Dye, “The piezo-electric quartz resonator and its equiva-
lent electric circuit,” Proc. Phys. Soc., vol. 38, pp. 399—457; August,
1926.
¢ J. C. Hubbard, “Acoustic resonator interferometer: I. The acous-
tic system and its equivalent electric network,” Phys. Rev., vol. 38,

p. 1011-1019; September, 1931; also, “Acoustic resonator inter-
ﬁarometer: I11. Ultrasonic velocity and absorption in gases,” vol. 41,
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¢ J. 1.. Hunter, “The absorption of ultrasonic waves in highly vis-
cous liquids,” Jour. Acous. Soc. Amer., vol. 13, pp. 36—40; July, 1941.

for several highly viscous liquids. Previous to these in-
terferometric measurements the values obtained by
other methods had varied over several orders of magni-
tude. Recent results using other methods (e.g., sound
pulse) have converged to the values first measured with
the ultrasonic interferometer.

Hubbard’s treatment of the interferometer necessi-
tates extensive analytical and graphical analysis in or-
der to obtain coefficients of absorption and reflection
from experimental data. It is the purpose of this paper
to propose a simplified theory for the ultrasonic inter-
ferometer at resonance, i.e., electrical resonance for the
LC circuit, mechanical resonance for the crystal, and
acoustical resonance for the fluid column.

R,

L

|12
[

1
|

Fig. 1—The equivalent electrical circuit of the ultrasonic
interferometer and associated electrical pickup circuit.

Hubbard’s theory gives a general analysis of the cur-
rent in a pickup circuit which has an ultrasonic inter-
ferometer connected across a tuning capacitor as shown
as shown in Fig. 1. We give his results, using the follow-
ing notation. L,, (), and R, are the purely electrical in-
ductance, capacitance, and resistance of the pickup cir-
cuit. L, K, and R are the corresponding equivalent elec-
trical constants of the quartz resonator vibrating in a
vacuum close to its natural mechanical resonance fre-
quency, and K, is its clamped? dielectric capacitance. A
voltage E, e®* is induced in L, by a loosely coupled os-
cillator. When a fluid column is in contact with the reso-
nator, the equivalent resistance and capacitance of the
resonator is changed, and these modified values R’ and

K’ are defined by
RI
1/K’' =

R + ABpP (1)
1/K + A BpvQ) )

where 4 is the effective area of the resonator face exposed
to the fluid column, B is a piezoelectric constant of the
quartz, p is the density, and v is the velocity of sound in
the liquid, P and Q are expressions® determining the

7 K, is the dielectric capacitance at constant strain; or the ca-
pacitance the resonator would have if, other things being the same,
the quartz were not piezoelectric. See P. Vigoreux, “Quartz Oscil-
lators,” p. 11, London, 1939; W. G. Cady, “Piezoelectricity,” p.
311, McGraw-Hill Book Co., New York, N. Y., 1946.

8 In the Hubbard paper, P and Q are written for any position x
between the source and the reflector. Only the values at the source
interest us here, and these are obtained by placing x =0 in Hubbard's
general equations.
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acoustic resistance and reactance of the fluid column at
the resonator surface. The current in the L,C, branch is
1, and I, is used to denote (Eq/R,), the resonance current
in the L,C, branch when the interferometer is discon-
nected and C, readjusted to resonance. The current ra-
tio (¢/1,) is designated by ¢. Then

15}
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ply when the absorption is large, and this can always be
realized by working at sufficiently high frequencies. The
method may be outlined as follows. At a dip minimum
the liquid column is at resonance, and the equation for
o at these positions assumes a very simple form. From a
set of these ¢ at dip minima together with values of &

) ]
Ci+ K,

)

’

I:P‘I — ¢1p2 — (1 — p)

where
p=1—(C+ KLt
g=1—LK'w* ¢gyo=1— LKu?
¢ = Ri(Ci 4+ Ky)w
¢ = R'K'w.

In interferometry the usual practice is to make cer-
tain experimental adjustments that permit one to use a
simplified form of (3). Thus, if the frequency of the os-
cillator is adjusted, as described by Hubbard, to the re-
sponse frequency of the quartz before it is modified by
the loading of the liquid column, [¢go+K'/(Ci+K))] is
zero; if the L,C, circuit is adjusted to resonance® at this
same frequency, p is zero, and we have

(1 +SP)+ 570
T (14 SP+ 0)t + 52

wherel® S=ABpv/R, and C is written for [Rw$i(C)
+K,) ]!, an expression containing only electrical and
equivalent electrical constants unmodified by the fluid
column. This is the fundamental equation of ultrasonic
interferometry. It has been discussed at length by Hub-
bard and Fox. In it P and Q are functions of the reflector
positions. It is the variations of P and Q that produce
the characteristic dips at odd quarter-wavelength set-
tings of the reflector when liquids are used, or peaks at
half-wavelength settings in gases. In order to obtain the
coefficients of absorption and reflection, one must deter-
mine the shape of a dip when the reflector is near the
source, the successive dip minima, and the value of C.
The calculations are involved, and graphical interpola-
tion is used in the evaluation. A more serious difficulty
comes from the fact that with many resonators the shape
of the dip is distorted by the presence of “satellite” dips.
Even if these are too small to appear separately, they
may nevertheless distort the shape of the dip.

It will be shown here that it is possible to avoid these
difficulties and obtain the acoustic coefficient quite sim-

9

4)

? These are the adjustments that insure a “symmetrical crevasse”
when ¢ is plotted as a function of frequency.

10 S is the ratio of the equivalent resistance of an infinitely long
fluid column to the equivalent resistance R of the unloaded quartz
resonator. For columns of finite length, SP is the ratio of the resistive
(real) part of the equivalent impedance due to the column to the
equivalent resistance R, and SQ is the ratio of the equivalent reac-
tance of the finite column to the equivalent resistance R.

Ci+ K,

2 K 2
Jelow ol om)]

found when the reflector is far enough away for the dips
to disappear, and when the liquid is removed from the
interferometer, one can plot a set of points that should
lie on straight line with slope equal to the coefficient of
absorption and a y intercept at =0 from which the
coefficient of reflection can be determined.

In (4), P and Q are defined:

1_ ‘ze—lra
P= ! )

2rw
1 + y2etra — 2ye%ra cos <—--—>

v
2rw
2ye %= sin (——)
v
Q= (6)

2rw
1 + 728_4"' — 278_2"' cos (__)
?

where w= 27 times the frequency of the driving voltage;
o is the amplitude coefficient of absorption of the sound
in the liquid; and v is the amplitude coefficient of reflec-
tion.!! We write

-Y = e—‘ﬁ
2ra+ =X
2rw  dxr
= =
and then!? have
sinh X
P=— @)
cosh X — cos é
sin &
= (®)
cosh X — cos &
Forr= o, X =« and
P=1 )
Q=0 (10)

Whenever r =m N/4 where m is an integer, Q is zero and
the liquid column is at resonance, having no acoustic
reactance. These are the critical points in acoustic inter-

1 The theoretical treatment of the coefficient of reflection has
been developed by K. F. Herzfeld, “Reflection of sound,” Phys. Rev.,
vol. 53, pp. 899-906; June, 1938.

12 The interpretation of the coefficients of reflection as measured
in acoustic interferometry, following Herzfeld's theory, has been
given by R. S. Alleman, “Dissipative acoustic reflection coefficients
in gases by ultrasonic interferometry,” Phys. Rev., vol. 55, pp. 87-93;
January, 1939.
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ferometry, and the variations of ¢ with r near these
points!® depends on the SP term in (4). Where m is even,
P is a maximum; where m is odd, P is a minimum. Since
Sis large compared to C for liquids, ¢ remains near unity
except where P is a minimum as Q goes through zero.
This occurs at the positions of the reflector where
r=(2n—1) A/4 and is the reason for the “dip” in ¢ thatis
characteristic of acoustic interferometry with liquids.
Here 7 is the dip number and the value of P at these
points is Py, so we have

14 SPou
Gop = — ———— — (11)
14+ SPu+C
where
sinh Xon

Pop =

XOI\
= tanh ( )
2

At this point it is useful to rewrite (4) in the simplified
form that applies when the interferometer is at reso-
nance electrically, mechanically, and acoustically, as de-
scribed above. From the definition of S, and (1), SP
=(R'—R)/R, so we have at resonance

- (12)
cosh Xon + 1

1 1
Oon = = = —, (13)
b+ 27 ¢ Yt R Rt K0T

recalling that, since p =0, [w(Ci+K)) 7' =wl,,
. S (14)
1+ w2L12
RiR.!
or
fon = P B (15)
R+ 5 Ry (—L‘ ) !
Ron’ Ci+ K1/ R

Thus at resonance the total impedance of the combined
interferometer and electrical pickup circuit can be sim-
ply expressed as the resistance Z in the equivalent forms

L, 1 w?l,?
Cl + Kl Ron’ Ron’

z=R,+( (16)

where R;, L;, and (C,+K,) are purely electrical con-
stants of the pickup circuit and the clamped dielectric
capacitance of the quartz, and R..' is the equivalent re-
sistance of the resonator loaded by the resonant liquid
column. This equation is valid only at dip minima. To
indicate this we have used R, for the value of R’ at
the nth dip minimum, and 4., for the corresponding cur-
rent.

Equations (13) and (14) show clearly and simply how
the current in the pickup circuit increases as R’ grows

1 See footnote reference 5 for detailed discussion of the behavior
of ¢ in liquids and gases, and for graphs of P and Q as functions of r.
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larger with longer liquid columns. They show, too, how
the difference in 4., from dip to dip depends upon the
square of the surge impedance L,/(C14-K,) or w?L,? of
the pickup circuit, and indicate the advantage of keep-
ing wL, large. Also, from (16) we see that the equivalent
circuit of the interferometer with the associated pickup
circuit and resonant liquid column, adjusted as de-
scribed above, may be represented as shown in Fig. 2,
where the notation is identical to that used in Fig. 1.

’

R ; L R

o
N

&

l

Fig. 2—The equivalent electrical circuit of the ultrasonic
interferometer at resonance.

In Fig. 3 we have plotted o, as a continuous function
of R..’, although of course (14) is valid only for discrete
values of the independent variable R.,’. The minimum

ro-------

R RfABIov

Ran

Fig. 3-—aon as a function of Roa' as given by equation (14). The mini-
mum value of Ry’ is simply R, the equivalent resistance of the
unloaded resonator. The maximum value of R, is R plus the
equivalent resistance of an infinitely long liquid column.

1.04 \

Joo |-

T

Fig.4—c as a function of the column length r as given by equation (4)
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value of R../, (1), is simply the equivalent resistance R
of the unloaded resonator, and the maximum value is
R+ABpv where ABpv is the equivalent resistance of
an infinitely long column of liquid of cross-sectional area
A and acoustic radiation resistance pv.

In Fig. 4 we have sketched o as function of r as given
by (4). The envelope of the dip minima is to be com-
pared to the curve of Fig. 3.

We now discuss (9) to show how the coefficients of
absorption and reflection may be evaluated. We first
determine C, which is independent of the fluid column.
This can be done by measuring ¢ with the liquid re-
moved from the interferometer. Ideally, this measure-
ment should be made with the quartz resonator vibrat-
ing in a vacuum, but this is unnecessary since S is so
small in air compared with S in liquids (because of the
difference in densities). However, one can make the SP
term entirely negligible by setting the reflector in air so
that P is a minimum, i.c., at 7 =\/4 in air. Calling ¢ thus
measured o,, we have

1
n & 17
% =TI (17)
or
1 — o0,
C = - (18)
Oq

The liquid is placed in the interferometer and S is de-
termined in the following manner. At dip minima where

§=02n—1)m,
Xon
Pon = tanh( ),
2

while for points midway between minima where & =2nm,

Pmn = [tanh (Xn./2) ]2 (19)
Obviously, for large values of X
P,—Py—P,=1 (20)

where P, is the value of P forr= .

By measuring o at very large values of 7, one can de-
termine o.. The experimental criterion of how large r
must be is supplied by the disappearance of the dips (see
Fig. 4) as the reflector is withdrawn from the crystal."
It is, however, unnecessary to measure ¢, directly, since
one can easily and accurately determine it by plotting
maximum and minimum values of ¢ and estimating the
value o, that both approach asymptotically from op-
posite sides. From equation (11),

oon(1 +C) — 1

l—don

SPon = (21)

14 Whether one could determine ¢, by skewing the reflector so
as to make the effective g and thus X large would have to be deter-
mined by measurements in a highly absorbing liquid. One would
determine ¢. directly, then skew the reflector, and see how close to
the source one could advance the reflector without changing oe.
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and
0.(1+C)—1 s — 0

B _da(l — 0y)

SP,=S= (22)

1 —o0,
Therefore S can be found from experimentally!® deter-
mined ¢ values.
It is now simple to determine « and 8. From the cur-
rent at the nth dip minimum one finds 0.0, and calculates
P, for r,:

_ Uon(l + C) -1 _ Oon — 0Oa
o S\ — oon) - So.(1 — oon)

on — UOa 1- o0
owm— el = ) o

(1 — oon)(0w — 04)

From (10},
Xon 2r,
Pon = tanh <——) = tanh <——’ ot 6) (24)
2 2

2r.a + B = 2 tanh™! (Pon). (25)

Thus we plot (Fig. 5) 2 tanh™'(P..) (ordinate)
against r, (abscissa) and obtain a straight line of slope
2a, and with a y intercept (r=0) equal to 8= —In 7.

It should be emphasized that the simplified interfero-
metric theory presented here is not an approximation
of the exact general theory as developed by Hubbard

> 2 TANHT Py,

In

Fig. 5—2 tanh™! (Py) asa function of the column length r. The value
of P, for any dip 7 is obtained from s, 0, and don.

and Fox, but is the exact theory of the current minima;
that is, of the interferometer at resonance as defined
above. In order to evaluate the acoustic coefficients one
need only measure ¢,, 0., and a series of gon. Formerly,
one was obliged to determine the shape of a dip, and
one of the great difficulties of ultrasonic interferometry
was the necessity of obtaining quartz-crystal resonators
for which the dips are entirely free of secondary or satel-
lite responses.

15 It is possible, although slightly less simple, to eliminate S by
measurements of the maximum values oms using (17). In this case it
is not necessary to determine o. (or, if one chooses, g4, instead of
¢.). Hubbard, in an unpublished treatment, has pointed out how
this can be done. In either case, the labor both of observation and
calculation is greatly reduced. See E. E. Swomley, “Dispersion

of the velocity and anomalous absorption of sound in hydrogen,”
p. 4, doctoral dissertation, Johns Hopkins University, 1946.
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Donald C. Johnson attended Cornell and
Columbia Universities and received the B.S.
degree from the latter in 1941. He joined the
staff of Sperry Gyro-
scope Company as an
engineer, and served
until the end of 1945,
Early in 1946, he
transferred to Rey-
nolds Research, Glen
Cove, N. Y., as sen-
ior chemical engi-
neer. From Decem-
ber, 1946, to July,
1948, he worked at
Airborne Instru-
ments  Laboratory,
Inc., as an engineer in the special devices
section. He is now affiliated with the Hazel-
tine Electronics Corporation.

DoNaLp C. JoHNsON

For a biography and photograph of
James E. HACKE, see page 742 of the June,
1948, issue of the PROCEEDINGS OF THE
LR.E.

Joseph L. Hunter (M’45) was born in
New York, N. Y., on May 16, 1913. He
received the B.S. degree in civil engineering
from the Manhattan
College in New York,
N. Y, in 1934, the
M.S. degree in phys-
ics from the Catholic
University of Amer-
ica in 1936, and in
1940 was awarded
the Ph.D. degree in
physics, also from
Catholic University.

Dr. Hunter was
an instructor in phys-
ics at the John Car-
roll University in Cleveland, Ohio, from
1940 to 1941. During the war he served as
a civilian with the signal corps at Camp
Evans Signal Laboratory until 1943; there-
after, he was a member of the technical
staff of the Bell Telephone Laboratories,
New York, N. Y., until the end of the war.
In 1945 he joined the staff of the Link Radio
Company, and returned in 1946 to John
Carroll University as a professor of physics.
Since that time he has been chiefly engaged
in supersonic research.

Dr. Hunter is a member of the American
Physical Society, the American Institute
of Electrical Engineers, and the Acoustical
Society of America.

JosepH L. HUNTER

John M. Kelso was born in Punxsutawney,
Pa.,on March 12, 1922. He received the A.B.
degree from Gettysburg College in 1943, and
the M.S. degree from
The  Pennsylvania
State College in 1943,
both in physics.

Since 1943, Mr.
Kelso has been a
part-time graduate
student and a full-
time employee at
The  Pennsylvania
State College. Two
years of this time
were spent in teach-
ing physics, and three
years were spent with the Wind Tunnel
Laboratory of the physics department. He
is now employed by the ionosphere studies
project in the electrical engineering depart-
ment.

Mr. Kelso is a member of the American
Physical Society, Sigma Pi Sigma, Pi Mu
Epsilon, and an associate member of Sigma

Xi.

JounN M. KELso

For a biography and photograph of
GEORGE SINCLAIR, see page 1389, of the
November, 1948, issue of the PROCEEDINGS
oF THE L.LR.E.
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Henry J. Riblet (A'45) was born at Cal-
gary, Canada, on July 21, 1913. He received
the B.S. degree in 1935, the M.S. degree in
1937, and the Ph.D.
degree in mathemat-
ics in 1939, all from
Yale University.

From 1939 to
1941 Dr. Riblet was
instructor in mathe-
matics at Adelphi
College, and from
1941 to 1942 he was
assistant professor of
mathematics at Hof-
stra College. From
1942 to 1945 he was
at the Radiation Laboratory, where he was
in charge of that section of the antenna
group which devoted its time to the design
of omnidirectional, linear-array, broad-
band, and circularly polarized microwave
antennas. He is now employed in the radar
engineering group at the Submarine Signal
Company.

He is a member of Sigma Xi, the Ameri-
can Mathematical Society, and the Ameri-
can Physical Society.

HENRY J. RIBLET

0,
X

David Middleton (S'42-A’44-M'45)
was born on April 19, 1920, in New York,
N. Y. In 1942 he received the A.B. degree in

physics from Harvard University, followed
by the A.M. degree in 1945, and the Ph.D.
degree in 1947, obtained as a National Re-
search Council pre-
doctoral fellow in
physics. During the
last half of 1942 he
was employed as a
teaching fellow in
electronicsin the pre-
radar training course
carried on at that in-
stitution during the
war. From Decem-
ber, 1942, through
1945, he was engaged
as a research associ-
ate in the theory group of the Harvard Radio
Research Laboratory, where much of his
work dealt with noise and problems en-
countered in its use as radar and communi-
cation countermeasures.

Dr. Middleton is at present a research
fellow in electronics at Harvard University,
engaged in theoretical research in noise and
electromagnetic theory problems. He is a
member of Phi Beta Kappa, Sigma Xi, and
the American Physical Society.

Davip MIDDLETON

0,
o

Charles F. West (M'48) was born in
QOakland, Calif.,, on March 3, 1921. In the
spring of 1942 he received the degree of B.S.

Correspondence

in electrical engineering from the Univer-
sity of California at Berkeley. From 1942 to
1945 he was a staff member of the Radiation
Laboratory at the
Massachusetts Insti-
tute of Technology.
During the early part
of the war, and until
the establishment of
the British and
French branches of
the Radiation Labo-
ratory, he served asa
special overseas rep-
resentative of the Of-
fice of Scientific Re-
search and Develop-
ment in London, prior to the British and
French branches of the Radiation Labora-
tory.

Following the war, Mr. West was at-
tached to the Dunham Laboratory of Elec-
trical Engineering at Yale University. In
1946 he joined the Columbia Broadcasting
System’s color-television research group in
New York.

Since June, 1947, Mr. West has been
with the Raytheon Manufacturing Com-
pany at Waltham, Mass., where he has been
engaged in the development of high-
speed electronic digital-computing equip-
ment. Since February, 1948, he has headed
the computer equipment section.

CuARLEs F. WEsT

Multifrequency Bunching
in Reflex Klystrons*

W. H. Huggins has made an interesting
theoretical study of mode competition in
reflex klystrons.! The importance of the
mode-competition problem in microwave
oscillators in general gives his conclusions a
particular significance. The simultaneous
presence of oscillations of different frequen-
cies on a transient or steady-state basis, the
build-up of one oscillation as another dies
out, etc., are phenomena associated with the
character of the nonlinear circuit element in
an oscillator and the frequency spectrum of
its resonator. It should consequently be pos-
sible to analyze the behavior of such an oscil-
lator in these respects on a more general
basis; for instance, in terms of an expansion
of the nonlinear conductance (or resistance)
in powers of the voltage or current variable.
In other words, I am suggesting that an ex-
tension of van der Pol’s analysis of the non-
linear oscillator would contribute substan-
tially to the qualitative understanding of the

‘vlsecewed by the Institute, August 26, 1948.

H. Huggins, “Multifrequency bunching in

:;ﬂesx klystrons,” Proc. ILR.E. vol. 36, p. 624; May,
48.

phenomena under discussion.?3 Van der
Pol’s treatment of the coupled-circuit triode
oscillator illustrates the feasibility of this ap-
proach.

It is surprising (and regrettable) that
radio engineers in general, and authors of
handbooks and text books in particular, so
far have made little use of the insight into
the properties of oscillators that the non-
linear circuit analysis has given in such re-
spects as initiation of oscillations, amplitude
stability, synchronization with a small ap-
plied voltage, pulling in coupled systems,
etc. The more complicated phenomena en-
countered in the microwave field due to the
multiple resonances of distributed-constant
systems make it even more desirable to take
advantage of the powerful methods of the
nonlinear circuit analysis.

GuUNNAR Hok
University of Michigan
Ann Arbor, Mich.

t B. van der Pol, “The nonlinear theory of electrica
oscillations,” Proc. I.R.E., vol. 22, p. 1051; Septem-
ber, 1934.

¢ N, Minorsky,
chanics,” Edward Brothers, Ann Arbor,
1947,

“Introduction to Nonlinear Me-
Mich.,

Modern Single-Sideband
Equipment*

In regard to the paper “Modern Single-
Sideband Equipment,” which appeared in
the August, 1948, issue of the PROCEED-
INGS,! in which is treated the schematic of
an oscillator developed by Mr. Prins, I beg
herewith to inform you that it has just ap-
peared to us that this same oscillator is al-
ready included in the U. S. patent number
2,321,354, 1943. Although the mentioned
oscillator had been developed here inde-
pendently, it appears that the idea of it was
already known at that moment in the United
States.

We should be very much obliged to you
if you would publish this letter as soon as
possible.

C. T. F. vaN DER WYCK
Telegrafie en Telefonie
Centraal Laboratorium

Kortenaerkade 11, Holland

* Received by the Institute August 30, 1948.

1 C. T. F. van der Wyck, “Modern slngle-sldeband
equnpment of the Netherlands postals telephone and
telegraph,” Proc. I.LR.E,, vol. 36, pp. 970-980; Au-
gust, 1948,
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Board of Directors

At the Board of Directors' Meeting held
at the Institute on September 9, Ralph
Bown was elected winner of the 1949 Medal
of Honor. The following 31 members will
also receive fellow awards, effective January
1, 1949:

H. A. Affel J. K. Johnson

K. C. Black S. R. Kantebet
J. E. Brown W. B. Lodge
Cledo Brunetti K. A. Mackinnon
W. L. Carlson H. F. Olson

P. S. Carter L. S. Payne

F. F. d'Humy L. M. Price

J. N. Dyer H. J. Reich

L. A. Gebhard J. D. Reid

T. T. Goldsmith, Jr. Karl Spangenberg
F. W. Grover George Sterling
E. A. Guillemin O. E. Strong
Ross Gunn Franz Tank

A. V. Haeff Norris Tuttle

L. C. Holmes I. R. Weir

George O'Neill

The Danish Academy of Technical Sci-
ences requested in a letter to President
Shackelford, dated May 18, 1948, that the
Institute recommend a candidate to receive
the Valdemar Poulsen Gold Medal for 1948.
The medal is awarded once every year in
principle—although in practice it may be
awarded every two years—to a radio en-
gineer who has contributed significantly to
the science or art of radio communication.
This person is selected from recommenda-
tions made by “competent institutions in
Denmark and abroad.” Accordingly, the
Institute Awards Committee suggested the
name of G. W. Pierce.

The Institute was invited to send a
representative to the inauguration reception
for Dwight D. Eisenhower, new President
of Columbia University. Dr. Goldsmith was
asked to represent the Institute and ac-
cepted.

Executive Committee

A regular meeting of the Executive Com-
mittee was held at the Institute on Septem-
ber 8. C. G. Mayer, RCA European Techni-
cal Representative in London, was ap-
pointed IRE Representative on the IRE-
AIEE International Liaison Committee.

EMPORIUM SECTION
CoNVENES wiTH CHEMISTS

The third joint dinner meeting of the
Pennsylvania-New York Western Border
Section of the American Chemical Society
and the Emporium Section of the IRE was
held in Emporium, Pa., on September 16.
An audience of 120 heard Albert C. Walker
present his paper on “The Development of
Piezoelectric Crystals,” after which they saw
a motion picture “Crystal Clear,” prepared
by J. J. Harley to illustrate Dr. Walker's
paper.

The success of this meeting, as well as
of the previous joint meetings, indicates the
potential value to small or geographically
isolated sections of the Institute of combined
meetings with related scientific groups in
order to facilitate the presentation of im-
portant developments by recognized au-
thorities.

1949 IRE Convention Plans Under Way

AGREEMENT ON
ScREW THREADS STANDARDS

A joint conference of representatives of
government committees and ranking indus-
trial standardization groups from Great
Britain, Canada, and the United States is
scheduled to meet within the next three
months in order to make final agreements on
common standards for screw threads used
on most types of threaded fasteners, includ-
ing bolts and nuts.

It is planned to hold this conference at
the National Bureau of Standards, which
has actively co-operated in the attainment of
this objective over a period of many years.
The purposes of the joint conference are to
assure complete agreement on all funda-
mentals and to celebrate the reaching of an
agreement after years of negotiation.

[ ]
Calendar of f
COMING EVENTS

1948 Southwestern I.R.E. Conference
Dallas, Tex., Dec. 10-11, 1948 J

AIEE Symposium on High-Frequency
Measurements, Washington, D. C.,
Jan. 10-12, 1949

American Physical Society Meeting, |
New York City, Jan. 27-29, 1949 |

1949 IRE National Convention, New
York City, March 7-10, 1949

RMA—IRE Spring Meeting, Phila-
delphia, Pa., Apr., 25-27, 1949

Under the guidance of George W. Bailey,
Chairman, and the 1949 Convention Com-
mittee, arrangements for the 1949 IRE Na-
tional Convention are moving ahead at top
speed. All over the United States, Canada,
and points even further distant, members
are setting aside the second week in March
of the new year for what promises to be one
of the biggest and best conventions in the
Institute’s history. Indications show that the
attendance should equal if not exceed that
at the record 1948 convention. Again mem-
bers are urged to make their hotel reserva-
tions well in advance because, although the
hotel situation in New York City is less
serious than it was, there is still a seasonal
shortage of rooms. Desirable accommoda-
tions will be at a premium, and this is a con-
vention no member will want to miss.

In response to the December 1 deadline
set by D. B. Sinclair, Chairman of the
Technical Program Committee, proposals
for papers have been pouring in at a gratify-
ing rate, and Dr. Sinclair assures members of
a stimulating and varied papers program
that will cover the entire gamut of subjects
interesting to workers in the radio and elec-
tronics and allied fields. The complete tech-
nical program, including summaries of the

papers scheduled and dates of presentation,
will be printed in the February, 1949, issue of
the PROCEEDINGS.

Dates have already been confirmed for
most of the social activities. The annual
meeting of the Institute will start the Con-
vention on Monday, March 7, at 10:30 a.M.
Later in the day a cocktail party from six
to eight p.M. arranged by Walter Knoop,
Chairman of the Cocktail Party Committee,
will give the members and their families an
opportunity to become better acquainted
with each other. A sections meeting will fol-
low the party.

The president’s luncheon at 12:45 p.M.
on Tuesday planned by R. D. Chipp, Chair-
man of that activity, will honor the incom-
ing president, Stuart L. Bailey, who is him-
self on the Convention Committee, Wedhes-
day’s highlight will be the annual banquet
at 6:45 p.M. Raymond F. Guy, toastmaster,
will introduce Frank Stanton, president of
the Columbia Broadcasting System. Dr.
Stanton’s topic will be “Television Today.”
Karl Spangenberg has been invited to de-
liver the speech of acceptance on behalf of
the newly elected Fellows.

Although plans for a program of Wom-
en’s Activities have not yet been consoli-

dated, ladies who enjoyed themselves at
previous Conventions can look forward to a
program which bids fair to outdistance all
the Institute’s past successes. Ladies who
have never before attended an IRE Conven-
tion have a treat in store for them.

Exhibit Manager William C. Copp has
reported that 140 exhibitors have already
taken 80 per cent of the available space at
Grand Central Palace in which to display
the latest in radio and electronic devices. By
the time arrangements are completed, the
total number of exhibitors is expected to
reach a figure close to two hundred. Among
the special features contemplated for this
year's exhibits is a center devoted entirely to
nuclear instrumentation.

Other members of the Convention Com-
mittee who are working along with Mr.
Bailey in order to make this Convention an
unforgettable one are Trevor H. Clark,
Vice-Chairman; Austin Bailey, in charge of
Finance; L. G. Cumming, Institute Activi-
ties; Clinton B. DeSoto, Printed Program;
E. K. Gannett, Facilities; Virgil M. Graham,
Publicity; Roscoe Kent, Hospitality; J.
Harold Moore, Registration; and Emily
Sirjane, Secretary.
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The IRE Professional Group System—A Status Report

N THE May, 1948, issue of the PROCEED-

iNGs oF THE I.R.E., on page 570, plans

for the inauguration of a Professional
Group System within the broad structure of
The Institute of Radio Engineers were an-
nounced. Now, nine months later, many of
those plans have been fulfilled, and the IRE
Professional Group System is substantially
an accomplished fact. Indeed, insofar as its
acceptance by the membership and the de-
gree to which the mechanics for its future
operation have been charted are concerned
it is an accomplished fact.

This seems an appropriate time, there-
fore, for a progress report directed to the
Institute membership at large.

At this writing the following steps, en-
visioned by the Board of Directors when it
first formally adopted the Group principle
of organization at its March 25, 1948, meet-
ing, have been realized:(1) Necessary amend-
ments to the Bylaws of the Institute to
effectuate the Group system have been
adopted. (2) A permanent Professional
Groups Committee, replacing the original
ad hoc committee which did the initial
planning and promotion of the plan, has
been established. (3) A model constitution
and bylaws for individual Groups has been
prepared, incorporating the requisite tenets
with sufficient latitude in construction to
allow of alteration to satisfy the specialized
requirements of individual groups. (4) A
detailed and highly informative Manua! for
the guidance of would-be Group promoters
has been prepared and published, and is
available upon request. (Requests should
be directed to the Technical Secretary of
IRE.) (5) Most importantly of all, two
Groups have been actively organized, and
more are in the process of formation.

In accordance with the thoroughly demo-
cratic principles which were decreed for the
Professional Group System from the time
of its earliest inception in the minds of sev-
cral IRE officials in 1947, the greatest part
of this progress—and in particular all of the
steps leading to the formation of the
Groups so far established or in process—has
sprung from the enthusiasm with which the
membership at large greeted the original
announcement. In this connection, it should
be emphasized that, under the system as
adopted, the promotion and organization of
Groups is entirely a membership matter.
Groups are organized by members; they are
conducted by members; and their programs
and activities are entirely guided by mem-
bers. Once a group is established, any num-
ber of members within a section or locality
can hold Group meetings and carry on au-
thorized activities—even if the number is as
small as two!

Principle of Group Organization

The principle of Group organization
should be clear to all. It is not an idea novel
with IRE. Some of the older engineering or-
ganizations have already adopted similar ar-
rangements, as their fields of interest have
enlarged with a rapidly expanding technol-
ogy, and for them it has proved a successful
mode of operation. The same problem that

faced these societies has in recent years in-
creasingly faced The Institute of Radio
Engineers. Time was when our scope was
fully indicated by our name, and all mem-
bers of the organization had an essentially
equal interest in the activities of all others.
But in the past decade or so, and particularly
in the postwar epoch, the amoeba-like multi-
plication of applications of radio and elec-
tronics has led to a divergence of fields of
interests so great that the broadcast engineer
has in common with the computer engineer
mainly only the fundamental phenomena of
the electron tube—and even that interest is
an indirect association maintained largely
through the person of yet another specialist,
the designer of electron tubes. Similarly, the
analyst of wave propagation phenomena can
apprehend the problems of the man working
with industrial heating equipment only to
the extent that one wants radiation to escape
and the other does not, while the audio
man and the microwave man are a billion
cycles removed from each other. These are,
admittedly, only arbitrary and singular
examples; but they can be elaborated in
manifold fashion, and they illustrate the
problems of community of interest in our
recently incredibly expanded art.

The fundamental consideration, how-
ever, is that underneath it all each of these
individual specialists is linked with each by
his use of the same basic phenomena—elec-
tronics and radiation. That underlying bind-
ing force is the thing that is The Institute of
Radio Engineers. It is essential to the self-
interest of all that this force be maintained,
that unity of purpose and of seeking shall be
preserved, that research findings and design
applications and, above all, professional zeal
be sustained and disseminated and utilized
to strengthen the whole, both in terms of or-
ganization and in extension of common
knowledge. The question is how to ac-
complish this, and yet allow full exchange of
mutual interest and information and en-
thusiasm among those most intimately con-
nected with specific phases of the specialized
directions in which this broad art of ours is
growing.

To answer that question is the objective
of the Professional Groups System.

Progress in Group Organization

As was stated above, two Groups al-
ready have been approved. The Audio
Group was established on June 2, 1948, its
purview being the “technology of communi-
cation at audio frequencies and with the
audio-frequency portion of radio systems.”
Those interested in this Group should com-
municate with O. L. Angevine, Jr., c/o
Stromberg-Carlson Co., Rochester, N. Y.

The second Group to be approved on
July 7, 1948, was the Broadcast Engineers
Group, encompassing not only “engineers
associated with individual radio stations,
broadcast networks, operating companies
and broadcast consultants,” but also in-
cluding “government engineers associated
with broadcasting, and engineers in com-
mercial and other laboratories and manu-
facturing companies whose prime interest is
in the development, design, production, op-

eration and maintenance of broadcast equip-
ment used by the various classes of broad-
cast stations.” This professional group is in-
tended to encompass the engineers of “any
FM, AM, Facsimile, TV, International, Re-
lay, Experimental, Emergency or any other
associated class of broadcast stations.”
Those interested in this Group should com-
municate with Orrin W. Towner, c¢/o Radio
Station WHAS, Louisville, Ky.

Other fields of activity in which interest
in the formation of Groups has been ex-
pressed include wave propagation, antennas,
telemetering, electronic computers, quality
control, and standardization.

How to Organize a Group

For the benefit of those who are inter-
ested in organizing Groupsin their particular
fields of interest, the following step-by-step
procedure has been outlined by the Profes-
sional Groups Committee. (Page numbers
refer to the Group Manual.)

1. Write to the Executive Secretary of the
Institute, for general information on the
formation of Groups. (See page 1, Initial
Inquiry, in the Manual.)

2. Communicate with others interested in
the proposed field to get sufficient mem-
bers willing to promote the Group and
over 25 prepared to sign the petition.
(See page 1, Promoting Petitioners.)

3. Prepare the petition. (See pages 1, 2, Pre-
paring Petition, and pages 13, 22.)

4, Forward the petition to the Chairman,
Committee on Professional Groups,
through Institute Headquarters. (Sce
page 2.)

5. Foward suggested names for the initial
Administrative Committee to the Chair-
man, Committee on Professional Groups,
through Institute Headquarters. (See
pages 2, 14.)

6. After notification by Institute lead-
quarters of the appointment of the
Administrative Committee by the Com-
mittee on Professional Groups, the Ad-
ministrative Committee elects a chair-
man, notifies Institute Headquarters of
the result of the election, and draws up a
constitution. (See pages 24, 15, and 19.)

7. Send the constitution to the Chairman,
Committee on Professional Groups,
through Institute Headquarters, for ap-
proval by that Committee and by the
Executive Committee of the Institute.
(See page 2A.)

8. The Administrative Committee draws up
bylaws and appoints committees. (See
pages 24, 15, 16, and 21.)

9. Forward a copy of the bylaws and names
of officers and committee chairmen to the
Executive Secretary for his information.
(See page 21.)

Note particularly that, once a petition
bearing 25 signatures has been filed and a
national Group approved in any field of in-
terest, any number of members of any sec-
tion, however small, may join the Group and
hold meetings. As few as two members
might conceivably hold local meetings. The
only restriction is that all meetings of all
Groups must be open to all members of IRE.
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CoNTINUED USE oF LORAN IN
NORTHEAST ATLANTIC ASKED

The State Department has notified the
International Telecommunication Union
that aids to radio navigation which are suit-
able for the Northeast Atlantic area and de-
signed for operation in the allotted frequency
bands under international regulations can-
not be made available by July 1, 1949. The
Department said that due to the great use
now being made of loran in the area by both
air and surface craft, it is the government’s
opinion that standard loran should be con-
tinued in the Northeast Atlantic area until
an acceptable substitute which can be agreed
upon internationally is in operation.

NEwW TRANSDUCER DEVELOPMENT

A highly sensitive mechano-electrical
transducer, which transforms slight displace-
ments into large changes of resistance, cur-
rent, or voltage, is being developed by the
Bureau of Standards. The active element of
the device is a helical or conical spring
wound in such a way that the initial tension
varies slightly along its length. Thus, when
the ends of the spring are pulled apart, the
turns separate one by one, rather than simul-
taneously.

The October issue of the Technical New
Bulletin, Standards Bureau publication, has
printed a description of the new develop-
ment. Copies of this monthly magazine may
be obtained at 10 cents each from the
Superintendent of Documents, U. S. Gov-
ernment Printing Office, Washington 25,
D. C.

FCC IssuEs
LIFE-SAVING REVISIONS

The FCC has issued a public notice (No.
27112) containing an outline of the revisions
of the International Convention for the
Safety of Life at Sea, 1929, which were
adopted at London last June, and which
become effective on January 1, 1951. Copies
of the outline and further information on
the radio aspects of the revised Convention
may be obtained from the Secretary of the
FCC, Washington 25, D. C.

TELEVISION AND RADIO PRODUCTION AND
SALEs RiISE As Excise Tax
CoLLECTIONS FALL

RMA member-companies manufactured
64,953 television receivers in August, thus
setting up a new monthly record which
represents an increase of almost 10,000 over
the July output. FM-AM set production
totalled 110,879 in August, the largest out-
put of this type of receiver since last March.
Radio receiver production of all types to-
talled 870,044 in August as compared with
627,349 in July. Production of automobile
and portable radios aggregated 256,594 and
178,323, respectively.

} The data on which these NOTES are based were
selected, by permisgion, from “Industry Reports,®
issues of September 17 and 24, and October 1, 11, and
1S, published by the Radio Manufacturers’ Associa-
tion of America; and from the September 14 issue of
“News,” publlshed by the Radio Manufacturers’

Association of Canada. The helpful attitude of both
of these organizations is hereby gladly acknowledged.

PROCEEDINGS OF THE LR.E.

Indicative of the sharp increase in tele-
vision receiver production during the first
half of 1948, sales of cathode-ray tubes to
set manufacturers rose more than 68 per
cent during the second quarter over sales in
the first quarter. During the first six months
of 1948 cathode-ray tube sales to manufac-
turers totalled 426,469, with a value of
$10,250,218, as compared with sales during
the“entire year of 1947 of 253,035 units,
valued at $7,218,358.

With U. S. government purchases ac-
counting for 71 per cent of the total, sales of
radio and television transmitting and com-
munications equipment by RMA member-
companies aggregated $50,318,006 during the
second quarter of 1948, and brought sales
of this type to $80,346,321 for the first six
months of this year.

August collections of the 10 per cent ex-
cise tax on radios and phonographs and cer-
tain of their components dropped below the
collections of both July, 1948, and August,
1947, the U. S. Bureau of Internal Revenue
reported. " Collections of the radio excise
tax in August amounted to $3,927,009.08,
as compared with $4,060,785.34 last July
and $5,084,018 in August a year ago.

FM DEVELOPMENTS

The FCC has denied petitions presented
by Major Edwin H. Armstrong and the FM
Association, seeking to reopen the record in
proceedings concerning the sharing of tele-
vision channels. Major Armstrong’s petition
requested that the FCC order of May §,
1948, be reconsidered “insofar as it denies
requests made at the hearing that a portion
of the 44- to 50-Mc band be allocated to FM
broadcast relay purposes, and insofar as it
required FM broadcast stations operating
in the 44- to 50-Mc band to discontinue op-
eration by December 31, 1948.” The FM
petition sought to extend the FCC proposed
discontinuance date of FM operation in the
44- to 50-Mc band until December 31, 1950.

Since the last issue of the PROCEEDINGS,
30 FM stations have gone on the air, bring-
ing the total to 673 stations, which includes
24 noncommercial outlets. New stations
have begun operation in the following states:

Ala., Mobile (WMOB-FM), Montgom-
ery (WMGY-FM); Cal., San Diego (KFSD-
FM); D. C.,, Washington (WOL-FM and
WCFM); Ga., Atlanta (WSB-FM) and La
Grange (WLAG-FM); Iowa, Des Moines
(KCBC-FM); Iil., Chicago (WMAQ-FM)
and Woodstock (WILA); Ind., Warsaw
(WRSW); Ky., Ashland (WCMI-FM); Md.,
Cumberland (WTBO-FM); Mass., Boston
(WNAC-FM), Lowell (WLLH-FM), Lynn
(WLYN-FM); N. Y., Endicott (WENE-
FM), Massena (WMSA-FM), New Rochelle
(WGNR), Troy (WEVR); Ohio, Canton
(WAND-FM), Columbus (WHKC-FM);
Pa., Uniontown (WNIQ); Tex., Longview
(KLTI-FM); Wash.,, Tacoma (KTNT);
W. Va., Parkersburgh (WPAR-FM); and

Wis., Madison (WISC-FM), St. Cloud
(KFAM-FM), and Wisconsin Rapids
(WFHR-FM).

CANADIAN Rapio NEWS

The Canadian RMA Service Committee
has published four bulletins for service

December

technicians: “The Treatment of Hum in
Radio Receivers,” “FM Servicing” (in two
parts), “Capacitor Colour Coding,” and “An-
tennae.” The earlier bulletin, “Trouble
Shooting in Radio Receivers,” has been re-
printed, and the Committee is now prepar-
ing bulletinson “Alignment” and “An Open
Letter to Radio Service Technicians,” the
latter of which covers basic theory....
R. M. Brophy, Chairman of the Canadian
RMA Industrial Mobilization Committee,
has been requested by the Industrial De-
fence Board and Canadian Ordnance Asso-
ciation to organize and convene an Indus-
trial Defence Preparedness Committee on
Communications and Electronics. Its prin-
cipal task will be to effect liaison among
the Armed Services, the arsenals, and in-
dustry. . . . Radio set sales in Canada have
been dropping. Sales for the first seven
months of this year totalled 224,762 units
worth $20,069,485, as against 429,234 units
worth $27,707,066 for the first seven months
of 1947 ... . Imports and exports also have
been decreasing. During the first six months
of this year, 17,800 sets valued at $206,988
were imported, as compared with 44,775 sets
valued at $1,559,517 imported during the
first half of 1947. Canada exported 441 sets
worth $15,146 for the first six months of
1948; whereas she exported 21,597 sets
worth $781,672 in the first half of 1947 . . ..
One hundred and twenty-five members and
guests attended a joint IRE-Canadian
RMA Golf Tournament and Dinner at the
Cutten Fields Golf Club in Guelph, Ont.,
on September 17, J. R. Longstaffe, a member
of both the RMA and the Toronto Section
of the IRE, acted as master of ceremonies
and presided at the dinner and evening pro-
gram,

RMA HoLps CONFERENCE;
PUBLISHES RADIO BOOKLET

Aggressive action to develop television
and to expedite the adoption by the govern-
ment of a mobilization plan of the radio and
electronics industry highlighted a three-day
RMA fall conference from October 6 to 8,
at the Roosevelt Hotel in New York City.

Among the other matters on its agenda,
the Board of Directors authorized legal ac-
tion to contest the validity of a Pennsyl-
vania state license tax on taverns equipped
with television receivers, established a spe-
cial committee to confer with the FCC
regarding pending study of future expansion
of television services into the UHF band,
authorized President Max F. Balcolm to set
up a committee representing the Set, Tube,
and Transmitter Divisions, and authorized
the Engineering Department to work with
the Export Committee in the promotion of
American television standards and equip-
ment in foreign countries.

The RMA has published a booklet,
“Classroom Radio Receivers,” which is
being distributed to 45,000 educators
throughout the country. The work of the
U. S. Office of Education and the RMA
Joint Committee on Specifications for School
Audio Equipment, the pamphlet is the third
in a series of such studies, the other two
being “School Sound Systems” and “School
Sound Recording and Playback Equip-
ment.”
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Books

Microwave Transmission Design Data, by
Theodore Moreno

Published (1948) by the McGraw-Hill Book Co.,
Inc., 330 W, 42 St., New York 18, N. Y., 241 page
6-page mdex. x pages, 92 figures. 6} X93. $4

This volume, intended as a reference
handbook for radio engineers working with
microwave transmission lines and associated
components, is a greatly revised version of
a wartime confidential publication of the
same title, put out in 1944 by the Sperry
Gyroscope Co. Such matters as generation,
reception, propagation, and measurement
techniques are not included, but several
chapters pertaining to elementary basic
theory have been added, as well as consid-
erable new technical information to bring
the book up-to-date. On the other hand,
some data have been left out, and all graphs
have been reduced in size and redrawn with
fewer co-ordinate lines. Perhaps the pub-
lisher saved a few pages in this way, but he
made the book a less useful tool.

The principal subjects covered are trans-
mission-line relations and charts; general
formulas for coaxial lines and waveguides;
coaxial-line and waveguide obstacles, junc-
tions, and other structures; and cavity
resonators. The extensive tables listing the
dimensions and properties of standard
coaxial lines and waveguides, as well as
the table giving the microwave properties
of over a hundred dielectric materials,
should prove very valuable to the practicing
microwave engineer.

The author has covered his topics well
and produced a text that is clearly written

and easily understandable. Although there
are some typographical errors, very few
should result in confusion. More confusing
is the inconsistent use of units, which is
particularly troublesome in the chapter on
cavity resonators. The consistent use of
mks units throughout the volume would
have made it an even more useful guide.
SEYMOUR B. ConN
Sperry Gyroscope Co.
Great Neck, N. V.
Microwave Duplexers, by Louis D. Smullin
and Carol G. Montgomery
Published (1948) by the McGraw-Hill Book Co.,
Inc., 330 W. 42 St., New York 18, N. Y. 430 pages,
7-page index, xiv pages, 392 figures. 6} X9}. $6.50.
This is another of the MIT Radiation
Laboratory series of books and, like the
others, it attempts to summarize within the
confines of a single volume the informa-
tion accumulated at the Radiation Labora-
tory during the war years. The rapid prog-
ress made during this period, together with
the emphasis on results rather than on
understanding, inevitably lead to the ac-
cumulation of engineering information rather
than of scientific knowledge. This trend was
particularly pronounced in the field of micro-
wave duplexers, where the needs foroperating
devices were acute and where the poorly
understood gaseous-discharge TR switch
was found to be surprisingly effective. The
authors are to be commended for the ex-
cellent job which they have done in com-
piling this information. It would be mani-
festly unfair to criticize them personally for
the rather unsatisfactory state of knowledge

which is thereby revealed. As a matter of
fact, the advances made during the war
years in the engineering applications of gas
discharges were so substantial that a well-
written summary such as this is a real aid
to anyone wishing to conduct a more
leisurely inquiry into the fundamental rea-
sons for the observed effects.

After an introductory chapter, the book
considers in turn the linear theory of high-
Q TR tubes, the band-pass TR tubes, and
the characteristics of ATR switches at low
levels. This is followed by a rather long
chapter on microwave gas discharges which
covers those scientific aspects of the TR
switch which are characteristic of this de-
vice and are not common to other microwave
devices. Chapter six discusses the operation
of TR and ATR tubes at high powers, and
considers this subject largely from the user’s
point of view. The principles of branched
duplex circuits are then discussed, using
matrix notation. This chapter constitutes a
worth-while contribution to the general solu-
tion of complex branching circuits. The de-
sign details of practical branched duplexers
are next described, and some consideration
given to balanced duplexers. The concluding
chapter on measurement techniques is a
good summary of some of the more impor-
tant aspects of this problem.

The joint effort of six contributing au-
thors, the volume inevitably is inconsistent
in spots, Considering the fact that a whole
chapter has already been devoted to the
linear theory, the analysis starting on page 71
is surprisingly elementary. Furthermore,
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the authors of chapter two and chapter
three do not agree on the equivalence or
lack of equivalence of different methods of
defining Q, as may be seen by comparing the
material on pages 10 and 72. Such incon-
sistencies are more apparent in the earlier
chapters of the book, where the chapter
order makes it necessary to assume some
knowledge of material which is not defined
until a later chapter. There is also a certain
amount of looseness in terminology to be
noted, such as the frequent use of the word
“susceptance” to mean “admittance.”

On the whole, however, the book is very
well written, and a high standard of ex-
cellence in style, format, and typography is
maintained throughout. The authors have
been most fair in their assignment of credit
to persons outside of the Radiation Labora-
tory. Nevertheless, there is a certain lack of
historical perspective evident in the book,
and a persistent implication that the Radia-
tion Laboratory was the fountainhead of all
knowledge. But, with the few defects al-
ready mentioned, the book is a “must” for
anyone interested in the field.

A. L. SAMUEL
Univergity of 1llinois
Urbana, I1.

Microwave Transmission Circuits, edited by
George L. Ragan

Published (1948) by the McGraw-Hill Book Co.,
Inc.. 330 W. 42 St., New York 18, N. Y. 624 figures,
45 tables, 716 pages, 9-page index, xvii pages. 6 X9
inches. $8.50.

This book, number nine in the Radiation
Laboratory Series of 28 volumes, deals with
the problems of power transmission from
one place to another at microwave frequen-
cies, and its contents are applicable to almost
all of the problems that come up in the de-
sign of microwave circuits. Seven authors
have combined to produce a well-written
and interesting volume, of value to both the
scientist and the layman. Copious illustra-
tions and tables supplement the text. Taking
into consideration the amount of time be-
tween the preparation of a book and its
publication (about a year), the mathemati-
cal treatment is up-to-date.

In the first two chapters, Mr. Ragan
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defines the microwave region referred to in
this volume as extending from 2 to 25 kM,
and offers a discussion of elementary line
theory. The second chapter is presented
with especial clarity: after each step of new
theory a short interpretation of the terms
of the equations developed are given. Di-
vided into four parts, the chapter includes
conventional line theory; transmission lines
as guides for electromagnetic waves; trans-
mission-line charts and impedance-match-
ing, and design procedure.

R. M. Walker covers materials and con-
struction techniques in chapter three. He
discusses metallic materials, finishes and
electroplating, dielectric materials, and pres-
surization problems. As far as this reviewer
knows, a great deal of this material is com-
pletely new, in that it has not been published
before.

In chapter four, Mr. Ragan and Mr.
Walker both discuss rigid transmission lines,
covering coaxial lines; waveguide couplings;
corners, circular bends and twists; imped-
ance matching; pressurizing windows; and
voltage breakdown.

Chapter five is again presented by two
authors, F. E. Ehlers and F. P. Worrell, who
give an up-to-date review of flexible coupling
units and lines.

In chapter six Mr. Ragan covers transi-
tion units, including transitions for one co-
axial line to another, coaxial to waveguide,
one waveguide to another, and one wave-
guide mode to another. Mr. Ehlersand F. L.
Neimann discuss approximately twelve dif-
ferent kinds of motional joints in chapter
seven; and in chapter eight Neimann and
Ragan cover tuners, power dividers, and
switches, describing about thirteen different
kinds of tuners.

The concluding two chapters by R. M.
Fano and A. W. Lawson discuss the theory
of microwave filters and design of microwave
filters, each of the chapters being followed by
a bibliography. Using the information con-
tained in these last chapters, the reader
should be able to design microwave filters.

The one significant defect in the book is
its inadequate index, in that the table of
contents is the more complete reference.
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Otherwise, it is an excellent and useful pre-
sentation of the subject.

ALLEN F. POMEROY
Bell Telephone Laboratories
New York 14, N. Y.

Antenna Manual, by Woodrow Smith

Published (1948) by Editors and Engineers, 1300
Kenwood Rd., Santa Barbara, Calif. 301 pages, S-
page index, iii pages, 155 figures. 64 X94.

A clearly written, well-illustrated book,
the “Antenna Manual” is couched in simple
language manifestly addressed to the ama-
teur experimenter.

The first quarter of the book is devoted
to an elementary discussion of propagation,
ionosphere reflection, and related subjects.
Only about 40 per cent of the manual is
actually devoted to antennas. This portion
is a compilation of descriptive material on
the construction and salient characteristics
of antennas, most of which are varieties ap-
pealing to the amateur. The antennas are
classified into low, medium, high, very-high,
and ultra-high-frequency types. No informa-
tion is included on microwave antennas or
waveguides.

The remaining thirty-five per cent of the
book has chapters on transmission lines,
coupling methods, and measurements.
Throughout, the discussion is general, with
the accent on the practical. Occasionally
the explanations are over-simplified, and
even such basic aids as transmission-line
impedance charts are omitted.

The book is nonmathematical, including
only four very simple equations, and con-
tains only two references. It is regrettable
that the author has used considerable mate-
rial without indicating its source. As a re-
sult, much of the data lacks authoritative-
ness, and its value is depreciated in many
instances.

In spite of this minor deficiency, the
book fills a definite need, and is recom-
mended for those desiring a readable, ele-
mentary, and concise discussion of some of
the more practical aspects of radio propaga-
tion antennas.

Joun D. Kraus
Ohio State University
Columbus, O

William L. Everitt (A’25-M’'29-F’'38),
one of America's foremost authorities on
electronics, has been appointed Dean of the
University of Illinois’ College of Engineer-
ing. The appointment will be effective on
September 1, 1949,

Born in Baltimore, Md., on April 14,
1900, Professor Everitt received the E.E.
degree from Cornell University in 1922,
acting meanwhile as instructor of electrical
engineering during the last two years of his
studies there. In 1922 he joined the North
Electric Manufacturing Co. of Galion, Ohio,
where he took charge of the design and de-
velopment of their relay automatic public
switchboard exchanges. Two years later he
became an instructor in electrical engineer-
ing at the University of Michigan, remaining
there until he received the M.S. degree in
1926 when he went to Ohio State University
to teach communication engineering. Ohio
State awarded him the Ph.D. degree in

1933 and the following year promoted him
to a full professorship. Meanwhile, during
the summer vacations, from 1925 to 1930,
he had served with the department of de-
velopment and research of the American
Telephone and Telegraph Co. and also acted
as consultant for a number of broadcast
stations and radio manufacturing com-
panies.

In 1942 Dr. Everitt was granted a leave
of absence from the University in order to
act as Director of Operational Research
with the U. S. Army Signal Corps. Three
years later, while he was still working with
the Army, he was appointed head of Ohio
State’s electrical engineering department in
absentia. Upon the conclusion of the war he
resumed his work with the University.

Dr. Everitt is the author of a number of
texts and articles on electrical engineering.
A former director of the Institute, and a
member of numerous Committees, he was

President in 1945. He is a Fellow of the
AIEE and a member of the National Cour-
cil of Tau Beta Pi, Sigma Xi, and Eta Kappa
Nu.

o,
oo

C. Russell Cox (A'29-SM'48), formerly
sales manager and chief engineer of the
Andrew Corp. in Chicago, has been chosen
for the newly created office of director of
sales and engineering.

Born in Chicago, Ill., in 1916, Mr. Cox
attended the University of Chicago, from
which he received the B.S. degree in 1937
and the M.S. degree in physics in 1939. The
following year he joined the Andrew Corp.

Mr. Cox is the author of numerous tech-
nical papers on coaxial transmission lines.
He is a member of Phi Beta Kappa, and has
served on the RMA subcommittees to de-
velop standards on coaxial transmission
lines.
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A. Hoyt Taylor (M'16-F'30), one of the
U. S. Government’s most distinguished scien-
tists, has retired after more than 31 years of
continuous service to the Navy. In stepping
down from the Naval Research Laboratory's
top civilian position—Chief Consultant for
Electronics—Dr. Taylor brings to a close a
half-century devoted to research in radio.

Dr.Taylor was born in Chicago on New
Year's Day in 1879. While in high school at
Evanston, Ill., he became interested in elec-
trical engineering and decided to specialize
in that field at Northwestern University,
from which he received the B.S. degree in
1902. After graduation, he became an in-
structor in physics, first at Michigan State
College and later at the University of Wis-
consin.

In 1908 he returned to his studies, quali-
fying for the doctorate at Goettingen in
Germany. The following year he joined the
University of North Dakota as head of the
physics department. He remained there for
eight years, concentrating on experimental
work in radio.

When the entry of the United States in
the first World War scemed imminent, good
radio engineers were at a premium. The
Navy persuaded Dr. Taylor to apply for a
Naval Reserve Commission and he was
sworn in as a lieutenant shortly before war
was declared. For almost five years he re-
mained on active duty, advancing to the
rank of commander. After the war he as-
sumed direction of the U. S. Naval Aircraft-
Radio Laboratory.

When the Naval Research Laboratory
was established in 1923, the staff of its orig-
inal radio division was formed by combining
the Naval Aircraft Laboratory with two
other experimental units then located in
Washington. Dr. Taylor was appointed
superintendent, and in this position sig-
nificantly influenced the entire development
of U. S. naval radio. It was largely as a re-
sult of successful experiments and demon-
strations carried out at the laboratory that
the U. S. Navy led the world in adopting
high frequencies for improving its communi-
cation system. Dr. Taylor's own contribu-
tions to radio include the development and
the application of the propagation of high-
frequency energy, the quartz crystal oscilla-
tor, and high- and super-frequency radio
communication systems.

It is, however, for his share in the dis-
covery and development of radio-detection
techniques now called radar that Dr. Taylor
will probably be best remembered. Begin-
ning as early as 1922, he and an assistant
conducted a series of experiments which
disclosed the amazing possibility of detect-
ing and tracking targets by radio waves.
Later the Naval Research Laboratory's
radio engineers under Dr. Taylor's guidance
perfected the weapon which was to have
such a profound effect on U. S. Naval tactics
in World War 11. For this work he was
awarded the U. S. Medal for Merit in 1944,

Aside from his achievements for the
Navy, Dr. Taylor has won wide recognition
in the world of science. In 1927 he was
awarded the IRE's Morris Liebmann
Memorial Prize; in 1929 he was elected
President of the Institute; in 1942 he received
the IRE's Medal of Honor, and in the same
year was selected to receive the Franklin
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Institute’s John Scott Medal. He is a fellow
of the American Physical Society, the
American Association for the Advancement
of Science, and the AIEE; and a member of
the Geophysical Society.

o

L. Grant Hector (A'26-SM'39) has been
elected vice-president in charge of technical
operations of the Sonotone Corp., where he
has been employed as director of research
since the end of the war.

Dr. Hector was born on December 15,
1894, at Clarendon, Pa. In 1920 he received
the A.B. degree from Oberlin College. While
he was doing graduate work at Oberlin, Dr.
Hector worked as a private research as-
sistant to A. P. Wills, leaving in 1922, when
he received the M.A. degree to become an
instructor of physics at Oberlin. The follow-
ing year he became Tyndall Fellow at
Columbia and, upon being awarded the
doctorate in 1924, he became an assistant
professor of physics at the University of
Buffalo. Three years later he was promoted
to full professor.

After engaging in the development of
the proximity fuze for the U. S. Govern-
ment’s Office of Scientific Research and De-
velopment from 1941 to 1943, Dr. Hector
jointed the National Union Radio Corp. as
director of engineering. At the same time he
worked as a dollar-a-year consultant on the
production of subminiature radio tubes used
in the radio proximity fuze for the War
Production Board from 1943 to 1945. When
the war was over, Dr. Hector joined the
Sonotone Laboratories in Elmsford, N. Y.
to work on the research and development of
tiny vacuum tubes for peacetime use in
hearing aids.

Dr. Hector has written a number of
papers, articles, and books dealing with mag-
netic, dielectric, and acoustical measure-
ments by electronic techniques. Text books
by Dr. Hector include “Modern Radio Re-
ceiving” (1927), “Introductory Physics”
(1933), and “Electronic Physics” (1943).
His papers and articles have been delivered
before the American Physical Society and
the International Scientific Union and have
been printed in the PROCEEDINGS OF THE
L.R.E., Physical Review, and the Review of
Scientific Instruments. He is a fellow of the
American Physical Society and the Ameri-
can Association for the Advancement of
Science, a member of the Acoustical Society
of America and of Sigma Xi.

Joseph P. Maxfield (SM'47) formerly as-
sociated with the Bell Telephone Labora-
tories for thirty-one years, has accepted the
position of Superintending Scientist at the
U. S. Navy Electronics Laboratory in San
Diego, Calif., where he will be in charge of
the laboratory's scientific and technical re-
search in the field of radio, radar, and sonar.

A distinguished pioneer in the field of
electronics, Mr. Maxfield has played a lead-
ing role in the development of radio broad-
casting, motion-picture sound systems, and
record reproducing equipment. After receiv-
ing the Bachelor of Science degree from the
Massachusetts Institute of Technology in
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1910, Mr. Maxfield taught there for four
years. He then joined the engineering de-
partment of the Western Electric Co. to
engage in research work on the physical
and electrical properties of microphone con-
tacts. An outgrowth of this work was the
“Maxfield Transmitter,” one of the first
microphones used in radio broadcasting.

During the first World War, Mr. Max-
well helped develop methods for the acoustic
detection of aircraft and the sound ranging
of artillery, and resumed work on this prob-
lem with a staff of twenty-five leading
scientists and engineers at Duke University
during World War II. From 1919 to 1926
he made significant contributions to the art
of transmitting, recording, and reproducing
high-quality sound. The techniques which
he evolved as a result of this work have been
applied directly to public-address systems,
the design of broadcasting studios, the de-
velopment of microphone techniques, and
the adaptation of sound recording to motion
pictures. In the field of home musical enter-
tainment, Mr. Maxfield directed engineer-
ing and research on the orthophonic phono-
graph for the Victor Talking Machine Co.

Upon his return to Bell in 1929, Mr.
Maxfield joined the Electrical Research
Products, Inc., and made many contribu-
tions which advanced the quality of sound
motion pictures during the ensuing years.
From 1936 to 1943 Mr. Maxfield was director
of commercial engineering of ERPI and was
responsible for developing equipment to
measure, analyze, and record sound and
vibration. He also was responsible for a study
of airplane vibration and flutter, work re-
quested for the Civil Aeronautics Authority,
and he designed the acoustic treatment of
several buildings at the New York World's
Fair.

In 1942 Mr. Maxfield returned to the
Bell Laboratories, but six months later was
given a leave of absence to become director
of the National Defense Research Com-
mittee’s Division of Physical Research at
Duke University. There he and his staff
made significant contributions to the prob-
lem of sound ranging of artillery. Returning
again to Bell Laboratories in 1944, this
time as a member of the Acoustic Products
Development Group, he worked with live-
ness as related to sound-pickup techniques
until his retirement in the fall of 1947, In
1948 he became associated with the Altec-
Lansing Corp. as a consulting engineer.

Mr. Maxfield is a Fellow of the American
Physical Society, and a member of the
AIEE, the Acoustic Society of America, and
the Society of Motion Picture Engineers.
He is the author of numerous papers and
articles on acoustics, electrochemistry, and
physics, and the inventor of numerous de-
vices used in telephony, radio broadcasting,
and the electrical recording and reproduction
of sound on film.

(3
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John S. Brown (A'44-M'45), former as-
sistant chief engineer at the Andrew Corp.,
has been promoted to chief engineer. Asso-
ciated with the company since 1943, Mr.
Brown has been active in development and
manufacturing design work on transmission
lines and antenna equipment.
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Louis Cohen, (F’15), distin-
guished engineer, consultant, and in-
ventor of many devices in radio and
cable telegraphy, died recently of a
heart attack.

Born in Kiev, Russia, in 1876,
Dr. Cohen was brought to this coun-
try as a boy. He studied at the Arm-
our Institute of Technology in Chi-
cago, receiving the B.Sc. degree in
1901, and subsequently attended the
University of Chicago and Columbia
University, the latter of which con-
ferred the doctor’s degree on him in
1905. That year he joined the staff of
the U. S. Bureau of Standards and
remained there until 1909 when he
joined the Electrical Signaling Co.,
leaving four years later to open his
own consulting practice. From 1916
on he also taught at George Wash-
ington University.

Over the years Dr. Cohen be-
came internationally known for his
rescarches into radio and telegraphy.
During the first World \War he de-
veloped for the Navy an instrument
that became known as the Cohen re-
ceiver. From 1920 to 1924 he acted
as consulting engincer for the War
Department. Later he served on sev-
eral international communications
commissions, and wrote technical
books and papers in the general field
of electricity.

While practicing privately as a
consulting engineer, he accepted
many public assignments. In 1921
he was a United States delegate to
the International Conference on
IXleetrical Communications in Paris.
lL.ater he served on an advisory board
at the Washington Conference on
Limitation of Armaments. From
1929 to 1931 he was a technical ex-
pert  with the German-Austrian
Claim Commission.

Emanuel R. Piore (A'37-NM"42-SM'43),
director of the Physical Sciences Division of
the Office of Naval Rescarch, has been
granted a year's leave of absence in order to
do research work at the Massachusetts In-
stitute of Technology’s Electronics Research
l.aboratory.

An expert in electronics, composite sur-
face physics, and color television, Dr. Piore
received the Ph.D. degree in physics from
the University of Wisconsin in 1936. After
working as a physicist in the RCA Elec-
tronics Laboratory, he was placed in charge
of the Columbia Broadcasting Co.’s Televi-
sion Laboratories. From 1942 to 1946 he
was a senior physicist for the Bureau of
Ships, and served the Deputy Chief of Op-
erations for Air as a specialist on guided
missiles. Since 1946 Dr. iore has directed
the fundamental research program in the
physical sciences sponsored by the Office of
Naval Research,

o,
o

Walter F. Kean (5'41-A’'43), who has
headed the Broadcast Consulting Division

Institute News and Radio Noles

of the Andrew Corp. since its formation in
1944, has becomes sales manager of the same
company. Prior to joining Andrew, he was
with the Western Lilectrie Co. in Chicago.

o
oo

George F. Callahan (A'39) has been ap-
pointed division enginecrof cathode-ray tubes
in the General Electric Co.’s tube division.
There he will assume the responsibility for
all design and application engineering and
standardizing activities relating to cathode-
ray-tube product lines.

A native of Elk Point, S. D., Mr. Calla-
han was graduated from the University of
Nebraska with the B.S. degree in clectrical
engineering. Since 1924, he has been engaged
in the design, development, and manufac-
ture of lamps and electronic tubes. Joining
the Ken-Rad Tube and Lamp Corp. at
Owensboro, Ky., in 1939, he worked on the
design of receiving tubes and served for
four years as the works manager of that
company's Bowling Green plant. When
General Llectric acquired Ken-Rad, it ac-
quired Mr. Callahan along with it. Since
that time he has been active in the develop-
ment of new miniature and cathode-ray re-
ceiving tubes.

William Roth Work (A’42), As-
sistant Director of the Carnegie In-
stitute of Technology’s College of
Engincering and Science, and one of
the school’s first faculty members,
died recently.

Dr. Work, who had been affili-
ated with Carnegie since 1905, was
born in Steelton, Pa., on May 4,
1881. After attending Wittenberg
Academy in Springheld, Ohio, he re-
ceived the A.B. degree from Witten-
berg College in 1902, and the Master
of Engineering degree from Ohio
State in 1905. Wittenberg awarded
him the honorary degree of Doctor
of Science in 1920.

Associated with the Westing-
house Electric Corp. from 1905 to
1906, Dr. Work simultancously

1513

Arnold Everett Bowen (SM’46),
resecarch engineer who contributed
significantly to the development of
radar, died recently following a brief
illness.

Mr. Bowen was born on October
21, 1900, in Lowell, Mass. Educated
at the Sheffield Scientific School,
Yale University, he rececived the
Ph.B. degree, summa cum laude, in
1921. Later he attended the Yale
Graduate School, where he served as
an assistant in the Department of
Physics. In 1923 he joined the De-
velopment and Research Depart-
ment of the American Telephone and
Telegraph Co., and, with the entire
department, transferred to Bell Lab-
oratories in 1934, remaining with
them until his death.

Mr. Bowen did much of the pio-
neer work in developing a system for
transmitting microwaves through
hollow guides. This technique mmade
possible new forms of radar, which
were used extensively in World War
11. His research work and his inven-
tions also furthered the development
of microwave devices now used in
radio, telephone, and television
transmission.

In 1942 Mr. Bowen was commis-
sioned as a major in the Army and
worked first on antisubmarine equip-
ment. For a short while he was sta-
tioned in Trinidad, and later served
as a consultant at Langley Field. He
then returned to Bell Laboratorics,
but was commissioned again, and, as
a lieutenant-colonel, served in Wash-
ington as officer-in-charge of the Air
Forces' Airborne Radar quipment
Board.

Mr. Bowen was a member of the
American Physical Society and of
Sigma Xi, national science honorary
fraternity. Currently he was serving
on the IRE Board of Editors.

°,
o

served as a part-time instructor of
mathematics at Carnegie. In 1906 he
was appointed an instructor in elec-
trical engineering on the CI'T fac-
ulty, and three years later he was
named an assistant professor. While
holding an associate professorship at
Carnegie from 1915 to 1920, Dr.
Work wasalsoa member of the Com-
mittee on Education and Special
Training of the War Department
General Staff during World War 1.
Subsequently he served as veterans’
adviser for the school.

Vitally interested in scientific
progress, Dr. Work was a Fellow of
the AlEL, and a member of the
American Society for Enginecring
Education, the Engineers’ Society of
Western Pennsylvania, and the
American Association of University
Professors, as well as belonging to a
number of honorary fraternities.

Philips B. Patton (A'46) has joined the
Lenkurt Electric Co. in San Carlos, Calif.,
as a field engincer in the carrier division.

A native of California, Mr. Patton at-
tended the University of Maryland and San
Francisco State College. e began his com-
munications career with the Western Unicn
Telegraph Co. in 1931. After eleven years,
he joined Pan American Airways as flight
radio officer. In 1942 he became associated
with the Federal Communications Commis-
sion, serving for the next two years and
again from 1945 to 1946, In the inter-
mediary period he returned to Pan American,

While with the FCC, Mr. Patton scerved
with the Board of War Communications on
telegraph and telephone operations, the
San Francisco ficld office of the common-
carrier division, and in 1946 was appointed
acting chief of the radiotelephone and tele-
graph section of the division’s engineering
department. Subsequently he joined the
Farnsworth Corp. as technical co-ordinator
for the Fort \Wayne, Ind., division.
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K. R. Patrick

Chairman, Montreal Section

G. E. Van Spankernen

Chairman, Buenos Aires Section

Gerardo Evan van Spankernen was born in Amsterdam,
Holland, in 1907, and was educated in that country, receiv-
ing his degree as an electrical engineer in 1929. Immediately
after his graduation he joined the Philips Co. in Eindhoven,
Holland, starting as an assistant in the engineering labora-
tory, where he worked on electronic measuring instruments.
From 1932 until 1933 he was stationed with the Philips
Co.’s British Division in London and with their French
division in Paris, where he installed electrical measuring
equipment and acted as an instructor to explain its usage.

In 1933 he was assigned to the engineering laboratory
to develop special radio receivers designed for Swiss usage.
Upon completing their development, he was sent to Le
Chaux de Fonds in Switzerland to help install the Philips
factory there for manufacturing the receivers. Returning
to Holland at the end of the year, he was appointed to do
a similar job for Philips in Buenos Aires, Argentina.

The beginning of 1934 found Mr. van Spankernen in
Argentina, starting the Philips Co.’s new factory there. Un-
til 1938 he took charge of the entire development and
manufacture of radio receivers, but, as the plant grew, he
found that the engineering laboratory demanded the whole
of his attention. After that, as chief engineer, he headed the
laboratory which develops radio receivers and transmitters
and also includes a chemistry laboratory to test materials
and develop manufacturing procedures.

From 1938 on Mr. van Spankernen made a series of
short trips to Europe and the United States in order to
familiarize himself with the latest developments and pro-
cedures. In 1947 he was given the title of “Gerente Tec-
nico,” which is technical manager with power of attorney.

Mr. van Spankernen became an Associate Member of
the Institute in 1939 and a Senior Member in 1945.

K. R. Patrick was born in St. John, New Brunswick, in
1915, and received his early education there. When his fam-
ily moved to New Haven, Conn., he continued his studies
there, afterward attending various colleges.

Immediately after graduating from school Mr. Patrick
formed and operated an industrial sound company of his
own in Massachusetts, returning to Canada when war
broke out. He was commissioned a Flying Officer in the
RCAF, serving until his discharge in October, 1945, with
the rank of Wing Commander. During the war he served as
Commanding Officer of the Canadian Air Force's Number
One Wireless School in Montreal, and also was in com-
mand of the Number Five Radar and Communications
Station, the joint Canadian-American-British develop-
ment and training organization at Clinton, Ont. He re-
ceived the O.B.E. for his work in radar in 1943, and in 1945
the American Government presented him with the Legion
of Merit in recognition of his services in the research and
development of guided missiles.

Since the war Mr. Patrick has been connected with the
RCA Victor Co., Ltd., of Canada, of which he now manages
the engineering products division. In 1947 he was appointed
industrial member of the Electronics Advisory Committee
of the Defense Research Board and this spring was re-ap-
pointed for an additional three years. He is also a member
of the executive committee of the National United Services
Institute. Becoming a Member of the IRE in 1943, Mr.
Patrick was advanced to Senior Membership later the same
year. He is a member of the Electronics Advisory Commit-
tee for the Ontario Government School of Electronics, the
Board of Governors of Sir George Williams College in Mon-
treal, and the Society for the Promotion of Engineering
Education.
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JTAC Requests Technical Co-operation in Connection
with FCC Television Hearings

HE JTAC (Joint Technical Advisory

Commiittee) was formed jointly by

The Institute of Radio Engineers and
the Radio Manufacturers Association in
May, 1948, for the purpose of “rendering
additional public service in their fields of
activities.”

The JTAC objectives are quoted below
from the Charter:

“To obtain and evaluate information of
a technical or engineering nature relating to
the radio art for the purpose of advising
Government bodies and other professional
and industrial groups. In obtaining and eval-
uating such information, the JTAC shall
maintain an objective point of view. It is
recognized that the advice given may in-
volve integrated professional judgments on
many interrelated factors, including eco-
nomic forces and public policy.”

The duties of the JTAC are:

“To consult with Government bodies
and with other professional and industrial
groups to determine what technical informa-
tion is required to insure the wise use and
regulation of radio facilities.

“To establish a program of activity and
determine priority among the problems se-
lected by it or presented to it in view of the
needs of the profession and the public.

“To sift and evaluate information thus
obtained so as to resolve conflicts of fact, to
separate matters of fact from matters of
opinion, and to relate the detailed findings
to the broad problems presented to it.

“To present its findings in a clear and
understandable manner to the agencies orig-
inally requesting the assistance of the Com-
mittee.

“To make its finding available to the pro-
fession and the public.

“To appear as necessary before Govern-
ment or other parties to interpret the find-
ings of the Committee in the light of other
information presented.”

The first task assumed by JTAC was at
the request of the Federal Communications
Commission, and was to assist the FCC in
its deliberations concerning the future use of
frequencies from 475 to 890 Mc for televi-
sion broadcasting.

With the assistance of IRE and RMA
Technical Committees and others, a prelimi-
nary study was made and a report was pre-
sented to the FCC at the hearing, docket
8976, held on September 20, 1948. As a
result of this hearing and in order to arrive
at a decision, the FCC has called an engi-
neering conference to be held on November
30, December 1 and 2, 1948. In the cor-
respondence which is reproduced on the fol-
lowing pages, Chairman Wayne Coy of the
Commission has asked the JTAC to make
preliminary studies in preparation for this
conference.

It will be observed that the date of this
conference anticipates the date of publica-
tion of this issue of the PROCEEDINGS. Mem-
bers are advised, however, that this promises
to be a continuing study and that zll perti-
nent additional information will be of value

beyond the established deadline. It is urged,
therefore, that the membership of the Insti-
tute co-operate in supplying the Secretary
of the JTAC, L. G. Cumming, at the In-
stitute Headquarters, 1 East 79 Street, New
York 21, N. Y., with all available data. The
attention of all Technical Committees is in-
vited to the importance of the contributions
to the preliminary report made by the IRE
and RMA Technical Committees.

Following presentation of the September
20, 1948, report, the chairman of the JTAC
offered the further services of the committee
to the chairman of FCC. The following reply
is reproduced as received:

FEDERAL COMMUNICATIONS
COMMISSION
WASHINGTON 25, D. C.

October 28, 1948
Mzr. Philip F. Siling, Chairman
The Joint Technical Advisory Committee,
IRE-RMA
1 East 79th Street
New York 21, New York

Dear Mr. Siling:

I have your letter of October 1, 1948,
offering the continued assistance of the
JTAC in providing information which will be
helpful to the Commission. I quite agree that
the major tasks which JTAC undertakes for
the Commission should be in response to re-
quests through the Commission rather than
through staff contacts. In this way we can
assure that emphasis is placed upon the
problems which the Commission considers
to be the more important.

While the question of JTAC assistance
may appear to have lain dormant since the
September 20th hearing, | assure you that
such is not the case. Your participation in
the current proceedings relative to very-
high-frequency and ultra-high-frequency
television has been one of the principal top-
ics for discussion in the several Commission
and staff meetings which we have held on
these subjects since that date. I have de-
ferred answering your letter, however, until
our plans for proceeding in the television
matters had crystallized and a definite pro-
posal could be made.

The more urgent of the two proceedings
is of course the one regarding very-high-fre-
quency, involving as it does a freezing of
assignments for an indefinite, but we hope a
limited, period. It would appear, therefore,
that any activity in regard to the ultra-high-
frequency situation which will result in a
delay in the very-high-frequency considera-
tions should be postponed until a later date.

Although the time is short and it is ap-
preciated that only a small amount of new
information can be developed within its
limitations, nevertheless, it should be suffi-
cient for collecting and processing certain
pertinent information which has been ac-
cumulating since the last major revision of
the standards.

I am forwarding herewith a copy of FCC
48-2256, “Notice of Further Proposed Rule
Making” in Dockets 8975, 8976, and 9175,
outlining the procedure to be followed for
VHF television. There is also enclosed a
copy of FCC 48-1966, the notice of issuance
of four reports in preparation for the engi-
neering conferences which are part of the
procedure.

Ten additional copies of the notices and
ten copies of each of the reports are being
sent under separate cover for use by JTAC.
Copies of the channel studies, referred to in
paragraph IVB of FCC 48-2256, will be
forwarded when issued.

A reading of the procedure outlined in
FCC 48-2256 will indicate that the agenda
for the engineering ccnferences is a rather
heavy one, although it is being limited to
factors which have an appreciable effect on
the station allocation plan. A considerable
preparation will be involved, both by the
Commission and by the Industry.

While the Commission will be able to
make contributions in some degree to a sub-
stantial number of the items listed in the
agenda, personnel who will be available for
this proceeding will devote their time prin-
cipally to the following:

1. Further study of tropospheric effects,
particularly the effect of transmitting
antenna heights, I1tem IVD(1) (a).

2. Further study of terrain effects, 1IVD
(2).

3. TV and FM channel studies, IVB.

4. Preparation of a film showing the ef-
fects on the received picture of various
signal/noise ratios and desired/unde-
sired ratios of co-channel and adjac-
ent-channel interference, affecting
items IVE(3) and (4).

It is not desired to circumscribe the ac-
tivities of JTAC in its efforts to assist the
Commission in this proceeding, but I would
recommend that the following matters be
given particular attention, the procedure in-
dicated in each case, of course, being merely
by way of suggestion.

1. That JTAC submit the accompanying
reports to the proper committees of
the IRE and the RMA for comment,
recommending that any similar stud-
ies which are known or can be pre-
pared by persons on the committees
be made available for consideration at
the first conference.

2. That JTAC and the committees of the
IRE and the RMA study the agenda
announced in FCC 48-2256 critically
with a view to (a) detecting any omis-
sions or any items which are believed
to be unnecessary to a resolution of
the channel allocation problems, (b)
determining the items upon which in-
formation can be furnished by JTAC
and its associated committees and
(c) assessing the adequacy of the time
schedule in permitting the formula-
tion of answers to the various items.

Some of the items on which the JTAC
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and its committees can be of particular as-
sistance are the following:

IVD(3) Antennas. In addition to trans-
mitting antennas and the practicability
of assuming directional operation in the
allocation plan, practical receiving an-
tennas and their directional effects
should be considered.

1VI2(3) Re-examination of co-channel

and adjacent-channel ratios, on the

basis of test data to be furnished by the
manufacturers of various commercial re-
ceivers.

IVE(4) Re-examination of contours in-

volving:

a. Noise and interference levels in
urban and suburban areas at vari-
ous frequencies.

b. Noise figures for commercial receiv-
ers.

c. Acceptable signal/noise ratios.

d. Typical receiving antennas  and
transmission lines.,

IVE(6) & (7) Present capabilities of

power generation for frequencies between

54 and 216 megacycles.

The JTAC may desire to furnish answers
to items other than those which 1 have
listed and should, of course, feel perfectly
free to do so. Complete or partial answers to
some of the items may be found in previous
information furnished by JTAC, in which
case the reply should so indicate, with ap-
propriate references.

Do not hesitate to call upon the Com-
mission if further details or clarification of
our request is desired.

Sincerely yours,
Wayne Coy,
Chairman
Iinclosures

The FCC Notice 48-2256 referred to
above is here reproduced:

Received October 18, 1948
FCC 48-2256
27297

FEDERAL COMMUNICATIONS
COMDMISSION

Washington, D. C.
In the Matter of

Amendment of Section 3.606
of the Commission’s Rules
and Regulations

Docket Nos.
8975 and 8736

In the Matter of

Amendment of the Commis-
sion’'s  Rules, Regulations
and Standards concerning
the Television and Fre-
quency Modulation Broad-
casting Scrvices,

Docket No.
9175

Notice of Further
Proposed Rule Making

I. Notice is hereby given of further pro-
posed rule making in the above-cntitled mat-
ter.

11. During the hearing held by the Com-
mission in the above-entitled proceeding
(Docket Nos. 8975 and 8736) to consider
proposed revisions of the Commission’s table
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of television channel allocations, evidence
was presented concerning (A) tropospheric
interference to existing and proposed televi-
sion stations, (B) the use of directional an-
tennas, (C) the use of increased power, and
(D) conflicting proposals for closer spacing
and wider spacing between television sta-
tions than is presently provided for by the
Commission. In order to assure that the
Commission’s national television allocation
plan should be based on the soundest engi-
neering foundation, an Industry-Commis-
sion Conference was held on September 13
and 14, 1948, The issucs for decision at the
Conference were:

“1. Whether the Commission should initi-
ate proceedings to revise the televi-
sion allocation rules and standards
prior to final decision in Dockets 8975
and 8736.

2. If the standards are to be revised,
what policy should be adopted with
respect to applications now pending
before the Commission.

3. What procedures shoulkd be adopted in
order that the revised standards can
be based on the best available engi-
neering information.”

IT1. At the conclusion of said Conference
it was announced that the Commission
would call an engineering conference to con-
sider questions regarding revisions of the
Commission’s Rules, Regulations and Stand-
ards with respect to the technical phases of
television allocations. This Notice deals
with issues “1” and “3” set forth above. On
September 30, 1948, the Commission issued
its Report and Order herein concerning issue
number “2.” Further, since the Frequency
Modulation Broadcasting Service is directly
affected by any action taken with respect to
propagation in the VIIF band, revisions of
the Rules, Regulations and Standards of
that service is made a part of this proceed-
ing.

IV. In order to facilitate and expedite
the promulgation of rules, regulations and
standards herein, the following schedule will
be followed:

(A) On or about October 20, 1948, the
Commission will make public:

(1) Areport containing (a) a summary of
available measurements of tropo-
spheric fields, (b) empirical method of
treating measurements to formulate

ficld intensity vs distance curves for
various frequencies for various per-
centages of the time and (c) repre-
sentative tropospheric field intensity
curves for antenna heights of 500
feet and 30 feet for various frequen-
cies and percentages of time derived
by the foregoing method.

(2) A study of the effects on service of
the simultancous fading of both the
desired and undesired ficlds from
tropospheric causes.

(3) A report on measurements made at

Princeton, Southampton and lLaurel
on frequencies of 47.1, 106.5 and
700 Mec. radiated from transmitters
in New York City.
A study of the effects of terrain upon
average signal levels as compared to
smooth carth values and upon the
variability of signal levels within
limited areas.
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(B) On or about November 15, 1948, the
Commission will make public:

(1) A TV channel study showing the ef-
fects of ground wave and tropo-
spheric interference on representative
service areas of stations allocated in
accordance with the Commission’s
Notice herein of May 5, 1948, as
amended in the Commission’s Sup-
plemental Notice of July 15, 1948,

(2) A TV channel study in a representa-
tive area showing the effects of
ground wave and tropospheric inter-
ference on the service areas of pres-
ently operating stations and CP’s,
but with other allocations spaced so
as to protect the 500 u/m contours
909% of the time. (All allocations to
be based on 50 kw/500 ft. in the
center of the principal city).

(3) Channel study for FM showing the
effects of ground wave and of tropo-
spheric interference for 19, and 109,
of the time on representative chan-
nels.

(C) On or about November 30, 1948,
December 1, 1948 and December 2, 1948, the
Commission will hold a serics of engineering
conferences in Washington, D. C.! All inter-
ested persons are invited to attend said con-
ferences, participate fully therein, and to
submit written data, views, or arguments
with respect thereto. To assist the Commis-
sion in the expeditious conduct of said con-
ferences, it is requested that persons who
plan to participate therein file (by letter)
notice of their intention to do so at least one
week prior to the date of commencement of
said conferences. Written statements may be
filed on or before the dates of the respective
conferences.

(D) The first conference to be held on or
about November 30, 1948, will be on VVHF
propagation standards to arrive at standard
methods of evaluating the effects upon
propagation of the following factors:

(1) Tropospheric effects—

(a) Variations with time in the field
intensities to be expected at vari-
ous distances from the transmit-
ter, as functions of transmitting
antenna height and of frequency.

(b) Range of diurnal variations.

(c) Range of seasonal variations.

(d) Effects on service of the simul-
taneous fading of both the de-
sired and undesired signals.

(2) Terrain effects—

(a) Shadows—relation of the aver-
age field intensity in a limited
area or limited section of a radial
to calculated values as a func-
tion of the profile between the
area and the transmitter.

Urban ficld intensities—validity

(b

~

of the FCC standards on
Ground Wave Signal Range
charts for predicting near-in

fields in city areas.
(¢) Local terrain effects—variabil-
ity of field intensities as com-
pared to the average over a
limited area or distance.
Receiving antenna height-gain
factor-validity of assuming a

It

~

! The exact date and place of each conference w.l!
be announced at a later date.
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uniform variation of field inten-
sity withreceiving antennaheight
for relating mobile measure-
ments made at low antenna
height to the standard receiving
antenna height of 30 feet. Con-
sideration of the alternative
method of spot measurements at
30 feet height.

(e) Apparent transmitting antenna
height—validity of the 2-10
mile rule for estimating the ap-
parent height of the transmit-
ting antenna.

(f) Validity of the method presently
prescribed in the Commission’s
Standards for equalizing cover-
age obtained by transmitters of
varying antenna heights and
power.

(3) Antennas—

(a) Practical limitations on vertical
and horizontal directivity of
transmitting antennas.

(b) Methods for establishing and
maintaining the performance of
directional antennas.

(c) The engineering basis for utiliz-
ing horizontal directivity in allo-
cation problems.

(I2) The second conference to be held on
or about December 1, 1948, will consider the
following items with respect to VHF televi-
sion broadcasting:

(1) Tropospheric effects:

(a) Specification of grade or grades
of service resulting from varia-
tions in the intensities of desired
and undesired fields.

(b) Discussions of the effects of the
specification of various grades of
service on particular channel al-
location plans.

(c) The development of standard
tropospheric curves for various
frequencies and antenna heights,
calculated in accordance with
methods approved at the propa-
gation conference.

Examination of current standards for
the prediction of service areas to de-
termine whether any modifications
are dictated by the terrain effects
considered in the propagation con-
ference.

(3) Re-examination of co-channel and
adjacent channel ratios at the re-
ceiver terminals in the light of more

2
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recent information; and a determina-
tion whether a terrain factor should
be included in the field intensity
ratios.

Re-examination of the contours
specified for protection and for recog-
nized service levels at various fre-
quencies.

(5) Re-examination of assumptions as to
typical receiving antenna heights for
urban and rural areas and of meth-
ods of proving station performance
by measurement of received fields at
such heights.

(6) Examination of the effects of hori-
zontal increases in power upon pro-
tected contours in the channel allo-
cation plans.

(7) Examination of the effects of differ-
ential increases in power on the pro-
tected contours and on the allocation
plans.

(8) Examination of the effects of direc-
tional antennas on allocation plans.

(F) The third conference to be held on

or about December 2, 1948, will consider the
following items with respect to FM broad-
casting:

(1) Tropospheric effects:

(a) Specification of grade or grades

of service resulting from varia-
tions in the intensities of desired
and undesired fields.
Study of the areas provided with
various grades of service under
the present channel assignments
and under the tentative alloca-
tion plan.

(c) The development of standard
tropospheric curves for various
antenna heights, calculated in
accordance with methods ap-
proved at the propagation con-
ference.

(2) Examination of current standards for
the prediction of service areas to de-
termine whether any modifications
are dictated by the terrain effects
considered in the propagation con-
ference.

(3) Re-examination of assumptions as to
typical receiving antenna heights for
urban and rural areas and of meth-
ods of proving station performance
by measurement of received fields at
such heights.

V. Authority to issue amendments of

the Commission’s Rules, Regulations and

(4
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(b

<
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Standards with respect to the matters to be
discussed at the conferences listed above is
vested in the Commission by Sections 301,
303(b), (c), (d), (f), (h) and (r), and 4(i) of
the Communications Act of 1934, as
amended.

VI. In accordance with the provisions
of Section 1.764 of the Commission’s Rules
and Regulations, an original and 14 copies
of all written data, views, or arguments filed
shall be furnished the Commission.

FEDERAL COMMUNICATIONS
COMMISSION

T. J. Slowie, Secretary
Adopted: October 14, 1948
Released: October 15, 1948

THE JOINT TECHNICAL
ADVISORY COMMITTEE

THE INSTITUTE OF RADIo
ENGINEERS, INC.
RADIO MANUFACTURERS ASSOCIATION

Pursuant to this letter, the chairman of
JTAC addressed the following letter to the
chairmen of all Technical Committees and
other interested groups:

October 29, 1948
Dear Sir:

As you doubtless know, the FCC has
scheduled tentatively a three-day engineer-
ing conference for November 30, December 1
and 2. The schedule for this engineering con-
ference is included in the attached FCC re-
lease and requests information on propaga-
tion and allied subjects in the vhf portion
of the spectrum, particularly as it affects
standards and allocation problems of the
television and FM services.

The Commission, through the letter copy
attached, has requested the JTAC to assist
in the collection of information for this con-
ference. Accordingly, JTAC is requesting the
assistance of engineering groups within the
RMA and IRE, as well as other industry
groups. As Chairman of one of these groups,
we urgently request that you read carefully
the attached material from the FCC.

The JTAC will greatly appreciate any
information, engineering data, and com-
ments regarding these subjects that you may
be able to submit by November fifteenth to
the Office of the Secretary.

Sincerely,
Puivie F. SiLinG
Enclosures 2
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Electronics in Nuclear Physics’
W. E. SHOUPP}

The publication in the PROCEEDINGS oF THE 1.R.E. of a series of papers on nuclear particles and phenomena, and on electronic in-
strumentation and control of nuclear processes, continues through the presentation of the following paper. This paper cleatly sets
forth certain fundamental nucleonic facts, their relationship to electronics, and some of the many and intriguing opportunities offered
to the electronics expert who enters the nuclear field.—The Editor.

INTRODUCTION

N AN EFFORT to determine where the science of
]:[ electronics crosses the path of nucleonics and just

what are the results when they meet, it will be
necessary to define reasonably well the two words “elec-
tronics” and “nucleonics.” The word “electronics” re-
quires little discussion here; however, it may be inter-
esting to try to put a definition into words.

Generally speaking, electronics embraces all:‘phe-
nomena associated with the passage of electric cur-
rents through gases and high vacua.! Such phenomena
may be utilized for many purposes, such as the genera-
tion, amplification, and detection of high-frequency
electrical oscillations, and the production of light from
electric current, as well as the converse process. The
propagation processes and the study of interstellar
radiations are likewise included. Studies concerning the
acceleration, generation, and use of atomic particles
and radiations may also be included in electronics.

Electronics may then be defined as that science, art,
and industry concerned with electrical phenomena in-
volving electrically charged atomic particles outside of
liquids and solids. Under this definition we have in-
cluded phenomena other than those due to the action of
electrons.

Now, if we define nucleonics, we may see where the
two fields fit together or possibly overlap, and it may
be possible to draw some conclusions as to their inter-
action. The nucleus is supposed to be made up of parti-
cles called “nucleons.” Until recently it was supposed
that protons and neutrons in combination make up all
nuclei. In line with recent meson theory, this does not
necessarily follow; however, the term nucleon will
usually refer to a nuclear proton or neutron. Nucleonics,
then, is the science dealing with the rearrangement,
transformation, and utilization of the nucleons. This in-
cludes nuclear synthesis, radioactivity, nuclear fission,
and their applications. We will not expect interactions
between electromagnetic waves of the microwave and
radio spectrum and the fundamental nuclear particles
and radiations because of the vast difference in wave-
length. .Electronics will, therefore, be of chief im-

* Decimal classification: 621.375%539.7. Original manuscript re-
ceived by the Institute, August 26, 1948.

1 Westinghouse Research Laboratories, East Pittsburgh, Pa.

1E. U. Condon, Bull. Nat. Electronics Con.; 1946.

portance in observing the physical processes that occur
in ordinary and induced nuclear phenomena. In fact, if
electronics is to influence nucleonics, it must be in the
course of the discovery, production, measurement, con-
trol, use, or disposal of nuclear substances. The better to
see just how this may come about, a brief discussion of
some of the general properties of nuclei is necessary.

Most radioactive substances that are generally avail-
able are generated in the nuclear reactor commonly
called a “pile.” After looking into the operation prin-
ciples of the pile, the characteristics of its radiations,
and its radioactive products, it will be possible to
point out where electronics may contribute to the tech-
nology of nuclear processes through the fabrication and
location of the proper materials for pile construction, the
control of the pile during operation, or the utilization of
the products manufactured within the pile.

THE URANIUM PILE OR NUCLEAR REACTOR

The active ingredient of the pile is uranium, usually
in the metallic form. The largest known deposit was
discovered in Northern Canada, where it is found to
exist in the form of the uranium-oxide complex U(UOy),.
Already we have met electronics head-on, because our
modern uranium prospector who made the discovery
used a Geiger-counter radiation detector to find the ore,
which is a radioactive material. The detector used
here is not so complex as some other electronic equip-
ment, but is a model of compactness, reliability, and
clever electronic engineering. Detectors of this type hayve
been made that weigh less than four pounds and are
sometimes powered by four flashlight cells.

The uranium oxide, after being discovered and mined,
is reduced to pure metallic uranium and is found to
have a specific gravity of 18.7, an atomic weight of
238.07, and a melting point of 1150°C. It is also known
that 99.3 per cent of the metallic material is composed
of the heavy isotope »U?® and 0.7 per cent is nU®:.
Suppose, now, that after considerable mining and chem-
ical reduction we have accumulated sufficient uranium
metal to set up a self-sustaining fission reaction in_an
assembly called a nuclear reactor or pile.

The essential thing about the process of uranium
fission is that the uranium atom falls apart in such a
way as to produce two more or less equal fragments—
and to liberate several more free neutrons. It is this neu-
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tron liberation that makes a self-maintaining process
possible. The splitting requires a neutron to make it go;
the splitting process itself acts as a source of neutrons
which can cause more uranium atoms to split. Here is
the basis for a chain reaction.?

Why, then, does not ordinary uranium explode, or at
least “burn,” in a nuclear sense? Since several neutrons
are released at every fission, a chain reaction is possible.
But one of the several neutrons released must actually
produce another fission to keep the process going.

If all the neutrons released produced more fissions,
the material would explode violently. Since the neu-
trons move rather freely through matter (like X rays)
many are lost by escaping through the surface. Conse-
quently, it is necessary to use a big enough lump of
fissionable material to get a smaller surface-to-volume
ratio. In other words, unless the lump exceeds a cer-
tain critical size, the chain reaction cannot proceed.

Another complication is that impurities in the
uranium have a powerful effect on the neutron loss
through absorption. This loss of neutrons is very diffi-
cult to obviate, for appreciable losses result from the
presence of only one part per million of some materials,
and it is no easy matter to produce anything of that
purity on an industrial scale.

The worst complication of all is that uranium itself
absorbs neutrons in other ways than those that pro-
duce fission. This phenomenon is both a blessing and a
curse. It turns out, fortunately, that the over-all effect
of this nonfission absorption of neutrons by uranium is
sufficiently great to prevent the explosion of perfectly
pure uranium, in normal isotopic abundance, even in so
large a lump that escape of neutrons through the sur-
face is negligible.

Neutrons given out in the fission process are “fast”;
that is, they possess speeds corresponding to several
million electron volts of kinetic energy. Such fast neu-
trons colliding with uranium atoms have a rather great
chance of losing energy without being caught and with-
out producing fission. On the other hand, neutrons of
intermediate speed are unable to produce fission in
U238 They can do so only in U®%, which forms only
1/140 part of natural uranium.

Neutrons of a particularly low energy (about 10 elec-
tron volts) are very like to be captured by U8 to form
U2, This is very important! In fact, this happens so
readily that so many neutrons are used up in this
process that a chain reaction cannot be maintained in
ordinary uranium alone.

An uncaptured neutron continually loses energy by
colliding with atoms as it diffuses throughout any
material, until its average energy is that of the heat
motion of the atoms of the material. Neutrons of cer-
tain extremely low energies are strongly captured by
U8 to produce fission.

;E. U. Condon, Westinghouse Eng., vol. 5, pp. 3,9; November,
1945,
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To cause and maintain a chain reaction with ordinary
pure metallic uranium, which contains all kinds of
uranium atoms but is predominantly U®$, the uranium
is arranged in a lattice of small lumps so that many of
the fast-moving neutrons diffuse out of the uranium
into some surrounding material. Here many of them are
slowed down before diffusing back into the uranium.
Most neutrons thus escape being caught by U?® until
they have lost so much energy that capture by U8 is
unlikely. Ultimately, unless the neutrons are lost in
the surrounding medium, they return to the uranium
lumps and are sufficiently reduced in speed to cause
fission in U%%, but have energies too low to be captured
by U8,

In the technical vocabulary of nuclear engineering,
the material that temporarily traps the neutrons and
helps them lose energy until they are safe from capture
by U283 is called the “moderator.” Evidently the
moderator material must not absorb too many neu-
trons itself, or the reaction will be stopped. Besides not
absorbing neutrons, a desirable moderator has a low
atomic weight. For, to be slowed most efficiently, the
neutrons are allowed to collide elastically with the
nuclei of the moderator material. More energy is given
up at each impact if the two partners of the collision
have nearly the same mass.

The hydrogen content of ordinary water (H,O) would
be ideal with respect to mass, but ordinary hydrogen
absorbs too many neutrons. Heavy water (D:0) is
satisfactory from a neutron-absorption standpoint, but
is not generally available in sufficient quantity. Metallic
beryllium is a possibility, but is quite expensive. There-
fore, specially purified graphite was finally adopted in
the original piles constructed. In a typical graphite-
moderated pile a neutron that has escaped from the
uranium into the graphite travels roughly about 1 inch
between collisions and makes, on an average, 200 elastic
collisions before returning to the uranium, losing about
% of its energy in each collision.

A chain reaction is then possible, but since the nuclear
fission process takes place in very short time and with
considerable evolution of energy, how can the pile be
kept from blowing up? If a pile is so arranged that, on
the average, more than one fission results from the
neutrons produced by each fission, then clearly the
number of neutrons present, and the amount of heat
generated, increase by the compound-interest law. If a
great multiplication happens rapidly—say, in a small
fraction of a second—then the phenomenon becomes an
explosion. In short, we have an atomic bomb. Even if
the reaction occurs slowly, the pile would soon be de-
stroyed by melting if the multiplication were allowed to
proceed.

One way to control the pile? is to provide passage-
ways through it into which rods of material that strongly

3 H. D. Smyth, “Atomic Energy,” Princeton University Press,
1945; p. 135.
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absorb neutrons can be placed. When these rods are
all the way in, they absorb so many neutrons that the
chain reaction is stopped. As they are slowly withdrawn,
a point is reached at which the reaction is just able to
proceed. If pulled out farther, the neutrons are able to
multiply more rapidly and the pile operates at a higher
power level. To stop the pile the absorbing rods are
simply pushed back in farther. Cadmium and boron-
containing steel are suitable materials for the control
rods.

We have so far assumed that the build-up time for
the chain reaction used in the pile is long enough for an
operator to maintain control by manual operation of
the rods or by usc of a similar slow-acting control
mnechanism. That is in fact the case, due to another
fortunate phenomenon in the fundamental physics of
fission—delayed neutrons.

It was discovered in May, 1942, that not all neutrons
emitted in the fission process come out instantly. The
uranium nuclei in splitting apart spill out most neutrons
immediately. But the atomic fragments formed are
also in a highly unstable condition and some of them
throw out additional neutrons after a short time delay,
amounting on the average to half a minute. It is the
delayed ones that set the time scale on which the
neutron multiplication i the pile builds up. They set
it for such a long time that slow-acting controls are
easily able to regulate the activity of the pile. In fact,
1 per cent of the neutrons are delayed by at least 0.01
second and 0.07 per cent are delayed by as much as a
minute.?

Here is an ideal chance for electronics to contribute.
The delayed neutrons do provide a bit of time to acti-
vate controls, but sensing and control-activating meth-
ods are necessary. It is presumably possible to measure
the temperature within a pile by appropriate sensing
elements such as bolometers or thermocouples, and to
use the temperature level so measured properly to posi-
tion the control rods. It would also seem feasible to
measure the neutron intensity at some arbitrary point,
and to use the signal thus obtained to operate the
controls. In any event, electronic controls for the drive
motors operating the control rods seems to be indicated.
This is particularly true since operations of this sort
probably require antihunting methods and accurate
control.

Since a nuclear reactor is a very valuable and ex-
pensive machine, it is likewise important that elaborate
precautions be taken against operating the pile at such a
high level that internal damage to the reactor might
occur. Here, again, electronics has an ideal application.
More or less standard methods are indicated for this
job.

There is, however, one missing link. How do we meas-
ure the level of neutron intensity so as to operate our
controls and precautionary devices? We have seen that
neutrons are nonionizing particles and for that reason we
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cannot .use exactly the same techniques that we apply
to B rays, a particles, and the like. What is done is to
cause the neutrons to produce an ionizing particle
(usually an « particle) and to infer the neutron intensity
by counting the number of particles produced. One of
the best ways of doing this is to allow the neutron flux
to fall upon a chamber, filled with boron-trifluoride gas
(BF3) and surrounded by considerable hydrogeneous
material, usually about 10-cm thickness of parafhin.
The neutrons entering the paraffin will be slowed down
by making elastic collisions with the hydrogen in the
paraffin and then will become very active in causing the
following nuclear reaction to occur:

5Bl° + onl - 3Li7 + 2He‘. (1)

In this reaction an a particle (;He?) of 2.7 Mev is emitted
and will produce either a pulse in an ionization chamber
or will trigger a Geiger or proportional counter. We
have here a means for generating electric pulses from
neutrons, but electronics must supply all the tech-
nology between the sensing element and the control
activator. Various types of amplifiers and electronic
circuitry are used for this service. It will be the task of
succeeding papers by other authors in this series to
describe this technology in detail. Suffice it to say that
there is need for a vast array of fast and slow pulse
amplifiers, dc amplifiers, coincidence circuits, dis-
criminators, scaling circuits, and others too numerous to
mention. Their use for this and similar applications
forms one of the most interesting electronic fields of
endeavor today.

Now let us return to the nuclear reactor and see
what else is going on. The first pile was built on the
University of Chicago campus during the fall of 1942.
It contained 12,400 pounds of uranium together with a
graphite moderator. It was intended to be spherical in
shape, but since the critical dimensions proved to be
smaller than the original calculations indicated, the
sphere was left incomplete, giving the actual pile the
shape of a large inverted doorknob.

It was first operated on December 2, 1942, at a
power level of 3 watt, and on December 12 the power
level was stepped up to 200 watts but the pile was not
allowed to go higher because of inadequate provision
for shielding the personnel. Further studies on piles
were made by the construction of one in Tennessee de-
signed for 1000-kw level of operation. Later a pile using
heavy water instead of graphite as moderator was built.

It should be remembered that, although a pile is built
with ordinary uranium, it is only the 0.7 per cent
that represents active U?% metal. Most of the metal is
U8 and actually tends to stop the process. Only by an
ingenious lattice arrangement for slowing neutrons in a
moderator is the pile able to operate in spite of the
presence of the more prevalent U2,

This means that, regarded as a fuel, only 1/140 of the
total weight of uranium is being directly used; the rest
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is an inert material that remains largely untransformed
by the pile.

How does the bomb chain reaction differ from that in
the pile? The atomic bomb explodes, whereas the reac-
tion in the pile proceeds at a slow rate, easily controlled
by manual operation of absorbing rods. The big, funda-
mental distinction is that the bomb (one type) is made
of essentially pure U?S and without the use of moder-
ator. The chain reaction in the bomb is carried on by
fast ncutrons directly released by fission. As already
remarked, this cannot happen with ordinary uranium;
the U8 slows the neutrons to the point where they can-
not produce fisssion in U2, In addition, U?® absorbs
many of them. With essentially pure U®® these compet-
ing absorption processes do not occur and the reaction
is carried by the fast neutrons directly emitted from a
U2 fission. These are utilized at once to produce fission
in other U atoms. Here the main factors tending to
stop the reaction are the loss of neutrons through the
surface (which sets a minimum size to the bomb) and
losses by absorption due to impurities, including any
remaining U8,

What is plutonium? This is a newly discovered chem-
ical element not known to exist in nature, but which is
made from uranium by atomic transmutation. Plu-
tonium is important because it, like U?¥, is a material
from which atomic bombs can be made.

That U2 can capture neutrons has already been
mentioned as a phenomenon detrimental to the opera-
tion of a pile. When U2 captures a neutron it becomes
U9 and emits gamma radiation, as does radium. This
U29 is not stable but emits high-speed electrons by a
process of spontancous radioactivity. The mean life of
the U%? atoms is only about 20 minutes. By this activity
they are transformed into atoms having essentially the
same mass but one greater positive charge, 93, on the
nucleus, and hence a new chemical element. It is called
neptunium and written as Np®?. Neptunium 239 is also
spontaneously radioactive and emits another high-speed
clectron, becoming thereby an atom having 94 positive
charges on the nucleus but still essentially of mass 239.
This process is slower; the mean life of the neptunium
atoms is about two days. The resulting atom of charge 94
and mass 239 is another new element that does not oc-
cur in nature. It is called plutonium and is written
Pu239'

Actually, the purpose of piles in the military project
was not to get atomic power but to produce the new ele-
ment plutonium, which provides a second bomb ma-
terial. It is, in short, a competitor to U Since the
uranium lumps in the pile are exposed to a dense
atmosphere of neutrons, the means is at hand for chang-
ing a part of the U%® into Pu®".

The several large piles thus put in operation gener-
ated many hundreds of thousands of kilowatts as heat.
This heat was, however, not utilized, as the main pur-
pose of the operation was production of plutonium for
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use in the atomic bomb. To utilize the heat efficiently
it would have been necessary to operate the pile at
high temperatures, requiring extensive modification of
pile construction.

The pile, when run at a high power level, also gen-
erates an enormous amount of radioactive material,
far more potent than all the radium ever mined. This
greatly complicates the problem of operation of the
large piles by requiring a high standard of reliable opera-
tion that must depend entirely on remote controls.

The plutonium is formed in the blocks of uranium in
the pile. These have to be removed from the pile and
the plutonium extracted by fairly simple chemical
methods, because plutonium and uranium, being com-
pletely different elements, are dissimilar chemically.
The process, however, is greatly complicated by the
intense radioactivity of the materials.

RADIOACTIVE BYPRODUCTS OF THE PILE

In all this involved process, what has happened to
the uranium atoms we were watching? We have seen
that some of the U?% has been caused to fission. For
example, the U2 nuclei have split into roughly two
equal parts, as indicated in Fig. 1. \We now have a barium

ugp?éumg[ : BARIUM ATOM
1
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Fig. 1—Typical neutron-induced fission of U® atom.

and a krypton atom, and two or three neutrons have
been emitted. The nuclei of the barium and krypton are
very different from the ordinary types found in nature.
In fact, in this special case the krypton formed is defi-
cient by three positive nuclear charges, and the barium
nucleus is deficient by four, from a stable condition.
Consequently, these nuclei are radioactive and will emit
B particles and ¥ rays until stability is attained.
Barium and krypton and their intermediate decay prod-
ucts are not the only radioactive isotopes formed as a
result of the fissioning. In fact, possibly a hundred
different radioactive isotopes are produced in this
process.

Fission into precisely equal masses seldom occurs, the
most abundant fragments being one of a mass number
between 127 and 154 and the other between 83 and 115.
The half-lives of the unstable isotopes thus formed vary
from a small fraction of a second to over a year. Radia-
tions from these radioactive elements present one of the
major health problems to the personnel working in this
field. The isotopes are, of course, chemically recoverable
and are valuable byproducts from pile operation. In
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addition to the radioactive fission products, heavy
nuclei, UB? and Np®? are present in the pile. The
concentration of these materials builds up within the
pile during normal operation until eventually their
decay is equal to their rate of formation; their concentra-
tion then becomes constant, thus presenting interesting
limitations of the economics of pile operation.

Within the chain-reacting pile, a very high flux
density of neutrons is maintained. If certain elements
are inserted within the pile, intense radioactivity may
be induced in most isotopes by neutron capture. As an
example, radioactive phosphorus (P®) is made by in-
serting ordinary phosphorus within a pile and inducing
the following reaction:

P¥ 4 nt— P2 4 4 (2)

where the superscripts indicate the total number of pro-
tons and neutrons in the nucleus (mass number), and
the letter is the symbol for the element or radiation in-
volved. At the present time seventy-five radioactive
isotopes made by this method may be obtained from
the Atomic Energy Commission, and several hundred
more may be made within piles or by bombardment by
the beam of nuclear accelerators. These radioactive
materials are useful for a vast variety of applications,
a few of which will be mentioned. Radioactive sulphur
may be used to determine the amount of sulphur re-
maining in coke; radioactive phosphorus may be used
to analyze the phosphorus content of steel; while solid
or liquid and other radioactive materials may be used
to examine the finished steel for flaws or inclusions.

In medicine, clinical use in made of radioactive ma-
terials in the diagnosis and treatment of certain thyroid
disorders. The motion of the blood, heart action, and
digestive processes may also be investigated by means
of radioactive techniques. In fact, radioactive tracers
may be followed quantitatively throughout the vari-
ous physical and chemical processes to which they may
be subjected. All applications of these materials de-
pend upon the detection and accurate measurement of
the position and quantity of disintegrating radioactive
nuclei. It is in this application that electronics finds its
greatest possibilities. In fact, the real importance of
analysis by radioactive isotopes lies in the fantastic
sensitivity of the electronic detection methods that are
applicable. Here we reach the ultimate in detection
sensitivity, where individual exploding atoms are de-
tected and accurately counted. This leads to applica-
tions where tremendous dilutions are encountered.
Ionizing radiations are emitted by radioactive materials
and the ions formed within gases, liquids, and solids
may be used to indicate the presence of radioactive
atoms. A vast variety of electronic devices is available
for these applications, and a series of comprehensive
articles written by well-known authorities on the vari-
ous types of instruments will be published in succeeding
issues.
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NUCLEAR RADIATIONS FROM RADIOACTIVE MATERIALS

The radioactive material may emit g radiation (high-
speed electrons), positrons (8,), a particles (helium
nuclei), v radiation, neutrinos, and antineutrinos. The
latter two are nonionizing particles of low mass, more or
less hypothetical, and so far have not been directly
observable. Nearly all of the detection methods for
a, B, B4+, and v radiations are based upon the electrical
response generated when these radiations cause primary
and secondary ionization processes as they pass through
matter. For « and B radiations, the ionization is pro-
duced in the slowing down of the particles themselves.
On the other hand, v radiations are detected by the
ionization produced by the Compton recoil electrons,
photoelectrons, and electron-positron pairs that are
produced as they pass through matter. Since the elec-
tronics specialist plans to use ionization to indicate the
presence of such radiation, it is of great importance that
the energy, penetrating power, and ionization density
of the radiation be known. In general, ordinary radio-
active materials emit radiations having energies that
vary from several kilovolts to a few million volts. When
dealing with these radiations, it is convenient to remem-
ber the following rough characteristics of these radia-
tions.

PROPERTIES OF ALPHA RADIATION

The range of « particles in air at ntp (normal tem-
perature and pressure) is about 1 cm for 2 Mev, 2 cm
for 3.4 Mev, and 5 c¢m for 6.3 Mev. On the average the
energy loss is about 1 Mev per cm of air forming about
40,000 ion pairs. A better insight into the ionization by
a radiation may be obtained from examining Fig. 2,
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Fig. 2—Relative specific ionization of « particles from
polonium and radium C’.

which shows the specific ionization along the path of
the particle. Similarly, Fig. 3 shows the range of «a
particles in air at ntp.

PROPERTIES OF ELECTRONS (8) AND POSITRONS (34)

Electrons and positrons (8 and B4 particles) have a
mass that is only 1/1838 that of the « particle and are
scattered considerably as they pass through matter, so
that their paths are generally far from being straight
lines. The “straightened-out” length of the electrons in-
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creases with the energy and is about 1 cm at 25 kev,
10 ¢cm for 90 kev, and 100 cm for 0.4 Mev in air at
ntp. Since it is frequently necessary to shoot these
particles through foils into detection equipment, their
penetrating ability for aluminum is of some importance.
Roughly, their penetration in aluminum is about 0.0005
that in air, but at high energies the range varies almost
linearly with energy, while at low energies it is more
nearly proportional to the square of the energy. This is
shown graphically in Fig. 4. It is seen that in the region
of tens of kilovolts the range-energy relation for elec-

ENERGY IN MEV
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Fig. 3—Range of « particles in air at ntp.

trons having an initial energy E, follows roughly the
quadratic law:

Riom = 7.5 X 1077 Ey,%

The energy E in kv possessed by the electrons after
penetrating ¢ grams per square centimeter of material is

given by
13-108 t)
E? /)’

The previous discussion is for high-speed electrons of
monokinetic energy. When using these data it should be
remembered that radioactive materials emit electrons
or positrons with a continuous distribution in energy
from zero up to a certain maximum energy (Emasx) that
is characteristic of the particular radioactive isotope.

E2 = E02<1 —

ProOPERTIES OF GaMMA RAYs

Gamma rays are similar to X rays of high energy.
The distinction between the two lies only in their
method of production. As v rays pass through matter
they lose energy by interaction with electrons through
the Compton effect, the photoelectric effect, and, when
energetically possible, through formation of positive-
negative electron pairs. The intensity of a monoener-
getic beam of y radiation passing through an absorber
that does not interact with the absorber will decrease
exponentially as
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I = I »t

where I is the incident intensity and [ is the intensity
after having penetrated a thickness ¢ of material (in
grams per cm?) of absorption coefficient g (in cm? per
gram). The absorption coefficient is about 0.06,
cm?/gram for v radiation of a few Mev and increases
rapidly below 1 Mev. The contribution of the various
absorption processes is shown in Fig. 4. The total ab-
sorption coefficient has a minimum at about 3.5 Mev
and above 8 Mev is nearly entirely due to pair produc-
tion.
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RADIATION DETECTORS

The various properties of «, 8, 8+, and ¥ radiation as
discussed are used in the many types of electronic radia-
tion detectors. A brief summary of the operation of the
various electronic devices used for the detection of
these radiations follows. ‘o

Scentillation Detectors

Certain materials have the property of emitting
visible light when bombarded by ionizing materials.
Among the more useful materials are zinc sulphide,
aluminum oxide, calcium tungstate, anthraceme, and
napthalene. These materials may be used in the form of
powdered material deposited on a backing material,
although usually their use as a clear, transparent crystal
is preferred. The minute flash of light produced by a
single « particle is visible to the eye, provided it is
“dark-adapted.” The flashes are also capable of being
picked up by photomultiplier tubes such as the 1P28
or 931A. With appropriate amplifiers, pulses due to
single «, 8, B4, or v radiations may be detected; and if
fissionable material, hydrogeneous material, boron 10,
or other materials that react with neutrons be mixed
with the fluorescent materials through fission, scatter-
ing or nuclear transformations may also be indicated.
The electronic circuitry for these detectors is not par-
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ticularly complex since considerable amplification is
attained within the photomultiplier, and it is compara-
tively simple to obtain pulses 10~7 seconds wide from
the scintillation detector.

Tonization Chamber Detectors

An ionization chamber is a gas-filled volume into
which electrodes are inserted and maintained at a poten-
tial difference sufficiently low that gas breakdown or
gas amplification does not occur, yet sufficient to collect
the primary ionization due to the passage of the ionizing
radiation. In integrating types of ionization chambers,
a given charge is applied to the electrodes of the ioniza-
tion chamber, acting as a capacitor. The ionizing radia-
tion then discharges this capacitor and the change in
potential difference across the electrodes is read by an
electroscope or an electrometer, usually of the filar type.
Special electrometer tubes sensitive to lower than 10~
amperes have also been developed for measuring the
ionization current produced within the chamber. All
types of ionizing radiations are detected by these de-
vices. Generally speaking, instruments of this type have
long time constants and are chiefly used where sim-
plicity of operation and low sensitivity (2 to 5000 milli-
roentgens per hour) are measured.

Pulse Ion Chambers

The alternating-current pulse generated by the ioniz-
ing event in an ionization chamber may be amplified
and the rate of occurrence of the pulses thus generated
may also be used to measure a flux of ionizing radiations.
Until recently, the amplified pulse due to the displace-
ment current generated by the motion of the positive
ions has been used. At customary strengths of the col-
lecting field, this results in pulse widths which require
amplifiers to be pcaked at about 1 kc. The motion of the
electrons generated by the ionizing event cause a much
more rapid pulse to be generated in addition to that due
to the positive ions. The mobility of the electrons is
much greater than that of the positive ions; therefore,
“faster” amplifiers are required, resulting in amplifiers
having bandwidths of from 0.2 to 2.0 Mc. In order that
pulse heights from the amplifier may be used as a meas-
ure of particle energy, pulse amplifiers are usually made
linear by means of inverse feedback. The “high-speed”
amplifiers have the advantages over the “low-speed”
type of comparatively low microphonic noise and higher
resolving time.

Proportional Counters

If the field strength within the ionizing volume is in-
creased until “gas amplification” takes place, the size
of the pulse, due to the traverse of the ionizing particle,
may be considerably increased. When coaxial propor-
tional counters are used, this increased ionization, which
may be several thousandfold, is due to high field about
the central wire. For this reason amplifiers used with
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proportional counters need to have much less gain than
those used with ionization chambers, and this indeed is
the reason proportional counters have replaced ioniza-
tion chambers for many applications. However, the
pulse size obtained from proportional counters is quite
sensitive to the voltage across the counter, and the
“simpler amplifier” advantage is partially nullified by
the additional requirement of a very stable high-voltage
power supply.

Geiger Counters

If the voltage across a coaxial proportional counter is
increased, the pulse size of the discharge due to an ioniz-
ing particle will at first increase and then level off at
what is called the “Geiger region.” In the “Geiger re-
gion” electron avalanches are set up and a continuous
gas discharge will result, unless either the voltage is re-
moved from the counter after the ionizing event takes
place, or a “quenching gas” is used to extinguish the dis-
charge. Either or both methods are frequently used and
offer interesting electronic design problems so as to
minimize recovery time and double counting.

Other Detectors of Nuclear Radiations

Photographic films, Wilson cloud chambers, chemical
effects, and crystal counters offer other means of radia-
tion detection, of which the crystal counter is of greatest
interest to the electronic nuclear instrumentation field.
The crystal counters utilize a slab of crystalline mate-
rial mounted between two high-voltage electrodes.
When an ionizing particle strikes crystals of certain
types, ionization pulses are produced. The amplifiers
and associated electronic equipment are very much the
same as that used with the proportional counter; how-
ever, since the crystal is of high density, considerably
more of the radiation energy is converted to electrical
pulses for a unit volume of material than for the case of
the gas-filled counters.

Use of Radiation Detectors

The «, 8, B+, and v radiations emitted from radioac-
tive sources may be measured quantitatively by the
various radiation detectors previously discussed. Gen-
erally speaking, the various radiation instruments are
used as described in Table 1. In addition to the applica-
tions listed, the a-particle-sensitive devices may be
used to measure neutrons, which are nonionizing, by in-
serting certain materials that react with the neutrons
to emit « or fission particles. A typical example of this
is the use of a boron-trifluoride atmosphere in a propor-
tional counter, thus permitting the neutrons to interact
with the boron to emit an a particle which is then re-
corded in the customary manner. The nuclear reaction
used for this process is given in (1). From this reaction
it is seen that the boron 10 (;B!%) isotope is mainly
responsible. In ordinary boron only 18 per cent is §B!°,
the remainder being the isotope of mass 11, B!, which
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TABLE 1

Apparalus Particles Detected

Integrating lon Chambers

a, 8, v (usually only v)

lon Chamber with DC Ampli- | a, 8, ¥ (usually only v)
fication

Pulse lonization Chambers a, protons, deuterons

Proportional Counters

a, protons, sometimes 3, v

Geiger Counters 8, v, sometimes a

Scintillation Counters

a, B, ¥

second

Crystal Counters a B v
second

has one more neutron in its nucleus. It is possible to ob-
tain from the Atomic Energy Commission certain boron
compounds enriched in the isotope B'® produced
through the use of isotope separators. Use of this “en-
riched” material as an atmosphere in proportional
counters and jonization chambers increases the sensitiv-
itv of neutron detectors of this type by roughly a factor
of 5.

Flectronic Requirements of Radiation Detectors

The characteristics of the various nuclear radiations
and instruments capable of detecting and measuring
them have been briefly discussed. It remains to consider
in greater detail just where electronics may be expected
to contribute to the design and operation of these in-
struments. If one examines any of the various detectors
listed in Table I, it becomes obvious that the main con-
tent is a maze of electronic tubes and electronic circuitry
of ordinary type, but of unusual application. In fact, in
most radiation detectors clectronics is the “tail that
wags the dog.” Succeeding papers will discuss in detail
the clectronic and physical details of these detectors.
IHowever, for illustrative purposes, consider the Geiger
counter as used in the laboratory for analytical radio-
active purposes. For y-ray counting the “Geiger tube”
used is a fundamentally very simple device composed
of a copper cylinder 10 cm long and roughly a centi-
meter in diameter, having an insulated 3- to 10-mil
tungsten wire stretched down the cylindrical axis. ‘The
tube is surrounded by an envelope enclosing a reduced-
pressure atmosphere that, as an example, may be com-
posed of 10 cm of argon and an organic vapor which is
usually about 1 cm of ethyl alcohol. Across this tube is
imposed about 1000 volts dc. This voltage may be ob-
tained from simple rectification of the output of a 60-
cps transformer or, to reduce weight, volume, and filter-
ing required, the rectified output of a 100-ke oscillator is

Range of Intensity
0.1 101007
0.001 w0 10 r/hr
Counts single particles up to
10° per second
Counts single particles up o

104 per second

Counts single particles up to
103 per second

10 per second up to 10¢ per

Single events up to 10% per

Uses and Remarks

Used mainly for health dosimeter. Advan-
tages: compact, simple, nlgged.

Used mainly for reading radiation flux (r rate)

Research-laboratory purposes and monitoring
of a radiations.

Monitoring of a-particle intensity and meas-
urement of heavy particles in presence of g
and v background.

Most-used instrument —counting chiefly g, 3
from radioactive materials. May be used for a
if necessary. Location of contamination and
range dosimetry.

Research purposes requiring high resolution.
I’robably more extensive uses later.

Largely rescarch in character at present. Bril-
liant possibilities.

frequently used. When an ionizing event takes place in
the tube, a gas discharge takes place. This discharge
may be extinguished by the organic vapor present. H,
however, long counter-tube life is desired, an clectronic
extinguishing circuit is used to remove the voltage from
the counter after a discharge has been triggered.

Several circuits! have been developed for this pur-
pose, cach having its own peculiar ditficulties and ad-

‘antages.

The generation and extinction of the gas discharge has
lowered and raised the voltage across the Geiger
counter tube, thereby indicating the presence within
the tube of a single ionizing particle. This pulse, which
is a few volts in amplitude and some 1078 seconds wide,
is amplified in the conventional manner and fed into an
clectronic pulse-equalizer circuit and then to either an
clectronic integrating circuit, to indicate the counting
rate, or into a power amplifier that may operate a num-
ber register to totalize the pulses. Since electromechan-
ical registers require at least 0.01 second to operate,
they place an undesirable limit upon the speed of count-
ing. Consequently, electronic scaling circuits, which per-
mit only a known fraction of the pulses to reach the
register, are frequently necessary. It is obvious that,
even though the input Geiger counter tube is very sim-
ple, a complex array of electronic circuitry is necessary
to utilize the device properly and in the most efficacious
manner.

The preceding remarks apply only to the Geiger
counter. However, if we examine working models of
other nuclear radiation detectors, it is apparent that the
major portion of their useful operation depends upon
appropriate utilization of electronic circuits. 'this is to
be expected, since nuclear detection usually requires
fast, reliable indication of phenomena that occur at a

4 J. Strong, “Proceedings in Experimental Physics,” Chap. V11,
p. 259, Prentice-Hall, Inc., New York, N. Y., 1938.
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very low voltage level. The application of electronic
methods and circuits naturally offers the more obvious
solutions to these problems. In fact, electronic applica-
tions to the detection, indication, and measurement of
nuclear radiations represent the most apparent, but by
no means the only, field of application to nuclear sci-
ence.

ELECTRONICS AND NUCLEAR PARTICLE ACCELERATORS

The application of electronics to the vast number of
accelerators has been no less spectacular. In fact, the
world’s most powerful oscillators are being developed for
use in the larger cyclotrons. Whether the nuclear ac-
celerator be a synchrocyclotron or a cavity linear ac-
celerator, the electronics expert finds countless elec-
tronic problems that have been previously unsolved
and, consequently, tax his ingenuity to the utmost.

ELECTRONICS AND THE FUTURE OF NUCLEONICS

As time passes, nuclear electronic applications and
problems seem to increase in number, thus offering to
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the engineer a bright new field of the future, fraught
with difficulty, but great in interest.

On the other hand, the electronics part of the nuclear
sciences presents a challenge to the electronics engineer.
In this borderline or dual subject, it is not sufficient for
the electronics expert to be capable in his own field. He
must also be an expert in nucleonics. Since the science
of nuclear phenomena is a new field, the nuclear expert
is not always able to put his electronics problems to the
electronics expert in the proper language so that he may
obtain the benefit of his thinking and experience. It is
usually necessary for the electronics scientist to follow
the nuclear problems involved, and to find and point
out the defects in existing techniques and to offer new
solutions to these difficulties. To do this, he must have
a sound understanding of the basic phenomena in nu-
clear physics, in addition to his electronics training.
While this may appear to be too much to expect, there is
no substitute for this combination of knowledge. To
those that qualify, new horizons are opening up, second
in importance to none, and with tremendous capabilities
for the good or the destruction of mankind.

Considerations in the Design of a
Universal Beacon System”
LUDLOW B. HALLMAN, JR.f, SENIOR MEMBER, IRE

Summary—Airborne beacons are an essential element in aircraft
navigation and traffic-control systems since they provide a means of
(a) radar range extension and (b) intelligence transmission. However
it is important that a universal beacon be provided which will, in
effect, operate with all ground and airborne radar equipments, re-
gardless of the operating frequency of the primary radar equipment.
Also, the airborne beacon must provide the maximum of facilities
for intelligence transmission. The paper outlines the specifications
for a proposed universal beacon system satisfying the above basic
requirements, and discusses certain design criteria for the several
components of the proposed system.

I. INTRODUCTION
ﬁ.IRBORNE BEACONS or transponders have,

during the past few years, received considerable
attention by both military and civil agencies
because of their universal application to aircraft naviga-
tion and traffic-control systems.!:? It has been found, in

* Decimal classification: R526.1. Original manuscript received by
the Institute, March 22, 1948; revised manuscript received, July 6,
1948. Presented, 1948 IRE National Convention, New York, N.' Y.,
March 22, 1948.

t Communication and Navigation Laboratory, Air Materiel
Command, Wright Field, Dayton, Ohio.

! Ralph D. Hultgren and Ludlow B. Hallman, Jr., “The theory
and application of the radar beacon,” Proc. I.R.E., vol. 35, pp. 716—
730; July, 1947,

3 Arthur Roberts, “Radar Beacons,” vol. 3, MIT Rad. Lab.
Series, McGraw-Hill Book Co., Inc,, New York, N. Y., 1947.

particular, that airborne radar beacons show consider-
able promise of contributing to the solution of two prob-
lems commonly associated with all such systems; i.e.,
(1) radar range extension, or “radar assist,” and (2)
automatic intelligence transmission. In fact, it has
been shown that airborne transponder beacons are
capable of performing so many essential functions that
the problem is no longer one of deciding if a beacon is
required; rather, the problem has become one of decid-
ing how many functions can be accomplished by a
simple beacon, or of deciding how many beacons must
be carried in a single aircraft to accomplish essential
functions. It is, of course, desirable to carry only one
small, light-weight beacon in the aircraft. This situation
received careful consideration during the recent de-
liberations of Special Committee No. 31, which was
established by the Radio Technical Commission for
Aeronautics to determine the basic system considera-
tions and equipment types required for a nationwide
air navigation and traffic-control system.? The material
presented in this paper is believed to be essentially in

* “Air Traffic Control,” prepared by RTCA SC-31, Paper 27-
48/D0-10, May 12, 1948, Radio Technical Commission for Aero-

nautics, Rm. 5§97, Department of State Bldg., 17 St. and Pennsyl-
vania Ave., Washington 25, D. C.
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accord with the applicable guiding principles estab-
lished by SC-31. The purpose of the paper is to outline
basic requirements. A discussion of detail techniques
will not be attempted.

II. THE PrOBLEM OF RADAR RANGE EXTENSION

Small aircraft, particularly those with fabric-covered
airfoil and fuselage surfaces, make poor radar targets,
especially under adverse weather conditions, and are
often difficult to detect beyond a few miles from the
radar site. These aircraft become hazards when the
ground radar equipment is used to control the traffic
pattern around the airport. If all such aircraft were
equipped with radar beacons, this problem would, of
course, be much less serious. To be universally effective,
the airborne beacon must, in effect, respond to all
ground and airborne navigational radar frequencies,
and any universal beacon system must satisfy this re-
quirement. It also follows that the airborne beacon
must be so designed that it is effective out to the
maximum operating range of the associated primary
radar equipment.

III. THE PROBLEM OF AUTOMATIC INTELLIGENCE
TRANSMISSION

It is convenient to divide the intelligence to be trans-
mitted, both air-to-ground and ground-to-air, into two
fundamental types, as follows: (a) intelligence which is
fundamental to the air traffic-control system; and (b)
intelligence which is fundamental to the navigation of
the aircraft.

In establishing the principles upon which the uni-
versal beacon system is based we propose that the uni-
versal airborne beacon be required to handle only that
form of intelligence transmission which is fundamental
to the air traffic-control system.

The following types of intelligence, listed in order of
operational importance, are fundamental to the air
traffic-control system and should, therefore, be capable
of automatic transmission to the ground traffic-control
agency through the universal beacon system: (a) air-
craft range and azimuth (automatically provided in
connection with the radar-assist or range-extension
function described above); (b) aircraft altitude; and
(c) aircraft identity.

In addition to the above, the proper control of the
air traffic requires a private-line communication chan-
nel between ground control and each aircraft, for the
automatic transmission and reception of routine traffic-
control intelligence such as “clear to land,” “increase
altitude to———,7 “decrease altitude to——,”
“hold,” “ahead of schedule,” “behind schedule,” “turn
right degrees,” “turn left degrees,” etc. Also,
the private-line communication channel may be used to
indicate the failure of the system at any point. It is
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probable that all such information required could be
transmitted using a four- or five-pulse binary code.

I1V. PROPOSED SPECIFICATIONS FOR THE
UNIVERSAL BEACON SYSTEM

a. General

Consideration of the basic problem, as outlined in
the foregoing, leads to the following conclusions regard-
ing the over-all system:

(1) The airborne transponder should be so designed
that its reply signal is capable of being seen on the dis-
play of any pulse-type ground or airborne radar equip-
ment operating in the approximate frequency range of
100 to 20,000 Mc. The use of an interrogator-responser
equipment operating in a common frequency band pro-
vides a convenient means of satisfying this requirement,
and a brief description of such equipment will be given
later in this paper. Assignments have been provided in
the bands 960-1215 and 1300-1660 Mc for aero-
nautical radio aids. It is proposed that the common
interrogator-responser channel be assigned in one of
these bands.

(2) The characteristics of the airborne beacon (sec-
ondary radar) system should be such that its operating
range, azimuth, and range definition is at least as great
as that of the highest-power (greatest-range) primary
radar equipment with which it will be used, when the
primary radar equipment is operating at maximum
range against an effective reflecting area equivalent to,
say, a close formation of six aircraft of the DC-6 type.
The beacon system should also provide satisfactory
operation down to a minimum of at least 1/2 mile range
at an altitude of 1000 feet.

(3) When the azimuth and range definition of the
primary radar equipment is greater than that which is
practicable at the selected common beacon interro-
gator-responser frequency, then simultaneous or dual
interrogation at the primary radar frequency may be
required. Even when this is not necessary, however, the
L-band common interrogator-responser channel is ex-
tremely useful in that it provides a means for preventing
overinterrogation, or saturation, of the transponder by
spurious radar signals. Also, the L-band channel may
be used to provide a coded signal for adjusting the sensi-
tivity of the transponder receiver to provide improved
azimuth resolution when the aircraft is less than, say,
ten miles from the ground radar equipment.

(4) The capability of supplying the types of data
indicated below should be provided by the universal
beacon system.

(i) Radar Assistance. (Both range and azimuth.) This
constitutes the basic radar-beacon function.

(ii) Altitude. It appears technically feasible to pro-
vide aircraft altitude data by suitable interrogation or
reply codes, frequency channeling, or by a combination
of pulse codes and frequency channeling. Further study
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will be necessary before a decision can be made as to
just how this facility may be best provided. System re-
quircments indicate a need for 20 altitude layers,
although a continuous indication of altitude may ulti-
mately prove the more desirable.

(i11) Identity. The simultancous display of the identity
of all aircraft is not required. Rather, provision should
be made for the display of the identity of particular
aircraft upon request. The period of time between the
selection of the target and the display of the identifying
information required should be as short as practicable
and preferably less than ten seconds.

There are two fundamental types of identity to be
considered; namely, identity of the “Who are you?”
tvpe, and identity of the “Where are you?” type.

IDENTITY OF THE " wHO ARE YOU?" TYPE

OISTRIBUTION
of ARCRAFT

j( |
GROUND STATION PP *
INDICATION OF ARCRAFT

DISTRIBUTION AND

tOENTIFICATION

GROUNO STATION INTERROGATES
UNKNOWN A W OIDENT -
IRICATION SECTOR ARCRAFT
.~ REMLY |13 MUTOMATICALLY
- RECORDED & GROUND
STATION

POSITION OF
ARCRAFT

1OENTIFICATION
OF NRCRAFT

Fig. 1—Display of identity of the “Who Are You?” type as applied
to the universal beacon system,

Identity of the “Who are you?” type is illustrated in
Iig. 1. Here the interrogation is limited to the particular
air-space segment in which the unknown aircraft is
located. Azimuth definition is obtained from the direc-
tivity of the L-band ground antenna. Range identity
may be obtained by a pulse code which is controlled by
the range position of the unknown aircraft as viewed
on the ground-equipment plan-position indicator (PPI).
Both the azimuth positioning of the interrogator-re-
sponser L-band antenna and the range identity pulse-
code adjustment are automatically accomplished when
the ground traffic controller adjusts the cross hairs of
his range and azimuth cursors so that they cross over
the spot on the PPl displaying the unknown aircraft.
In the aircraft, provision is made to utilize the airborne
distance-measuring equipment (DME) to establish a
decoding circuit, such as a double-pulse gate, which
will pass the identity interrogating pulse only if it is
properly coded to correspond to the aircraft’s distance
from the ground station. Use of the airborne DME
to establish range identity requires that the ground
beacon used with airborne equipment be suitably
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located with respect to the ground radar and inter-
rogator-responser equipments. Also, the same ground
beacon must be used by all aircraft in a given control
arca. Where this is not feasible, identity of the “Who
are you?” type must be accomplished using azimuth dis-
crimination only. Ultimately, it may be found advan-
tageous to further limit the air space interrogated for
identity of the “Who are you?” type by interrogating
only that altitude sector occupied by the unknown air-
craft.

Identity of the “Where are you?” type is illustrated
in Fig. 2. This type of identity is provided when the
aircraft equipment automatically, or the aircraft pilot
or navigator manually, operates a control which causes
a special identifying signal to be transmitted when the
ground controller broadcasts a request for this type of
identity either by radiotelephonic or coded interroga-

—

IDENTITY OF THE "WHERE ARE YOU?'TYPE

1S ARCRAFT OF FLIGHT
AW OF THE AIRCRAFT APPEARING
ON THE PPI DISPLAY! ¥ SO, weacH
AIRCRAFT 1S 1T?

PPl DISPLAY PRIOR
T

AWI40 1S WMITHIN RANGE ITS REPLY WiLL
APPEAR ADJACENT TO ITS BLP ON THE

GROUNDG STATION PPL
PP DISPLAY AFTER
BROADCAST OF GEN-
K ERAL REQUESY

Fig. 2—Display of identity of the “Who Are You?” type, showing
a problem, and the procedure to be followed.

tion means; or by means of a special interrogation over
the private-line circuit.

(iv) Private-Line Communication. It is proposed that
a separate communication channel, consisting of one
transmitting and one receiving frequency, be set aside
in the 960- to 1660-Mc band, and designated specifically
for automatic intelligence transmission of the type
which is required in connection with the universal
beacon system.

Since it is required to handle all aircraft within range
on this single communication channel, some method of
time division is required. We may, for example, choose
a 6-sccond cycle. If each aircraft is assigned a 3000-
microsecond interval in cach 6-second cycle, two
thousand aircraft can be handled in a given area on the
same pair of frequencies. This requires synchronization
of all ground stations and all aircraft equipments in the
area. This requirement could be satisfied by utilizing
the rotational rate of the navigational omnirange pat-
tern as the source of synchronization voltage. Intelli-
gence would be transmitted by means of suitable binary
codes.
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b. Airborne Components

The airborne transponder components of the uni-
versal beacon system are illustrated diagrammatically
in Fig. 3. L-band transmitter No. 1 with its associated
decoder and modulator provide the radar assist (range
and azimuth), aircraft altitude, and aircraft identity
functions. L-band transmitter No. 2 and its associated
decoder and modulator provide the private-line com-
munication facility.

Only S- and X-band coincident-channel receivers are
provided, since it does not appear at present that coinci-
dent interrogation at other frequencies will be a re-
quirement within the next ten years.

It is proposed that the inherent delay of all airborne
transponders in replying be standardized to remain con-
stant under all service conditions to within £0.2
microsecond, so that resulting range inaccuracies from
this source shall not exceed 100 feet.

Iallman: Design of a Universal Beacon System
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Fig. 3—Airborne transponder components of the universal
beacon system.

In addition to the airborne transponder components
illustrated in Fig. 3, an L-band interrogator-responser
unit is proposed for aircraft carrying navigational-type
radar equipment. The unit should have facilities pro-
vided for interconnection with any standard airborne
radar system. However, it should also be capable of
satisfactory operation independently of the airborne
radar equipment.

The receiving system should be capable of receiving
a selectable range of altitude-indicating signals.

It is suggested that the beacon reply be displayed on
the indicator of the associated airborne radar equip-
ment when such is available. For use in nonradar-
cquipped aircraft, a suitable display unit should be
provided. The identity information could be displayed
separately, and it is not necessary that the airborne
equipment display the identity of all beacon replies.

1529

¢. Ground Components

The proposed ground components of the universal
beacon system are diagrammatically illustrated in Fig. 4.
Although only one L-band directional antenna is shown
in Fig. 4, it is likely that two such antenna systems may
be found operationally desirable. One would be used
for continuous automatic azimuth tracking, the other
would be rotated or controlled manually for obtaining
aircraft identity without interference with the auto-
matic-tracking function.

Facilities should be provided for interconnection with
any standard ground radar system, though the inter-
rogator-responser equipment should also be capable of
operation independent of the ground radar equipment.

The receiving system should be capable of receiving
and displaying a selectable range or the entire range of
altitude-data signals.

It is suggested that the beacon reply be displayed on
the same type of indicator or the same indicator as the
radar. The “radar assist” function and altitude informa-
tion should be available continuously. The identity in-
formation may be displayed separately.

RADAR

L BAND L- BAND
DIRECTIONAL DIRECTIONAL OMNI - DIRECTIONAL
ANTENNA ANTENNA ANTENNA
- S - Y
TO MANUAL
OR AUTOMATIC
SLEWING CONTROL.
PRIVATE
LINE
PRIMARY SECONDARY TRANSMITTING
RADAR RADAR ANO
EOUIPMENT EOUIPMENT RECEVING
[ ‘ EQUIPMENT 0 0
| oF INV‘LIG!NC!
1 FROM PRIVATE
[srec. | ]

TO SYNCHRONI ZER

TO PULSE- COD!NG
RANGE CONTR {AHD INTELLIGENCE
e X )

FOR“ wHO ARE 2

'W URCE FOR
IDENTITY INTERROGATION YlMS‘N‘lSSlON OVER
PRIVATE LINE

Fig. 4—Ground components of the uni-
versal beacon system,
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Three-Dimensional Representation on Cathode-
Ray Tubes”

CARL BERKLEY T, ASSOCIATE, IRE

Summary—A procedure for the representation of functions of a
number of variables on the screen of a cathode-ray tube is devel-
oped. The procedure may be applied to any regular system of co-
ordinates or any number of variables. The representation may take
the form of an oblique perspective picture. The procedure consists
of the following steps:

1. Setting the form of the representation.

2. Deriving the position of the spot on the cathode-ray tube as a
function of its true position in space.

3. Making the indicated corrections electrically.

Applications in the fields of mathematics, radar, electromag-
netic theory, mechanical measurements, topographic surveying, and
meteorology are described.

INTRODUCTION
PATTERNS WHICH give the illusion of a three-

dimensional object are frequently encountered

in work with cathode-ray tubes. These patterns
are sometimes obtained intentionally, but more usually
occur as a result of some cross coupling, oscillation, or
defect in the circuits used. An analysis of such patterns
was undertaken to find if they could be reproduced at
will, and whether use could be made of the results. It
was found that analysis is simple in many cases, and it
is expected that the results will find wide application.
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Fig. 1—Figure for the derivation of translating voltages for
oblique representation.

Examples of such patterns appear in Figs. 2-5 and 8,
which are photographs directly from the face of a cath-
ode-ray tube.Since the same cathode-ray-tube pattern is
viewed by both eyes in the majority of cases, it will be

* Decimal classification: R201.7 X621.375.9. Original manuscript
received by the Institute, April 14, 1947; revised manuscript re-
ceived, June 7, 1948. Presented, 1947 IRE National Convention,

March 5, 1947, New York, N. Y.
t Allen B. DuMont Laboratories, Inc., Clifton, N. J.

obvious that these pictures can only be representations
or perspective projections which, at the most, can
give an illusion of three dimensions. Two separate and
distinct patterns, each viewed by one eye, are neces-
sary to give the true effect of depth for the observer.
Schmitt! has independently arrived at the electrical and
optical conditions which must be satisfied for true
stereographic representation, in addition to those to be
described for the metrical projections.

Fig. 2—Representation of the plane: y—¢=0
V signal =15-cps sawtooth
H signal =3-kc sawtooth 415-cps sawtooth.

An analysis of the geometry of perspective drawings
shows that the procedures used in conventional repre-
sentations may be expressed by mathematical notation.
As an example, this may be very readily done as fol-
lows for the so-called “oblique” perspective representa-

Fig. 3—The surface: 4 sin g~y=0
V signal =30-cps sawtooth —60-cps sine wave
H signal = 1.5-kc sawtooth 4 30-cps sawtooth.

1 0. H. Schmitt, “Cathode ray presentation of three dimensional
data,” Jour. Appl. Phy., vol. 18, pp. 819-829; September, 1947,
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tion most used in mathematical and engineering work.
Let x, vy, and 2z be the co-ordinates of a point in three-
dimensional space represented by an oblique projec-
tion in Fig. 1. X and Y are the co-ordinates in the two-
dimensional representation on the cathode-ray-tube
face. If the origin is the same in both spaces and 8 is
the angle the Z axis makes with the Y axis in the pro-
jection, then it is evident from the geometry of the
figure that

X=
V=

ey
2

x — z sin 6]

y — z cos 6.

Fig. 4—The surface: 4 sin x+y=0
V signal =60-cps sawtootl +3-kc sine wave
H signal =3-kc sawtooth +60-cps sawtooth.

These formulas show that, for a proper oblique repre-
sentation, to the x value of the function in space must
be added a certain fraction of the z value at that point
to get the proper crt co-ordinate in the X or horizontal

Fig. 5—The plane: 4 sin x —y+B sin 2=0 .
V signal =30-cps sawtooth +1.5-kc sine wave +60-cps sine wave
H signal =1.5-kc sawtooth +-30-cps sawtooth.

direction. Similarly for the y value. If 3z is the inde-
pendent variable, 3 may be given a form such as a saw-
tooth function, in which case it is only necessary to add
to the x and y values sawtooths whose value is multi-
plied by sin 8 and cos 8. This has been done in Figs. 2-5
in the text, using the circuit shown schematically in

Berkley: Three-Dimensional CRT Representation
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Fig. 6. The results show that it is possible, at least for
the oblique representation, to represent these functions
by the simple addition of properly obtained electrical
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Fig. 6—Schematic for production of three-dimensional patterns.

values to the deflection plates. Any empirically desired
values can readily be obtained by electronic means; for
instance, by scanning, photoelectrically, a printed im-
age of the function by a slit.? Consider the usefulness
of this method. In any mathematical analysis of a
complicated function, expressions are arrived at which
are extremely difficult to visualize merely from the
formulas. By translating these functions into electrical
values, these otherwise unimaginable properties can be
readily made visible, and the correspondence in shape
between functions which appear unrelated when ex-
pressed as formulas can be easily recognized.

PROCEDURE

While the procedure which is used here is described
for up to three variables, it will likewise be useful for
the two-dimensional representation of any number of
variables, once the form of the projection is agreed upon.
While the illustration is also limited to the case of the
oblique projection, it will be evident that other projec-
tions can be similarly treated.

An equation in three variables evidently represents a
surface. This surface may be an abstract mathematical
function or, as shown later, may be that of a real object,
such as the surface of a cylindrical piston, which can
be expressed analytically, or a topographic map, which
cannot. When an analytically expressed surface is to be
plotted, the usual procedure is to allow the independent
variables to assume all values between the limits de-
sired and then plot the values of the function. This
generally entails a tremendous amount of work. How-
ever, in many cases the effort is justified by the im-
portance of the results.?

It is possible to represent a variable on a cathode-
ray tube and to make the variable assume all values
within limits by very simple electrical means. This can
be done, for example, by applying a sweep voltage as the
independent variable or variables. The peak-to-peak

2 R. C. Walker, “Electronic Equipment,” Chemical Publishing
Company, 1945, p. 143.

3E.Jahnkeand F.Emde, “Funktionentafeln,” Dover Publications,
1943.
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values of the sweep, which need not necessarily be a
sawtooth, are chosen to correspond to the limits within
which it is desired to plot the variable. The corrections
of (1) and (2) are then necessary to produce the par-
ticular projection desired for an oblique perspective
representation.

In order to assume all the values within limits in an
area, it is necessary, of course, to use two sweeps at right
angles to one another which scan this area. To cover a
solid, it is necessary to use three sweeps essentially at
right angles. If sweeps are chosen for the x and z values,
the mathematical corrections required in (1) and (2)
can be seen to represent the addition of a portion of the
zsweep to the x and y signals; that is, to the horizontal
and vertical deflection plates. The application of this
method will now be described for a number of cases.

Fig. 2 evidently represents a plane whose formula is

yv—c=0 0< < a,0<2<2

in which x and z are independent variables.

In this case the two sweeps which were chosen to
cover the area were synchronized 15-cps and 3-kc saw-
tooth sweeps. These may be expressed by

x = nkt 3)

for the actual value of one sweep in three-dimensional
space in the x direction, and

z = ki 4)
for another sweep in the x, z plane
where ¢ =time

k=a constant
n={requency ratio between sweeps.
Then, applying the operation of (1) to the X co-
ordinate on the oscillograph by substituting the value

of X from (3) in (1) to find the horizontal deflection for
proper representation, we obtain

X = nkt — ktcos@

Since cos 6 is constant, k cos § =k;, which changes the
previous formula into

X = nkt — kit (5)
This can be seen to be the algebraic sum of the high-
frequency sweep and a fraction, cos 6, of the low-fre-
quency sweep. This is the signal applied to the hori-

zontal deflection plates in Fig. 2. To find the Y deflec-
tion, we apply the indicated correction to the function

y—c=0,
obtaining for the Y value, or vertical deflection voltage,
Y =c¢c— ktsinf
= ¢ — ki, where ksinb = k.. (6)

The ¢ in this equation represents the vertical positioning
voltage, and ksl is proportional to the Z signal, which
value can be obtained by adjusting the Z-sweep gain.
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A useful accessory for setting up the proper ampli-
tudes is a DuMont type 264A voltage calibrator. If,
for example, 1 volt is selected as representing one unit
of the independent variable z, and cos 6§=0.707, then
the vertical sweep signal amplitude is set at 0.707 volt
peak-to-peak as read on the 264A to represent 0>z>1.
The value of C may be read with a voltmeter on the
positioning voltage or by having the positioning control
directly calibrated.

A similar analysis can obviously be carried through for
other functions. Consider the surface 4 sin z—y=0.

An analysis of this formula shows that it can be repre-
sented as follows:

On the vertical plates is produced the algebraic sum of

y = kat,
the sweep, and
y = A sin z.
On the horizontal plates is produced the sum of
x = nkat — kg,

which is the algebraic sum of the high- and low-fre-
quency sweeps. This surface is shown in Fig. 3.

Consider Fig. 4, which is similar to Fig. 3. The equa-
tion of this surface is

Adsipx+ y=0.

This is similar to Fig. 2 except that the wave is traveling
down the X axis. The figure is seen (after analysis) to be
obtained by putting on the vertical plates the sum of
the functions:

y=—sinx, and y = ki or
expressed as a single waveshape,

y = kt —sin x,
and on the horizontal plates, the sum of

x=— kt and
X = nkt — kt.

x = nkt, or

Putting this into electrical terms, we again see that on
the vertical plates there is the algebraic sum of a saw-
tooth and sine-wave function, and on the horizontal
plates the sum of two sawtooth functions.

It will be seen, upon study of these last three dia-
grams, that the illusion of a perspective drawing is
given essentially by scanning the area with the two saw-
tooth voltages and by adding a portion of the vertical-
deflection sawtooth to the horizontal plates to give the
illusion of a Z plane in space. Once this is realized, it
will be fairly easy to convert from the formulas to the
desired pattern and back merely by inspection.

The equation for the surface in Fig. 5is 4 sin x—y+
B sin z=0. This can be readily visualized from Fig. § as
a surface resulting from the combination of two sine
waves traveling along the x and z axes.
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Figs. 3 and 4 may represent the magnetic field in-
tensity between the walls of a waveguide, neglecting
boundary conditions (that is, assuming the side walls
have no effect), if the waves are traveling at right
angles to each other.*

Fig. 5 shows the sum of the magnetic field intensities
produced by these waves.

REPRESENTATION OF FUNCTIONS OF
THREE VARIABLES

A function of one variable, f(x) =y, requires a two-
dimensional surface (a plane) for its representation. A
function of two variables requires a three-dimensional
surface as in Figs. 2-5. Reasoning by extension re-
quires a four-dimensional figure to represent a function
of three variables f(x, y, 2) =u. For a generalized repre-
sentation, however, and with the restriction that the
result is an arbitrary convention, and not a four-
dimensional figure, any representation on a plane sur-
face (such as a cathode-ray-tube face) may be used
from which the values of %, y, 2, and % can be read at
any point. To produce such a representation, it is neces-
sary to find one additional parameter which can be
easily recognized on a cathode-ray tube. The one addi-
tional variable already available on most oscillographs
is the brightness. This may be chosen to represent the
value of u. This value can then be measured by refer-
ence to a source of calibrated brightness or by a com-
parison of the beam current obtained at any point in the
function.

The appearance of many simple functions plotted in
this manner can be easily visualized and they can be
readily produced. Consider the equation

0<r<1
0<yv<1
0<z <1

x4+ y+z=u

This is represented on the cathode-ray tube by a
three-dimensional cube similar to Fig. 1, in which any
point has a brightness equal to the sum of the x, y, and
z values at that point. This can easily be produced on
an oscillograph by adding the x, y, and 2z components of
the signal and applying the sum to the blanking ampli-
fier. In Fig. 1, the numbers in parenthesis indicate the
value of the function, and therefore the brightness of
the corresponding corners of the cube. This pattern has
actually been produced, but is not shown since the re-
production process does not adequately represent the
slight brightness shadings which exist.

EXPERIMENTAL SETUP OF PATTERNS

Fig. 6 showsschematically the experimental setup used
to produced Figs. 2-5. The final representation appears
on the screen of the DuMont type 247A projection
oscillograph. The 164E produces a sweep at some sub-

4 J. Skilling, “Fundamentals of Electric Waves,” John Wiley &
Sons, Inc., New York, N. Y., 1942; figs. 57 and 58, p. 33.
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multiple of 60 cps. The variac produces a variable 60-
cps wave which is adjusted to obtain the proper vertical
amplitude in Figs. 3 and 5. The 208B produces the 3-kc
sweep in Figs. 2-5. The sine-wave oscillator generates
the 3-kc sine wave in Figs. 4 and 5. The network con-
sisting of resistors R; to R, adds the signals from the
247A sawtooth output, the variac, and the 164E or the
oscillator, as may be shown from the superimposition

‘theorem. The resistors are chosen of a large enough

value so that each generator output is not loaded down
by the internal impedances of the others in parallel.
For demonstration purposes, the 247A is used as a
projection oscillograph. To heighten the illusion of
three dimensions, the co-ordinate axes or the limits to
which the variables are permitted to explore may be
projected separately or by electronic means. The axes
have been drawn in the figures for this purpose. A cer-
tain percentage of the observers have difficulty in
visualizing the shape of a surface or volume unless the
axes are so indicated.

To produce Fig. 2, only the 247A and 208B are
needed. The high-frequency sweep of the 208 is added
to the low-frequency sweep from the horizontal amplifier
and applied to the horizontal deflection plates of the 247.
The sweep in the 247 is also taken from the front panel
output and applied to the vertical amplifier. By vary-
ing the gains of the amplifiers, the constants in (5) and
(6) may be adjusted so that the angle at which the
projection is viewed may be changed at will. By varying
the frequencies and adding a third sawtooth from the
164E, cither the top or bottom of the figure may be
viewed or a series of plancs one above the other will be
displayed, as will be evident after consideration of the
motion of the spot. By using potentiometers ganged so
as to control the value of 8, the pattern may be rotated
at will to examine various aspects of the figure on the
screen.

Fig. 3 may be produced by adding the output of the
variac to the vertical deflection. Fig. 4 is produced by
turning the variac to 0 and applying the sine-wave oscil-
lator output instead. Fig. 5 is produced by adding both
sine waves of the same amplitude.

The function x+3y+2z=u can be produced by adding
to the sweeps of Fig. 2 a third sweep applied as the in-
dependent y variable and obtained from the 164E. The
sum of these three sweeps is then produced separately
and applied to the blanking amplifier of the 247.

OTHER APPLICATIONS

1. Mathematics: The use of apparent three-dimen-
sional representation of mathematical functions on a
cathode-ray tube has been covered above. The costly
and laborious drawings for mathematical and theo-
retical texts can be greatly facilitated by producing such
patterns on a cathode-ray tube and making a photo-
graphic record.

2. Electromagnetic Fields: This method will be very
useful in the correct adjustment and study of uhf
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resonators, couplings, and transmitters. The wave pat-
terns in Figs. 2-4 can be obtained in an actual case by
using a moving pickup probe whose motion is syn-
chronized with that of the spot. Any other spatial field
distribution, such as in acoustics, hydrodynamics,
aerodynamics, optics, and fluid mechanics, can be
plotted with appropriate pickup devices.

3. Topographic Surveying and Meteorology: By apply-
ing a third sweep to the sum of the two functions on the
vertical plates, it is possible to make the locus of the
spot appear to scan a volume. For example, in Fig. 2,
by adding to the vertical sawtooth signal another
voltage

y =—
n

where k/n is a submultiple of the other sweeps, the
volume shown in the figure will be scanned. This volume
may be used to represent a certain section of the earth’s
surface being mapped by an airplane flying above it,
as shown in Fig. 7. By properly arranging to brighten
the beam or displace‘it, depending upon the reflected
rf pulses, a three-dimensional picture of the territory
will be shown. This may be used similarly for meteoro-
logical purposes, since it is possible to so gate the trans-
mitter and receiver as to scan only a particular volume
of the aerosphere. This method would make possible the
indication of the contour of a cloud or storm formation,
in addition to its size and location.

4. Radar Indication of Azimuth, Range, and Eleva-
tion: The same principles obviously can be applied to
radar. By putting in three sets of controls for a movable
marker spot, it is possible to blank in a particular spot
in the volume scanned and then read off azimuth, range,
and elevation from the three controls. In order to
heighten the illusion of perspective for these last two
applications, it may be desirable to modulate the size
of the patterr. from one end to the other by means of
keystoning or intensifier potential modulation, as is
indicated in Fig. 7. A typical example of the type of
pattern to be expected from such radar or topographic
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Fig. 7—Oblique perspective representation,
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application is shown in Fig. 8. This shows approxi-
mately what can be expected from the shore line of a
river with a road over a pontoon bridge crossing the
river. This was actually obtained by height-modulating
the y=c plane in Fig. 1 by the addition of a sharp
vertical pulse synchronized with the sweeps. The exact
occurrence of the pulse was varied during the z-sweep
cycle.

BRIDG
N InoRFLNE

/AZINUTH

Fig. 8—Simulated radar pattern such as may be obtained from a
bridge and the shoreline of a river.
V signal = 30-cps sawtooth +sharp pulse at 3-kc average repetition
rate.
H signal =3-kc sawtooth +60-cps sawtooth.

Another radar representation that may be improved
by the use of these techniques is the PPI. If the vertical
gain is reduced, the circular field appears ovoidal as if
viewed from a point in space outside the area being
scanned and not directly over the transmitter. The video
information may then be clipped to eliminate the noise
and applied as an addition to the vertical deflection.
This gives a picture in which an untrained observer can
readily recognize objects which otherwise would be
merely dark or bright blobs on the map. If some video
is added to the grid, as well, mountains may be seen as
bright projections from the flat earth plane.

S. Mechanical Measurements: Fig. 9 shows a setup for
scanning the surface of an engine piston. This may be

LeAD scmEw
s~ PORTIONING
mOTENTIOMETERS

. / ™~

morym
,oNTER

sceatcugo
®00 sumsacg

~N_/

/ saTTEAN -
TwO PuASE GENERATOR ONNC A0S s

AMPLIFIED BuRFACE OF 90D

Fig. 9—Application showing the representation of surface defects,

done on a lathe, for example, using a Brush surface-
analyzer pickup. The helical travel of the spot obtained
from the two-phase generator coupled to the piston, and
the motion of the positioning potentinmeters, can then
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be modulated using a DuMont type 275A cathode-
ray oscillograph in order to obtain an accurate but
amplified visualization of the surface of the piston as
seen in Fig. 9. If a representation in polar form is not
desired, the oblique method described in the preceding
sections can also be used, in which case a pattern similar
to Fig. 8 is obtained.

6. Complex Time Relations: This method will also
prove useful whenever there are complex time or phase
relations to be plotted. These exist, for example, in the
representation of electron bunching in velocity modu-
lated tubes,® or in a composite sync signal such as is used
for color television.

§ Klystron Technical Manual, Sperry Gyroscope Co., Inc.,
December, 1944.
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Numerous methods have been developed recently for
the construction of equivalent circuits for three-di-
mensional objects.® Such equivalent circuits have been
carried so far as to incorporate an equivalent circuit
for the universe.” The operation of these circuits cor-
responds exactly to their equivalents. The results can
best be shown in the three-dimensional projections pro-
posed. Numerous other applications will doubtless occur
for this method. It should be possible to extend this
method to include functions of more than three vari-
ables.

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

7 S. Austen Stigant, “Equivalent circuits for the electromagnetic
field,” Beama Jour., pp. 412-416; December, 1944.

A Single-Control Variable-Frequency Impedance-
Transforming Network”
ANDREW BARKY, MEMBER, IRE

Summary—The basis of the variable-frequency transformer to be
described is the familiar transmission-line stub matching section. Al-
though an infinite number of structures may be found to produce the
desired transformation at any one frequency, it is generally necessary
to vary the lengths of the component lines to maintain matching when
the frequency is changed.

Mechanical complexities and electrical noise and losses in slid-
ing contacts often make such methods undesirable. The particular so-
lution to the stub matching problem described here is a structure
which will maintain a perfect impedance match over a wide frequency
range with the adjustment of a single reactance shunted across the
load at the receiving end.

I. DESIGN FOrRMULAS
T HE FOLLOWING symbols will be used:

Zn=characteristic impedance of a line between
the generator and the load
Zp=characteristic impedance of a short-circuited
stub line across the generator
6, =2m (length of line between the generator and the
load)/(wavelength of applied energy)
6,=2m (length of stub line across the generator)
/(wavelength of applied energy)
¢ =desired voltage transformation
Eg=sending-end emf
Is=sending-end current
Egr=receiving-end emf
Ir=receiving-end current
* Decimal classification: R117.121. Original manuscript received
by the Institute, December 4, 1947; revised manuscript received,

May 17, 1948.
1 Columbia Broadcasting System, Inc., New York, N. Y.

Rpr =shunt load resistance

Xr=shunt load reactance

Xo=value of Xg for perfect matching
R, =internal resistance of generator

Yol=—1—! Yoz=—1—’ gk=’1—’ 8a=_1"
o1 02 R R,
ibp = ! .
jXr
The formulas required for design are:
Zoi = ¢R, xo= 2R ano,
e—1
Zo=—C—R, Re=¢R, 0.=0.

e—1

The schematic diagram is shown in Fig. 1. The band-
width characteristics will be discussed in Section III.

Zeo2 2o

Fig. 1
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II. THEORY OF OPERATION

The input conductance of a line is a function of the
characteristic impedance of the line, the length of the
line, the load conductance, the load susceptance, and
the frequency. If the first three parameters are cor-
rectly chosen, only the load susceptance need be
changed when the frequency is changed to keep the in-
put conductance constant.

The input susceptance with this choice of parameters
is always the negative of the susceptance of a stub of
fixed dimensions. The derivation of the required rela-
tionships between these parameters is shown below.

The input admittance of the line connecting the gen-
erator to the load, gr-+jbr, is given by

Yr =+ jVo tan 6,

1
® Yo + jVx tan 6,
The real component of this admittance is

1 + tan? 0,

2

(Ym — bg t—an 01)2 + ggr? tan? 6,

grY

If by is selected as (Vo1 £ gr) cot 6, the real component
becomes Yy2/gg. It may be noted that if 6 =7/2, then
br=0, and we have as a special case the quarter-wave
series transformer.
The imaginary component of the input admittance is
—Yoibr tan?0y + (Vor? — br? — gr?) tan 6y + br¥o

o0 — — . .

(Vo1 — br tan 61)% + gg? tan? 6,
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The total input admittance is, then,

Yoi?
= fo-
gr
Letting
8o = 'ngRv
then
, g p—1
Voo = —, Yoo = g
(4
and
-1
by = g, ,— cot 0,.
(4

IT11. RESPONSE AT ANY FREQUENCY
The equations
Es = AEr + Blg
Is = CEp + DI
completely characterize the network. The coefficients
may be found by writing similar equations for each net-
work element and eliminating the intermediate emf’s

and currents. This is equivalent to the following matrix
multiplication:

Es 1 0 cos 0y jZo sin 6, . 10 [l Er
‘ =i —1 j sin @ | |
| Is I e IR os by R | Ir |
| Zn 01 ‘ i f
Matrix of Stub Matrix of Series Line  Matrix of bg
Es | cos 0 — Zobg sin 6, JZo1 sin 6, | . Egp
= |
j 1 —pcostt ;
Ig — | Zopbr cOs Oy + ——— p cos 6, Ip
Zon sin 6, y

When the value of bg selected above is substituted in
this expression, the imaginary admittance component is
YOI

_—— (gR + }’01) cot 0.
&R

This component may be tuned out by placing across the
input terminals another susceptance of opposite sign
which also varies as cot 8;. This requirement is met by
a shorted line of equal length. Because the shorted
line has a negative susceptance, the sign of the previous
expression must be positive. Then,

Yo
Yoo = ig_o— (Yor— gr), Yo > gr, 02=01
R

or

A = cos 01 —_ Z()lbn sin 01

B = jZyy sin 6,

j 1 — pcos?d
@ -i—[Zmpr cos 0y + —— ‘]
Zn sin 6,
D = ¢ cos 6.
It has been shown that the mismatch ratio 5, which is

the ratio of the power delivered to the load with perfect
matching to the power delivered to the load under

actual conditions, is given for any four-terminal net-
work by
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ARg + B+ CR,Rr + DR,
ﬂ —3 - — - — _— —_— .
1RkR,

(For the sake of completeness, the four-terminal mis-
match ratio formula is derived below:

Es = (ARp + B)Ir
Is = (CRe + D).

Es = AEgp + Bl

Is =CEgp+ DIy
or the open-circuit generator emf E; is then

Es+ IsR, = In(1Rx + B + CRrR, + DR,)
and the maximum possible power delivered is
ES _ i | AR + B+c1e5e1e_,+_pge,|2 .

RrR?-

4R, iR,

The actual power delivered is I?Rg, and 7 is the ratio
defined above.)
For the network considered here,

Rr(cos 8) — Zybg sin 6,) + Ryp cos 0, + jZoisin 6y + §

=
Il

Since, by initial choice, Rr=p*R, and Zu=pR,, the
formula simplifies to

an go—l 2
ﬂ=1+T<bR— R Cotol).

R

An equivalent circuit for which the formula holds is
shown in Fig. 2. To show the equivalence, consider a
potential pE, impressed across the load in series with
¢©*R, = Rg. The maximum possible load power will then

Rg CHARACTERISTIC IMPEDANCE ¢ o5

ol I

IDEAL TRANSFORMER | (-]
I'f TURNS RATIO

Fig. 2

be @*E,?/4Rg. If £ represents the reactance of the

parallel circuit composed of the transmission line and
X g, the actual load power will be
Q W].ERRR

-SozEvz‘ ) ]ER +—_RR o

Re | R T]'ERRR: )

]ER + RR |

or
e’E? 1
W
R
*E;2 R Ri? Re? 1
p=t <4+-"-)=1+—"—,
4Rr 'E,? £r? 4 &R?

and, by definition,

1 -1 2
— = <bk _ ¥ cotel).
£r’ Rg

From the above discussion it may be seen that the
circuit parameters which may be varied to obtain di-
verse frequency characteristics are the length of the
line and the configuration of bg.

R,R 1 — ¢cos?d
. R<Zouabn cos 8, + —utp : ,1>
sin 6,

~01

1RzR,

IV. A PRrACTICAL APPLICATION

Transformers of this type were built to match an-
tenna cables to mixers of color television receivers op-
erating over the range of 480 to 920 Mc. A parallel-
tuned circuit operating above resonance was used to
obtain the tuning susceptance. The capacitor was
ganged to the local-oscillator shaft, and varied the

Fig. 3

susceptance as the frequency changed. Tracking was
accomplished by sectionalizing the stator and varying
the spacing of each section to the rotor to obtain the
correct capacitance curve. Because the desired trans-
formation ratio was 2:1, the structure became simply
a uniform transmission line of length 26 fed at the cen-
ter. Fig. 3 is a photograph of the transformer detached
from the oscillator.
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Phase Difference Between the Fields of Two
Vertically Spaced Antennas”
E. W. HAMLINY, ASSOCIATE, IRE, AND A. W. STRAITON{, MEMBER, IRE

Summary—This paper discusses the phase differences between
the fields of two vertically spaced antennas as a function of transmit-
ter height, receiver height, and distance between transmitter and re-
ceiver. The results are applicable to microwave propagation within
the line-of-sight region when a direct wave and a ground-reflected
wave are present, and have been useful in interpreting phase-differ-
ence measurements made by the Electrical Engineering Research
Laboratory of the University of Texas.!*:¢

INTRODUCTION

N THE PAST two years, the University of Texas,
]:[ investigating the angle of arrival of radio waves

under a contract with the Office of Naval Research,
has made many measurements!? of phase difference
between signals received at two identical antennas
spaced a number of wavelengths apart. One of the pri-
mary objects of the study was to determine how fast
the angle of arrival might change. It was this considera-
tion which prompted the decision to use the phase-dif-
ference method, and equipment® was designed and put
in operation which could record changes in phase of a
few degrees taking place in a second. The work has been
done entirely at a wavelength of 3.2 cm.

Microwave angle-of-arrival measurements by the
maximum signal strength method have been reported
by Sharpless.

To measure horizontal angle, the two antennas are
placed at the same height above the ground, but spaced
a known distance apart horizontally. For vertical-angle
measurements, they are spaced vertically one above the
other. In either case, if only one ray is received at the
two antennas, the angle of arrival of the ray is directly
proportional to the difference in phase of the signal
received in the two antennas.

Even in making horizontal measurements,? however,

v

* Decimal classification: R248.14 XR115.4. Original manuscript
received by the Institute, December 19, 1947; revised manuscript re-
ceived, May 3, 1948.

t Cornell University, Ithaca, N. Y.

1 University of Texas, Austin, Tex.

VE. W. Hamlin, et al., “Preliminary Report on Phase Front
Measurements in Arizona During April, 1946,” University of Texas,
Electrical Engineering Research Laboratory, Report No. 6P,
February, 1947.

? A. W. Straiton and J. R. Gerhardt, “Results of horizontal micro-
wave angle-of-arrival measurements by phase-difference method,”
Proc. I.R.E., vol. 36, pp. 916-922; July, 1948.

3 F. E. Brooks, Jr.and C. W. Tolbert, “Equipment for Measuring
Angle-of-Arrival by the Phase Difference Method,” University of
Texas, Electrical Engineering Research Laboratory, Report No. 2,
May, 1946.

¢W. M. Sharpless, “Measurement of the angle-of-arrival of
microwaves,” Proc. I.R.E., vol. 34, pp. 837-845; November, 1946.

¢ E. W. Hamlin and W. E. Gordon, “Comparison of calculated
and measured phase difference at 3.2 centimeters wave length,” Proc.
I.R.E., vol. 36, pp. 1218-1224; October, 1948.

the effect of the ground-reflected component is notice-
able. In making vertical phase-difference measurements,
the effect of the reflected wave, even with low values of
reflection coefficient, must be taken into account. A re-
flected wave only 20 per cent as large as the direct can
change the measured phase difference by +20° from
that for the direct wave alone. Since the resolution of the
equipment is about =+ 2°, it is essential to investigate this
effect mathematically. The results of the analysis pre-
sented in this paper have proved very useful in the
study of field-measured phase-difference data.! 2

The present paper investigates this effect under the
simplest conditions. Two identical receiving antennas
are spaced vertically in a plane perpendicular to the
direction of propagation. Mutual coupling between the
antennas is assumed to be negligible. The earth is as-
sumed flat and two rays only are considered, a direct
wave and one reflected from the ground. The reflected
wave is assumed to suffer a complete phase reversal on
reflection. For the horizontal polarization which has
been used, and the high frequency at which the measure-
ments were made, this latter assumption is very nearly
true. Effects similar to those to be presented here may
be expected under practical field conditions.

SyMBOLS AND DEFINITIONS

by and hy=height of transmitting and receiving
antennas, respectively
h®=average height of two receiving an-
tennas
d=horizontal distance between trans-
mitter and receiver
d, and d;=distance from reflecting point to
transmitter and receiver, respectively
A =wavelength
Lp and Lg=Ilength of path of direct and reflected
rays, respectively
¢, ¢p and ¢r=phase of resultance, direct and re-
flected rays with reference to the
transmitter
6, 0p and 6p =phase difference between signal re-
ceived at upper and lower horns for
resultant, direct, and reflected waves,
respectively
Afp =deviation in phase difference from
that of direct wave only=0—0p
A¢ =deviation in phase from that of direct
wave only=¢—¢p
K =magnitude of reflected wave with re-
spect to the direct
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Ve and V=field strength of resultant and direct
waves, respectively
A hy=spacing between receiving antennas
A hy=difference between two transmitter
heights
A hy? =difference betweentworeceiver heights
a=angle of arrival
2 h ke
TN
A n=difference between two values of n.
Single-primed values refer to the lower receiving an-
tenna. Double-primed values refer to the upper receiving
antenna.

PHASE RELATIONS RELATIVE TO
THE TRANSMITTER

The geometry is shown in Fig. 1. The angle of in-
cidence equals the angle of reflection. The distance be-
tween the transmitter and receiver is large compared
to the heights. Using images, and the usual approxima-

Fig. 1—Distance relationships.

tions (neglecting terms higher than the square in the
binomial expansion of a square root), the path lengths
of the direct and reflected waves become

(hy — h2)?
Lp = B 1
» oy (1)
and
(I + hs)?
Le=4d ELL A 2
R + 24 (2)
The path difference will be
LR - LD &= Zhlhz/d (3)
The direct wave will lag the transmitter in phase by
27 (hy — hy)?
== (fd=———" 4
ép 3 <( + by > 4)

This approximation makes ¢p parabolic with respect to
the transmitter height ki, or receiver height .. The
phase lag decreases with increasing hy or hy until k= h,,
and then increases.

Similarly, the reflected wave lags the transmitter by

2w (b1 + ha)?
=—\|d —_ ) -
¢R )\ < + 2d > m, (5)
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assuming that the phase is advanced = radians on re-
flection. For horizontal polarization, and any ordinary
ground constants, this will be true at microwave fre-
quencies. ¢r is also parabolic when plotted versus &, or
hy. If hyor hyare plotted vertically, the axis of the parab-
ola is horizontal and below the reflecting surface by
hy or hy, whichever is constant. For positive k; or ks
(transmitter and receiver above ground), ¢r increases
with increasing k, or h,.

The angle by which the reflected wave lags the direct
is

4#]11[12
A

¢r — ¢p = —r=2n - Dm (6)
Thus, with transmitter or receiver at the level of the
reflecting plane, the direct and reflected waves are 180°
out of phase.

The angle by which the combined signal lags the
transmitter depends upon the relative magnitude of the
direct and reflected components. If the field strength of
the direct wave is V, and that of the reflected wave KV,
the vector field strength of the combined wave will be

Ve/$ = V/ép + KV/én. (7)

The space orientation of the two components is the same
for horizontal polarization. Equation (7) may be written

Ve/én + Aé = V/ep(1 + K/(2n — 1))

or

Ve/A¢ = V(1 — K/2nr) ®)

where A¢ is the deviation in phase from that due to the
direct wave alone.

K=l K=3/4

K=1/2 K=1/4

Fig. 2—Loci of V/A¢.

As n varies, the locus of V¢/A¢ will be a circle with its
center at (V, 0) and radius equal to KV. For n=0, the
vector KV falls horizontally to the left. As n increases,
the rotating vector KV turns counterclockwise, making
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a complete revolution as # goes from 0 to 1. The loci of
V¢ for several values of K are shown in Fig. 2.
From (8),

» 1[ —Ksin21rn]
=tan!| ——— ——
1 — K cos2mn

%)
and the combined wave lags the transmitter by ¢+A¢.

The relation (9) is shown graphically in Fig. 3 for sev-
eral values of K, with ¢ plotted as a function of &, or h,.

. \\)/ .\\; T, d, ANO K, OR h, CONSTANT

" Of n,

PR3
UI

1

|
\kk o
\ g/
o [ %

!/5
24

A

|
¢ _
PHASE FAONT

<
PHASE LAG, & or
——

—_
WCREASING PNASE ANGLE OIRECTION OF PROPAGATION

Fig. 3—Phase fronts.

The curvature of the parabola representing the rela-
tionship for K =1 is greatly exaggerated for large dis-
tances, but is used for the sake of illustration. The
graph of Fig. 3 also represents the phase front.

A¢ as a function of n is shown in Fig. 4 for several
values of K. Maximum and minimum values of A¢
occur when cos 2rn =K, and are +sin! K.

PuAasE DIFFERENCE BETWEEN Two ANTENNAS
AT DIFFERENT HEIGHTS

The phase difference between two identical receiving
antennas, one vertically above the other in a plane per-
pendicular to the direction of propagation, will be the
difference between the phases of the signals at each an-
tenna relative to the transmitter. Each will be of the
form ¢p+A¢, from (4) and (9). Let the height of the
upper antenna be A;’, and of the lower, k;'; then &)/’ =
hy'+Ah, where Ah, is the vertical spacing.

For a direct wave alone, the angle by which the lower
antenna lags the upper in phase is 0p =¢p’ —@p’’ where
the single prime refers to the lower antenna, and the
double prime to the upper. §p may be written

op = 2" (hy — ho®)Al (10)
= T — !
D )\d 1 2 2
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where h,° is the average height of the receiving antennas.
A graph of 6p versus transmitter height will be a
straight line with a slope 2rAhy/Nd. The phase lag of the

I}

.|

MEGATIVE FOR TV BETWEEN 0-05,10-19,20-248TC

DEVIATION I PHASE FROM THAT OF DIRECT wWvE, N DEQREES
POMTIVE FOR T SETWIEN 08-0,19-80,29-30,07C

1

Fig. 4—A¢ as a function of 1.

lower antenna continually increases as the transmitter
is raised. If the receiving antennas are raised together,
keeping their spacing constant, the slope of the line is
negative but of the same magnitude.

The angle of arrival of the direct wave alone, at the
average height of the receiving antennas, is obtained
from (10). This angle is

hy — hy®

a = tan! o

hl - 1120 ~ 01))\

d  2rAhy

when d > Iy — k). (11)

Positive a indicates angles of arrival above horizontal.
The resolution of the equipment is determined by the
smallest 8p which may be measured, and the receiving
antenna spacing in wavelengths. At 3.2-cm wavelength,
with antennas spaced 10 feet apart, the phase angle 8p
is 600 times the space angle of arrival. Since 8p is am-
biguous in intervals of 360°, the space angle is ambigu-
ous in intervals of 0.6°,

For a wave containing both direct and reflected com-
ponents, the phase lag of the lower antenna behind the
upper is § =0p+A8 where A =A¢’ —Ag¢"'. This is

. 27 h hO) A + . [ — K sin 21m':|
= — —hn 1 tan™" | ——-
'V A 1 — K cos 2z’

. [ — K sin 2mn”’ :l (12)
— tan~ -
1 — K cos 2mn”’

where the primes refer to the respective antennas, as
above.
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VARIATION OF Priasis DIFFERENCE OF THE
RESULTANT WAVE wiTii TRANSMITTER
Hecur

As the transmitter height is increased, the first term
in (12), 8p, increases lincarly, and the second two terms
which make up A8 will be alternately plus and minus
(Fig. 3). The magnitude of these variations starts at

N
7/

Fig. 5.—Deviation in phase from that of the direct wave
determined from loci diagram.

e

zero with the transmitter at the reflecting surface (b=
0), increasing to a maximum and returning to zero when

w' = a4+ 1.

Starting from any value of h;, a complete sct of
values of Af will be run through when the change in
n'’, An'’ exceeds the change in n/, An’ by one, or when
I changes by

Ad
2Ahg

Alll S (13)

This depends only upon the spacing between receiving
antennas, the wavelength, and the distance, and is inde-
pendent of the height of either the transmitter or the
receiver. A plot of 8p versus k; will show a straight line
with height, about which 8 varies, the variations repeat-
ing at intervals Ah,.

The variation A8 in phase from that of the direct
wave alone will be zero at transmitter heights at which

sin 27n’ sm 21rn
—_— = (14)
1 — K cos 2mn’ 1 — K cos 21rn
from which it follows that
. 27I'111Ahz 4#]11]120 27I'h1Ah2
sin ————{ cos ———— — K cos —)=0. (13)
A Ad Ad
This equation is satisfied if either factor is zero.
If the first factor is zero,
n' —n' =N (16)
where N=1, 2, 3, etc., or
2InAh,
— =N, (17)
A\

corresponding to (13) above with the first zero at ground
level.
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The second factor taken equal to zero results in the
condition

1—K
14+ K
Curves showing the variations of 8 with &, for typical
cases are shown in Figs. 6 and 7 for different values of
K. In each case only one interval of height correspond-
ing to (17) is shown. The other zeros of A8 are due to

(18).

(18)

tan wn' tan mn’’ =

£ !
¢
4
s
r =
5
E
sﬁ
5 = — 1
¥ ol [ioesrroazow
drwso20rT
= g *OOFT
" 90 FT
°%_—n
P — =}
O M S S S S S S S
0 X € O O KO W0 MO W
@ W DEGRLES

Fig. 6—Variation of phase difference with transmitter height,
example No. 1.

T
(2
TNeazow —_—

§

E 0

‘

§

5 . | Bk,

H

¥

. w

PHASE OFFERENCE,®, N DEOREES

Fig. 7—Variation of phase difference with transmitter height,
example No. 2.

VARIATION OF PHASE DIFFERENCE OF
THE RESULTANT \WWAVE wITH
RECEIVER HEIGHT

If the receiver height £.° is increased, the general
slope of the curves of 8 versus h.® will be opposite to that
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occurring when the transmitter is raised. Also, n"" and »’
increase with k" at exactly the same rate. Hence, phase-
difference versus receiver-height curves repeat at inter-
vals

A
Ahy® = —,

2 (19)

which do not depend upon receiver height or spacing of
receiving antennas, but only upon wavelength, distance,
and transmitter height.

The zeros of Af are still given by (14). The first factor
of (15) does not vary with &° and for an abritrary
transmitter height and antenna spacing, it will not be
zero. Also, the second term of the second factor does not
depend upon k%, so that equating this factor to zero
gives only two values of k" at which A@=0 in each re-
peating interval. An example of the type of curve to be
expected is shown in Fig. 8, in which the constants have
been chosen so as to make Af symmetrical about the
0p line. hy® must, of course, be greater than half Ak,.

= o ——r
Ee e
i
e
7 "
i
-rm—s—u—m—m—u—irnbL-

s
PHASE DIFFERENCE O, N OEDAZES
Fig. 8—Variation of phase difference with receiving height.

If transmitter height, or antenna spacing, or both, is
chosen so as to make the first factor of (15) zero, the

phase difference is always that of the direct wave alone.
Thus, when

N
20k,

Iy N =1,2,3, etc, (20)
the last two terms in (12) cancel for all receiver heights.
The plot of @ versus hs® is just a straight line. On the
other hand, if &, is chosen at midway between the values
indicated by (20), large variations from 6p occur, as
shown in Fig. 8.

SpeciAL ConpITiONS WHEN K =1
For the special case, K =1, A¢ in (9) becomes
— sin 2wn

A¢p = tan~!'—— —
1 — cos 2mn

&)
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T
A¢=1rn—7 for 0<n<1
3r
A¢=7rn——2— for 1<n<?2
and, in general,
(2N - 1)
Ap=mn——— 7 for (N—1)<n<N. (21)

Then the deviation in phase difference from that of
the direct wave alone Af is given by

2rhAhe
A= — ——— for 0<n" <1
\d
27rh1Ahz
= ———+4 7 for 1<n <2
\d
and 0<n' <1 (22)
2wehAhy
= — — for 1<n' <2
N
and 1 <#n <2
But 0p is given by (10) as
2xAh
0 = — [ = ho].
Adding (10) and (22), it is found that
27!']120Ah2
0= ———— for 0<n" <1
\d
21!']120A112
= ———— for 1< <2
\d
and 0< 2’ <1 (23)
27!'1120Ahz
= — - for 1< u’' <2
A

and 1 <#n' <2

z 8 8 8 8

PMASE OWFFERENCE M DEGREES
i e 4

o 8 8 8 &

Fig. 9—Variation of phase difference with distance.
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This shows 6 to be equal to — 2wh,%Ah,/\d, or this value
increased by = in the range 0>n">2. If k, is the vari-
able, these values are constants. As k, is increased from
zero, 8 will jump from one of these values to the other
when either #n’’ or n’ passes through an integer value, as
shown by the K =1 lines in Figs. 6 and 7. This continues
until #n’’ exceeds n’ by one, corresponding to the condi-
tion of (17). From this point, the alternate values of 6
will be —2wh,%Ahs/Nd 4w, and —2why®Ahy/Nd + 27 until
n'’ exceeds n’ by 2.

If k.t is the variable, —2wh,%Ak,/Nd is not a constant,
but a line with the same slope as 8p. Also n” is larger
than »’ at all times by a constant value 2k,Ahy/Nd.
Again, each time #n’’ or n’ passes through an integer
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value a jump of 7 occurs, but because of the constant
difference the jumps are spaced at regularly repeating
intervals. This is shown by the K =1 lines in Fig. 8.
It should be pointed out that variations about the line
6p are not necessarily symmetrical, although Fig. 8 is
drawn for such a case.

VARIATION WITH DISTANCE AND
\WAVELENGTH

If the distance or wavelength is variable, the varia-
tions are similar to those for variable transmitter height,
when plotted against inverse distance or frequency. A
typical example of phase-difference variations plotted
directly against distance is shown in Fig. 9.
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of the City of New
York. He was a mo-
tion-picture caniera-
man at the Browning
Studios from 1936 to
1938, a teacher of
photography in the
New York public
schools from 1938 to 1939, and a technician
engaged in biological research and exhibit
work in the Laboratory of Experimental
Biology at the American Museum of Natu-
ral History from 1939 to 1941, In 1941, he
was employed at the Agfa Ansco Company
at Binghamton, N. Y., in development work
on multilayer color films.

Since 1942 Mr. Berkley has been engaged
at the Allen B. DuMont Laboratories in
engineering and application work on cath-

CARL BERKLEY

ode-ray tubes and instruments. In 1947, he
assumed charge of the applications section
of the Instrument Division of that Company.

Ludlow B. Hall-
man, Jr., (J'27-A’29-
SM’44) was born in
Sneads, Fla., on July
21, 1907. He studied
electrical engineering
at the Alabama Poly-
technic Institute in
Auburn, Ala., from
1925 to 1929, During
his  undergraduate
career he served part
time as an instructor
in radio at the Institute, and as an engineer
for broadcast station WAPI. He received the
B.S. degree in electrical engineering from
the Alabama Polytechnic Institute in 1929,
and the E.E. degree in 1934,

Shortly after graduation, Mr. Hallman
became associated with the Montgomery
Broadcasting Co., at Montgomery, Ala.,
as chief engineer of station WSFA. He con-
tinued to work in the field of broadcast sta-
tion engineering until 1936, when he ac-
cepted a position in the Aircraft Radio
Laboratories at Wright Field, Ohio. Since
then he has been associated with various
projects involving the development, pro-
curement, and testing of special electronic
equipment for the U. S. Air Forces. At pres-
ent, he is assistant chief of the Communica-
tion and Navigation Laboratory, Electronic
Subdivision, at Wright Field.

Mr. Hallman served as Chairman of the
Dayton IRE Section during 1945, and is now
Chairman of the Headquarters Relations
Committee of this Section. He holds mem-
bership in the honorary fraternities of Eta
Kappa Nu, Tau Beta P’i, and Phi Kappa
Phi.

L. B. HALLMAN, JR.

2,
o

For a photograph and obituary of the
late E. W. HAMLIN, see page 887 of the July,
1948, issue of the PROCEEDINGS OF THE |.R.E.

William E. Shoupp (SM’45) was born in
Troy, Ohio. He was graduated from Miami
University in Oxford, Ohio, in 1931 with the
degree of bachelor of
science in physics,
and for the next six
years served as grad-
uate assistant and in-
structor in physics in
the University of Illi-
nois. Here he was
awarded the master
of arts degree in 1933
and the doctor of
philosophy in physics
in 1937. In 1938 he
joined the Westing-
house Research Laboratories as a Westing-
house Research Fellow, and three years later
was named a research engineer. He was ap-
pointed to his present position as manager of
the electronics department at the Labora-
tories in 1943, a responsibility which later
was broadened to include all nuclear physics
work being carried on in the Westinghouse
Research Laboratories.

During the war years Dr. Shoupp was in
charge of all Westinghouse radar research
and development, which included the T-R
tube, the resnatron, standard frequency
cavity, the magnetron, and the crystal recti-
fier. In the field of nuclear physics Dr.
Shoupp has been associated with the dis-
covery of photofission (the fission of uranium
by gamma radiation) and with the discovery
of the threshold of fast neutron fission of
uranium and thorium, having published
numerous articles on nuclear reactions and
nuclear properties.

Dr. Shoupp is a Fellow of the American
Physical Society, the Pittsburgh Physical
Society, and a member of the American In-
stitute of Electrical Engineers. He is a mem-
ber of Sigma Xi and Phi Beta Kappa.

WiLLiaM E. SHouep

For a photograph and biography of A.
W. STRAITON, see page 931 of the July, 1948,
issue of the PROCEEDINGs OF THE [.R.E.
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5$34.21 2997

Directional Characteristic of a Cylindrical
Radiator with a Coaxial Conical Reflector—
G. Bacchi. (Alte Frequenza, vol. 17, pp. 74--78;
April, 1948, In Italian with English, French,and
German summaries.) Magnetostriction oscilla-
tors of the above type, adapted for radial vi-
bration, have radiation patterns with an abso-
lute maximum along the axis. The wavelength
is of the same order as the dimensions of the
cylinder. The radiation pattern is calculated.
With a 45° cone, the characteristic is repre-
sented by the integral of Bessel's function of
zero order.

534.242 2998

Formula Involving the Shape for Calculat-
ing the Resonance Frequency of Helmholtz
Resonators—D. Chervet and J. Henry (Compt.
Rend. Acad. Sci. (Paiis), vol. 226, pp. 1891-
1893; June 7, 1948.) Rayleigh’s formula was
established on the assumptions that the pres-
sure ingide the resonator is constant and that
the resonator dimensions are small compared
with the resonance wavelength. Measure-
ments show that the pressure varies from point
to point according to an exponential law, the
maximum pressure being at the bottom of the
resonator. From this a correction formula is
derived which is not easy to use and can be re-
placed by an empirical formula involving sim-
ply the product of the resonator length I. and
the resonance frequency fo given by Rayleigh's
formula. Experimental results for resonators
of various shapes are tabulated, together with
the frequencies calculated from Rayleigh'’s for-
mula and the two correction formulas,

534.321.9 2999
Distortion of Progressive Ultrasonic Waves
—J. C. Hubbard, J. A. Fitzpatrick, B. T.

|

The Institute of Radio Engineers has made arrangements to have these Ab-
stracts and References reprinted on suitable paper, on one side of the sheet only.
This makes it possible for subscribers to this special service to cut and mount the
individual Abstracts for cataloging or otherwise to file and refer to them. Subscrip- ‘
tions to this special edition will be accepted only from members of the IRE and |
subscribers to the Proc. L.R.E. at $15.00 per year. The Annual Index to these Ab- ‘

|

stracts and References, covering those published from February, 1947, tl;rough
January, 1948, may be obtained for 2s. 8d. postage included from the Wireless
Engineer, Dorset House, Stamford St., London S. E., England.

Kankovsky, and W. J. Thaler. (Phys. Rev.,
vol. 74, pp. 107-108; July 1, 1948.) Spark shad-
ow photographs of ultrasonic waves in air,
water, glycerine, and CCl,show definite changes
of waveform into a type with steeper fronts
and increased harmonic content.

534.321.9:621.391.63 3000

Distortion in Light Modulation by an Ultra-
sonic Cell—D. Sette. (Alta Frequenza, vol. 17,
pp. 51-68; April, 1948, In Italian with English,
French, and German summaries.) Description
of an 8-Mc cell similar to that of Giacomini
(1847 of August). Frequency distortion in a
modulated light beam transmitted through the
cell is sinall even for comparatively high modu-
lation frequencies. The low distortion and the
high modulation factor possible are particular
advantages of such a system.

53.321.9.001.8:614.8 3001
Notes on Using High-Power Ultrasonics—
(See 3195.)

534.75 3002

Audibility of High-Frequency Sounds—
V. Gavreau. (Compt. Rend. Acad. Sci. (Paris),
vol. 226, pp. 2053-2054; June 21, 1948.) It is
found that sounds of frequencies from 17.5 ke
to 26 kc are perfectly audible when sufficiently
intense. When the intensity of such sounds is
steadily increased, one or more sudden apparent
changes of pitch, of about an octivae, are ob-
served. These apparent changes of pitch may
be due to abrupt changes in the order of the
harmonic response of the resonators of the ear.
Magnetostriction oscillators were used and gave
sound powers up to 5 w.

534.756.1 3003

Phase Memory of the Ear: A Proof of the
Resonance Hypothesis—R. J. Pumphrey and
T. Gold. ( Nature (London), vol. 161, p. 640;
April 24, 1948.) Two alternative trains of sine-
wave pulses are used. Each pulse contains »
cycles, the pulse separation being m cycles,
where m and n are both integers. In one train,
the phase of all pulses is the same, while in the
other the phase of alternate pulses is reversed.
The ear can differentiate between the two
trains. It follows that the value of Q for the
resonators of the ear must be at least 100 and
is probably considerably higher. See also 8 of
February.

534.83 3004

Acoustic Materials—(Electronics, Buyers’
Guide Issue, vol. 21, pp. M2-M3; June, 1948.)
Noise reduction coefficients of varioug sound-
absorbing materials are tabulated and com-
pared with those of ordinary building mate-
rials. Mountings used in sound absorption tests
are discussed briefly.

534.839 3005

Methods for the Study of Noise —A. Moles.
(Radio Fran¢., pp. 9-15; June, 1948.) Subjec-
tive and objective methods are discussed, the
principal characteristics of various types of
microphone are considered and a description
of the General Radio decibel meter is given.
Harmonic analyzers are also considered bricfly.

53.851:621.395.813 3006

Measuring Wow—U. R. Furst. (FM and
Telev., vol. 8, pp. 30, 50; May, 1948.) Discus-
sion of methods of measurement, and descrip-
tion of a commercial type of meter.

534.861.1:621.316.345:621.396.664 3007

Modern Design Features of CBS Studio
Audio Facilities—Monroe and Palmquist.
(See 3241.)

534.861.1:621.396.712.3 3008

Speech-Input Equipment for New Oslo
Broadcasting House—E. Julsrud and G. Wie-
der. (Elec. Commun., vol. 25, pp. 21-29;
March, 1948.) Anillustrated description, giving
details of the facilities available. Kasy, flexible,
and reliable operation is ensured by extensive
use of automatic switching.

621.395.623.7.015.3 3009

Study of Loudspeakers in the Transient
Regime—G. Guyot. (Rev. Gén. Elec., vol. 57,
pp. 245-253; June, 1948.) Discussion of the
response of loudspeakers to steady tones, with
methods of obtaining the corresponding curves,
and a detailed account of test methods and
results for square-shape sine-wave signals and
for pulse signals. Preliminary results indicate a
correlation between the quality appreciated by
the ear and the duration of the transient signal.
For a loudspeaker 21 cm in diameter, signal
quality was found to fall off if the duration of
the pulse signal was below about 2.7 ms. Dis-
cussion of the various methods of testing loud-
speakers shows that transient tests cannot
replace ordinary methods completely, but that
they furnish valuable information as to loud-
speaker quality.

621.395.625.3 3010

Two-Channel Two-Way-Drive Magnetic
Tape Recorder—R. E. Zenner and R. B.
Vaile, Jr. (Audio Eng., vol. 32, pp. 11-15;
April, 1948.) Designed for good performance
at low tape speed.

621.395.625.3 3011
Test Characteristics of Recording Wire—
Carter and Koontz. (See 3149.)

621.395.625.6:621.317.75.015.3 3012

Sweeping Device for the Display of Tran-
sient Phenomena and Nonlinear Distortion
Meyer-Eppler. (See 3183.)

No reprints or preprints of these abstracts and references are available from the I.R.E.
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ANTENNAS AND TRANSMISSION
LINES

621.315 3013

Transmission Line Theory Simplified—
W. Redmayne. (Distrib. Elec., vol. 20, pp. 346—
348, 350; April, 1948.) The general equations
for voltage and current at any point of a dc
transmission system are derived without using
differential equations. Both loaded and un-
loaded lines are considered. The equations can
be casily adapted to the case of ac transmission.

621.315.2.017.71 3014

Heating of Radio-Frequency Cables—
W. W. Macalpine. (Elec. Commun., vol. 25, pp.
84-99; March, 1948.) Discussion with par-
ticular reference to solid-dielectric coaxial ca-
bles; only the simplest physical or mathematical
assumptions are made.

621.315.23:620.197.6 3015

Rubber Thermoplastic Jacket for Buried
Cable—C. V. Lundberg. (Bell Lab. Rec., vol.
26, pp. 148-151; April, 1948.) Protection of the
lead casing of cables against corrosion is se-
cured by two layers of a material made from
reclaimed rubber, clay, resin, paraffin wax, and
mineral rubber. A fabric tape, corrugated Cu
sheath and bitumen layer are applied outside
the rubber.

621.392.029.64 3016

Attenuation of the H;; Wave in a Rectangu-
lar Waveguide—N. N. Malov. (Zh. Tekh. Fiz.,
vol. 18, pp. 417-420; April, 1948, In Russian.)
Discussion of a method based on an examina-
tion of the multiple reflection of the transverse
wave from the walls of the waveguide. It is
shown that the H,o and Hon types of wave
cannot be regarded as particular cases of the
Hmn type with m or 2 zero.

621.392.029.64 3017

The Excitation of a Rectangular Waveguide
through a Slot—I. 1. Vol'man. (Radiotekhnika
(Moscow), vol. 3, pp. 49-55; May and June,
1948. In Russian.) Methods are indicated for
calculating the field produced between two
parallel planes by energy supplied through an
aperture. The results obtained can be applied
in the theory of rectangular waveguides.

621.392,029.64 3018

Effect of Junctions on the Field in a Wave-
guide—H. Buchholz. (Arch. Elek. (Ubertra-
gung), vol. 2, pp. 14-22; January, 1948.) For-
mulas are derived for the effect of a narrow cir-
cumferential slot in the wall of a waveguide on
the transmission of waves having an axial com-
ponent of wall current.

621.392.029.64+621.396.611.4}:621.3.015.3
3019
Study of the Transient Regimes in Wave-
guides and Cavity Resonators—T, Kahan and
S. Colombo. (Compt. Rend. Acad. Sci. (Paris),
vol. 226, pp. 2060-2061; June 21, 1948.)) A
method is given which enables formulas ap-
plicable to the transient state to be derived from
formulas established for the steady state with
frequency w/2r.

621.392.029.64:621.317.3 3020

On the Representation and Measurement
of Waveguide Discontinuities—N. Marcuvitz.
(Proc. I.R.E., vol. 36, pp. 728-735; June, 1948.)
The various equivalent circuit representations
of a general 2N-terminal waveguide structure,
obtained by selection of different terminal
planes, are discussed and interrelated. A pre-
cision method of measuring the circuit parame-
ters of such structures is described. Weiss-
floch’s tangent relation for the input versus
output behavior of a four-terminal waveguide
structure is used.

621.392.029.64:621.396.67 3021
The Theory of the Ring Resonant Slot in a
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Waveguide—M., L. Levin. (Zh, Tekh. Fiz., vol.
18, pp. 639-652; May, 1948. In Russian.) A
theoretical analysis is given of a resonant slot
antenna having the form of a narrow ring cut in
the wall of a semi-infinite waveguide of circular
cross gection.

621.392.43:621.317.72 3022
A Modified Micromatch—Corfield and
Cragg. (See 3176.)

621.396.67 3023

Relations between the Transmitting and
Receiving Properties of Antennas—A. F. Ste-
venson. (Quart. Appl. Math., vol. 5, pp. 369-384;
January, 1948.) A rigorous mathematical dis-
cussion. The parasitic and receiving propertics
of a perfectly conducting antenna can be de-
rived from its transmitting properties under
stated conditions. The particular case of a
lincar antenna in a homogeneous isotropic
medium is considered in detail, A rigorous
proof of Thévenin's theorem for antennas is
given without any appeal to circuit theory. The
polar diagram of an antenna used for transmis-
sion is not in general identical with that of the
same antenna used for reception, though these
polar diagrams are approximately identical in
practical cases. Reciprocal relations between
two antennas are discussed. The case of an im-
perfectly conducting antenna is also considered
briefly.

621.396.67 3024

Calculation of the Field Strength Produced
by a Half-Wave Aerial at a Given Point above
a Plane Earth as a Function of the Energy
Supplied per Second: Part 1—K. F. Niessen.
(Physica, 's Grav., vol. 7, pp. 586-602; July,
1940. In German.) Formulas are derived for the
vertical field due to a A/2 antenna with its foot
at a given distance above a plane earth, taking
account of the energy absorbed in the earth.
Numerical resuits are given for various as-
sumed values of earth conductivity and dielec-
tric constant. See also 3025 below.

621.396.67 3025

Electric Field Strength as a Function of the
Energy Supplied to the Aerial: Part 2—K. F.
Niessen. (Physical's Grav., vol. 7, pp. 897-908;
December, 1940, In German.) Calculations are
made for the same wavelength and geometrical
ratios as those of part 1 (3024 above), but for
values of the earth conductivity p and dielectric
constant e corresponding to dry ground. The re-
sults are compared with those of part 1 and dis-
cussed. Tables give the vertical field, due to a
vertical A/2 antenna with its foot at a height of
A\/4 above a plane earth, at a distance of 5\ and
a height of A/4, for various values of ¢ and
p, and also the corresponding fields due to a
dipole. For high values of p the corrected re-
flection formula should be used, particularly
when ¢ is small; for low values of p, Sommer-
feld's formula is preferable.

621.396.67 3026

The Cylindrical Antenna with Gap—
R. King and T. W, Winternitz. (Quart. Appl.
Math., vol. 5, pp. 403—416; January, 1948.)
The King-Middleton theory (1453 and 3547 of
1946) is generalized to show the effect of a finite
gap on the current and the impedance of a
cylindrical antenna with a gap of length 25
between the halves of the antenna. For small
gaps, the impedance is not very sensitive to gap
length, so that impedances calculated for zero
gap are good approximations for antennas for
which 2 7a8/X<0.01, @ being the radius of the
conductors. For gap lengths not satisfying this
inequality, correction curves are given for use
with curves for resistance and reactance.

621.396.67 3027

The Field of a Dipole with a Tuned Parasite
at Constant Power—R. King. (Proc. I.LR.E,,
vol, 36, pp. 872-876; vol. 36, July, 1948.)
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Theoretical curves are given for the electric
field, in the forward and backward directions, of
a center-driven A/2 dipole with a parallel cen-
ter-tuned reflector of the same dimensions, for
various values of antenna spacing and reflector
impedance,

621.396.67:517.392 3028

Concerning a New Transcendent, Its Tabu-
lation and Application in Antenna Theory—
Bouwkamp. (See 3158.)

621.396.67:517.512.2 3029
Fourier Transforms in Aerial Theory: Part
6—Ramsay. (See 3159.)

621.396.671 3030

The Radiation Resistance of End-Fire and
Collinear Arrays—C.H. Papas and R. King.
(Proc. ILR.E., vol. 36, pp. 736-741; June,
1948.) Formulas obtained for this resistance
involve circular functions and can conveniently
be used for computation. The only mathemati-
cal approximation is a Fourier representation ot
the field of a single A/2 dipole, discussed in 3326
of 1941 (King). The new forinulas are in satis-
factory agrcement with the results of Pistol-
kors and Bontsch-Bruewitsch.

621.396.677 3031
Note on Practical Limitations in the Di-
rectivity of Antennas—R. M. Wilmotte.
(Proc. I.R.E,, vol. 36, p. 878; July, 1948.)
Discussion on 2731 of November (Riblet).

621.396.677 3032

Artificial Dielectric Lenses for Microwaves
—W. E. Kock. (Bell. Lab. Rec., vol. 26, pp.
145-147; April, 1948.) For a fuller account gee
2176 of September.

CIRCUITS AND CIRCUIT ELEMENTS

621.3.015.3:{621.392.029.64+621.396.611.4
3033
Study of the Transient Regimes in Wave-
guides and Cavity Resonators—Kahan and
Colombo. (See 3019.)

621.314.2:[621.395.623.7 3034

Study of the Output Transformer for Feed-
ing Loudspeakers—L. Chrétien. (TSF Paur
Tous, vol. 24, pp. 185-188; July and August,
1948.) Discussion of the conditions which should
be satisfied for optimum performance, with
faithful reproduction of both high and low fre-
quencies. Practical design details are considered
briefly.

621.314.2:621.396.813 3035

Nonlinear Distortion in Low-Frequency
Transformers with Strong Premagnetization—
F. Bottcher. (Frequenz, vol. 2, pp. 140-113;
May, 1948.) The distortion occurring in the
load resistance is calculated under certain sim-
plifying assumptions. The effective magnetiza-
tion curve showing the relation between induc-
tion and field strength, taking account of the
airgap, is thereby replaced approximately by a
parabola. Values are thus derived for the har-
monic and combination tones of the quadratic
distortion in the secondary load, when two sine-
wave tones are applied to the transformer
primary.

621.316.86 3036

Thermistors and Their Applications—B. S.
Sotskov. (Avtomatika i Telemekhanika, vol. 9,
pp. 39-58; January and February, 1948. In
Russian.) The properties of various types are
tabulated, and discussed in detail under the fol-
lowing headings: (a) main characteristics, (b)
effect of size and shape on parameters, (c)
determination of steady-state and transient
regimes in thermistor circuits, and (d) applica-
tions to (i) time delay relays, (ii) starting re-
sistances for motors, (iii) shunting resistances
for lamps and other current-carrying devices
connccted in series, (iv) voltage stabilizers, (v)

No reprints or preprints of these abstracts and references are available from the [.R.E.
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temperature measurements, (vi) gas and liquid
flow measurements, (vii) bolometers and (viii)
rheostats. See also 765 or 3552 of 1947 (Becker,
Green, and Pearson), and 3044 of 1947 (Rosen-
berg).

621.318.572:621.385.38 3037

A Fast, Noiseless Thyratron Switch—S. W.
Kitchen. (Rev. Sci. Insir., vol. 19, pp. 370-371;
May, 1948.) The cathode resistor of a conven-
tional thyratron switch is replaced by a capaci-
tor and a resistor of only 100 € is used in the
anode circuit. With this arrangement, if the
desired current drain through the switch is small
compared with the rated average thyratron
current, inherent noise is eliminated while fast
action is retained.

621.392:518.4 3038

Design Curves for Parallel-T Network—
D. Espy. (Electronics, vol. 21, pp. 114-115;
July, 1948.) Generalized curves from which
transmissions at various deviations from reso-
nant frequency can be read directly. Design
equations are also given.

621.392:621.396.645.029.64 3039
Very-High-Frequency Triode Oscillator and
Amplifier Circuits—G. Lehmann. (Elec. Com-
mun., vol. 25, pp. 50-61; March, 1948.) Trans-
lation of paper abstracted in 368 of 1947,

621.392.011.2 3040

A Contribution to the Approximation
Problem [for impedance functions]—R. F.
Baum. (Proc. I.R.E., vol. 36, pp. 863-869;
July, 1948.) An approximation to the curveof a
given impedance function can be obtained by
combining a finite number of “semi-infinjte
slopes,” represented by Butterworth functions.
The labor normally involved in the calculation
of impedance zeros and poles is thus greatly
reduced. Tschebyscheff functions are more ap-
propriate for obtaining approximations to filter
curves. Approximations to resistance, reac-
tance, and phase curves can be obtained simi-
larly.

621.392.088.7 3041

The Theory and Design of Thermal Com-
pensation of a Circuit for a Given Frequency
Range—S. S. Arshinov. (Radiotekhnika (Mos-
cow), vol. 3, pp. 21-39; March and April,
1948. In Russian.) The problem of reducing as
much as possible the maximum value of the
temperature coefficient for a given frequency
range is a particular case of finding the best ap-
proximation to a continuous function. Condi-
tions for optimum thermal ¢tompensation in
simple and complex circuits are here derived
from a formula due to Tchebyschev. Complete
compensation is possible for the whole operat-
ing range. A numerical example is given.

621.392.43:621.314.2 3042

Impedance Matching Half-Wave Trans-
former—H. E. Dinger and H. G. Paine.
(Tele-Tech., vol. 7, part 1, pp. 41-43, 77; May,
1948.) A transformer for matching a balanced
load to an unbalanced source of the same im-
pedance, using a A/2 coaxial line. Since such
lines can be used at 20 per cent off resonance
with an impedance change of only 5 per cent,
continuous coverage for the frequency range
100 to 400 Mc is achieved with 4 interchange-
able lines.

621.392,5:621.385.3:512.831 3043

The Application of Matrices to Vacuum-
Tube Circuits—]. S. Brown and F. D. Ben-
nett. (Proc. I.R.E., vol. 36, pp. 844-852;
July, 1948.) The matrix equations for triode
circuits are derived for linear operation with
any one clectrode grounded. A table relating
matrix elements is calculated, allowing for the
fact that the networks are not bilateral. For-
mulas are obtained for the gain of an amplifier
having m identical stages. Two examples show-
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ing the advantages of the matrix method are
included.

621.396.611:621.316.729 3044

Pseudosynchronization in Amplitude-Sta-
bilized Oscillators—P. R. Aigrain and E. M.
Williams. (Proc. I.R.E., vol. 36, pp. 800-801;
June, 1948.) If a frequency f is injected into an
amplitude-stabilized oscillator of frequency fo,
then over a band of frequencies for which
|f—fol is small, f, disappears and the system
acts as a regenerative amplifier for the injected
signal and “pulling” does not exist. These re-
sults are contrasted with those of Adler (2522
of 1946).

621.396.611.015.4 3045

Notes on a Property of the Voltage Reso-
nance of an Oscillatory Circuit—E. Fromy.
(Onde Elec., vol. 28, pp. 218-221; June, 1948.)
Starting from the elementary equations of an
oscillatory circuit fed by a sinusoidal source, it
is shown that the terminal voltage can be re-
garded as the suin of two voltages, whose am-
plitudes are constant and equal to half the ter-
minal voltage of the circuit at resonance; one
voltage is of constant phase, while the phase of
the other varies on either side of the phase at
resonance, according to the value of the tuning
capacitance. This property is quite general
and is established without making any simpli-
fying assumptions; it can have numerous prac-
tical applications, particularly in the design
of dephasing circuits.

621.396.611.1 3046

The Application of the Symbolic Method to
the Analysis of the Free Régime of Linear Sys-
tems—A. A. Rizkin. (Radiolekhnika (Moscow),
vol. 3, pp. 56-63; May and June, 1948. In Rus-
sian.) A general analytical method is proposed
which is based on breaking the circuit under
consideration at some point and determining
the input impedance at this point. By equating
this “characteristic” impedance to zero or in-
finity (depending on the properties of the cir-
cuit) a characteristic equation of the circuit is
obtained. Five examples of the application of
this method are given,

621.396.611.1 3047

The Starting of Oscillations in RC Gen-
erators—G. Gillard. (TSF Pour Tous, vol. 24,
pp. 132-134; May, 1948.) A nonmathematical
explanation.

621.396.611.21 3048

Series Mode Crystal Circuits—1. Goldberg
& E. L. Crosby, Jr. (Tele-Tech, vol. 7, part 1,
pp. 24-27, 86; May, 1948.) The equivalent
circuit of a piezoelectric quartz crystal near
resonance is considered; in a typical crystal, the
geries and parallel resonant frequencies are
close together. A 118-Mc direct-operation cir-
cuit including a 7F8 twin triode is described;
the eleventh mechanical harmonic of the crystal
is used. This circuit can be modified for use as
a converter.

621.396.611.21 3049

On the Equivalent Circuit and Performance
of Plated Quartz Bars—]. K. Clapp. (Gen.
Radio Exp., vol. 22, pp. 1-7; March and April,
1948.) The impedance and equivalent electric
circuit are derived for a long bar. Both mechani-
cal and electrical stability for low-frequency
modes of vibration are improved by the use of
tension mounting and by operation at the
second harmonic. Zero temperature coeffi-
cient can be obtained for a particular tempera-
ture.

621.396.611.4 3050

On the Design of Circuits Equivalent to
Cavity Resonators—N. N. Malov. (Zh. Tekh.
Fiz., vol. 18, pp. 421-430; April, 1948, In Rus-
sian.) The conditions of equivalence are de-
fined and a general design method is discussed;
this is used to determine a circuit equivalent to
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a cylindrical resonator in which a standing
wave of the Hgy; type is present.

621.396.611.4 3051

A Method of Feeding Microwave Power into
a Resonator Having a Fine Mode Structure—
G. R. Newbery and W. E. Willshaw. ( Nature
(London), vol. 161, pp. 519-520; April 3,
1948.) Power was fed into a 24-cavity resonator
120 cm long, the frequency separation between
the required mode of operation and the ad-
jacent mode being only 0.2 per cent (6 Mc).
The required mode had a phase difference of
x between currents in adjacent cavities. A
pulsed magnetron, Type E1944, was driven at
500 pulses per second, with 2 us pulses, by an
Admiralty Type 277 modulator with a peak
output of 1.25 Mw. An estimated peak power of
390 kw was fed into the resonator.

621.396.615 3052

Use of Ordinary Valves as Microwave Os-
cillators—G. Fonda-Bonardi. (Alla Frequensa,
vol. 17, pp. 69-73; April, 1948, In Italian with
English, French, and German summaries.)
The power output of an oscillator using an
ordinary tube becomnes zero when the oscilla-
tion frequency is so high that the electron tran-
sit time is a substantial fraction of the oscilla-
tion period. Oscillations can be obtained, how-
ever, when the transit time is a multiple of the
oscillation period. A circuit using a 6V6 tube
with a Lecher-line oscillatory circuit is de-
scribed, with which frequencies from 1000 Mc
to 3000 Mc have been obtained.

621.396.615 3053

The Self-Modulation of Auto-Oscillations
in a Valve Oscillator with Automatic Biasing in
the Cathode Circuit—N. A. Zheleztsov. (Zh.
Tekh. Fiz., vol. 18, pp. 495-508; April, 1948. In
Russian.) An analysis of the operation of the
oscillator depicted in Fig. 1, using simplified
tube characteristics and the van der Pol meth-
od of “abbreviated” equations. Methods are
indicated for determining the amplitude of auto-
oscillations and the conditions necessary for the
appearance of self-modulation are found. Pho-
tographs are shown of phage trajectories on the
van der Pol plane obtained with a cro. The
gradual appearance of self-modulation is thus
confirmed experimentally.

621.396.615 3054

An Investigation of a Relaxation Oscillator
of the Transitron Type—V. V. Migulin and
T. N. Yastrebtsova. (Zh. Tekh. Fis., vol. 18,
pp. 603-614; May, 1948. In Russian.) An ex-
perimental investigation in which an external
sinusoidal emf is applied to a RC oscillator op-
erating in the regime of free auto-oscillations.
Results are in good agreement with the theory
of such oscillators, which is also discussed.

621.396.615.14:621.316.726.078.3 3055

Recent Developments in Frequency Sta-
bilization of Microwave Oscillators—W. G.
Tuller, W. C. Galloway, and F. P. Zaffarano.
(Proc. I.R.E., vol. 36, pp. 794-800; June,
1948.) Pound’s stabilizer (1690 of 1947 and 1311
of June) isdiscussed. The usable frequency range
of the stabilizing circuit can be increased by
changing the microwave circuit; this change is
considered in detail and a graphical method of
obtaining the frequency versus voltage charac-
teristic is explained. The amount of harmonic
distortion in the output of the stabilizing circuit
is calculated for the case where the microwave
oscillator has FM.

621.396.615.17 3056

Electrical Sawtooth Oscillations—H. Hert-
wig. (Funk und Ton, vol. 2, pp. 300-307; June,
1948.) Discussion of the conditions governing
the rise and fall for both linear and exponential
wave forms, with formulas for rise and fall
times, frequency, and mean value of the cur-
rent.
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621.396.619.16 3057

On Some Characteristic Pulse Circuits—
J. Moline. (Radio Frang¢., pp. 11-15; May,
1948.) Details of circuits for: (a) low-power
pulses, using phasing or dephasing, (b) fre-
quency multipliers and dividers, and (c) high-
power pulses suitable for the modulation of
high-frequency transmitters.

621.396.619.23:621.395.44 3058

Linear Theory of Bridge and Ring Modula-
tor Circuits—V. Belevitch. (Elec. Commun., vol.
25, pp. 62-73; March, 1948.) The question of
impedance mismatch between filters and modu-
lators, and the losses in CuO-rectifier type
modulators, are considered with reference to
gingle-sideband carrier telephone systems,
With stated assumptions and approxima-
tions, a simplified, practical theory is devel-
oped for bridge and ring modulators working
between various ideal filter terminations. The
transmission loss of a bridge modulator is meas-
ured experimentally under different terminating
conditions approximating to those already as-
sumed. Means of partially compensating for
parasitic capacitance are described; these pro-
vide a basis for verifying the theory. An ex-
pression is given for the extra loss caused by
the addition of capacitance to a capacitance-
compensated modulator.

621.396.622.6:546.28 3059

The Silicon Crystal Detector—(Bell Lab.
Rec., vol. 26, pp. 152-155; April, 1948.) A short
historical survey of development.

621.396.645 3060

The Use of Cathode Followers in the Penul-
timate Stage of Power Amplifiers—S. E. Glik-
man. (Vestnik Svyazi, no. 6, pp. 9-11; 1948,
In Russian.)

621,396,645 3061

A Low-Noise Amplifier—II. Wallman, A. B.
Macnee, and C. P. Gadsden. (Proc. L.LR.E,,
vol. 36, pp. 700-798; June, 1948.) The “cas-
code” amplifier consists of a grounded-cathode
triode followed by a grounded-grid triode. The
combination is noncritical and has the low noise
factor of a triode with the amplification and
stability of a pentode. Noise factors averaging
0.25 db at a carrier frequency of 6 Mcand 1.35
db at 30 Mc have been achieved. Typical cir-
cuit details are given. Summary noted in 2475
of October.

621.396.645 3062

Time Response of an Amplifier of N Iden-
tical Stages—E. F. Grant. (Proc. [.R.E., vol.
36, pp. 870-871; July, 1948.) The response to a
unit-step voltage is calculated, assuming that
the pass band is 8o narrow compared to the
center frequency that a low-pass cquivalent
circuit will describe the behavior of the ampli-
fier with sufficient accuracy.

621.396.645 3063
Amplifier Load Impedance Reduction—
B. M. Hadfield. (Tele-Tech, vol. 7, part 1, pp.
33-35, 82; May, 1948.) Design equations for
amplifiers to deliver power into low-value load
impedances over a wide range of frequencies,
without the use of high-ratio output transform-
ers. A specific example is considered in detail.

621.396.645:518.3 3064

Exact Design and Analysis of Double- and
Triple-Tuned Band-Pass Amplifiers-—M. Dis-
hal. (Elec. Commun., vol. 25, pp. 100-102;
March, 1948.) Reprint of discussion on 3065
of 1947 already noted in 1315 of June. Reprint
of original paper noted in 2493 of October,

621.396.645:537.533.9 3065

Use of Photo-Conductive Semiconductors
as Amplifiers—E. S. Rittner. (Phys. Rev.,
vol. 73, pp. 1212-1213; May 15, 1948.) The ad-
vantages of using a photoconductive semi-
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conductor instead of an insulator asan amplifier
are enumerated. Optimum results will probably
be achieved with thin specimens of the same
order of thickness asthe penetration depth of the
primary electron beam. Preliminary results for
a polycrystalline layer of Se on glass are de-
scribed. Further work on Se, Si, Ge, and PbS
is in progress. See also 2757 of November.

621.396.645:539.16.08 3066

A Battery-Fed Amplifier for Counter Tubes
with Continuous Generation of the Counter-
Tube Voltage from an Accumulator Battery—
A. Flammersfeld. (Z. Naturf., vol. 1, pp. 168—
170; March, 1946.) From the counter impulses
the amplifier produces current pulses of con-
stant length, The circuit is an improvement on
that described by Neher (1697 of 1939). In the
high-voltage gencrator, the tetrode anode cur-
rent of a tetrode-triode sawtooth-wave gen-
erator is used to feed the primary of an ordinary
mains transformer, whose secondary gives a
series of high-voltage peaks.

621.396.645:621.396.822 3067

An Investigation of Amplifier Noise at Ul-
tra High Frequencies—V. I. Siforov. (Radio-
tekhnika (Moscow), vol. 3, pp. 5-24; May and
June, 1948. In Russian.) The theory of the one-
stage amplifier is developed from consideration
of an equivalent circuit consisting of a series
of quadripoles in which an active noise-gen-
erating quadripole is included. Conditions for
obtaining the maximum signal-to-noise ratio
are established. The necessary and sufficient
conditions for neutralizing tube noise are de-
rived. The fundamental noise relationships in
a multistage amplifier are determined; the noise
factor of the amplifier can be deduced.

621.396.662 (083.74) 3068
Standardization of Tuning Units and Os-
cillators, 1948—Radionyme. (Toute la Radio,
vol. 15, pp. 190-193. June, 1948.) A general dis-
cussion of the standards for 1939 and 1940
adopted by the Syndicat professionnel des In-
dustries radioélectriques, with details of the
standards proposed for 1948 by the SNIR
(Syndicat national des Industries radioélec-
triques), which has taken the place of the SPIR,
The new standards include variable capacitors
of 490 pF and 1304360 pF max. respectively,
and 3- and 4-waveband tuning units for which
suitable capacitance values are tabulated.

621.396.662.21 3069

Design Calculations for Short-Wave Band-
Spread Coils—]J. Henry. (Radio Frang¢., pp.
4-10; May, 1949.) Detailed calculations are
made for tapped coils for the band 7 to 7.3 Mc;
general formulas applicable to the whole of the
short-wave bands are given. Tapped coils en-
able a single standard 460-pF capacitor to be
used, and give a more linear spread than the
geries-capacitor method.

621.396.662.3 3070

An Experimental Investigation of the Wave-
Guiding Properties of Multi-Terminal Filters—
V. V, Potemkin. (Zh. Tekh. Fiz., vol. 18, pp.
447-45¢; April, 1948, In Russian.) Experiments
were carried out with the ladder-type filters
depicted in Figs. 1 and 2, to verify theoretical
conclusions regarding various phenomena oc-
curring in them, such as the appearance of dif-
ferent types of waves, dispersion of natural
waves, band-pass filtering, and interruptions in
the propagation of certain waves.

621.396.662.3 3071

Band Stoppers with Oscillating Crystals—
W. Herzog. (Arch. Elek. (Ubertragung), vol.
2, pp. 22-38; January, 1948.) Theory is given
and design formulas are derived for both nar-
row- and broad-band stoppers. Suitable de-
gigns are given, with their functional character-
istics, for (a) a broad-band stopper circuit
using 2 crystals and 2 inductors, and (b) a
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narrow-band stopper using 3 crystals and 2
inductors.

621.396.662.3:621.396.611.21 3072

Quartz Filter Crystals with Low Induct-
ance—]J. J. Vormer. (Proc. LLR.E., vol. 36,
pp. 802-804; June, 1948.) English version of
388 of March.

621.396.662.3:621.396.645 3073

A 3-Stage Coupling Filter for Wide-Band
Amplifiers—P. G. Violet. (Funk und Ton, vol.
2, pp. 290-299; June, 1948.) Theory, design
formulas, and practical details of a filter whose
response curve shows three slight humps of
equal height within the pass band, with rela-
tively sharp cutoff at both limits.

621.396.665 3074

Adjustment Speed of Automatic-Volume-
Control Systems—A. W. Nolle. (Proc. .LR.E.,
vol. 36, pp. 911-916; July, 1948.) The be-
havior of an ave amplifier, following a sudden
change of input level, is analyzed on the basis
of certain agsumptions which are usually justi-
fied in practice. Equations are developed for
the overload case and applied to a particular
amplifier.

621.396.69:06.064 Paris 3075

Components, 1948—G. Giniaux, (TSF Pour
Tous, vol. 24, pp. 57-60, 92-96, and 142-143;
March to May, 1948.) Discussion of the special
featuresg of the Paris exhibition. See also 1898
of August.

621.396.621.001.4-4+621.397.62.001.4 3076

Most-Often-Needed F.M. and Television
Servicing Information [Book Review]—M. N.
Beitman. Supreme Publications, Chicago, 1948,
191 pp., $2.00. (Proc. L.R.E., vol. 36, p. 884;
July, 1948.)

GENERAL PHYSICS

53.081+621.3.081 3077

On Systems of Electrical Units—E. Brylin-
ski. (Rev. Gén. Elec., vol. 57, pp. 200-204 ; May,
1948.) The use of the absolute systems of elec-
trical units leads to certain difficulties, which
are discussed. It is considered preferable to
abandon the absolute systems and adopt elec-
trostatic and electromagnetic systems defined
by the condition that the dielectric constant of
a vacuum is the unit of dielectric constant, or
that the permeability of a vacuum is the unit
of magnetic permeability. These gystems give
the same numerical measures of electrical quan-
tities as the absolute systems. See also 2504 of
October (Dzung and Meldahl) and back refer-
ences.

530.145 3078

On the Quantum Theory of Wave Fields—
F. J. Belinfante. (Physica, 's Grav., vol. 7, pp.
765-778; October, 1940. In English, with Ger-
man summary.)

535.215.6:621.383.5 3079

Theory of the Barrier-Layer Photoeffect—
K. Lehovec. (Z. Naturf., vol. 1, pp. 258-264;
May, 1946.) Differential equations are estab-
lished involving the relation between photo-
current and voltage, intensity of illumination,
frequency of the light waves, the properties of
the semiconductor and of the electrode, and
the registance of the external circuit. The
properties of defect and excess semiconductors
are discussed.

535.37 3080
Relation between Photoconduction and
Luminescence in Zinc Sulphide—M. H. F.
Wilking and G. F. J. Garlick. ( Nature (Lon-
don), vol. 161, pp. 565-566; April 10, 1948.)

537.213:517.1:532.58 3081
On the Harmonic and Biharmonic Problems
of a Region Bounded by a Circle and two Paral-
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lel Lines—R. Westberg. (Ingen. Vetensk.
Akad. Handl., no. 197, 66 pp.; 1948. In Eng-
lish.) Analysis of the potential field of a circular
cylinder between two parallel conducting
planes, and also of the motion of a circular
cylinder in a viscous fluid between two parallel
planes.

537.228.1 3082

Equations of Piezoelectricity—R. K. Cook.
(Nature (London), vol. 161, pp. 524-525;
April 3, 1948.) In Cady's book on piezoelec-
tricity (2084 of 1947), some confusion between
generalized co-ordinates and forces in the La-
grange function results in erroneous piczoelec-
tric equations. This gives rise to errors in the
basically important linear equations which
give the elastic stresses and electric field inten-
sities as functions of the elastic strains and elec-
tric displacements.

537.228.1+539.3):512.9 3083

Applications of Tensor Analysis to Elas-
ticity and Piezoelectricity—]. H. Jurmain.
(Jour. Frank. Inst., vol. 245, pp. 475-500;
June, 1948.) A systematic theory of elasticity,
based on tensor analysis, is developed and shown
to give results consistent with those derived by
other methods. The theory is extended to piezo-
electricity and, if boundary conditionsare care-
fully selected, the general solutions obtained are
applicable to practical problems. Examples are
given.

537.312.62 3084
On the Theory of Superconductivity—F. J.
WiSniewski. (Compt. Rend. Acad. Sci. (Paris),
vol. 226, pp. 1964-1965; June 14, 1948.) A pos-
sible mechanism for superconductivity is de-
scribed. The fundamental equation of London
is deduced from the principles of mechanics.

537.52 3085

The Breakdown of Gases in High Frequency
Electrical Fields—D. H. Hale. (Phys. Rev.,
vol. 73, pp. 1046-1052; May 1, 1948.) “It is
assumed that breakdown occurs when the
electrical field and the frequency are such that
an electron acquires the ionizing energy at the
end of one mean free path. The field for break-
down is thus a function of the frequency of the
applied potential and the ionization potential
and pressure of the gas. The fields for breakdown
of argon and xenon are calculated and ex-
pressed as functions of the frequency and the
gas pressure.” Good agreement between calcu-
lated potentials and experimental results is
found for frequencies > 10 Mc.

537.523.5 3086
On the Theory of the High-Current Arc

Column—P. Schulz. (Z. Naturf., vol. 2a, pp.

662-666; November and December, 1947.)

537.533.9:621.396.645 3087
Use of Photo-Conductive Semiconductors
as Amplifiers—Rittner. (See 3065.)

538.1 3088

On the Current and the Density of the
Electric Charge, the Energy, the Linear Mo-
mentum and the Angular Momentum of Ar-
bitrary Fields—F. J. Belinfante. (Physica, 's
Gray., vol. 7, pp. 449-474; May, 1940. In Eng-
lish, with German summary.)

538.213:538.221 3089

Determination of Magnetic Permeability
from Resistance Measurements on Iron Wires
of Different Structure at Frequencies of the
order of 100 Mc/s, in relation to the Weiss
Elementary Domains—M. J. O. Strutt and
K. S. Knol. (Physica, 's Grav., vol. 7, pp. 635~
654; July, 1940. In German, with English
summary.) The high-frequency permeability
calculated from the ratio of the ac and dc re-
sistances is practically constant at room tem-
perature up to about 300 Mc, but shows a
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marked decrease with increasing frequency at
—183° C. An explanation of this is based on a
simple model, which permits the determination
of the order of magnitude of the Weiss domains
for the different wires.

538.21 3090

Effect of Reversible and Irreversible Varia-
tions of Magnetization on the Thermoelectric
Power of Ferromagnetic Materials—]J. Bou-
chard. (Compt. Rend. Acad. Sci. (Parig), vol.
226, pp. 1895-1897; June 7, 1948.)

538.23 3091

On the Effective Length of a Small Bark-
hausen Discontinuity—J. L. Snoek. (Physica,
's Grav., vol. 7, pp. 609-624; July, 1940. In
English, with German summary.) The effective
length is calculated for a wire of square cross
section and found to be equal to the product of
the reversible permeability and the wire thick-
ness.

538.242 3092

On the Theory of Gyromagnetic Effects—
C. J. Gorter and B. Kahn. (Physica, 's Grav.,
vol. 7, pp. 753-764; October, 1940. In English,
with French and German summaries.)

538.56--621.385.029.63/.64-+621.384.6 3093
Waves and Electrons Traveling Together—
A Comparison between Traveling Wave Tubes
and Linear Accelerators—L. Brillouin. (Phys.
Rev., vol. 74, pp. 90-92; July 1, 1948.) Travel-
ing-wave tubes operate with high space charge
and weak waves of constant velocity, while
“synchro-” devices use very low space charge
and high-power waves whose velocity is progres-
sively increased. In one case, there is an energy
transfer from the electrons to the wave, which
is strongly amplified; in the other case, energy
is transferred from the wave to the particles,
which are thereby accelerated. A general the-
ory is needed that would include both extreme
cases of traveling-wave amplifiers and linear
accelerators without introducing any restric-
tion on the magnitudes of either fields or space
charge. A composite wave is considered which
has discontinuities in the derivative of the
longitudinal field distribution and represents
a sort of electromagnetic shock wave. It yields
a rigorous solution of the wave equation for the
case of space charge, and represents a gen-
eralization of the two extreme cases.

538.566 3094

Remarks on Spherical Electromagnetic
Waves—V. Sorokin. (Zh. Eksp. Ter. Fis.,
vol. 18, pp. 228-235; February, 1948. In Rus-
sian.) Using vectorial spherical functions, sim-
ple formulas are derived for spherical electro-
magnetic waves in vacuo and for electromag-
netic fields of multipoles.

538.566 3095

A New Formula for Calculating the Phe-
nomena of Diffraction—E. Durand. (Compt.
Rend. Acad. Sci. (Paris), vol. 226, pp. 1812-
1814; May 31, 1948.)

538.566 ‘ 3096

Electromagnetic Theory of Diffraction by
Black Screens—E. Durand. (Compt. Rend.
Acad. Sci. (Paris), vol. 226, pp. 1972-1974;
June 14, 1948))

538.566:535.42 3097

Diffraction of Centimeter Electromagnetic
Waves at an Aperture in a Metal Sheet—
H. Severin. (Z. Naturf., vol. 1, pp. 487-495;
September, 1946.) The Huyghens-Fresnel prin-
ciple, formulated for radio waves, is applied to
the accurate quantitative determination of dif-
fraction effects along the normal through the
center of a circular aperture and also in the
field near the aperture. Experiments with aper-
tures of radius ranging from A\/2 to 8\, and with
wavelengths of 10 cm. and 6 cm, confirm the the-
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ory, which is in agreement with Kirchhoff's dif-
fraction theory and Maxwell's equations. See
also 2326 of September (Tranter).

538.569.4:535.61-15:525.7 3098

Transmission of the Atmosphere in the 1-5
Micron Region—A. Elliott and G. G. Mac-
Neice. (Nature (London), vol. 161, p. 516;
April 3, 1948.) Details of equipment for meas-
urements over a 600-yard path. A typical trans-
mission curve shows high values between 3u
and 4u, where transmission is comparable with
that at 2.2u,

538.569.4:546.331.31-145.1 3099

Absorption of U.H.F. Waves in Salt Solu-
tions—S. K. Chatterjee and B. V. Sreekantan.
(Indian Jour. Phys., vol. 22, pp. 229-242;
May, 1948.) The absorption index is measured
directly by a free-wave method at frequencies
between 300 and 500 Mc for concentrations
ranging from N/2 to N/16. Reflection coef-
ficients at different frequencies are calculated;
the values of ionic relaxation time, dielectric
constant, and loss angle obtained are compared
with theoretical values deduced from the Debye-
Falkenhagen theory. The product of the wave-
length for maximum absorption and the con-
centration of the solution is approximately
constant.

538.569.4.029.64:546.171.1 3100

Collision Broadening of the Ammonia In-
version Spectrum at High Pressures—B. Blea-
ney and J. H. N. Loubser. ( Nature (London),
vol. 161, pp. §22-523; April 3, 1948.) Measure-
ments have been extended over the frequency
range 0.1 to 1.2 cm™ at pressures up to 6 at-
mospheres. See also 1916 of August and back
references.

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA

523.53:621.396.96 3101
Velocity of Meteors Measured by Diffrac-
tion of Radio Waves from Trails during Forma-
tion—C. D. Ellyett and J. G. Davies. ( Nature
(London), vol. 161, pp. 596-597; April 17,
1948.) The radiation scattered from the elec-
tron trail was observed as the meteor crossed
the antenna beam; the variation in received
power is compared with Fresnel's integrals for
diffraction at a straight edge. The mean geo-
centric velocity deduced for the Geminid me-
teors is 34.4 km, in good agreement with Whip-
ple's value of 34.7 km obtained from photo-
graphic measurements of visible meteors.

523.724523.16):621.396.822 3102

Radio Noise of Extra-Terrestrial Origin and
Its Effect on Telecommunication Technique—
G. Lehmann. (Onde Elect., vol. 28, pp. 164-
172 and 200-205; April and May, 1948.) The
present state of knowledge of cosmic noise is
reviewed, reference being made to investiga-
tions on wavelengths ranging from decame-
ters to millimeters. The fundamental principles
of thermodynamics necessary for the interpre-
tation of the experimental results are recalled,
receiver noise factor is defined and a method of
measuring it is described. The performance of
actual uhf receivers iscompared with that which
is theoretically possible.

523.72.029.63:523.746 3103

A Solar Noise Outburst at 600 Mc/s and
1200 Mc/s—F. J. Lehany and D. E. Yabsley.
(Nature (London), vol. 161, pp. 645-646;
April 24, 1948.) Bursts similar to those at 200
Mc described in 412 of March (McCready,
Pawsey, and Payne-Scott) are not normally
observed at 600 and 1200 Mc; noise level riges
gradually as the sunspots appear, and shows
correlation with sunspot area. On one occa-
sion only, large bursts occurred at 600 and
1200 Mc, but not at 200 Mc,
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523.746 3104

Magneto-Hydrodynamic Waves and Sun-
spots: Part 3—H. Alfvén. (Ark. Mat. Asir. Fys.
vol. 34, part 4, section A, 20 pp.; April 13, 1948.
In English.) The instability factor 6, is zero at
the center of the sun, rises to a maxiinum as
distance from the center is increased radially,
and thereafter falls again to zero at the surface
of the unstable core.

A disturbance in the zone of maximum in-
stability in, say, the northern hemisphere
gives rise to two hydrodynamic waves travel-
ing in opposite directions parallel to the mag-
netic field. One waves escapes into the stable
zone and on reaching the surface of the sun
gives rise to a spot. The other passes through
the unstable core and is subject to an accelera-
tion, which is a function of 6,, and is negligible
until the southern zone of maximum instabil-
ity is reached. Any acceleration of the wave
results in a new disturbance and a new pair of
waves having amplitudes proportional to the
acceleration. Thus there are two strong waves
emitted from this southern zone: one forms a
spot in the southern hemisphere of the sun and
the other retraces the path through the core.
The process is repeated until it is attenuated
to negligible proportions. We should thus ex-
pect a harmonic process of period T, the time
taken for the wave to cross the core. T can be
shown to be about 11 years.

The theory would also predict a correlation
between sunspot activity at a given latitude
in one hemisphere at a given epoch of one cycle
and that at the same latitude in the other
hemisphere in adjacent cycles. Statistical
analysis, noted in 3105 below, confirms this
hypothesis. For previous parts see Mon. Not.
R. Ast. Soc., vol. 105, pp. 3—-16 and 382-394;
1945; abstracts of these will appear shortly. See
also 2231 of September (Cowling) and back ref-
erences.

523.746:519.251.8 3108

Statistical Tests of H. Alfvén’s Theory of
Sunspots—I. Galvenius and H. Wold. (Ark.
Mat, Astr. Fys,, vol. 34, part 4, scction A, 9
pp.; April 13, 1948. In English.) See 3104 above.

523.746:621.396.11 3106
Sunspots and Radio Weather—A. Arzinger,
H. E. Hallborg, and J. H. Nelson. (RCA Rev.,
vol. 9, pp. 229-244; June, 1948.) The sunspots
producing disturbance in high-frequency radio
communication are found to lie mainly within a
semicircle of about 26° radius in the eastern
half of the solar disk; its center coincides with
that of the disk. The spots have maximum effect
when they cross either the circle or the central
meridian. While they are within the semicircle
they cause erratic conditions. Studies of the
polarities of the spots show that, for the north-
ern hemisphere, “reds” (positive) have a pre-
ponderant effect and tend to lower frequencies,
while “violets” (negative) tend to raise them.
The reverse is true for the southern hem-
isphere. These observations, in combination
with Washington F-layer data, are applied to
short-period radio-weather forecasting.

523.752 3107

A Chromospheric Eruption of Extraordinary
Size—A. Behr. (Z. Naturf., vol. 1, pp. 537-
539; Septemnber, 1946.) An account, with pho-
tographs, of a very large eruption observed at
the Fraunhofer Institute on July 25, 1946, and
of simultaneous recording of the field strength
of a London 9.66-Mc transmission. The field
strength fell to a low value at the commence-
ment and remained low for the duration of the
eruption. About 264 hours after the start of the
eruption, a geomagnetic storm was recorded at
the Hamburg-Wingst observatory;this time lag
corregponds to a velocity of the particle radia-
tion from the sun of 1570 km. An aurora of
medium brightness was observed for about an
hour at Freiburg some 6 hours after the start
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of the magnetic storm. This was also seen in
Paris and in Switzerland.

538.12:521.15 3108

Blackett’s Hypothesis of the Magnetic
Field of Rotating Bodies—N. Arley and ]J.
Fuchs. (Nature (London), vol. 161, pp. 598-
599; April 17, 1948.) Comment on 3112 of 1947
(Blackett). Difficulties involved in Blackett’s
interpretation are discussed by Arley and possi-
ble experimental tests suggested, such as those
of Barnett on gyromagnetic magnetization,
and of Einstein and de Haas on the inverse
effect of rotation by magnetization.

Fuchs interprets Blackett's constant of pro-
portionality by expressing it in a dimensionless
form valid for the nonrational electromagnetic
system of units as well as the usual nonrational
electrostatic system.

550.384:551.510.5:525.624 3109
A Possible Influence of the Moon on Re-
current Geomagnetic Activity—O. R. Wulf and
S. B. Nicholson. (Phys. Rev., vol. 73, pp. 1204-
1205; May 15, 1948.) Tidal air mounds due to
the moon may be ome of the factors which
account for the observed 27-day period of geo-
magnetic activity. See also 3900 of 1947,

550.384:551.510.535:523.7 3110
Evidence of a Solar Effect on the Ionized
Regions of the Upper Atmosphere—P. Lejay,
A. Haubert, and J. Durand. (Compt. Rend.
Acad. Sci. (Paris), vol. 226, pp. 1768-1770;
May 31, 1948.) Comparison of continuous rec-
ords of Fy-layer critical frequency variations
and magnetic K-indexes for September 1946,
reveals a definite correlation between the two.
The variations corresponding to magnetic
storms have, in general, the same sense at
stations as far apart as Slough, England, and
Washington, D. C. The fact that the observed
variations are generally greatest in the middle
of the day, when the sun is high, suggests a
quasi-instantaneous action of the sun.

550.384.3 3111

Basis and Preparation of the Magnetic De-
viation Chart for the Epoch 1945—O.-F. Bur-
meister. (Beilr. Geophys., vol. 60, nos. 3 and 4,
pp. 177-195; 1944.) Discussion of all the data,
from various sources, on which the chart was
based.

550.384.3 3112

A Contribution to the Knowledge of Mag-
netic Secular Variation—A. Kiskyras. (Beilr.
Geophys., vol. 60, nos. 3 and 4, pp. 222-234;
1944.) Discussion based on the theory that the
greater part of the secular variation is due to
changes in the magnetization of the rocks in
the upper 20 km of the earth’s crust. Such
changes are brought about by changes of tem-
perature.

550.385 ¢‘1941.03.01'°:537.591 3113

Contribution to Material on the Effect of
the Magnetic Storm of 1st March 1941 on
Cosmic Radiation—A. Sittkus. (Z. Naturf.,
vol. 1, pp. 204-208; April, 1946.) The results
published by K&lhorster (12 of 1945) were ob-
tained at Dahlem and Graz by coincidence
methods. Ionization-chamber measurements at
Freiburg i. Br. are here described and an es-
timate is made of the temperature effect at all
three stations. The effect of the magnetic storm
was qualitatively similar for the three places,
though the amplitudes of the fluctuations dif-
fered.

551.510.53 (479) 3114

The Structure of the Upper Layers of the
Atmosphere as determined by Twilight Ob-
servations—T. G. Megrelishvili and 1. A.
Khvustikov. (Compt. Rend. Acad. Sci. (URSS),
vol. 59, pp. 1283-1286; March 1, 1948. In
Russian.) Values of upper-air density and pres-
sure deduced from spectrophotometric observa-
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tions have been obtained regularly since 1942
at Abbastuman observatory (South-West
Caucasus) during morning and evening twilight,
Results agree closely with those of other work-
ers using different methods.

551.510.535 3115

An Approach to the Approximate Solution
of the Ionosphere Absorption Problems—
J. E. Hacke, Jr. (Proc. I.R.E,, vol. 36, pp. 724~
727; June, 1948.) A series of parabolic approxi-
mations has been obtained for portions of the
Chapman distribution and its product with the
collisional frequency. By their use, an improved
approximate solution has been found for the
“true” and the group height of reflection, and
for the absorption in the region, under condi-
tions of (a) vertical incidence, (b) wave fre-
quency greater than the maximum collision
frequency and less than the critical frequency
for the region, and (c) with the earth’s magnetic
field neglected.

“These improved analytic approximations
are compared with the usual parabolic approxi-
mation and with numerical approximations
obtained by other workers.”

$51.510.535 3116

Electrical Conductivity of the Ionospheric
D-Layer—T. G. Cowling and R. Borger. (Na-
ture (London), vol. 161, p. 515; April 3, 1948.)
Martyn's suggestion (1024 of May), that elec-
tric currents in the D layer must make a con-
tribution to the solar and lunar geomagnetic
variations roughly equal to that of the E and
F layers, implies that the integral conductivity
of the D layer must be as great as that of the
E and F layers combined. Discussion shows
this to be improbable.

551.510.535:621.396.11 3117
Upper-Atmosphere Circulation as Indicated
by Drifting and Dissipation of Intense Sporadic-
E Clouds—O. P. Ferrell. (Proc. I.R.E., vol.
36, pp. 879-880; July, 1948.) The motion of
such clouds is illustrated by a series of maps for
two recent occasions when the clouds were suf-
ficiently intense to permit long-range communi-
cation in the 50 to 54-Mc amateur band.

551.510.535:621.396.11 3118
Triple Splitting of Ionospheric Rays—Eck-
ersley. (See 3222.)

551.510.535:621.396.11 3119
Triple Splitting of Ionospheric Rays—
Meek. (See 3221.)

551.513 3120

Intensity of the Zomal Circulation in the
Atmosphere outside the Tropics—H. Flohn.
(Beitr. Geophys., vol. 60, nos. 3 and 4, pp. 196—
209; 1944.) From new circumpolar charts of
the atmospheric temperature and pressure dis-
tributions in the northern hemisphere, new
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