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AMPERER Ji
ONE SOURCE-ALL TYPES

Is it a special development for new equipment? Or o *‘stand-
ard” tube for replacements? A quarter century of creative
research, precision manufacture and helpful service has given
Amperex a unique position in the power tube field. This 14
means a backlog of experience and forward-looking view-
point which naturally translate themselves into tube perform- l

ance, reliability and economy. Consult us — no obligation. b

Write for: Catalog; Technical Rating and Data Sheets




1947 1.R.E. NATIONAL CONVENTION
and Radio Engineering Show

March 3 to 6, 1947

Grand Central Palace
46th Street and Lexington Avenue

Hotel Commodore - and -

42nd Street and Lexington Avenue
NEW YORK CITY

More than 7000 members and visitors attended sessions and exhibits at the last Na-
tional Convention of The Institute of Radio Engineers in January 1946. This year
more favorable facilities and better dates have been obtained to improve session halls
and exhibits. Plan now for these four days devoted to interesting and instructive tech-
nical papers—plus entertainment and The Radio Engineering Show. Free to ILR.E.

members.

TECHNICAL PAPERS

Over 100 papers to be presented during four
days, covering twenty-four major topics, will
reveal the up-to-the-minute pattern of the radio-
electronic engineering interests of ILR.E. mem-
bers. Topical outline by days will be:

EXHIBITS

e Monday: Particle Accelerators for Nuclear
Studies, Electronic Measuring Equipment, Ra-
dar & Communication Systems, FM Reception.
e Tuesday: Aids to Air Navigation, Neucleonics Instrumenta-
tion, Microwave Repeaters, Television, Electronic Digital Com-
putors, Power Qutput Vacuum Tubes, Linear Circuit Theory.
e Wednesday : Electronic Controls, Aids to Navigation, Micro-
wave Techniques, Broadcasting & Recording, Professional
Status of the Engineer. ® Thursday: Oscillator Circuit Theory,
Basic Electronics Research, Antennas, Relay and Pulse Time

150 Exhibitors will present all that is
pew in radio and electronic equip-
ment, instruments, components and
parts on the first two floors of Grand
Central Palace in our greatest “Radio
Engineering Show.” (Part of the
Technical Sessions will be held on
the third floor.) Exhibitors have
taken double the space of our last

Systems of ) Co‘mmumcatlon, Show. The exhibits are an engineer-
Repeater Circuits, Vacuum ing “must see”!

Tubes and Gas Rectifiers, Wave | WOMEN’S PROGRAM

Propagation and Antennas, .

Wave Guide Techniques.
PRESIDENT’S LUNCHEON

The 1947 presi-
dent will be

BANQUET

The annual ban-
quet, on Wed-
nesday, March
5, is the social
highlight of the

of fun!

Four full days

honored on
Tuesday, March
4, at a get-
together which
has come to be a
feature of these

I.R.E.year.1,600 “Sightseeing,” “Fred War- annual meet-
feasters will ing Show,” “Macy's”, Em- ings

hear a nation- pire State Building, A Tea gs-

ally prominent at the LR.E. Building,

speaker, see two “Cloisters” or U.N. if in ses-

major awards sion, Choice of matinees,

Shopping, Fashion Show, all
planned for ladies!

made, be enter-
tained royally.
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Enginecrs, Inc., at 1 East 79 Street, New York 21, N.Y." Pricc $1.50 per copy Subscriptions: United States and anada, $12.00 a_year; foreign
countrics $13.00 a ycar. Entercd as second class matter, October 26, 1927, at the post oftice at Menasha, Wisconsin, under the act of March 3, 1879.
Acceptance for mailing at a special rate of postage is provided for in the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and R

authorized October 26, 1927.
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NEW/ Designed

' 3

TYPE 5530 with terminal arrangement for ground
ed-grid application, as in Western Electric 3 kw
FM transmitter.

for F/

4
| — ‘\'

TYPE 5541 with terminal arrangement forgroumlgd-
plate application, as in Western Electric 10 hw FM
& transmitter.

Western Eleclric

Forced Air Cooled Transmitting Triodes

Designed by Bell Telephone Laboratories, these new tri-
odes are tops in performance in the 88 to 108 megacycle
FM band.

Their filaments are of thoriated tungsten—the most
efficient emitter for power tubes of these ratings.

Their rugged construction—brazed and welded metallic
joints, Kovar-to-glass seals, protected metallic vacuum
“seal-off’, and self-supporting filament structure —in-
sures long dependable service.

Their terminal arrangements are designed for maxi-
mum flexibility of application. Tubes having identical
electrical characteristics can be “factory tailored” with
suitable attachments for special terminal requirements.

For further details: Call your local Graybar Broadcast
Representative—or write Graybar Electric Company,
420 Lexington Avenue, New York 17, New York.

QUALITY COUNTS——

TYPE 5530 P .
Filament—Thoriated Tungsten THFsSed
Filament Voltage S volts a.c 7.5 volts a-c
Filament Current 55 umperes 55 ampercs
Amplification Factor 26 26
Maximum Ratings (Apply at frequencies up to 110 megacycles
Direct Plate Voltage 4500 volta 8500 volia
Direct Plate Current 2.25 amperes 3.25 amperes
Plate Dissipation 3 hilowatts 10 kilowatts
Interelectrode Capacitance
Plate to Grid 23.0 mmf 25.0 mmf
Plate to Filament * 0.6 mmf 1.5 mmf
Grid 1o Filament *20.0 mm( 21.0 mmf
Maximum Dimensions
Meight 7-11/16 Inches 9-25/64 inches
Diameter 5-5/32 inches 8-1/32 inches
*Tube shielded as in grounded.grid operation
2 Proceedings of the 1.R.B. and Woyes and Electrons January, 1947
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MOUNTING BRACKET No.6-32

TYPE 09-MB SCRCW & MUT

THE MOUNTING 80ACKETS IIUSTRATID ARS STANDAPD ALRCWOR Tre(s

® VERSATILITY —with economy of chassis space

and assembly operations a prime factor—distin-
guishes Aerovox Type 09 oil-filled capacitors.
Although mass-produced, this type is available in
such an outstanding range of voltage and capaci-
tance ratings, as well as mountings, that it is vir-
tually custom-made for most high-voltage heavy-
duty applications.

Note particularly the choice of mounting means.
Mounting means brackets shown in drawing are
Aerovox standard; other types can be supplied.

Voltage ratings from 600 to 7500 D.C.W. Widest

FOR INVERTEO MOUNTING WITH MS
> ORMSB MOUNTING,LLAMP BRACKET
OVER BOTTOM BEAD OF CONTAINER

INSULATOR (g ¢y,

1

L G lzuum‘ B

1
No.10-32 TH'O B8+

- 2
TYPE 09-MS TYPE 09-MSB

NOTE: WHERE "G’ OIMENSION IS GIVEN IN LISTINGS, MF ANO MS
MOUNTINGS ARE PROVIOED WITH TWO HOLCS, ANO MSB HAS
TWO SPAOF LUG STUODS.

FOR ALL OTHEN UNITS, WHERE MF, MS AND MSB TYPES OF
MOUNTINGS ARE AVAILABLE A SINGLE CENTEREO MOLE
OR SPADE LUG STUD /S PROVIDED.

OInEe Trpls OF MOUNTING BRACKITS CAN Bf SUPPLILD

selection of capacitance values. Impregnants and
fills available are HYVOL (Vegetable) or HYVOL
M (mineral oil). The exclusive Aerovox terminal
construction means units that pass the standard
immersion tests required by various Governmen-
tal services. Terminal assembly is non-removable,
an integral part of the capacitor.

These capacitors provide maximum capacitance
at minimum cost. Widely used for continuous-
service in transmitters, amplifiers, rectifier filters
and similar applications.

® Literature on Request

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPLICATIONS

~annvox.cﬁ‘ﬁ)gn‘wn uzw BEDFORD, MASS., U. W
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FOR AN HONORED PLACE
IN THE HALL OF FAME

Perhaps no other single transmitting tube has
such o great and rightful claim to fame as
has the Eimac 4507 triode. S

This tube, one of the original members of
the Eimac family, has consistently established
records for plus performance in some of the
world’s most gruelling applications.

Long before the war the Eimac 4507 estab-
lished o high standard of dependability and
performance in the ground stations of leading
commercial airlines. Because of their outstand-
ing dependability and inherently superior cap-
abilities, these tubes were snapped up for

wartime duty in many vital cpplications

UNUSUAL VERSATILITY

The Eimac 450T is perfectly suited
to a wide variety of uses as a mod-
ulator, oscillator, or amplifier. It is
available as a high-mu (450TH) or
low-mu (450TL) type. In every
capacity, the Eimac 450T is tops in
its power range; stable, rugged, and
above all, proven over years of suc-
cessful use.

LONG DEPENDABLE LIFE

When the first Eimac 450T’s were in-
stalled in several major broadcasting
stations, operators consistently re-
ported better than 15,000 hours of
service, top-notch performance. They
were astounded to see such a com-
pact tube do a giaat’s job. Eimac

- ﬁ_ﬁ_,_"__J e
Ll Lt

Es 4000VOLTS

€Ival 4307

60w

LECEND

GRID DRIVING POWER - WATTS

o 250 s00 %0 1000 1250 00

POWER OUTPUT-WATTS
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450T’s in airline ground stations
located everywhere from sub:zero
mountain passes to steaming jungles
have been reported going quietly
and efficiently about their jobs after
20,000 hours on the air!

PERFORMANCE PLUS

Performance is, after all, the ultimate
criterion of electron tubes. The un-
usual capabilities and low interelec-
trode capacitances of the Eimac 450T
are two of the reasons for its wide-
spread use in 1 Kw to 5 Kw stations
at frequendies up to 60 Mc. And even
at frequencies up to 150 Mc, the 450T
triode will provide a useful output.

HIGH POWER-GAIN

In a class B audio amplifier, a pair
of Eimac 450TL’s will provide 2200
watts plate power output with a
driving power of but 15 watts! Or, in
a class-C application, a single Eimac
450TL will provide an r-f plate
power output of 1800 watts witﬁ but
42 watts driving power.

Follow the Leaders to

January, 1947

POST-WAR
IMPROVEMENTS

The 450T, proven before war and
during war, stands today as a greatet
tube than ever before. Post-war de-
velopments, the result of steady,
intensive research in Eimac’s labor-
atory, has brought to today’s 450T
new electrodes for higher thermionic
efficiencies and even longer life.

With these facts in mind, it’s easy to
see why the Eimac 450T is accepted
over any other triode of like rating.
This veteran tube has stood the acid
test of time and rugged duty around
the world. Today a still better 450T
awaits your order. Inquire!

EITEL-McCULLOUGH, INC.
1305J San Mateo Ave., San Bruno, Calif.

Export Agents:
Frazar and Hansen, 301 Clay St., San Francisco 11, Calit.

SA



“Bendix Radio

FOREMOST NAME IN’ f/ :

eeds Production

OF THE NEW

for Commercial... Military.. . Executive Aircraft
A PRODUCT OF BENDIX FLIGHT ENGINEERING!

Now Bendix—greatest name in aircraft
radio—turns its matchless experience and
development facilities to the job of produc-
ing a complete Very High Frequency
navigation system for commercial, military
and private aircraft.

From the development of one of the
earliest V.H.F. instrument landing systems,
in Oakland, California in 1937, the name

Bendix has constantly been identified in
navigational sciences, particularly when
very high frequencies are employed.

Bendix Radio is throwing the full weight
of its experience and productive capacity
behind the national V.H.F. program, with
the result that Bendix Radio’s NA-3 com-
plete navigation system for aircraft will be
ready for delivery next summer,

Write, wire or telephone for further details

P ——— -\ y
(BENDIX RADIO)
e

- v, e

BENDIX RADIO DIVISION
BENDIX AVIATION CORPORATION
BALTIMORE 4, MARYLAND

Proceedings of the I.R.E. and Waves and Electrons
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MN-858B — RECEIVER

Cémplete coverage of navigation and communi-
cation bands, 280 crystal-controlled channels,
108—136 mc.Standard half-ATR case. “Crystal-
Saver” Circuit uses only 11 crystals. Optional Dy-
namotor Power Supply. Simuitaneous operation
of two receivers on one antenna without inter-
ference. MR-74 Mounting Base, Bendix im-
proved design,is equipped with positive rear plug
insertion and ejection mechanism. Weight, 22 1bs.

330

MN-81B
REMOTE CONTROL UNIT

Concentric, internally-lighted dials
indicate frequency selected in mega-
cycles. Toggle switch selects PHASE
or 90/150 cycle two-course type of
localizer operation. Weight, 1.7 lbs.

FLY THIS
BAGNETIC
HEADING

7O THL =
STATION

“FROM THE
STATION

o
OMNI-RANGE
COURSE SELECTOR

MN-828B
COURSE SELECTOR

Standard 3’ A-N instrument case,
presenting row of easy-to-read
numerals representing course selec-
ted. Includes built-in ambiguity and
no-signal indicator. Weight, 1.8 ibs.

ID-48
CROSS-POINTER INDICATOR

Standard 3” A-N instrument. Ver-
tical pointer indicates right or left
deviation from range or localizer
course. Horizontal pointer operated
by optional glidepath receiver.

MN-69A
e COURSE INDICATOR

AN

33 Standard 3’ A-N instru-
XU < Provides stand-

() oMMI RANGE b mentcase.' rovi t
" coukse ard Omni - Directional
= b Range course indication
INDIC ATOR and transmits angular
4 e data to radio pointer of
/2 R '2\ Radio Magnetic Indicator.
;| I8 15 Hermetically sealed for
4 ‘,“,_‘\ long life and low main-

tenance. Weight, 2 lbs.

MN'848—ANTENNA Handles simultaneous operation of two receivers without interference Less drag — unitorm
coverage pattern for all aircraft attitudes—wide band, ve

Proceedings of the I.R.E. and Waves and Electrons

MN-72A — RADIO-
MAGNETIC INDICATOR

Standard 3* instrument
case. Indicates remote
magnetic compass and
radio bearings. Presents
heading-sensitive ‘“ADF-
Type'' bearing indication
from omni-directional
range station. Hermeti-
cally sealed. Weight, 3 Ibs.

ry low standing wave ratio.

January, 1947 7A



NEWS and NEW PRODUCTS A

January, 1947

Frequency Computer

Problems involving frequency, induct-
ance are quickly solved with the “Calcul-
aide” frequency  computer devised by
American Hydromath Co., 145 W. §7 St.,
New York 19, N. Y. This new frequency
computer correlates, in one setting, the na-
tural frequency and wave length of a cir-
cuit comprising a coil and condenser with
the physical dimensions of the coil and the
capacity of the condenser.

Regulated DC Power
Supply

Electronically regulated DC power sup-
plies with sufficient capacity for produc-
tion and laboratory tests of AC-DC radio
receivers, amplifiers and other electronic
equipment, and motors and appliances nor-
mally designed for DC power line opera-
tion, are being produced by Furst Elec-
tronics, 800 W. North Avenue, Chicago 22,
I

Two models, 310-A and 310-B, are avail-
able. The former provides regulated AC
and DC while the latter delivers only DC.
Provision is made for adjustment of either
type of current; and once set, the manu-
facturer states, the output voltage will
stay constant regardless of variations of
load or line voltage.

8

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

Electron Diffraction
Instrument

The Electronics Department of the
General Electric Company, Syracuse,
N. Y., announces that their Electron Dif-
fraction Instrument is now commercially
available. This unit provides a method of
studying crystal and metal surfaces and is
a development from apparatus first de-
signed to establish the wave nature of
electrons.

Capable of examining specimens weigh-
ing as much as 40 pounds, all the work is
electronically done in a vacuum with the
aid of electrostatic and magnetic fields.
Accelerated electrons are focused upon the
the surface, from which they are reflected
forming a diffraction pattern on a photo-
graphic plate. The sample under examina-
tion may be turned in any direction for a
complete study of all sides or angles.

Deflection Pick-up

An hermetically sealed unit which trans-
lates minute deflections or pressure varia-
tions into lineal DC voltage changes has
been announced by Stevens-Arnold Co., 22
Elkins Street, South Boston, Mass. It is
claimed that accurate readings are ob-
tained in the range of 0.0005% to 0.1,

This pick-up has an output of 75 millj-
volts and an internal resistance of less than
one ohm so that it may be readily con-
nected to indicating instruments,

Proceedings of the I.R.E. and Waves and Electrons

Vacuum Tube
Voltmeter

General Radio Company, 275 Massa-
chusetts Ave., Cambridge 39, Mass., an-
nounces Type 1800-A vacuum tube volt-
meter to supersede Type 726-A. This new
instrument reads DC (0.01-150) as well as
AC (0.1-150) voltages and can be used at
much higher frequencies (500 megacycles),
with a rated accuracy of +2%. Another
improvement is the single zero setting
which serves for all ranges. The probe is
furnished with a variety of fittings includ-
ing both coaxial and banana-plug terminals
and a 50-ohm disk resistor for coaxial line
measurements,

Television Telemetering

A war-developed method of checking,
on the ground, vital test data from an air-
plane in flight was recently described by
the Farnsworth Television & Radio Corp.,
3700 E. Pontiac Street, Fort Wayne, Ind.

“Television-telemetering” as worked out
by Farnsworth engineers in cooperation
with the Curtiss-Wright Corporation and
the Navy Department, enables observers
at a ground station to see by television all
instrument recordings and indicators of
pressures, strains, and structural failures
of a test plane in the air. Freed from the
necessity of keeping a constant check on
his test instruments, the pilot can devote
his full attention to handling the plane.

(Continued on page 484)
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AC VOLTS  OHMS

_—

SPECIFICATYIONS

ac Measurements

Six ranges, full scole reodings 1, 3, 10,
30, 100, ond 300 volts.

Input impedance, 6 megohms in porollel
with 1.3 vuf.

Frequency response, 20 cps to 700 mc
| db.

dec Measurements

Seven ronges, full scole reodings 1, 3,
10, 30, 100, 300, ond 1000 volts.

Input impedonce, 100 megohms, oll
ronges.

Resistance Measurements
Seven ronges, mid scole reodings 10,
100, 1000, 10,000, 100,000 ohms, 1
megohm ond 10 megohms. Accurocy:
*3%

LABORATORY INSTRUMENTS FOR SPEED AND ACCURACY

.

VACUUM TUBE -
VOLTMETER |

20 cps to 700 Mc
1.3 mmfd input capacity

.o.the instrument you have been waiting for! 1

-hp- Model 410A

Far surpassing any comparable instrument, this new -/p- Model
410A High Frequency Vacuum Tube Voltmeter measures voltage
over a wider frequency range, and at a highef.input impedance
than any previoGsly available instrument.

The extremely high input impedance for af measurements
makes possible the testing of video and VHF amplifier circuits
without disturbing the circuit under test. The #10A for the first
time provides an instrument which will give accurate voltage
measurement from audio frequency up through thc Jmicro wave
regions. <

The -/p- Model 410Asis-the instrument the whole elechy
mdusuy has™Been IBBT(lng for. Your carly inquiry will be )
assurance of prompt delivery. Write today for more complek
information — prices — delivery dates.

The wide range of 410A is made
possible by a special probe em-
ploying a diode developed by
Eimac specifically for Hewlert-
Packard. The probe has an input
capacity of 1.3 micro-micro-
farads, and the input resistance
is 6 megohms.

I
1159D PAGE MILL ROAD,

10a

-~

EWLETT- PACKARD COMPANY

PALO ALTO, CALIFORNIA, U.S.A
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For an Exna Margen of

DEPENDABILITY

UNDER ALL OPERATING CONDITIONS

<. CHICAGO TRANSFORMERS
\\*9 Sealed cu Steel

FITTED TO THE
APPLICATIONS WHERE
COMPONENT DEPENDABILITY
IS ESSENTIAL TO

RADIO AND TELEVISION BROADCASTING
FIXED, MOBILE, & SATELLITE EQUIPMENT

ELECTRONIC NAVIGATIONAL AIDS
FOR SHIPS AND AIRLINES

Sealed AGAINST ATHOSPHERIC MOISTURE AND INDUSTRIAL FUMES

INDUSTRIAL CONTROLS

THUS Sealea/ AGAINST CORROSION OF COPPER COIL WINDINGS

#In these ond mony other tronsformer oppli-
cations, economy, os well os efficiency, is best
served by Chitago Tronsformer’s Seoled in Steel
construction.

Let its ossuronce of long-losting tronsformer re-
liobility help make your electronic product free
of component replacements and expensive servic-
ing regordless of odverse operoting conditions.

7. CHICAGO TRANSFORMER

2

STAY Sealec N EXTREMES OF HEAT AND COLD!

e

3501 ADDISON STREET « CHICAGO 18, 4LLINOIS
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The Rauland VISI TRON 10FP4a/R6025

... the NEW Picture Tube with
Unprecedented Brilliance

NEw:!
ALUMINIZEp
LECTOR.scRegp

REF

COMPARISON BRILLIANCY CURVES |
Atuminized Sdlcc'ov Sctreen
Un-oluminized Screen
Ef: 63 volts
Specifications of the Rauland Visitron 10FP4/R6025 e N e D
Heater Voltage 6.3 AC arD.C. Euo xS i 4 [
Focusing Methad Electramagnetic §'2°
Deflectian Electromagnetic :no
gloo Qv
Deflectian Angle 50 Degrees L kl
Phosphar P4 a o
Screen Aluminized Reflector :i_' iz f
Bulb Diameter (Max.) 10%4" at screen end geo )
Length 17%4" + %" > 50
- L4
Base SmallShell Duodecal 7 Pin x2S )2
Anade Terminal Cavity v 30 4 Ped
= 20 =

Anode Volts (Max.) 13,000 F Y/ l-
Anade Valts (Operating) | 9,000 o - 4 & ' oy

External Coating (Optional): SO0 mmf. No ! GRID DRIVE

« WRITE FOR INTERESTING BULLETIN -
[ rabio - ravaR - sounp « ~ COMMUNICATIONS « TELEVISION|

Electroneering is our business
THE RAULAND CORPORATION . CHICAGO 41, ILLINOIS
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With Leading Stations from Coast to Coast

+s FM ., Federal
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FEDERAL'S SQUARE LOOP ANTENNA
MULTIPLIES POWER OUTHUT

The 8-Element Square-Loop
Antenna — an outstanding Fed-
eral development — gives your
FM station an effective radi-
ated power more than eight
times that of the transmitter
rating. A single adjustment per
loop tunes for any frequency
from 88 to 108 mc. Complete
antenna and rugged supporting
tower are designed to withstand
heavy winds and icing loads.

FEDERAL FM TRANSMITTERS FEATURE
+FREQUEMATIC"* MODULATOR

The ‘'Frequematic’ modula-
tor—an exclusive feature of
every Federal FM transmit-
ter—assures outstanding fi-
delity and mean carrier sta-
bility. Simple all-electronic
circuits with standard re-
ceiver tubes simplify initial
alignment and reduce main-
tenance expense. Holds cen-
ter frequency within .001%.
Signal-to-noise ratio re-
duced to 5600-to-1.

* Trade Mark

in Conoda:—Federal Electric Monufocturing Compony, Lid., Montreol.
Export Distributors: —Internotionol Standord Etectric Corp. 67 Brood St., N.Y.C.

Proceedings of the I.R.E. and Waves and Electrons January, 1947
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TODAY, station operators everywhere look to FM
for finer broadcasting. And they look to Federal
for the finest in FM..Already, Federal equipment
is on the job in major FM stations throughout
the country—setting new records for performance
and dependability.

Remember that FM by Federal .means com-
plete equipment—and complete service, too. For
Federal can supply your entire transmitting sys-
tem, from microphone to antenna—all compon-
ents precision engineered and designed to work
together. And Federal will see the job through
until your station is on the air. Factory-trained
engineers will supervise installation, tune the
equipment, and instruct your personnel in its
operation and maintenance—all without extra
charge. For complete information, write today
to Dept. B237.

Newark 1,
New Jersey

13A




High-Speed Transmission of

Pictures, Printing
and Writing by Telephone...

e
P‘.
“

L3

Finch Duplex unit transmits and receives over a telephone line exact facsimiles of written
or printed messages, as well as drawings, photographs, signatures, etc. Authorized

under A.T.& T. Tariff FCC No. 155, effective May 4, 1946. Considered far superior

to ordinary teleprinting apparatus because it handles many more words per minute,

with complete infallible accuracy as well as pictures and printed composition.
Address all inquiries to

FINCH TELECOMMUNICATIONS, INC. - 19 E 40th St, New York 16, N. Y.

= ==
1INCR 775t v Pracoimect

FINCH TELECOMMUNICATIONS,INC. * PASSAIC, N. J.
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PACKAGED R. F. RADAR ASSEMBLY
ELIMINATES DESIGN HEADACHES

The DeMornay-Budd packaged R. F. Unit provides a
complete R. F. assembly for microwave radar. It is now
possible to obtain as standard items all the microwave
R. F. components necessary in the fabrication of a com-
plete radar—DeMornay-Budd Standard Transmission
Line Components plus packaged R. F. Unit.

The R. F. Radar Unit is delivered complete and ready
to operate. It is wired and contains all the necessary
tubes and crystals. The unit uses a packaged magnetron
capable of delivering 20 kw., peak power, at 9375 mc.
Two type 2K25 local oscillator tubes are provided, one
for receiver and A.F.C. and the other for beacon opera-
tion. A type 1B35 A-T-R tube, a type 1B24 T-R tube and
the necessary type 1N21 crystals are included in the as-
sembly. A 20 db. directional coupler permits accurate
measurements to be made at any time with a maximum
of convenience and safety.

Since the use of radar beacons is contemplated in the
near future, the unit has been designed with a beacon
cavity and crystal mount. The unit can be supplied with-
out the beacon cavity and crystal mount and beacon local
oscillator, and a termination supplied in their place so
that it becomes a simple matter to convert to beacon
operation when necessary.

NOTE: Write for complete catalog of De Mornay*Budd
Standard Components and Standard Bench Test

Equipment. Be sure to have a copy in your reference
files. Write for it today.
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EDGE 90" ELBOW' 90° TWIST

% R. F. RADAR UNIT #412
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R. F. Radar unit #412 (indicated by
asterisk) used in conjunction with
standard PeMornay-Budd transmis-
sion line components.
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DE MORNAY-BUDD, INC.
475 GRAND CONCOURSE, NEW YORK, N. Y.
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Photogrophs covrtesy JAMES R, KEARNEY CORP., St. lovls, Mo,

T HE designing engineer who specifies ceramics knows
exactly what is required, but the special knowledge and
experience of the ceramic engineer frequently enables
him to make design suggestions for low production cost.
Maximum efficiency and maximum production at low-
est cost result when the designing engineer and the pro-
duction engineer work together. The illustrations above
show the results of such collaboration. The original and
the final designs are shown in three perspectives.
Redesign of this part cut costs 629,. Maximum de-
liveries in minimum time were made possible. In addi-
tion, the customer said: ""Your suggestions on redesign

greatly strengthened this component, reduced its size
and weight, and increased its utility."

American Lava Corporation engineers will gladly co-
operate with you in developing your ideal design in
AlSiMag custom made technical ceramics. In their 44th
year of practical experience they offer production
facilities and techniques that can be most valuable to
any user of custom made ceramics,

NEW PROPERTY CHARF—A new property chart giving
the physical, electrical and mechanical properties of the
more frequently used AISiMag technical ceramic com-
positions will be mailed without charge on your request.

ALSIMAG| AMERICAN LAVA CORPORATION

CHATTANOOGA 5, TENNESSEE
44TH YEAR OF CERAMIC LEADERSHIP

ENGINEERING SERVICE OFFICES,
ST. LOUIS, Mo., 1123 Woshington Ave., Tol. Gorfiold 4959 © NEwa
. Mo., . Tol. RK, N. 1, 671 8 . Mi 4
CAMBRIDGE, Moss,, 38-8 Brottle St., Tel: Kirklond 4498 e CHICAGO, 9 §, 27;:,70:"27" ','J;.“'c';’,’.t,’f,,’ ?;ﬁ
SAN FRANCISCO, 163 Sccond St, Tel: Douglos 2464  LOS ANGELES, 324 N. Sen Pedse St, Telr Mutvol 9076




“Jixed RESISTORS

You have seen resistor pictures before. Lots of them! Maybe meeting your resistor needs — and to have the type of or-

you have even raised your eyebrows over diverse claims as ganization with which it is a pleasure to deal.

1o hair-splitting points of difference aboul resistor quality. If you use reasonable quantities of fixed resistors up to
All we have to say is this: 1 wait or variable resistors to almost any specification, Stack-
Stackpole hos long since proved its ability to make resis- pole will welcome the opportunity to cooperate.

tors to exceptionally high quality standards.
pH y high quality as Ask for Cotolog RC-6 — Stockpole Fixed ond Voriable Resistors —

Stondord, Migh-Frequency, Sleeve ond Screw Type iran Cores Line
doing the impossible. We do claim fto be fully capable of Slide ond Rotary Action Switches

STACKPOLE CARBON COMPANY, St. Marys, Pa.

STACKPOLE

FIXED and VARIABLE RESISTORS -IRON CORES-SWITCHES

We don't claim any unsurpassed abilities or facilitles for
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REVERE FREE-CUTTING COPPER ROD
.. . INCREASES ELECTRONIC PRODUCTION

f

-
.

A

18a

INCE its recent introduction, Revere Free-
S(uuing Copper has decisively proved
its great value for the precision manufacture
of copper parts. Uses include certain tube
elements requiring both great dimensional
precision, and exceptional finish. It is also
being used for switch gear, high-capacity
plug connectors and in similar applications
requiring copper to be machined with great
accuracy and smoothness. This copper may
also be cold-upset to a considerable defor-
mation, and may be hot forged.

Revere Free-Cutting Copper is oxygen-
free, high conductivity, and contains a small
amount of tellurium, which, plus special
processing in the Revere mills, gready in-
creases machining speeds, makes possible

\\iy,,

7

closer tolerances and much smoother finish.
Thus production is increased, costs are cut,
rejects lessened. The material’s one impor-
tant limitadion is that it does not make a
vacuum-tight seal with glass. In all other
electronic applications this special-quality
material offers great advantages. Werite
Revere for deuails.

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.; New
Bedford, Mass.; Rome, N. Y. —=Sales Offices in Principal Cities,
Distributors Everywhere.

= / .
- [/,:S‘)?() to Exploring the Unknown os the Mutual Network every Sunday evening, 9t0 9:30 p.m., EST,
\

&=

L
CUSTOMERS REPORT:

“This material seems 10 machin
] € much better than our pre-
vious hard copper bar; it cuts off smoothly, takes a \?ery
nice thread. and does not clog the die.” (Electrical parts.)
“Increased feed from 1. 1/2* 10 6"
¢ 0 6™ per minute an
five at one time instead of two. (Switc parts.) d do

‘Spindle speed increased from 924 10 1161 RPM
' g . an
feed from .0065* (o 0105 per spindle revolution. Thi(:
d to produce the
1al was capable
turning over at
ed tools freely, operator did not
(Disconnect uu(Ys.)
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FUNDAMENTAL AGING 22—

ed o8 €¢O
{imiting resistors. ol
g o seven steps © :
oPefof‘OM Pedc:fme?\e:::er-cmhode .shor:;
o d“c?ve'ry o cothode proces.smg 1
(2) beginning B B s ‘
stobilize emts i Po'em{o
purning O of 9 e
o com-

ling off period 7)
pre-heot for test.

Yes, radio tubes also must be ‘“‘aged in the wood."
Aging activates the cathode under accelerated life
conditions, just before test. In the fundamental
aging circuit shown, final seasoning and de-gassifica-
tion stabilize characteristics in accordance with the
carefully planned aging schedule.

Formerly tubes were plugged into long aging racks.
An operator, equipped with the schedule and a timer,
adjusted electrode potentials throughout the aging
cycle. The human element resulted in errors of tim-
ing and switch manipulation.

Hytron’s new automatic aging wheel minimizes
human error. A motor drives a mechanically-index-
ing horizontal wheel on which 30 radial sections of

MAIN OFFICE: SALEM, MASSACHUSETTS
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12 tubes each are slowly rotated. Brushes contacting
commutator segments automatically apply electrode
potentials. The wheel itself requires no operator.
The final basing machine operator feeds the wheel.
Tubes already pre-heated are removed by the test
operator.

Other features of the aging wheel are elimination
of needless handling, fast and steady pacing of the
work, easy servicing, and readily interchangeable
load lamps.

To you this automatic aging wheel means economi-
cal, more uniform tubes with stable electrical charac-
teristics. Again Hytron know-how takes a forward
step by making your tubes easier and better.

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

19a




“This
New Year
stuff makes you kind of think of
the changes and improvements
that are taking place. Now that we
are working so much more with
miniatures I don’t know how we
ever got along without them.
Take the Tung-Sol 35W4 power
rectifier that replaces the old
35Z5GT.

“You know this tube was de-
signed especially for series heater
operation in five or six tube ac/dc
receivers. The 35W4 is a good job

. no other rectifier will give
you all its features. Heater volt-
ages add up . . you don’t need
to throw away power in line

; S At
»® —
V-

cords, ballast tubes, or resistors.
And for rectification efficiency...
say, the 35W4 will make an ac/dc
receiver perform just as effec-
tively on dc as on ac power. Since
you must have a pilot light, the
tapped heater circuit of the 35W4
gives you a fool-proof system
which minimizes lamp surges yet
gives good illumination.

“High ambient temperature is
another point. You have to con-
sider it in regard to its effects
on the rectifier as well as other
circuit components and on fire
underwriters standards. The
35W4 can tolerate an ambient as
high as 150° C. This, of course, fits
in with the compactness of the
resulting equipment. The smaller

L

11t ralin-testod

ELECTRON TUBES

Im/ofimfh Dieussions. lonif Minialine. Tubes-

the tubes, the closer all parts are
assembled hence the higher the
temperatures.

“The use of two 35W4’s is per-
fectly practical for wvoltage
doubler applications. At 117 volts
input, a full-wave doubler de-
livers 100. ma. at 230 volts to the
filter input or 100 ma. at 210 volts
with the half-wave doubler. Think
what this means in terms of power
output in ‘transformerless’ ac
power amplifiers! When you have
a circuit demanding up to 4.5
amperes peak current for very
short intervals look into the
35W4 . . . there go the whistles,
Happy New Year—Everybody!”

TUNG-SOL LAMP WORKS, INC., NEWARK 4, NEW JERSEY

Sales Offices: Atlanta -

20A

Chicago -

Dallas -
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Denver - Detroit -
Also Manufacturers of Miniature Incandescent Lamps, All-Class Sealed Beam Headlight

Los Angeles - New York
Lamps and Current Intermittors
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SCA Selenium Rectifiers ore ENGINEERED FOR

ENGINEERS. Improved performance ot lower costs

through ENGINEERED adaptability. Selenivm Corporation

of America meels exacting specifications of modern electronic
developments. Manufaciurers of o brood line of Selenium Power
and Instrument Rectifiers, Self generating Photo-Electric

Celis and allied scientific products.

Selenium Rectifiers are rapidly becoming standard in industry
for all rectifier applications. Seleniuvm Corporation of America’s
engineering experience can be called upon for the development

and production of speciol rectifiers for any application.

CHECK THESE OUTSTANDING FEATURES:

1~ Permanent characteristics

1 Adaptability to all types of
circvits and loads

47 Unlimited life—no moving
parts

¥ Immunity to atmospheric
chonges

1 High efficiency per unit
weight

Proceedings of the I.R.E. and Waves and Blectrons

 from 1 volt to 50,000 volts
rms.

7 From 10 micro-amperes 1o
10,000 amperes

1~ Economicol —simple to in-
stall — no maintenance cost

P Hermetically sealed units
available

SELENIUM CORPORATION OF AMERICA

Affiliote of
1719 WEST PICO BOULEVARD °

I ICKERS Incorporated

Januery, 1947

LOS ANGELES 15, CALIFORNIA

o

PHOTO-ELECTRIC CELLS

w L

-
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NEW CHOKES

The enlarged line of chokes now offered by National includes
many new sizes and types and provides units suited to spe-
cialized as well as standard applications. Many popular new
chokes are illustrated above, including the R-33G which is
hermetically sealedin glass. Other models cover current ratings
from 33 to 800 milliamperes in a variety of mountings carefully
planned for your convenience. These as well as old favorites

like the R-100 are listed in the latest National Catalogue,

NATIONAL COMPANY, INC., MALDEN, MASS.
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“WHEN EQUIPMENT IS STILL IN

...LET A SOLA ‘CV’ MAKE THAT VOLTAGE BEHAVE”

L

o

I/’

1t may look good on paper . . . and
yerform superbly under regulated
{aboratory voltages, BUT . . . when
it encounters the unstable voltages
that are available to your customers,
what happens

—to costly filaments and tubes?
-—to precision parts!

— to sensitive, balanced circuits?
—to over-all efficiency?

—to customer good-will?

SOLA

| /VW\/\'::E

—_—

The operating voltage you specify
will never be consistently available
unless you make provision for it.
That can be done most economically
and satisfactorily by including an
automatic, self-protecting SOLA Con-
stant Voltage Transformer as a “‘built-
in” component of your equipment.

There are many standard models
in SOLA Constant Voltage Trans-
formers that have been specifically

Constari Volliage

f\ THE BLUEPRINT STAGE. ..

——

\.‘ —

designed for built in use. They are
being successfully used today by
many manufacturers of electrically
energized equipment who have guar-
anteed the availability of constant
rated voltage. May we make a recom-
mendation for your equipment?

Write for Bulletin
KCV-102
...Here 1s the answer
to unstable voltage

problems.

TRANSFORMERS

Tronsformers for: Constant Voltage « Cold Cathode Lighting Mercury Lamps +
Oil Bumer Ignition « Radia * Power - Controls - Signol Systems « ete. SOLA E

Serieslighting - Pluorescent Lighting X-RayEquipment « Luminous Tube Signy
LECTRIC COMPANY, 2525 Clybaourn Avenve, Chicago 14, [Nincis

Mansfactured in Canads meder license by FERRANTI ELECTRIC LIMITED, Toronto

Proceedings of the 1.R.E. and Waves and Electrons
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The remarkable current-generating efficiency
Wesrern Eleclric SOUND-POWERED TELE

is based on critical electronic positioning o

DU MONT
Type 208-B

In the manufacture of Sound-Powered

Telephones, made for our Army and
Navy by Western Electric during the war,
one of the most difficull operations was
the positioning of the armature in the ex-
act center of the magnetic circuit. The bal-
anced armature design means that the ar-
mature must be balanced magnetically
among four air gaps.

During the early years of manufaciure,
this adjustmeni was done by means of
teeler gauges. This method, however, did
not always yield the true magnetic center
because of slight differences in magnetic
materials. Many units would be rejected
in subsequent tests.

To overcome this condition, production
engineers ai Western Electric devised a
method whereby the armature can be ac-
curately located magnetically, with the
aid of the cathode-ray oscillograph. This
ability fo see electronically what goes on
in these air gaps has been of considerable
assisance in overcoming one of the most
difficult operations associated with the
production of Sound-Powered Telephones.
And so another cathode-ray oscillograph
application. Surely in your own produc-
fion and inspection routine. or in mainte-
nance or servicing, or again in research
and engineering, you can use this “elec-
tronic seeing” fo profitable advantage

# Submit your problem.

aUMOm

NO BATTERIES REQUIRED!

As the name implies, Sound.
Powered Telephones require
no external source of power.
The feeble sound power of
the voice is converted inlo
electrical energy. Telephonic
communication up 10 10 miles
is feasible over ordinary Army
field-telephone wires, and up
to 100 miles under laboratory
conditions. Such equipment
Wwas exiensively used by our
armed forces afloal and
ashore.

©aLLen 80U MONT LaDORATORIES, INC.

Gacuiin Eloctionies & elbmnin

ALLEN 8. DUMONT LABORATORIES, INC,, PASSAIC, NEW JERSEY » CABLE ADDRESS: ALBEED

U, PASSAIC, N. J., U. S &

24A
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Tests are never dreaded ordeals for
Mykroy.With performance characteristics
such as these, it's no wonder Mykroy
breezes right thru them with a100% rating
every time. That's why this Perfected Mica
Ceramic insulation likes to be “put to
the test”.

Mykroy performance is easily demon-
strated . . . will satisfy your most exacting
insulation requirements. Just write for a
sample . . . submit it to the most critical
examination and watch it pass the test
in your own laboratory.

January, 1947




PHOTOHASH  enerey

GET THE FACTS!

PHOTOFLASH
ENERGY-STORAGE
DATA BULLETIN ON

REQUEST

‘Write for Bulletin #3205, Contains
specifications and performance data
on Spragve Vitamin Q Capacitors
—also helpful, up-to-the-minute in-
formation on photofiash problems.

92 ENGINEERING LEADS AGAIN

STORAGE!

... SPRAGUE CAPACITOR

Photoflash units for war applications used Sprague *VITAMIN Q
Capacitors—because only Vitamin Q Capacitors could withstand the
severe service conditions encountered,

Privileged to work with the inventors of photoflash photography
from its early inception, Sprague engineers have contributed mate-
rially to its post-war development. Not only has the present line of
capacitors impregnated with the famous and exclusive Vitamin Q
dielectric established new standards of compactness, light weight
and dependability for electric flash tube (photoflash) photography;
equally important it paves the way for outstanding economies and
greater efficiency for capacitors for flash welding and time control
circuits where duty cycles other than photoflash conditions prevail.

PIONEERS OF ELECTRIC AND ELECTRONIC PROGRESS ~_GL

*Trademark Heg. U, 8, Pat. O,

26A
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SPRAGUE ELECTRIC CO., North Adams, Mass.
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PW “FREQUENCY SHIFT”

THE MOST DEPENDABLE RADIO-TELETYPE

€ oreration Rucoane Joday

o
oW
c?...ré

TREMENDOUS speeds ean be attained by using automatie equipment...
but when the noise level rises and the signal is down, ordinary make and
break CW operation requires a reduction in receiving speed, otherwise
traffie piles up.

Under the same conditions Frequency Shift literally reaches in and pieks
out the signal . .. despite the noise...whieh provides an effective 15 to 20 db
increase in the signal to noise ratio.

Frequeney Shift is the only proven method of transmitting radio teletype
communication operation. l’“}’is using 12 international radio press channels,
24 hours a day on earrier shift operation handling better than 80% of the
world-wide news coverage. This volume is made possible because the elim-
ination of misprints and drop-outs com-
mon to ON and OFF radio teleprinter
eireuits, resulting from amplitude dis-

turbanees, are effectively eliminated UNITS §N THE PW "PACKAGE"

when you use Frequeney Shift trans-

mission. RADIQ-TELEGRAPH
PW’s Frequeney Shift is adaptable to AND TELEPHONE TRANSMITLERS
any present transmitting and reeeiving FREQUENCY SHIFT i

equipment. .. with slight modification. It
permits ease of transmitter adjustment
ansuring higherspeeds...makes possible

)
RADID-PHOTO
COMMUNICATION RECEIVERS

Moduplex operation and the use of xS
radio-photo equipment, ASSOCTATED TERMINAL
1 For further information concerning EQUIPMENT
‘ Frequeney Shift write Dept. T09A, P’ress
Wircless Mfy., Corp., Exeeutive Offices, Your instaliation is enginoered from ony com-
1475 Broadway, New York 18, N.Y.,,USA bination ofghe above standordizod PW umits

First in Pockaged' " CommanicaTions Equjpment o




WE'RE GLAD THAT BIRCH TREES SWAY

The telephone wire which runs from the
pole in the street to your house is your
vital link with the Bell System. More
than 17,000,000 such wires are in use.
The wire becomes coated with ice; it
is ripped by gales, baked by sun, tugged
at by small boys’ kite strings. Yet Bell
Laboratories research on every material
that goes into a drop-wire—metals, rub-
bers, cottons, chemicals—keeps it strong,
cheap, and ready to face all weathers.
Now a new drop-wire has been devel-
oped by the Laboratories which lasts even
longer and will give even better service.

BELL TELEPHONE LABORATORIES

It has met many tests, over 6 or 7 years,
in the laboratory and in field experiments.
It has been strung through birch thickets
—rubbed, winters and summers against
trees, and blown to and fro by winds. In
such tests its tough cover lasts twice as
long as that of previous wires.

House by house, country-wide, the
new wire is going into use. Wire is only
one of millions of parts in the Bell Sys-
tem. All are constantly under study by
Bell Telephone Laboratories, the largest
industrial laboratory in the world, to im-
prove your telephone service.

Drop-wire undergoing abrosion tests In
birch thicket “loboratory.”” Below. the
new drop-wire, now being Installed.

EXPLORING, INVENTING, DEVISING AND PERFECTING FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE
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Prepared by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa.
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NEW 0SCILLOSCOPE DEVELOPED TO HELP SOLVE
PROBLEMS MET IN RADIO AND ELECTRONIC EQUIPMENT

Latest Sylvania Instrument Especially Useful
For Rapid Receiver Alignment and Trouble-Shooting

In anticipation of the need for
greater accuracy in trouble-shoot-
ing, alignment, distortion locat-
ing, etc., Sylvania has developed
the Oscilloscope, Type 131. This
accurate measuring device takes
its place beside the numerous
radio and electronic devices that
have been Sylvania-developed to
facilitate the solving of problems
encountered in radios and elec-
tronic equipment.

CHARACTERISTICS AND
SPECIAL FEATURES
1. Sylvania 3AP1 Cathode Ray Tube
— Accelerating potential, 650 volts.
Electrostatic deflection and focus.
Tube is shock-mounted and well
protected from stray magnetic
and electrostatic fields by efficient
shielding. Panel visor shades face
of tube permitting oscilloscope use
in well-lighted rooms. Removable
calibrating screen also included.

2. INPUT IMPEDANCES —
Vertical amplifier — approximately
1 meg., 30 mmf. at full gain.

Horizontal amplifier — approxi-
mately 1 meg., 50 mmi. at full
gain.

SYIVANIA¥ ELECTRIC

|
|
|
|

Oscilloscope, Type 131; cabinet is steel constructed, properly ventilated

with louvers, finished in durable, aftractive pearl-grey baked enamel.

Vertical direct—approximately 0.68
meg., 45 mmf.

Horizontal direct — approximately
0.68 meg., 60 mmf.

. AMPLIFIER FREQUENCY

RESPONSE —

Sine wave uniform within 3 db.
from 10 cycles to 100 kilocycles.

. DEFLECTION FACTOR —

Through amplifiers — 0.5 volts per
inch.

Direct — approximately 17 volts
per inch.

Emporium,

5. HORIZONTAL SWEEP —
Direction — left to right.
Frequency range — 15 to 40,000
cycles.

Synchronizing signal sources —
Internal (vertical signal).
External; 60 cycles.

6. POWER SUPPLY —
105-125 volts, 50-60 cycles.
40 watts power consumption.
1 amp. line fuse provided.

7. CABINET DIMENSIONS —

10Y5" high, 734" wide, 1333” deep.

See your Sylvania Distributor.

MAXERS OF RADIO TUBES; CATHODE RAY TUBES! ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS

Proceedings of the I.R.E. and Waves and Electrons
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... STUDY THIS NEW, ADVANCED

RAYTHEON
AM TRANSMITTER

"“It's a beauty,”’
says the visitor. ..

"It's a star performer,”’
says the station engineer. . .

“It's an excellent investment,”’
says the station-owner.

HERE'S WHAT RAYTHEON OFFERS
Study these RAYTHEON features before you choose
any transmitter, for replacement or new installation.

Simplified, More Efficient Circuits — A high level modula-

uon system eliminates necessity of complicated and critical
adjustment of linear amplifiers and minimizes harmonic distor-
tion. Tube cost low, power consumption considerably lower.

2 Greater Dependability — Modern components, operated at

well below their maximum ratings, and simplified circuit de-
sign reduce failures to minimum. Designed to withstand over-
loads—fully resistant to excessive temperatures, high humidity.
Performance not impaired by ordinary line voltage fluctuation.

Acan RAYTHEON presents an item of broadcast equipment 3 High Fidelity Signal —Modern triode type tubes used in all
5 5 . . audio stages have an inherently lower distortion level. Spe-
that scores a hit with all who see it. Followmg on the heels of _cri}e:lly;_desi)gned audio transformers reduce distertion still further,
, e Wartt design, this new 1000 e feedback circuit also improves signal quality but is not es-
Raytheon’s h'ghly successfu'l 250 ) 8n, i p sential in this simplified circuir.
3 .
Watt AM transmitter P'O‘”d‘?s the same excellent perfor Push-Pull Final Amplifier — A Push-Pull R F final amplifier
ance, the same inherent superiorities for hlgher-powered sta- materially decreases harmonic distortion. Parasitic oscilla-
3 - tion in this stage is eliminated and suppressors are not needed.
tions. .. and at surprisingly low cost. : . '
. : £ 5 Easy to Operate — Only two stages, the R F Drive Amplifier
It's an outstandmg deSlgﬂ ce. perfected after months o and Power Amplifier, have 1o be tuned. A Video type ampli-
careful enginecring. Simpler circuits give the all-important fier climinates complicated wning of the Buffer stage.
dependability that Raytheon transmitters are becoming widely 6 :;?:Zestgzr::: f::l’:ti"pga:e?“c f’e’l'i'i'.'r‘i?,?,' lcso:‘;::'l’sle:fy ceb-
noted for. Exceptional signal quality is achieved through tri- tered and instantly checked. Low speed motor tuning gives posi-
: tive micrometer adjustment of the (wo tuned stages.
ode type tubes and audio transformers better than were ever 5 ‘ ;
i e B B ! 7 Easy to Service — Vertical chassis construction and symmet-
before available. Its striking modern €auty catches the eye ' rical mcchanicallllayglut make servicing easy. Hinged side pan-
.. 3 . ¢ls give access to all cabling and meters. Full height double rear
of visitors—makes it a shov‘v-plece. . o500 doors give maximum access to wiring and components.
This Raytheon transmitter comm;n;is attent:ion ':1) Easily Meets All F.C.C. Requirements— Flat frequency re-
i rs and engineers. Before yor decide on a sponse from 30 to 10,000 cycles per second. Noise level —60
Watt station owners X & . ‘ . 7 db below 1009, modulation. Less than 21,9 RMS for 95%
transmitter, write or wire for our fully illustrated specification modulation,

bulletin. Prompt deliveries can be made.

Excellence in Edactionies
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WE’RE not pretending we belong in any Gallery
of the Great. It’s just our way of calling atten-
tion to the fact that a manufacturing organization,
as well as a famous personage, can have character
and individuality.

Through the years the Karp organization has
become known as a good company to do business
with —a company with a likeable personality —a
company that understands and practices coopera-
tive service.

Because our experience and craftsmanship in

GOOD COMPANY

"l""'!' L o
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sheet metal fabrication mean good business for our
customers, our services are preferred by many of
the “great names” in American industry. We're
extremely proud of the outstanding firme we serve.

They like our work. They like the sound value our
work represents. They find their relations with us
helpful and pleasing.

If you are not already on our list of customers,
let’s get acquainted. Consult us for superior crafts-
manship in cabinets, housings, chassis, racks, boxes,
enclosures or any type of sheet metal fabricatjon.

WRITE FOR OUR NEW CATALOG.

a ¢ o YW a mla A W ¥
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117-30th STREET, BROOKLYN 32, N. Y.
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A Complete Complement of RCA Miniatures
for Auto Radio Receivers

Small size and proved superior
high-frequency performance of
miniatures permit design of
dashboard sets for broadcast
and FM bands

RCA now has complete miniature complements for the
design of auto receivers for both broadcast and FM
bands. These tubes have the advantage of permitting
considerably reduced receiver size, making particu-
larly feasible the location of the receiver on the dash-
board. For the FM band, they have the additional
advantage of providing superior performance over
most metal and glass types because of their lower
inter-electrode capacitances, reduced lead inductance,
and low-loss button-stem bases.

Itis expected that the 6GATG will be used in sets hav-
ing a single 6AQS5 output tube, while the 6BF6 will

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA

TUBE DEPARTMENT

HARRISON. N. J.

Minioture Performance

Function

Type Nos. Equivalent

6BA6

RF and IF Amplifier

6BE6 Converter

6ATS Detector and High-mu AF Amplifier 65Q7

Detector and Medium-mu AF Amplifier

Beam Power Amplifier

Full-Wave Rectifler

be preferred as a driver for two 6AQS5’s in push-pull,
class AB operation. For receivers including the FM
band, it is expected that the complements will be the
same except for the addition of a 6AL5 miniature twin
diode in the discriminator circuit.

RCA twbe application engineers will be pleased to
consult with you on the utilization of these or other
RCA tube types in designs you now have under con-
sideration. If you desire this service, or complete
technical data on the miniature tubes illustrated, write

RCA, Commercial Engineering, Section D-18A, Har-
rison, N. J.

RCA LABORATORIES,
PRINCETON, N. J.

——

RADIO CORPORATION of AMERICA
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‘There have of late been developed close relations between engineers and
sychophysicists active in the acoustical and optical ficlds. Such associations
Eave become increasingly important, not only in the design and utilization of
military devices, but also in the intelligent adaptation of peacetime equipment
to the needs and capabilities of its users. Readers of the ProceeDINGS will ac-
cordingly find much food for constructive thought in the following gues edi-
torial from an active and prominent worker at Harvnrd.Umversuy, in the '
psychoacoustic field. This editorial is based on an article which appearedin The
| American Scientist, the courtesy of which publication in making this material

available is here acknowledged.—The Editor.

The Human Factor in Machine Operation

(Based on '‘Machines Cannot Fight Alone")

S. S. STEVENS

The human side of engineering, the art of gearing ma-
chines to the minds and muscles of men_has become an in-
dispensable part of the profession. Psychophysics, which,
broadly defined, is the science of the senses in action, has
been put to use (sometimes unwittingly, perhaps) by all
those whose business it is to adapt machines to men and to
get the best out of men by way of technical performance
in an age of technological profusion. Whatever the task or
the skill required, whatever the human sense employed,
there are rules governing the actions and discriminations of
men which make one way of doing things better than an-
other.

Stemming from the work of G. T. Fechner, physicist
and philosopher, who in 1860 gave us a treatise on the
relation between sensation and the stimulus that causes it
the development of this science is the human story of our
machine-age war. Implicit in the tale is the brief that the
nature of man still determines the shape of his world, and
of his wars, and that the science of man and his capacities
must run hand in hand with technology if simple cffective
harmony is to ensue.

This recent war was different from other wars in the
peculiar respect that it was fought largely on margin—
sensory margin—where the battle hangs on the power of
the eyes or the ears tc make a fine discrimination, to esti
mate a distance, to see or hear a signal which is just at the
edge of human capacity. Radars do not see, radios do not
hear, sonars do not detect, guns do not point without some-
one making a fine sensory judgment, and the paradox of it
is that the Taster the engincers and the inventors served up
their “automatic” gadgets to eliminate the human factor,
the tighter the squeeze became on the power of the opera-
tor—the man who must see, hear, judge, and act with that
margin of superiority which gives his outfit the jump on
the enemy.

For the human story of communication in World War
Il we must look to the everyday busines of “passing the
word.” As in many other quests for better harmony be-
tween the operators and their gadgets, the methods of
psychophysics were turned to account in two different
ways: men were trained in the best use of existing equip-
ment, and new devices were developed. Nursed by the
urgency of these problems, there grew up and flourished
a special area of psychophysics, called psychoacoustics,
complete with laboratories and field stations. The claim

can be made that the net improvement in certain vital
communicationsadded up toanywhere from fifty to several
hundred per cent.

It was casy to improve upon the gear we were using in
1941 because it was already obsolescent. The mounting
noisiness of guns and machines was making even our
simplest communication systems indifferently effective.
Our interphones were caught with their vowels down
while at the same time the engineers were bringing up
new airplanes, bigger, faster. more powerful—and noisier.
“Say again” was a very common phrase in those early
days.

Four years of fevered scrambling in testing and de-
velopment brought the art of communicating more nearly
abreast of its scientific possibilities, and we fought the last
battles of the war with new carphones, new microphones,
new helmets, new oxygen masks, engineered in the light of
the all-important human factor,

As with interphones, so with almost every other fight-
ing tool. \Vherever men stared searching into the darkness
or taxed their eyes at a radar screen, wherever they held
their breath to hear the tell-tale echo from Yhe enemy un-
der the sea or twisted their knobs and dials to launch de-
struction at the foe, the psychophysicist went along in
spirit, fretting about the eyes and ears and muscles of the
men and scheming o devise a greater harmony between
the soldier and his tools. In the final drive to victory there
were few important weapons used that bore exact resem-
blance to the gear employed when we first were jarred from
slumbgr by the rudeness of aggression,

It is a proud story, perhaps, but something of a scan-
dal, too. 1t depends upon how you want tolook at it. How-
ever it is judged, we are left at this moment face up against
decision. Are we now going to send the psychophysicsts
and all their scientific colleagues back to their universi-
ties and their peacetime desks and leave our armed forces
Lo enter the next war with the droppings of the last one?
Then are we going to rush the scientists back to the frantic
task of designing new gadgets and fitting them to human
capabilities when the enemy is already upon us? Or are
we going to keep science and human engineering alive with
encouragement and support, holding one eye on the aspira-
tion to make life more livable while we inhabit our spot of

earth,.and the other on the business of ensuring that no one
takes it from us?

January
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Walter R. G. Baker

PRESIDENT-ELECT, 1947

Walter R. G. Baker (A’'19-F'28) was born in Lockport, New York, in 1890. He graduated from Union College,
Schenectady, New York, receiving the degree of bachelor of electrical engineering in 1916, and the degree of master
of electrical engineering in 1918. In 1935, the honorary degree of doctor of science was conferred upon him by
Union College.

Beginning his career in the laboratories of the General Electric Company, Dr. Baker, during 1917 and 1918,
took a prominent part in the development of wartime radio, including developmental work and testing of trans-
mitting and receiving apparatus for the government. With the establishment of a separate radio department,
he was made designing engineer in charge of transmitters. In 1924, this responsibility was enlarged to include
design of all radio products, and in 1926 he was given complete charge of radio development, design, and produc-
tion. Under his supervision, the broadcast transmitters of WGY, KGO, and KOA were designed, and the South
Schenectady developmental laboratory was planned and built. He was also responsible for an extensive investiga-
tion of short-wave propagation. Upon the formation of the RCA Victor Corporation in 1929, Dr. Baker went to
Camden, New Jersey, to head the radio engineering activities. He was later placed in charge of production, and
subsequently became vice-president and general manager. When General Electric resumed radio production ac-
tivities in 1935, Dr. Baker returned to the company as managing engineer of radio receiver activities in Bridgeport,
Connecticut. In 1939, he became manager of the radio and television work in both the Schenectady and Bridge-
port plants, and in 1941 he was made vice-president of the newly formed electronics department.

Dr. Baker is a member of the Board of Directors of The Institute of Radio Engineers; director of the engineering
department of the Radio Manufacturers Association; member of the Board of Trustees of Union College; member
of the Board of Governors of the National Electrical Manufacturers Association; chairman of the Electronics Com-
mittee of the American Institute of Electrical Engineers; and a member of the Newcommen Socicty. Dr. Baker
served as chairman of the National Television Systems Committee, and as the first chairman of the Radio Techni-
cal Planning Board.
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The Maximum Range of a Radar Set’

KENNETH A. NORTONt, FELLOW, LR.E., AND ARTHUR C. OMBERG], SENIOR MEMBER, L.R.E.

Summary—Formulas are derived which may be used to calculate
the maximum range of a radar set. It is shown that the maximum
range obtainable with « given radar set depends upon (1) the energy
in the pulse, i.e., the peak power times the time duration of the pulse
or the average power divided by the pulse-recurrence frequency;
(2) the transmitting and receiving antenna gains; (3) the transmission
line, antenna, and transmit-receive-box losses; (4) the ‘‘effective
width” or time duration of the transmitted pulses; (5) the ‘“‘effective
bandwidth” of the receiver; (6) the radio frequency of the trans-
mitted waves; (7) the recurrence frequency of the transmitted pulses;
(8) the “‘noise figure” of the receiver; (9) the cosmic, atmospheric,
and man-made noise picked up by the antenna; (10) the attenuation
during passage of the radio waves through the atmosphere due to the
absorption by the atmospheric gases and rain drops; (11) the “‘effec-
tive echoing area” of the target; (12) the directivity of the trans-
mitting and receiving antennas in elevation and azimuth, and (13)
the effect of the ground, which, in turn, is inextricably associated with
the particular site used, the height of the target above the ground,
and the polarization of the transmitted radiowaves.

I. INTRODUCTION

T IS THE purpose of this paper to provide a com-
]:[ plete discussion of all the factors involved in the
determination of one of the important military
characteristics of a radar set, namely, its maximum
range. It will be shown that the factors determining
the maximum range may be conveniently divided into
four parts: (1) the free-space maximum range, (2) the
effects of the ground on the maximum range, (3) the
effective echoing areas of the targets, and (4), at micro-

wave frequencies, the absorption in the atmosphere.
If we let Rn.x denote the maximum range of a radar
set for a target of effective echoing area 4., and R’,,..
the free-space maximum range for a target of ten square
meters effective echoing area, then it will be shown

that

Rnax = Rnua'§(6) (A4/10)/%e=Rss (1)

where 8 is the elevation angle of the target above the
ground and g(6) is a function describing the effect of
the ground on the maximum range. The function g()
oscillates with increasing values of 6 between mini-
mum values near zero and maximum values not greater
than four. For most sites the maximum value of g(6) is
two, although for sets properly situated on sloping
sites g(#) may reach a maximum value near four for
some particular value of 6. The absorption coefficient

* Decimal classification: R357. Original manuscript received by
the Institute, March 11, 1946; revised manuscript received, June 28
1946. Presented, Washington Section of the I.R.E., February 27,
1946. This paper was originally published in February, 1943, by the
Office of the Chief Signal Officer in the War Department as Opera-
tional Research Group Report ORG-P-9-1, which has recently been
declassified. The data shown in Figs. 1 and 2 and Table I1 corre-
spond to the characteristics of these radar sets as known at that time.
In many cases subsequent improvements have been made. In pub-
lishing this paper, it has been brought up-to date by including addi-
tional material relative to radar echoes from the moon, atmospheric
absorption, and cosmic noise received from the sun and the Rﬁlky

Way.

t Central Radio Propagation Laboratory of the National Bureau
of Standards, Washington 25, D. C.

1 Bendix Aviation Corporation, Baltimore, Maryland,

of the atmosphere is denoted by «; with Ry,.. expressed
in meters, a=0.115 times the absorption coefficient
cxpressed in decibels per meter. At the higher micro-
wave frequencics, where a is not negligible in magnitude,
(1) must be solved for R... by graphical or other
convenient methods.

It is shown that cosmic, atmospheric, and man-made
noise have the cffect of decreasing the free-space maxi-
mum range in the lower part of the very-high-frequency
band by as much as 50 per cent for receivers with low
noise figures. In order to make possible a statement of
a single value of maximum range independent of the
site on which the radar set is located and independent
of external noise and atmospheric absorption, a range
index RI is proposed. This range index is defined to be
twice the value of the free-space maximum range
Rmax’ in the absence of external noise and in the absence
of atmospheric absorption.

II. THE FREE-SPACE M aXIMUM RANGE OF A RADAR SET

The maximum range of a radar set is determined
when the target is at such a distance that the pulse
energy after propagation to and from the target is so
small that it can just be detected in the presence of the
noise energy always present in the radar receiver. Thus.
it is necessary to determine (1) the pulse energy leaving
the radar transmitting antenna, (2) the attenuation of
this energy in traveling to the target, (3) the fractional
part of the cnergy reflected from the target back in
the direction of the radar set, (4) the attenuation of this
energy on the return trip, (5) the amount of this energy
picked up by the radar receiving antenna, and finally,
for comparison with this pulse cnexgy available at the
receiver terminals, (6) the external and receiver noise
energy at the receiver terminals.

Before starting the derivation of the formula for
Rumes" it will be desirable to define what is meant by.
pulse energy, peak power, a\ crage power, effective pulse
duration, and pulse-recurrence frequency. The energy
of the pulse E, expressed in joules is equal to the
integral of the instantaneous power p over the time
interval occupied by the pulse; thus

E, [ #d! joules (watt-seconds) (2)

where p is expressed in watts and ¢ in seconds. If the
transmitted pulse were exactly rectangular and of dura-
tion 7 seconds, the instantaneous power would be equal
to the peak power P, and the energy in the pulse would

be
E, = f Pt = P joules. (3)
v 0

Actual transmitted pulses are never exactly rectangu-
lar and it is convenient to define an “effective” pulse
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duration 7 which may be used in (3) regardless of the
pulse shape. This is accomplished simply by equating
(2) and (3) and solving for 7; thus

1
7= —f pdt seconds @)
p,

where the integral is to be taken over the total time
interval occupied by the pulse. The average power Tt
is equal to the pulse energy times the pulse-recurrence
frequency F expressed in recurrences per second; thus

P, = EF = PF watts. (5)

Using (3) and (5), we see that the pulse energy may be
expressed either in terms of the peak power and the
pulse duration or in terms of the average power and the
pulse-recurrence frequency, as follows:

E, = P;r = P,/F joules. (6)

We will now proceed to calculate the energy reflected
back from a target at a distance R, expressed in meters,
from the radar transmitting antenna. Consider first
that the transmitting antenna is an isotropic antenna;
such an antenna radiates energy uniformly in all direc-
tions. Consider this isotropic antenna to be at a very
large distance from the ground; by “very large” is
meant a distance at least ten times the distance R.
If E/ represents the energy radiated during each pulse
from the antenna, then, since it radiates energy uni-
formly in all directions, the pulse energy per square
meter at the distance R is given by

’

¢ 2 .
S, = ——— joules/meter? (isotropic antenna).
47 R?

(7

Note that 47R? is the area of the surface of a sphere,
centered at the antenna and with radius R, through
which all of the energy E,” must pass. Only in the ab-
sence of atmospheric absorption, which is important
only at the higher microwave frequencies, is (7) appli-
cable; the effects of this absorption will be introduced in
part IV. If G, represents the gain of the actual trans-
mitting radar antenna relative to that of the isotropic
radiator above considered, and S; represents the energy
flow per square meter in the direction of the principal
maximum of radiation from the actual radar antenna,
then, by definition of gain, we have
G.E/

Sy =G‘SO=Z1r—I€'; joules/meter? (actual radar antenna). (8)

We will now define an area A, expressed in square
meters which will be called the “effective echoing area”
of a reflecting obstacle or target. This effective echoing
area may be defined as follows: if all the energy incident
on this effective echoing area were scattered uniformly
in all directions with the same polarization as that of
the receiving antenna, the received echo would then be
equal to the actual echo from the body. Thus, if the
obstacle were in the direction of the principal maximum
of radiation from the radar transmitting antenna and if
S, represents the energy per square meter reflected
back from the obstacle to the radar receiving antenna

Norton and Omberg: Maximum Range of a Radar Set 5

at the distance R and with the same polarization as that
of the receiving antenna, then by definition of 4,

AS,
S, = ——— joules/meter?. 9
T 4ere ! / ©

Here again, atmospheric absorption has been neglected
and will be introduced later. Comparing (7) with (9),
it is seen that A.S; is the energy which would have to
be scattered from an isotropic radiator to give the same
echoed energy as the actual obstacle.! From the above
definition, it is evident that the effective echoing area
of an obstacle will, in general, be different for different
polarizations of the incident wave from the transmitting
antenna and for different receiving antenna polariza-
tions and will have a still different value when the trans-
mitting and receiving antennas have different polariza-
tions. Now, if we substitute (8) in (9), we obtain
AGE/
S, = ———— joules/meter?.
(47 R?)?
If G, represents the gain of a matched receiving antenna
relative to an isotropic receiving antenna (one which
receives energy equally well from all directions) A, the
effective absorbing area corresponding to the direction
of the principal maximum of reception of the matched
receiving antenna, and X the wavelength expressed in
meters, then it may be shown? that
GA?

A, = - meters®.
4

(10)

(11)

If E, is the maximum energy that can be dissipated in a
receiver properly matched to the receiving antenna
by means of a transmission line without loss, then
2 ’ 2

E =AS, = (L"_SL)‘_ _ G.GE/AX
4 (47)*R*
The maximum range may now be obtained from (12) by
letting R increase until E, becomes equal to Emin. Emin
represents the minimum available pulse energy from the
antenna (i.e., energy in the input impedance of the re-
ceiver when the antenna is matched to the receiver)
required to make the pulse just visible in the presence
of the noise for the particular receiver used and with
the particular coupling between antenna and receiver
actually employed. Thus we have

Rumax = (47)"3%GG A E/ | Enin)'/*\'/? meters.

(12)

joules.

(13)

It is convenient to write the minimum available pulse
energy required for a barely visible puise as follows:

Enin = VNFET joules (14)

1 This definition of “effective echoing area,” is the same as that
given in several Radiation Laboratory and Radio Resecarch Labora-
tory reports. In the Telecommunications Research Establishment
report M/28, “Elementary survey of scattering and echoing by
elevated targets,” H. G. Booker defines the “equivalent echoing area”
of an obstacle as the area which must be assigned to the obstacle if it
scattered power like a Hertzian dipole directed along the electric
field of the incident wave. Consequently, due to this difference in
definition, the “effective echoing areas” in this report are 1.5 times as
large as the “equivalent echoing areas” in this British report.

2], C. Slater, “Microwave Transmission,” McGraw-Hill Book
Company, New York and London, 1942, p. 260.
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where
V =pulse visibility factor corresponding to the
particular type of radar presentation used
k=1.37X10-% = Boltzmann’s constant
T =absolute temperature in degrees Kelvin

ET=4.11X10"* joules at room temperature
(T =300 degrees)

NF is the noise figure of the receiver for the par-
ticular condition of match or mismatch to
the antenna actually employed. For a perfect
receiver completely over-coupled to the dummy
antenna, NF=1;fora perfect receiver matched
to the dummy antenna, NF=2

NFET is the fluctuation noise energy referred to
the input circuit of the receiver.*® The visi-
bility factor V is thus the ratio of the mini-
mum available pulse energy required for a
barely visible pulse to the receiver fluctua-
tion noise energy referred to the input circuit
of the receiver.

The antenna gains in (13) are with reference to an
isotropic radiator; since the gain of a half-wave antenna
with reference to an isotropic radiator is equal to 1.641,
the antenna gain G’ relative to that of a half-wave
antenna may be written G’=G/1.641. If we substitute
(14) in (13); multiply (13) by 2 to take account of the
effect of the ground, i.e., g(8), at the elevation angle
corresponding to the maximum of a lobe; introduce the
radio frequency f expressed in megacycles, instead of
the wavelength \; replace kT by its value 4.11 X102
joules corresponding to room temperature (T =300 de-
grees); introduce a value of 10 square meters for A4,;
and change the units of R from meters to miles, we have
finally the following formula for the range index:

RI = 920(G'/f)Y'*(E,'/VNF)!4 miles. (15)
In the above formula G’ is the geometric mean of the
transmitting and receiving antenna gains referred to
that of a half-wave antenna; in the normal case where
the same antenna is used both for transmission and
reception G’ is simply the gain of this antenna. In
order to take into account the transmission-line, an-
tenna, and transmit-receive-box loss we may introduce
a factor L, which will be defined as the ratio of the
radiated energy to the transmitter pulse energy output;
if we write E, for the transmitter pulse energy output,
then E,/=L,E, Furthermore, if we write L, for the
ratio of the available pulse energy at the receiver ter-
minals to the available pulse energy at the receiving an-
tenna terminals, then (15) becomes

RI = 920 (G'/f)V/*(E.L.L,/VNF)"¢ miles. (16)

The visibility factor ¥ will depend upon (1) the par-
ticular type of presentation used, such as type-A or

¥ H. T. Friis, “Noise figures of radio receivers,” Proc. 1.R.E.
vol. 32, pp. 419-422; July, 1944.

‘D. 8 North, Discussion on “Noise Figures of Radio Receivers,”
H. T. Friis, Proc. | R.E,, vol. 33, pp. 125-127; February, 1945,

8 D. O. North, “The absolute sensitivity of radio receivers,” RCA
Rev., vol. 6, pp. 332-343; January, 1942.

¢ R. E. Burgess, “Noise in receiving aerial systems,” Proc. Phys.
Soc., (London), vol. 53, pp. 292-304; May, 1941.
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plan-position indicator (PPI), (2) the effective pulse
width 7, (3) the particular shape of the pulse, (4) the
effective bandwidth of the receiver B, (5) the pulse-
recurrence frequency F, and (6) the rate of rotation and
width of the beam of the radar antenna. An empirical
formula for V may be obtained by an analysis of some
experimental results obtained by A. V. Haeff” of the
Naval Research Laboratory. Dr. Haeff conducted an
extensive series of observations at 200 megacycles using
rectangular pulses and type-A presentation. Observa-
tions were made to determine the minimum peak power
of the pulse Pnin required to make it just detectable
in the presence of the receiver noise. Pulses were intro-
duced from a pulse signal generator at random positions
on the cathode-ray-tube screen and the pulse power in-
creased until the pulse was just detected by the
operator. Thousands of observations were made within
the following ranges of pulse lengths, bandwidths, and
recurrence frequencies:
2.5 microseconds < r < 30 microseconds
50 kilocycles < B < 1000 kilocycles
30 cycles < F < 1640 cycles.

An analysis of the above series of observations yields
the following empirical formula for the minimum peak
pulse power required for a just detectable pulse:

1 B -\2 -

Prin = — ( + —-—) (1640/F)'*NFET B watts. (17)
4 B

When we note that E,;, = 7P, we may solve for Vfrom

(14) and (17):
=

i Enin = 7Pmin - < n 1 >21640/F)”3 (18)
NFRT NFRT 4 B '

In the above B is the effective bandwidth of the receiver

expressed in cycles per second.?

We see by (15) that the range increases as V de-
creases, so that the range will increase as the recurrence
frequency F is increased; the reason more pulse energy
is required for low pulse-recurrence frequencies is prob-
ably associated in some manner with the decay time of
the light on the cathode-ray-tube screen between pulses.
If we differentiate V with respect to either B or 7 we’
find that V has a minimum, and thus an optimum,
value when

1
B = . cycles (optimum bandwidth). (19

The following table shows V as a function of 7B from
0.1 to 10, i.e., for bandwidths from 0.1 to 10 times the
optimum value (1/7), and for F=1640 cycles.

Table I shows that over three times as much pulse
energy is required when a bandwidth 1/10 or 10 times
the optimum value is used: or we can also say that the
bandwidth may be increased by a factor of 2.66 times
the optimum value without increasing the required
energy by more than one decibel: a 1-decibel difference
In energy corresponds to a 6 per cent difference in the

"A. V. Haeff, “Minimum detectable radar signal and its de-

pendence_upon parameters of rad t " P
34, pp. 857-861; November, 1946, > IRoC, LRE, vol.
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free-space maximum range. The reason more pulse
energy is required when the bandwidth is made too
narrow is the fact that only a small portion of the pulse

TasLE ]

Visibility Factor for Square Pulses with Type-A Presentation and
Recurrence Frequency of 1640 Cycles.

B i |4 decibels
0.1 3.025 4.81
0.2 1.8 2.55
0.5 1125 0.51
1 1 0
2 1.125 0.51
5 1.8 2.55
10 3.025 4.81

energy passes through the receiver under these condi-
tions: on the other hand, when the bandwidth is made
much greater than (1/7) the output pulse energy does
not continue to increase with increasing bandwidth
whereas the output noise energy increases continuously
with increasing bandwidth. It should be noted that,
when F=1640 cycles and B =1/7 cycles, V is equal to
one and the pulse energy required for a barely visible
pulse is just equal to the receiver fluctuation noise
energy under these optimum bandwidth conditions, so
that the pulse-plus-noise-energy to noise-energy ratio is
equal to 2. When we consider the experimental method
used in arriving at the above formula for the visibility
factor, we see that it is applicable only to the case where
the radar antenna is searchlighting, i.e., pointed in the
direction of the target. In order to generalize the expres-
sion for V so that it may be used for other types of
presentation, for rotating radar antennas, and for other
than rectangular pulses, we may write

P kB

k2 \?
(1 + —) (1640/F)' /3. (20)
B
In the above &, is a factor which will differ with the type
of presentation, rate of rotation, and width of the beam
of the radar antenna, and possibly with the type of
detection, e.g., linear, square-law, etc., being equal to
unity for type-A presentation and searchlighting an-
tennas; while b, is a factor which will differ with the
shape of the pulse, being equal to unity for rectangular
pulses. When (20) is differentiated with respect to 7 or
B we find that the optimum bandwidth for arbitrary
pulse shapes is given by
(21)
If we substitute (20) into (16) we obtain the following
general formula for the range index, i.e., the maximum
range in the maximum of one of the ground-reflection

lobes for a large fighter or small bomber aircraft in
the absence of external noise or atmospheric absorption:

RI = 494.9(E.L.L,G/G,' /{*NF)!/*

ker kz s
[ (1 + '——-) :' FiiZ miles
4 B

where E, is the transmitter output pulse energy ex-

B = ky/7 cycles per second.

(22)
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pressed in joules (6); NF is the noise figure of the re-
ceiver corresponding to the particular condition of
coupling employed between it and the radar receiving
antenna; G,’ and G,’ are the gains of the transmitting
and receiving antennas, respectively, relative to that of
a half-wave antenna; L, and L, are factors less than one
which allow for the transmission-line, antenna and
transmit-receive-box "loss for transmission and recep-
tion, respectively; 7 is the effective pulse duration ex-
pressed in seconds as defined in (4); B is the effective
bandwidth of the receiver expressed in cycles per sec-
ond?; Fis the pulse-recurrence frequency expressed in re-
currences per second; f is the radio frequency expressed
in megacycles; k, is a factor dependent on the type of
presentation, rate of rotation, and width of the beam of
the radar antenna, and the type of detection; and kyisa
factor dependent on the shape of the pulses, being equal
to unity for rectangular pulses.

Equation (22) contains all of the factors that are
under the control of the designer of a radar set and
which affect the maximum range. The gains of the trans-
mitting and receiving antennas clearly should be made
as large as possible; however, high gain means narrow
beams, either in azimuth or elevation, and this may re-
sult in a loss of coverage or in operational complications.
Furthermore, high gain means large antennas which
may not be sufficiently portable or may be difficult to
rotate. Thus we see that there are definite limits to the
amount of gain obtainable in practice. Next, the pulse
energy E, should be made as large as possible; for a
given value of pulse-recurrence frequency, which is
usually fixed by the range within which observations
are to be made, E, is directly proportional to the aver-
age transmitter power P, so that this provides an
equally good measure of radar-set performance in most
cases. The maximum average power which can be used
is limited either by the requirement of portability or
by the capabilities of transmitting tubes. Next, the
noise figure of the receiver should be made as small as
possible. This is a particularly important requirement,
since a set with a low noise figure requires no more
tubes, weighs no more, and occupies no more space;
yet it makes possible an increase in the range of the
radar set. The pulse width 7 and the bandwidth B
occur in the formula only as the product 7B, and the
range is a maximum when 7B =1; once the pulse width
has been settled upon from operational considerations,
the bandwidth should be made equal to (1/7) or at least
no greater than twice this value for optimum per-
formance. Adjustment of the bandwidth to this opti-
mum value is also particularly important, since this
adjustment is comparatively inexpensive and yet in-
creases the maximum range as much as an equivalent
increase in transmitter power. The pulse-recurrence fre-
quency should be made as large as possible consistent
with the maximum range expected of the set. When all
of the other factors in the above formula are fixed, the
maximum range of the set decreases with increasing fre-
quency; thus, the frequency of an early-warning set
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should be as low as possible consistent with the possibil-
ity of properly designing an antenna with sufficient gain
and directivity and which is not too large to be portable
or rotatable.

100,000

50,000 f-444

>

be determined only by calculating the range for various
frequencies by means of (22) and then picking the fre-
quency providing the greatest coverage. As an example
of the above suggested procedure, consider the problem
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Fig. 1—Antenna gain assumed in determining early-warning radar optimum fre
for comparison are the antenna gains used on several radar sets,

In view of the fact that the antenna gain, noise figure
of the receiver, and available pulse energy from
vacuum tubes all vary with frequency, the determina-
tion of the optimum frequency for a radar set de-
signed to perform a given function probably can best

f
quency; shown

of determining the optimum frequency for a fixed

earl'y-warning radar set for which size and weight are
of little importance. At low frequencies, the maximum
anten.na gain which can be obtained will be limited by
the size of an antenna which can be conveniently
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mounted and rotated ; we will assume that the maximum
area for such an antenna will be about the same as that
of the SCR-270, i.e., about 1000 square feet. If we re-
duce this value of area by a factor of 2/3 to allow for a
distribution of current designed to cut down the size
of the side lobes of radiation, then we obtain, from (11),
G'=0.005 f* where f is the frequency expressed in
megacycles. At very high frequencies, on the other hand,
the maximum gain which can be used will be limited by
the requirements that (1) the beam must not be so nar-
row in elevation that it will not illuminate all targets
up to altitudes of at least 50,000 feet, and (2) that the
beam must not be so narrow in azimuth that it cannot
cover its sector of search in a reasonably short period of
time; experience indicates that antenna gains greater
than about 5000 cannot be usefully used. From the
above we see that the maximum available or useful
values of G’ are given by G'=0.005f* for 100 mega-
cycles <f <1000 megacycles and G’=5000 for f>1000
megacycles; for frequencies greater than 1000 mega-
cycles, the required area will be less than 1000 square
feet, being given by the formula A =10°/f* square feet.
The antenna gain obtainable from a 1000-square foot
antenna is slightly greater than 0.005f* for frequencies
less than 100 megacycles. The antenna gain for this
ideal early-warning radar set is shown in Fig. 1 as a
function of frequency throughout the range from 10 to
10,000 megacycles. In order to arrive at reasonable
values for the noise figure of the receiver, we will as-
sume that it contains a GL 446 (lighthouse radio-fre-
quency amplifier) at frequencies less than about 1500
megacycles and will use the data given in Fig. 7 of
Radiation Laboratory Report 43-14, reproduced in
Fig. 2. At frequencies above 1500 megacycles data
are given for crystals as well as for the lighthouse
tube.® The available information on the available pulse
energy from transmitters as a function of frequency is
rather meager. However, it is known that the SCR-270
has a pulse energy of about 1.5 joules while that of the
SCR-615 has about 0.5 joules; in view of the lack of
any better data, we will assume that the available pulse
energy is given by the equation E,=7/f"? joules; this
is also shown in Fig. 2. We will use a bandwidth B
equal to twice the optimum value (1/7) so as to allow
for some spreading of the pulse energy due to uninten-
tional frequency modulation and to permit the receiver
tuning to be somewhat less critical; we will use a pulse-
recurrence frequency F =200, and thus V=2.26. We
will assume that the transmission-line and transmit-
receive-box loss is independent of frequency and will
take L,=0.9 and L,=0.8. Using all the above data in
(22), we obtain the resulting curve for range index shown
in Fig. 2. For frequencies above 1000 megacycles the
solid range-index curve corresponds to a constant gain
of 5000, while the dotted curve corresponds to the gain

* Recent advances in crystal techniques now permit noise figures
of 9 to 10 decibels from 1000 to 10,000 megacycles.

* New magnctrons permit pulse energies of 2 joules at 3000 mega-
cycles and 1 joule at 10,000 megacycles (4-]-50 magnetrons).
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obtainable with a 1000-square-foot antenna as shown by
the dotted gain curve. For frequencies above 1500
megacycles, a crystal detector was used, with the noise
figure as shown in Fig. 2, to calculate the range-
index curves. The figure shows clearly that there is an
optimum frequency for an early-warning set in the
neighborhood of 1000 megacycles; it also appears from
the data shown that the use of this optimum frequency
will more than double the range index over values ob-
tainable with present radar sets, even after these sets
have been improved so that they will operate with
maximum efficiency. Also shown in Fig. 1 and 2 for
comparison with the optimum curves are the values of
antenna gain, transmitter pulse energy, receiver noise
figure, and the visibility factor for several American
radar sets and for the Japanese early-warning radar set
captured in the South Pacific area. It will be noted that
the calculated range of the microwave early-warning
radar (MEW) is greater than the optimum value shown
by the curve. The reason for this is that the antenna
gain for this set is more than 8000 and it is believed that
this gain is too large to be operationally advantageous;
this point can be settled conclusively only by means of
adequate operational tests.

111. TaE EFFecTs oF EXTERNAL NOISE ON THE
FREE-SPACE MaxIMUM RANGE

All of the factors in (22) may be determined by
means of laboratory measurements and are independent
of the particular conditions which may be encountered
at a particular site; thus the range index as determined
by (22) and shown graphically as a function of fre-
quency in Fig. 2 is an appropriate laboratory measure
of the expected performance of a radar set. When the
radar set is installed at a particular site, in addition to
the effects of the ground and the effects of atmospheric
absorption and bending, which will be discussed in the
following part of this report, the cosmic, atmospheric,
and man-made noise picked up by the antenna will
have the effect of increasing the noise energy at the first
circuit of the receiver and will thus reduce the range
somewhat with respect to its value as given by (22).
In order to obtain a formula for the free-space maximum
range R’max which may be substituted in (1) to give the
actual maximum range to be expected in the field, the
effects of this external noise will now be introduced.

When measurements are made of the noise figure of
the receiver at a particular radar site and the first
circuit of the receiver is coupled to the actual radar
receiving antenna rather than to a lumped impedance
of the same resistance and reactance as that of the an-
tenna, then the measured value of effective noise figure
may be either larger or smaller due to the external
noise picked up by the antenna. It should be noted that
a radiation resistance is not a real resistance and thus
introduces no noise into the receiver except to the
extent that it absorbs noise radiation from its surround-
ings. If we write N,=ENkT(T =300 degrees) for the
available noise energy picked up by the antenna, then
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the dimensionless external noise factor EN as defined
by this relation provides a convenient measure of the
external noise energy. Thus, using EN as a measure of
the external noise energy, the effective noise figure of
the receiver-antenna combination as measured with the
actual antenna at the particular radar site becomes
equal to

_— NF

NF' = (—L— + [EN - 1]) (23)
and the corresponding value of free-space maximum
range thus may be written

R’ = 458.6[E.LLG/G/'/f*V(NF
+ L,[EN — 1])|** miles. (24)

The factor L, enters into the expression as an allow-
ance for the reduction in the signal (and external noise)
energy caused by the transmission-line, antenna, and
transmit-receive-box losses. 1t should be noted that the
effective noise figure NF' of the receiver-antenna com-
bination will be equal to the receiver noise figure NF
only when there are no transmission-line losses and the
antenna happens to pick up the same amount of noise
energy as would be available from a resistance at room
temperature, i.e., kT, so that EN =1. By definition of
NF and EN, T is taken to be 300 degrees. Instead of
introducing the dimensionless external noise factor EN,
some investigators®?? have simply introduced the con-
cept of an effective absolute temperature T, of the
antenna resistance. In that notation, the available
external noise energy picked up by the antenna would
simply be equal to kT, and when this is equated to
ENET we see that

EN = T./T = T./300. (25)

The concept of an effective absolute antenna tempera-
ture is quite useful, as will be seen in the sequel, for the
description of the nature of some external noise sources.
However, the dimensionless factor EN, since it implies
no special origin for the external noise, would appear
to be more desirable for describing such diverse external
noises as those arising in thunderstorms, man-made
noise such as auto ignition, cosmic noise, and the noise
associated with sun spots, as well as the temperature
noise due to the fluctuation-noise energy in the matter
surrounding the antenna.

With the exception of temperature noise, which is
frequency independent, all of the external noise sources
decrease very rapidly in intensity with increasing radio
frequency and become negligibly important above 300
megacycles. Thus, in free space (for example, in an air-
craft flying at high altitudes) EN for thunderstorm
noise will be inversely proportional to the fourth power
of the radio frequency. For antennas nearer the ground
the EN for thunderstorms will differ somewhat from
the fourth-power law due to the frequency dependence
of the propagation of the thunderstorm noise over the
surface of the earth; this propagation factor prevents
all except very local thunderstorms from being heard
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at very-high frequencies and higher. Cosmic noise was
first identified and measured by Jansky!'*. From the
data presented in Jansky’s 1937 paper, we find that the
cosmic noise at 18 megacycles corresponded to values
of EN varying between about 11 and 110 as measured
on a highly directional rhombic antenna, and varying
between about 72 and 350 as measured on a horizontal
half-wave doublet. Other measurements of cosmic noise
have been made by Reber,”"'7 Frinz,'® Sander,'® Hey,
Parsons and Phillips,?® and Moxon,? and an analysis
of some of these results has been made by Scott® which
indicates that cosmic noise, when averaged over the
sky, or alternatively received on an isotropic receiving
antenna, corresponds to an external noise factor
EN = 1.8(10%/fué’ (26)
within the frequency range from 18 to 160 megacycles;
some of the later measurements seem to indicate that the
rate of decrease of cosmic noise with frequency is less
than that estimated by Scott and that it varies more
nearly as the inverse square rather than the inverse
cube of the radio frequency. Scott's estimate is shown
on Fig. 3 and we see that EN <1 for f> 120 megacycles
and cosmic noise will thus be practically of very little
importance above 120 megacycles but, since it is always
present, will form the lower limit to the sensitivity
of radio reception in the lower part of the very-high-
frequency band. The sources of this cosmic noise are not
uniformly distributed over the sky but tend to be con-
centrated in several regions on the celestial sphere, the
principal source being in the region Scorpio-Sagittarius
near the center of the galaxy. Consequently, when re-
ceived on a directional antenna, the maximum values
of the noise may be expected to be several times greater
than the average values shown in Fig. 3 and may be
expected to vary in a characteristic manner from hour
to hour and from day to day.
At frequencies above 300 megacycles temperature
noise is usually the principal source of noise external to

1 K. G. Jansky, “Directional studies of atmospherics at high
frequencies,” Proc. I.R.E., vol. 20, p. 1920; December, 1932

1 K. G. Jansky, “Electrical disturbances apparently of extrater-
restrial origin,” Proc. I.LR.E., vol. 21, p. 1387, &gtober. 1933.

1 K. G. Jansky, “A note on the source of interstellar interference,”
Proc. [.R.E., vol. 23, pp. 1158-1163; October, 1935.

13 K. G. Jansky, “Nﬁnimum noise levels obtained on short-wave
radio receiving systems,” Proc. .LR.E., vol. 25, pp. 1517-1530; De-
cember, 1937.

1 G. Reber, “Cosmic static,” Proc. I.R.E., vol. 28, pp. 68-70;
February, 1940.

1 G. Reber, “Cosmic static,” Proc. I.R.E., vol. 30, pp. 367-378;
August, 1942.

43 G. Reber, “Cosmic static,” Astrophys. Jour., vol. 91, p. 621,
1940.

17 G. Reber, “Cosmic static,” Astrophys. Jour., vol. 100, pp. 279~
287;1944.

18 K. Frinz, Elek. Nach. Tech., vol. 16, p. 92; 1942. Hochfrequenz.
und Electroakustic, vol. 59; 1942.

19 K. F. Sander, Radar Research Development Establishment
Report No. 285, 1945.

2 J.S. Hey, S. J. Parsons, and J. W. Phillips, “An investigation
of cosmic noise at 64 mc/s,” Army Operational Research Group Re-
port, 1945.

n . A. Moxon, Admiralty Signal Establishment Extension Re-
port, reference XRC 3/45/9, dated 26/11/1945.

1 J M. C. Scott, “The intensity of cosmic noise, a survey of the
data available,” Radar Research Development Establishment Re-
port No. 286, August, 1945,



e e

-—

12 Proceedings of the I.R.E. and Waves and Electrons

the recciver. This is the only type of external noise for
which an absolute temperature 7, as given by (25), is
an appropriate measure. A directional receiving antenna
will absorb different amounts of temperature noise
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energy as it is pointed in different directions. This direc-
tional dependence of T, and consequently of that part
of EN due to temperature noise, may be expressed as
follows:

I U
T. = 300EN = - j f T(6, 6) GO, ¢)dw.  (27)

The integration is performed over a surface surrounding
the antenna. 7'(6, ¢) is an effective absolute tempera-
ture of the material in space as properly weighted and
averaged with respect to distance along the beam in an
elementary solid angle dw centered about the direc-
tion 6, ¢. G(, ¢) is the gain of the antenna in the direc-
tion 0. ¢ relative to that of an isotropic radiator. The
proper method of determining the effective value of
T(8, ) may be seen most readily from the reciprocal
problem in which energy radiated from the anternna
is absorbed as it is propagated from the antenna out to
a distance such that it is completely absorbed and
remembering that good absorbers are correspondingly
good radiators. The following artificial example will
serve to clarify the problem. If one-third of the total
energy radiated in the elementary solid angle dw
centered on the direction 6, ¢ were absorbed in a gas
of uniform absolute temperature of 300 degrees extend-
ing from 0 to 1000 miles from the antenna, another one-
third absorbed in a gas of uniform absolute tempera-
ture 30 degrees extending from 1000 to 1250 miles, and
the final one-third of the energy absorbed in a black
body at the distance 1250 miles with a surface tempera-
ture of 600 degrees then 7'(, ¢) for that direction would
be equal to 1/3(300+430+600) =310 degrees absolute
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temperature. The definition of T4 as givf!ﬂ by (27) fl"d
as explained above arises from the principle of detailed
balancing in statistical mechanics, according to which
in thermal equilibrium each infinitesimal process must
be balanced by its inverse process.?? Thus, since T,
has been confined by definition to refer only to tempera-
ture noise arising from fluctuations in the matter sur-
rounding the antenna, and since the radiation re-
sistance of the antenna must be in thermal equilibrium
with its surroundings, it is only necessary to apply the
principle of detailed balancing of absorption and radia-
tion processes to the matter in each part of the space
surrounding the antenna and to assume that G0, ¢) is
the same for transmission and reception in order to
derive (27). It should be noted that, when 7, ¢)
equals a constant value 7. in all directions, then T,
will simply be equal to 7', since the constant T may then
be taken from under the integral signs and the integral
is, by definition of G(8, ¢), simply equal to 4. On the
other hand, for a high-gain antenna, if 7'(0, ¢) has a
very large value T over the effective beam of the an-
tenna and a very small value in other directions, then
T, will again be nearly equal to T. since the contribu-
tions to the integral for directions 6 and ¢ far removed
from the maximum of the antenna will be negligible.
Measurements of the effective noise temperatures of
antennas in the ultra-high-frequency band beamed on
the open sky are of the order of 10 degrees absolute,
corresponding to the very low value of EN =0.033.
When these antenna beams are directed horizontally
along the ground, a small part, say one-tenth of the
energy which could be transmitted from such an an-
tenna would be absorbed in the ground, and, since the
earth is at a temperature approximating 300 degrees,
the effective noise temperature of such an antenna used
for reception and directed horizon tally along the ground
would be equal to T, = [(1/10)300+(9/10)10]=39 de-
grees corresponding to a value of EN =0.13 (see Fig. 3).
In the future, when receivers with very low noise
figures become available in the ultra-high-frequency
band, it may turn out to be desirable to discriminate

against the ground-reflected waves in order to reduce

the received noise; discrimination against the ground-
ret]ected wave by means of highly directional receiv-
Ing antennas has already proved on microwave relay
circuits to be a valuable method for reducing, and in
some cases practically eliminating, the adverse effects
of within-line-of-sight fading due to the interference
between the direct and ground-reflected components.:%

At microwave frequencies the large antenna gains
which are available have made possible the direct

2 J. C. Slater, “Microw ve T ission,” i
Co,, Inc., New York and Loandeon,r;.nzl;é.ssiggé, SIS,

# J. C. Slater, “Introduction to Chemical Physi
Boc;t!( Co., Inc., New York and London,";). 91, ]1};3‘35'

% R. Bateman and ':T_. J. Carroll, “Dijsi, Tilt Experiment——Propa-
gation Report No. 1,” in connection with “Comparative Tests of

Radio Relay Equipment,” O i i
i \Vashington,nD. C.fﬁce of the Chief Signal Officer, The

¥ Ross rBateman, “Elimination
microwave frequencies with spaced
Pp. 662-663; September, 1943a :

7 McGraw-Hill

of interference-type fading at
ntennas,” Proc. LR.E,, vol. 34,
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observation of temperature noise from the sun by
Southworth.?” In the region 1 to 10 centimeters, South-
worth has been able to show that the radiation received
from the sun is quantitatively only slightly greater than
that to be expected from a black body the size of the sun
with a surface absolute temperature of 6000 degrees.
Since Southworth used an aperture angle on his receiv-
ing antenna at his highest frequency comparable to that
of the sun, it follows from (3) that EN should be ap-
proximately equal to 6000/300 =20 when the antenna
is pointed directly at the sun. At the two lower fre-
quencies the receiving antenna apertures were larger
and this resulted in smaller values of EN; in other
words, the antenna “sees” some of the space adjacent
to the sun, which has a very much lower effective
temperature.

Recently several observers?™?® have reported the
reception, at very-high frequencies, of unusually in-
tense noise from the sun which appears to be asso-
ciated with sun spots since it occurs only when large
groups of spots are visible on the sun. As an indica-
tion of the possible practical importance of this solar
noise a description will be given of some measurements
of it made at the Federal Communications Commission
monitoring station at Laurel, Maryland, from January
31 to February 12, 1946, during which time several
large groups of sun spots were crossing the face of the
sun. The solar noise was recorded at 44.9 megacycles
on a half-wave horizontal dipole 30 feet above the
ground. The sensitivity of the receiver, which had a
noise bandwidth of approximately 120 kilocycles,
corresponded to a noise figure of about 10, and the
Esterline-Angus recorder used for indicating the ampli-
fied levels of the incoming signals at the intermediate
frequency of the receiver would respond to signal-
generator voltages less than 0.8 microvolt. When
coupled to the antenna the usual noise voltage V.,
appearing across the antenna terminals was approxi-
mately equal to 1.5 microvolts, but this increased dur-
ing the daytime on each day of the above period,
reaching a maximum equal to 15 microvolts at 1300
Eastern Standard Time on February 6, which lasted a
few minutes. The usual level of this solar noise as re-
corded during this period corresponded to something
less than 4 microvolts. To convert these data into effec-
tive antenna temperatures we may equate the available
noise power from the half-wave antenna (Va2/4R where
R is the radiation resistance of the antenna, say 73
ohms) to the available noise power kT,B in the 120-
kilocycle receiver band B to be expected from the
antenna resistance at the temperature T,. Thus, with
V. expressed in microvolts,

T, = V.t 10-12/292kB = 2080V, (28)
We see by the above that the noise temperature of the
half-wave dipole radiation resistance due to this solar
noise reached a peak value of more than 450,000 de-

21 G. C. Southworth, Jour. Frank. Inst., vol. 239, p. 285; 1945.

® [ V. Appleton, Nalure, vol. 156, p. 534; November, 1945.
1 |, S. Hey, Nature (London), vol. 157, p. 48; January, 1946.
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grees. Furthermore, the equivalent temperature of a
black body with the projected surface area of the sun
must be much greater than T, in order to produce this
much noise power. This may be seen from (27), which
may be written in this case
Aw
T, = — T.(6, $)G(6, ¢) (29)
4

where G(0, ¢) is the gain of the dipole antenna in the
direction of the sun and T, is the surface temperature
of the sun. Over the small aperture angle Aw occupied
by the surface of the sun, G(8, ¢) will be constant and,
since T, is practically equal to zero in other directions,
(27) becomes equal to (29). Since the aperture of the sun
Aw is equal to 6 X107 steradians and G(8, ¢) will never
be larger than 1.64, we see by (29) that T, would have
to be at least 4 X 10'? degrees in order to account for the
observed solar noise. We are thus forced to the conclu-
sion that this solar noise observed at very-high fre-
quencies and associated with sun spots is of an entirely
different character than that observed at microwave
frequencies. Observations®® on various frequencies in
the very-high-frequency band indicate that the in-
tensity of this sun-spot noise decreases rapidly with in-
creasing frequency. This suggests that the source of this
sun-spot noise is similar to that of the cosmic noise
from interstellar space.

Man-made noise is also known to decrease rapidly with
increasing frequency. Thus, for example, George®! has
measured the field intensities of auto ignition noise,
which is one of the worst offenders in the very-high-fre-
quency band, and these measurements indicate that EN
for such noise decreases with frequency at a rate some-
where between inverse square and inverse cube of the
frequency.

By an appropriate choice of receiving location, man-
made noise may often be largely avoided; thunderstorm
and sun-spot noise are of importance for only a small
percentage of the time. Thus, we are left with cosmic
and temperature noise as the most important sources of
external noise because they are always present and thus
set the ultimate limit to the sensitivity of radio recep-
tion at very-high frequencies and above. In Fig. 3, the
dashed curve corresponds to the measured noise figure
of a good receiver employing a GL-446 (lighthouse)
amplifier and represents very nearly the present opti-
mum performance of radio receivers of modern design.
If we assume, as before, that the transmission-line loss
corresponds to L, =0.8, then this value of NF may be
combined by means of (23) with the value of EN shown
for cosmic and temperature noise to give the effective
value of noise figure labelled NF' on Fig. 3. This curve
is believed to be a reasonably accurate measure of the
maximum possible sensitivity to be expected from

» . L. Pawsey, R. Payne-Scott, and L. L. McCready, “Radio
frequency cnergy from the sun,” Nature, vol. 157, pp. 158-159;
February 9, 1946.

a1 R.W.George, “Field strength of motor car ignition between 40
and 450 megacycles,” Proc. 1.R.E., vol. 28, pp. 409-412; September,
1940.



—————————

14 Proceedings of the I.R.E.
currently available receiver designs employing radio-fre-
quency amplifiers, although, as previously mentioned,
the use of crystal mixers may result in somewhat lower
noise figures for frequencies above 1000 megacycles.
NF’ with the receiver coupled to an antenna is very
nearly the same, near 200 megacycles, as the noise
figure NF measured in the laboratory. On Fig. 2, the
dashed curve labelled 2R’,... shows the average effect
of the external cosmic noise in reducing the maximum
range of a radar set. \Ve see by this curve that this ex-
ternal noise would be expected to have very little
effect on the effective range of cven a very sensitive
radar at frequencies above 100 megacycles where most
American radar sets were operated during the past war,
but would be of some importance for lower-frequency
radar sets such as those used in some other countries.
As an estimate of what may conceivably be expected in
the future, we have shown on Fig. 3 the results to be
expected from a receiver with a noise figure of 1.25, i.e.,
about one decibel. The curve labelled NF'’ gives the
corresponding value of the effective noise figure for such
a receiver coupled to an antenna with a transmission-
line loss L,=0.95. The large differences between NF’
and NF'’, which exceed 14 decibels at frequencies above
1000 megacycles, represent a challenge to the receiver
engineers; reductions in these differences usually may
be immediately translated into increased radar ranges
or into reduced transmitter powers.

IV. THE EFFECT OF THE GROUND AND ATMOSPHERE ON
THE MAXIMUM RANGE OF A RADAR SET

The ground retlects a part of the energy radiated from
the radar antenna and this combines at the target with
the energy flowing directly from the radar antenna to
produce an illumination of the target which may be
either greater or less than that in the absence of the
ground, depending upon the relative phases of these
direct and ground-reflected waves. These relative phases
depend in turn upon the relative optical lengths of the
direct and ground-reflected wave paths and the change
in phase of the ground-reflected wave upon retlection at
the earth. The energy received back from the target
at the receiving antenna travels by identical direct
and ground-reflected paths and is thus increased or de-
creased again at the receiving antenna by the same
amount as at the target. Thus, if we write g(6) for the
ratio of the field intensities to be expected at the target
in the presence of the earth relative to that which would
be obtained at this distance in the absence of the earth,
then the ratio of the received energies at the target with
and without the earth will be modified by a factor 2%(9),
while the energies received back at the radar receiving
antenna will be modified by a factor g¢(8). Thus the
effect of the ground can be included by multiplying the
right-hand side of (12) by the factor g*(6), or by multi-
plying (13) or (24) by the factor g(6), and this forms the
basis for (1), giving the maximum range in the presence
of the earth Rn.x equal to the free-space maximum
range R'm.x multiplied by the factor g(6).

and Waves and Electrons

ness, and its actual atmosphere. Fig. 4(a)
geometry of the idealized problem. The radar antenna
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The above discussion has reduced the problem of
determining the effect of earth reflections to that of
determining the ratio g(6) of the field intensity to be
expected at the target in the presence of the carth rela-
tive to the expected free-space field intensity at the
target. The general nature of this ratio g(f) may be
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Fig. 4—The geometry of radar propagation over
a plane and spherical earth,

understood most simply by evaluating it for an assumed
plane, perfectly reflecting earth and a homogencous
atmosphere, and then later introducing the effects of
the earth’s curvature, its finite conductivity, its rough-
gives the

1s aF a height 4, above the earth, while the target is at
a distance d at an angular height 6 and at an actual
height &, above the earth. If we write E, for the free-
space field intensity to be expected at a unit distance
from the radar antenna in the direction of the direct-
ray pz.xth to the target and E, for the free-space field
intensity to be expected at a unit distance from the
radar antenna in the direction of the ground-reflected-
ray path, then the electric field F, to be expected at the
target in the presence of the earth is given by

F, = F1cos [220 — en/]
r

i E, cos [rin(rz — ct)ﬁl . (30)

T2
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The first term in the above equation corresponds to the
direct wave from the radar antenna which travels a
distance r, to the target, while the second term above
corresponds to the wave reflected at the ground and
which travels a distance r: in going from the radar
antenna to the target. The above equation corresponds
to horizontal polarization and the phase term = in the
ground-refiected wave term allows for the phase reversal
on reflection at the earth. Equation (30) may also be
written

E, ( ri4rs [':" 71]
F,w--—{cos 2rr( ——=— —ct)/\
L 41 2 2

Ear, [ ritra [".'"1] ) , ]
cos| 2x{ —+ ——ct }/N }
2 2

Eyr;

When the distance d is very large Ei and E, become
equal to the field at the maximum of the radar beam,
7y is approximately equal to rs, while the path differ-
ence (r:—r1)=22h sin 6. When these approximations are
used in (31) and the formulas for the cosine of the sum
and difference of two angles applied to the two cosine
terms in (31), we obtain

ri$re ‘ . [2xhsing
[2#(—-—;»—1() )\]2 sm[ 0 ] (32)

The expected field intensity Fi in the absence of the
earth would be given by the magnitude of the first term
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We see by the above that the value of g(0) oscillates
sinusoidally between 0 and 2 as the angular height 6
is increased or, since sin 0 =hy/d, as the actual height hay
is increased at a fixed distance. Figs. 5 and 6 show ex-
amples of the lobe structure resulting from the applica-
tion of this factor g(0) to calculations of the maximum
range of an SCR-270; in these examples the effects of
the curvature of the earth and of the polar radiation
characteristic of the radar antenna are also included.
If we write (2rh, sin 8/\) =nw/2, then g(8) will be
equal to zero for even values of n=0, 2, 4, 6, - - - and
will be equal to 2 for odd valuesof n=1,3,5,7, - - +.
Thus, the angles 8 at which g(8) has a value of 0 or 2
may be determined by

I\
sin 0=-b— (g(6) =0 for n even and g(6) =2 for n odd). (34)
(LAY

The total number of lobes is equal to the number of
half-wavelengths that are contained in the height , of
the radar antenna above the ground. For example, with
an SCR-270 radar at a height of 200 fect above the sca
as shown on Fig. 5, since A =10 fect there will be a total
of 40 ground-reflection lobes. Only the first 9 of these
lobes are shown on Fig. §; the remaining 31 lobes are
contained in the high-angle dotted lobes of Fig. S,
these dotted lobes arising from the free-space direc-
tional characteristics of the radar antenna array and
not the effect of the ground.

\ W Y

| ]

1] |

e

B4 [ |

'y
| l 1
1 \
A A

m“ﬂn

0 w

L
oono:ro»so-wuo-wno.omm

RANGE N WILES

Fig. S—Effect of

the ground and the directivity of the radar antenna on

the maximum range of an SCR-270 radar set. The

dotted curve shows the effect of the radar antenna directivity and represents the envelope of the maximum ranges for any height

of antenna. The solid curve gives lobes resulting from ground reflection and represents the actual ex

ted maximum range for

an antenna 200 feet above the sea, with the radar antenna oriented so that the maximum radiation is in the horizontal direction.

in (31), and thus the ratio g(6) of the field intensity

to be expected at the target in the presence of the earth

relative to the expected free-space field intensity may be
written

. 2rrh| sin @

(0 = | F| /| Fa| = 20 [ 5

(plane earth; horizontal polarization),

(33)

We see by (34) that the first null corresponds to n =0
and this corresponds to 6=0, ie., at the horizon.
This region of short radar ranges near the horizon is of
great practical importance, as may be seen by refer-
ence to Fig. 5. Thus this SCR-270 radar might be ex-
pected todetectan aircraft flying at an altitude of 30,000
feet at twice the value of its {ree-space maximum range,
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that is, at 200 miles, but this same radar would be able
to detect an aircraft flying at 1000 feet altitude at a
range of only 50 miles. This gap in effective radar cover-
age may be narrowed by decreasing the angular height
of the maximum of the first lobe; reference to (34) indi-
Cates that this may be achieved either by increasing the
height of the radar antenna or by increasing the radio
frequency at which it is operated.

Fig. 5 indicates the importance of considering earth
curvature in calculations of the effective coverage of a
radar set. The appropriate methods of calculation in
this case are discussed in an earlier paper by one of the
authors,” in which the following formula is given:

g(6) = [1 + (DR)? + 2DR cos ¢ ]/ (spherical earth) (35)

where ¢ is the relative phase between the direct and
ground-reflected waves at the target, D is the divergence
factor measuring the decrease in in tensity of the ground-
reflected wave due to the divergence of the reflected
energy at the curved surface of the earth, and R is the
factor indicating the effect of polarization, and the finite
conductivity and roughness of the ground on the re-
flected wave intensity. The principal difference between
vertical and horizontal polarization is the smaller reflec-
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heights &’ and k,’, as shown on Fig. 4(b). Methods for
calculation of &', h.’, D, R, ¢, d, and d, are all given
in the reference cited and so will not be repeated here.
The systematic effects of air refraction in reducing
the effects of the curvature of the earth are also given
in the reference just cited® where it is shown that these
systematic effects may be included in the calculations
by using an cffective radius of the earth equal to 4/3
of its actual radius. This method is applicable up to
heights of the order of 30,000 to 40,000 feet, the value
4/3 being appropriate in temperate latitudes.
Another effect of the atmosphere of especial impor-
tance for the detection of ships or of low-flying targets
is the formation of ducts near the surface of the earth
which tend to guide the waves along the surface with
abnormally low attenuation. The phenomenon is now
known as superrefraction, although it was originally
called “anomalous propagation.” These ducts are of in-
creasing importance at the higher radio frequencies
and sometimes make possible the detection of targets
near the surface of the sea at distances of the order of
100 miles or more. These ducts are layers usually occur-
ring in the first few hundred feet of the lower atmos-
phere where the downward curvature of a radio ray

120,000
= 1

i el
100000 A -— i +

90,000
5

80,000

~
o
8
o

NEIGHT OF TARGET N FEET

voh

110,000 , -l fg&i‘“ ““-*Tj_'_’—f v |

100 11+]

[
+—{

—

/

S 1

o .

S I S5 (N
i

Y.

/
-4

i

= !

&3:- ]
s

nORIZON

140 150 160 T 160 150 200

-
J

120 130

RANGE IN MILES

Fig. 6—Maximum range of SCR-270 with array tilted back 2 de
ranges for any height of antenna; the solid curve repres;

tion coefficient R for vertically polarized waves re-
flected near Brewster’s angle;® this has the effect of
reducing the range somewhat in the maximum of the
lobes and of filling in the null zones near Brewster’s
angle. The largest effect of the curvature of the earth
on the effective coverage of a radar set is the modifica-
tion of the actual heights A, and &, of the radar an-
tenna and the target, respectively, to new effective

2 K. A. Norton, “The calculation of ground wave field intensity
over a finitely conducting spherical earth,” Proc. ILR.E,, vol. 29,
pp. 623-639; December, 1941. )

® K. A. Norton, “Ground wave propagation,” Federal Communi-
cations Commission Report No. 47475, presented at the Fourth \n-
nual Broadcast Engineering Conference, February 10-21, 1941, Ohio
State University.
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atmospheric absorption in the calculations of maximum
ranges. At still higher frequencies such effects become of
increasing importance. Van Vleck® predicted as early
as 1942 that the atmosphere would absorb these higher
frequencies, and further work by Van Vleck® and others
has established an absorption resonance frequency due
to water vapor in the neighborhood of 23,000 megacycles
and two such absorption bands due to oxygen in the
neighborhood of 60,000 and 120,000 megacycles. Rain
also causes attenuation by absorbing and scattering the
radio energy. Summaries of the practical effects of this
attenuation are given in reports by Goldstein® and
Fich.3 If we write F; and F, for the expected field in-
tensities with and without the atmosphere, respec-
tively, for one-way transmission for a distance R meters,
then the absorption coefficient a in (1) is defined by
the relation

a R = log, (F:/Fy). (36)

_Thus the previous equations in this report can be

modified so as to include the effects of atmospheric
absorption by multiplying (7) and (9) by the factor
¢—2e® and (10) and (12) by the factor e *=%. Note that
R’.ax is, by definition, the free-space maximum range
in the absence of atmospheric absorption; thus (1) is
obtained by solving (12) after the factor e 4*Rmax has
been introduced and E, replaced by Emin. The absorp-
tion coefficient « is expressed in nepers per meter and is
equal to 0.115 times the absorption coefficient ex-
pressed in decibels per meter. Below 150,000 mega-
cycles, the atmosphere absorbs the most energy at fre-
quencies near 60,000 megacycles where a=~1.4X1073;
the great importance of this absorption may be seen
by noting that the maximum range is reduced to a value
1/e, i.e., to 0.368 of its value without absorption at a
distance Rmsx=1/a =714 meters. On the other hand,
the corresponding values at 10,000 megacycles are
a=1.1X10"% and 1/a=900,000 meters with no rain;
at 10,000 megacycles, a heavy rain may increase the
absorption so that a=8X10"* and 1/a=12,500 meters.
At still lower frequencies atmospheric absorption be-
comes increasingly less important and is of practically
negligible importance below 3000 megacycles.

Fig. 6 illustrates the effect on the radar coverage of
tilting the radar antenna array back a few degrees so
that the ground-reflected waves will be weakened rela-
tive to the direct waves. This has the effect in (31) of
making E, smaller than Ei even when d is large. In
this example, an SCR-270 broadside array (consisting of
32 half-wave dipoles in an array 4 dipoles wide and 8
dipoles high) is tilted back by 2 degrees. Comparing the

% J. H. Van Vieck, “Atmospheric_absorption of microwaves,”
Radiation Laboratory Report No. 43-2, April 27, 1942.

% J. H. Van Vleck, “Further theoreticarinvestigations on atmos-

pheric absorption of microwaves,” Radiation Laboratory Report No.
664, March 1, 1945.

7 L. Goldstein, “Absorption and scattering of microwaves by the
atmosphere,” Report WPG-11, Wave Propagation Group, Columhia
University, Division of War Research, New York, N. Y., May, 1945.

. » 5. Fich, “Wave 'Propagation study for line of sight communica-
tion and navigation,” AAF Project AC 230,04, Wave Propagation
Group, Columbia University, Division of War Research, New York,
N. Y., September, 1945.
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coverages shown on Figs. 5 and 6, we see that the
maximum range is reduced from 200 to 190 miles but
the gap in coverage for aircraft flying at 30,000 feet,
which occurs on Fig. 5 between 22 and 29 miles, is
eliminated on Fig. 6. Thus, by sacrificing some maxi-
mum range, it is possible to gain more nearly solid
coverage at the shorter distances by tilting the array
by only 2 degrees. At microwave frequencies, where
higher antenna gains are more readily obtainable, it is
possible to so shape the radiation characteristic in the
vertical plane as to eliminate objectionable ground re-
flections almost completely; this practice does, of course,
eliminate the two-fold increase in the free-space range
which occurs at the lobe tips in the presence of ground
reflection.
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Fig. 7—The number of ground-reflected waves can be tripled by plac-
ing the radar on a sloping site. The energy received from a distant
target will be increased nearl 16-fold by the slope if the radar
antenna is placed at a height ky =\/4 sin 9’ and then moved back
along the slope until iy’ =X/4sin 0.

Sometimes advantage can be taken of a sloping site
to increase the maximum range of a radar set. The
geometry of this case is shown on Fig. 7, which is self-
explanatory. The maximum range may be increased
for targets at certain angles to nearly twice the values
obtainable without the slope or to four times the
maximum free-space range. This will occur at an angle
such that the four waves from the radar antenna and
its three images all are in phase at the target. The slope,
however, must be sufficiently extensive to support at
least one complete Fresnel zone, as discussed in the
Appendix.

V. THE NATURE OF ECHOING AREAS
oF RADAR TARGETS*

If S, represents the energy flow per square meter
incident on the target and S, represents the energy flow
per square meter at a distance R from the target, re-
flected back in the direction of the radar antenna with
the same polarization as that of the incident wave,
then, by definition of echoing area A4,, we have

A,
~ 4xR2

E 37

If we write A, for the total scattering area of the
target and g for the ratio of the actual energy per square
square meter scattered back in the direction of the

» More complete formulas are given in the Radio Research Lab-
oratory Report No. 4, Harvard University, October 22, 1942.
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radar antenna to that which would be scattered in
this direction if the scattering were the same in all
directions, then, by definition of A,, we also have

A, = gA.. (38)

Thus g is simply the gain in the direction of the radar
transmitter of the re-radiating target relative to an
isotropic radiator.

Now consider the scattering area of a large, flat, per-
fectly conducting circular disk, normal to the direction
of the incident radiation. A disk is considered to be
large if its radius a is large compared with \/27. As the
radius of the plate is increased without limit or, con-
versely, the wavelength of the incident radiation de-
creased without limit, the scattering area of the disc 4,
approaches its actual visual area 4 =ra? since edge
effects become negligible in comparison to the total
energy scattered. Since the disk is assumed to be large,
flat, and perfectly conducting, equal currents with
equal phases will flow throughout the entire face of the
disk exposed to the incident radiation in such a manner
that its scattering polar radiation characteristic will be
the same as that of a large broadside antenna with re-
flecting screen and covering the same area as that of
the disk; thus the ratio g will be simply the maximum
gain G of such a broadside antenna relative to that of an

isotropic radiator
474
b A e

(39)

The right-hand side of (39) above is the expression for
the maximum gain of a large broadside array with
reflecting screen and with uniform currents in all of the
elements in terms of its area 4. Now, since the total
scattering area 4,=A, we obtain from (38) and (39) the
following expression for the echoing area of a flat, per-
fectly conducting disk normal to the direction of the
incident radiation and with a radius large in comparison
toN/27:

A, = 4xA?/\? (large, flat, perfectly conducting disk
normal to the direction of the incident
radiation). (40)

All of the above arguments are equally applicable to flat
plates of other shapes with the same visual area as the
disk, provided both linear dimensions of these plates
are large compared to \/27. We see by the above ex-
pression that the echoing area of such a plate increases
directly in proportion to the square of its visual area 4
and is directly proportional to the square of the radio
frequency. It is this reflecting characteristic of targets
which is responsible for the very large echoes some-
times observed at the higher frequencies. However,
since the target must be flat within a small fraction of a
wavelength over the entire area 4 in order to produce
the echo represented by (40), such large echoes are not
often encountered. Furthermore, since the echo from a
large flat plate is concentrated in a narrow beam, a small
change in the aspect of the target reduces the echo

and Waves and Electrons
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considerably; thus, for the disk, a change in aspect
§=7.3(\/a) degrees will reduce the echoed energy to
half of that reflected at normal incidence. In the limit,
this highly directional reflection from large flat plates
is simply the specular reflection of geometrical optics
and consequently, in the radio case, is often called
specular reflection.

The more usual target consists of curved surfaces. As
an introduction te this problem, we will consider the

~
o
Z
m
~N
4

A
{

FE N

! ]
: {
FIRST FRESNEL— /[ [ ] f
ZO0NE 8 |
__INCIDENT
WAVE 4

BOUNCE POINT l

yoVax

>
-

-

-}’: ’- 55 where a >y A
) . Syeorz
Fig. 8— Geometry of the echoing area of a sphere.

oA
€os 6. Td 1A, .

echoing area of a perfectly conducting sphere of radius
a very much larger than \/2y., Fig. 8 gives the geometry
of the problem and shows two cross sections of the
sphere with its surface divided into Fresnel zones each
o.f depth N\/4 along the direction of the incident radia-
tion. Ff)r a very large sphere, the energy scattered back
in the direction of the source of the incident radiation

cancel those reflected from zone 3 etc,

A discussion of the Fresnel zones inv i i
S olved in th
a plane earth js to be found in the Appendix ofl thisepl;ex)ﬂeelftlon e

; in fact, it can
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| be shown that the total echoed field intensity from all

except the first zone has the correct magnitude and
phase to cancel just half of the field from the first
zone, leaving for the total echoed field intensity from
the entire sphere just half of that to be expected from the
first zone alone. Furthermore, the echoed field intensity
from the first zone considered as a curved surface will
be equal to (2/7) times the value to be expected from a
flat plate of the same visual area; thus, the energy re-
flected from a large sphere will be equal to (1/m)* times
that to be expected from a flat plate with the same
visual area as that of the first Fresnel zone. This visual
area of the first Fresnel zone may be determined from

the geometry of Fig. 8
A, =ma\/2 (visual area of the first Fresnel zone). (41)

Since, for a large sphere, the first Fresnel zone has a
radius which is large with respect to the wavelength, we

.may obtain the echoing area of this zone considered as

a flat plate by substituting (41) in (40), and after
multiplying this result by the factor (1/m)? we obtain
finally for the echoing area of a large perfectly con-
ducting sphere with a radius a> >N\/2w:

A, = (4x/\?) - (waN/2)*-(1/7)* = ma. (42)

We see by the above that the echoing area of a large, per-
fectly conducting sphere is just equal to its visual area
A and independent of the radio frequency. A similar
argument shows that the echoing area of any curved sur-
face is equal to

A e = TP1P2 (43)

where p; and p2 are the principal radii of curvature at
the bounce point, each being assumed to be large rela-
tive to N/2w. As may be seen in Fig. 8, the bounce
point of a curved surface is the point nearest the source
of the incident radiation. From the above discussion of
the sphere, it is clear that (43) is approximately cor-
rect for surfaces containing at least one Fresnel zone.
Equation (43) provides the explanation for the effective
echoing area of an aircraft target which is known to be
substantially independent of the radio frequency in
the range of frequencies ordinarily used for radar. Thus,
the effective echoing area of an aircraft may be ex-
pressed:

A, = Y wpup2i (effective echoing area of an

g aircraft target). (44)

The effective echoed energy from an aircraft is thus
considered to be the sum of the energy echoed from the
various curved surfaces encountered by the incident
radio wave. As the aspect of the aircraft changes, the
effective echoing area will change due to changes in the
radii of curvature p;; and p2; at the various bounce points.
Itis of interest to note that, to the extent that (44) pro-
vides an adequate measure of the echoing area of an
aircraft target, this echoing area is independent of the
radio frequency and polarization; this agrees with
experience.
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If we compare (42) with (38) and remember that the
scattering area of a large, perfectly conducting object
is just equal to its visual area, we see that g=1, i.e.,
that the energy reflected from the sphere is equal to
that scattered from an isotropic scatterer. Although the
proof will not be given here, it can be shown that the
sphere will scatter energy equally in all directions and
thus, when illuminated from a large distance, acts as
an isotropic radiator.

We will turn now to a discussion of radar targets
with dimensions small in comparison to the wave-
length. For a perfectly conducting small sphere, the
solution was first obtained by Lord Rayleigh in 1881.4

A, = 4.41(10)%*/A* (2 K A/27). (45)

The above expression shows that the echoing area for a
small sphere is proportional to the fourth power of the
radio frequency. This frequency dependence of the
scattering from small objects is true irrespective of
their shape or electrical constants and forms the basis
for the explanation of the blue color of the clear sky
as first given by Lord Rayleigh. Thus, for a small, flat,
perfectly conducting disk of radius a we have

A, = (3.53)10%8/\*  (a &K \/2m). (46)

When the dimensions of the object are neither very large
nor very small relative to the wavelength, recourse must
be had to series expansions for computing the echoing
area. Fig. 9 gives results obtained in this way for per-
fectly conducting spheres and flat disks normal to the
direction of the incident radiation.® The envelope of the
maxima and minima for the large sphere may be ex-

pressed

A, = ma*(1 + 0.144\/a)2 4n

Finally, we will determine the echoing area of tuned
linear antennas for which the current distribution may
be assumed to be approximately the same for trans-
mission as for reception. The effective absorbing area
of a tuned matched antenna is given by (11) and,
since there will be an equal amount of energy scattered
by the radiation resistance as is absorbed by the load,
the scattering area of such a matched tuned antenna
oriented relative to the incident wave in such a manner
that it absorbs a maximum of the incident radiation 1s
also given by (11); thus

_6_7\1 (scattering area of matched tuned antenna
4x  parallel to the incident electric field).

! (48)
This scattered energy is reflected back in the direction
of the incident radiation in a beam with a gain G so
that the echoing area is given (according to (38)) by

A, = GA, = G?\*/4r (matched tuned antenna parallel
to the incident electric field). (49)

@ Lord Rayleigh, Scientific Papers, [, pp.518-536,0r Philosophical
Magazine, XI1, pp. 81-101, 1881. This is one of a series of papers on
scattering beginning with one on “The Light From the Sky, Its
f’é);arization and Colour,” Phil. Mag. XLI, pp. 107-120, 274279,

1.

2§ A, Stratton, “Electromagnetic Theory,” McGraw-Hill Com-
pany, New York, N. Y., p. 563, 1941.




20 Proceedings of the I1.R.E. and Waves and Electrons

For a matched tuned Hertzian dipole, G=1.5 and
A,=0.18\% For a matched half-wave dipole, G=1.641
and A,=0.22\%. Parasitic antennas have four times
the above scattering and echoing areas for matched
antennas, since the incident field causes twice as much
current to flow and thus four times as much energy
is scattered, none being absorbed. Thus, a parasitic
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expected effects of the actual electrical constants of the
surface material of the moon and the irregularities in
its terrain. The radius of the moon is equal to 1080
miles, so that its echoing area, as approximated by
(42), isequal t09.5 X 10'? square meters, which is nearly
10'? times the value of 10 square meters assumed in this
paper for a typical aircraft target. Since the maximum
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Fig. 9—The echoing area of perfectly conducting spheres and flat disks normal to the incj iati
(a =radius of sphere or disk; A = wavelength of incident radiation)e. incident radiation

half-wave dipole has an echoing area 4,=0.86\?. The
very large echoes obtainable from parasitic half-wave
dipoles with the expenditure of a very small amount of
material formed the basis for the radar countermeasure
known as chaff, which was used by all participants
during the later phases of World War II for the pur-
pose of producing large confusing echoes on the enemy
radar screen which would also tend to screen aircraft
at the same slant range.

V1. MOONSHINING

As an example of the utility of these maximum-range
formulas, they will be applied to a discussion of the
radar echoes from the moon recently observed on a
modified SCR-270 early-warning radar set at the Signal
Corps Engineering Laboratories. The echoing area of
the moon can be determined by considering it to ap-
proximate the echoing area of a large, perfectly con-
ducting sphere and then correcting this value for the

radar range is proportional to the fourth root of the
echon:ng area, the effective range of a radar set used to
obtain echoes from the moon should be approximately
(10'2)%¢ = 1000 times the values given in the right-hand
column of Table II. Reference to Table I1 indicates
that the only sets shown therein which might be ex-
pected without modification to detect such echoes are
the S(;l{-270 or the ME\W, since the distance to the
moon is 23'9,000 miles. A modified SCR-270 radar set
was used in the successfy] moonshining experiments
conducted at the Fort Monmouth Signal Corps Labora-
tories.

Actually, because of jts finite conductivity, the echo
from the moon wil] be less than the above ,value be-
cause some of the incident encrgy will be absorbed. The
effects .of this absorption on (he echoing area may be
approximated by multiplying the echoing area by the
square of the magnitude of the plane-wave Fresnel re-
flection coefficient R for 4 normally incident wave:

R —
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[sin b']”'
1 1
I R = ,' (50)
i [s.m b'] .
1 110, e /=00 Y) - 1
J‘ ¢
tan b’ = ¢/x (s1)
re= 18 10%a/fu. (52)

where ¢ = diclectric constant of the moon and ¢ =con-
| ductivity of the moon (in clectromagnetic units). I
we assume thato =10 ¥, corresponding to a rather poor
ground conductivity on the earth, and take fu, =106
megacycles, corresponding to that of the SCR-270,
then ¥+ =0.17. Since ¢ will very probably be greater
than 4, tan ' will be very large and we can approxi-
mate to the value of R by setting ' = /2, whence
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! These values of peak power wrere obtained from *A survey of radar equipment
in production and development.® comgiled by Section D-1. of Natiosal Defense
Research Committee. J. G. Trump. Secretary.
' These values of peak power were computed from the ave power output.
' Theer values of average power were computed from the powers.
¢ Average power output measured by Equipment Unit, Research
Group. 1t was found that the average power out put was approximately independent
of palse width for 2 constant power input.
* Theoretical antenna gains computed on the smumption that the current in
each antenna element {3 the same. These gains are y somewhat optimdetic
* This antenna gain is a theoretical value reduced by a factor of 0.6 to take
ascoount of the distr l_i%n of current. The antenna was assumed to be 10 X113 feet.
' These values of ¥F were obtained from messurements made he Bell
lephone Laboratories. o -
* Estimated noise figures based on measurements made by Radiatioa Laboratory
ot simular type of equipment at these frequences

Tel

¢ These “effective pulse widths® were obtained from *A survey of radar equip-
ment in uction and development,® compiled by Section D-1 of the N:&a-nl
Defensr Committee.

1 These values of effective pulse widths were obtained from measurements made
by the Equipment Unit. Operational Research Groap, and represent the minimuom
and maximum pulse widths which can conveniently be obtained using external
controls.

U These bandwidths were obtained from ‘A survey of radar equi nt in
duction and development.® compiled by Section D-1 of Nationa! dem Renvnrth"‘>
‘Cmmee,n?_ny may not represent the eflective bandwidths used in the equations

a ix.

c""“k ective bandwidths messured by Equipment Unit. Operational Research
0 These data obtained from *Survey of radar equipment in production and d
velopment,* compiled by Section D-1 of National Deferise Research Committee. .
4 These data obtained from A. V. Haefl of the Naval Research Laboratory.
4 This figure was obtained by assuming that the operation would be practically
the same as with the SCR-268. which uses a similar type of first cireuit.
* These tra ission-line, a and transmit-receive-box losses are ‘edu-
cated guesses. *
!" Since the antenna on this set is tilted u . in order to obtain complete
vertical coverage. there will he no ground reflections in the direction of the maximum

, of the beam, 8o that the maximum range ls the same as if the antenna were in {ree
space: Le.. half the value of the range index
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With ¢ varying from 4 to 36, the square of R varies
from 0.11 to 0.51. which indicates the amount of echo-
ing-area reduction to be expected from the above choice
of clectrical constants for the moon.

The possible effects of roughness must still be con-
sidered. Since we have seen in connection with the dis-
cussion of the echoing area of the sphere that the energy
scattered back is essentially determined by that re-
flected from the first Fresnel zone, it s of interest to
determine the area of this zone on the face of the moon.
Using (41) we obtain, for the SCR-27i0 frequency.
f = 106 megacycles and 4, = 3 square miles. the radius of
this zone being slightly less than one mile. Photographs
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U This 8 8 theoretical valee which bas been checked experimencally. It =as
obtalned from RCA report TR-8-C, prepared by George H. Brown.
"Mnhta:uhmmmmmdmmnwmnwth

wewcy
® Rasrd oa EesEtrments made st Bell Telephooe Laborstories neing the same
type tubwea
anmu-ﬁmmwumuumumaummm

® Effect
oscillascnpe
= Otained by integrating the overall f

EQUEBCY- response CuIve.
ained from R E Crane of h&tmum

tof

Pleroe Company.
ti of Camp Evane Signal Laboratary.

* This valoe obtained from K. T. Bainbridge of Radiation Laboratory.

' This transemitter is an SCR-7 602 T-6 revisrd for 60-cycle operation. and it is
amsumed that the performance will be the same.

 Thie valuoe was estimated since no data were available.

1 These valoes obtained (rom TRE 6/R /28, tithed, *Final technical report
on the German RDF equipment capt st Bruoeval (Wuniburg) on 28th Febru-

ary. 1942.°

a valoes obtained from TRE Revort No. 5/37. “Report on epemy 120
Mem RDF chain.*

B These values obtained from E. G. Schoeider of Radistion Laborstory.

™ Note o Antenss Gein. The antenna gain referred to that of an isotropsc radi-
atoe is given in the chart as weil as the value relative to that of a half-wave antenma.
1n view of the more fundamenta) mature of the gain relative to an ksotropic radiator,
Itis that it be 4 univermlly. If we write G’ for the gain relative to that
of a arave antenna, G = 1.681G". If we write G’ for the gain relative to that of an
infinitesimal electric or magnetic dipole, G =1.5G"*.

8 Note on Gomse Equipmeni. The TRE Report 6/R/2S, ‘Final technical repont
on the German RDF equipment captured at Bruneval on February 28, 1942,°
brings to light two very interesting points. The first is that the Germans were using
Intermediate-frequency bandwidths of 1 /v, which is shown to be optimum In this
report. The second point of interest is the statement by TRE: *“... This shows
that the receiver wras usually operated at a high level. giving about | cm of noise
on the table. ng to the high recurrence {requency used (1750R=esmmnd).
it would be possible to see signals below the nolse level ... " Thi ‘-xin(hbtb-
the poise™ is equivalent to smaying that the visibility factor as described this
m! is lese than ). The actual calculated valoe is 0.78. This is of especial interest
it }s noted that this German equipment was designed at least as early as 19391
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of the moon show irregularities which are much larger
than this, so that it seems likely that the actual
echo to be expected from the moon will consist of an
effective echo made up of the reflections from the in-
numerable bounce points at various elevated places on
the surface of the moon in somewhat the same way that
an aircraft echoes the incident radiation, as explained
in connection with (44), plus some specular reflection
from possible flat plateaus normal to the direction of the
incident radiation. The echoes so far obtained from the
moon have not been stable but, surprisingly enough,
have varied considerably, even between successive
pulses. Often, for several weeks at a time, no echoes are
obtained; this suggests that the echoes so far obtained
are due to specular reflection from flat or slightly con-
cave surfaces which may become normal to the line
of sight as the moon varies its aspect to the earth. A
comparatively slow variation in received pulse in-
tensity is to be expected and can be explained as due
to (a) the variations in the echoed field intensity due
to the factor g?(f) arising from the systematic effects of
earth reflections, and (b) the added variations in in-
tensity due to irregularities in the earth’s terrain over
the varying area of the first Fresnel zone: on the days
when echoes are obtained, this slow variation due to the
lobe structure is observed. The echoes so far obtained
have all been received near the time when the moon is
rising or setting, since the antenna array could not be
tilted, and this permitted advantage to be taken of the
extra 12 decibels obtainable in the maxima of these
ground-reflection lobes. Thus the echoes from the moon
are only seen when it is at an angular elevation 8 above
the horizon in the neighborhood of one of the values of
6 given by (34) with odd values of #» and as shown
graphically on Fig. 5.

As a check on the possible influence of the earth's
atmosphere on the echoes from the moon, the antenna
was directed on the sun and measurements made of its
noise radiation. At sunrise and sunset, as the sun
passed through the first few ground-reflection lobes of
the antenna pattern, the received external noise varied
quite regularly and smoothly as would be expected
from a noise source with the surface area of the sun;
the fact that this noise was received at all, and the
further fact that it did not vary erratically with time,
indicates that atmospheric absorption is probably not
the explanation for the variable echoes from the moon
as received at 106 megacycles. The surface temperature
of the sun required to explain the observations was of
the order of 10° degrees Kelvin,

From the above discussion we see that the actual echo
expected from the moon would probably be somewhat
weaker than the value from a perfectly conducting
sphere of the same radius even with no atmospheric
absorption along the path, so that it is necessary to
modify the SCR-270 to obtain echoes with a satisfac-
tory intensity. Since there is no problem of discriminat-
ing between echoes from the moon and other celestial
bodies, the simplest method of accomplishing this is to
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increase the number of joules radiated in each pulse
by increasing the length of the pulses. Tl.le reported
pulse energy used in the SCR-270 experiments was
equal to 300 joules, i.e., a peak power of 3000 watts
with a pulse duration of 0.1 second; this is 23 decibels
more pulse energy than that used in the calculations of
Table I1. Full advantage of this large pulse energy can-
not be obtained, of course, unless the bandwidth of
the receiver is decreased so as to satisfy approximately
the relation 7B=1. In the SCR-270 experiments the
receiver bandwidth was narrowed to about 40 cycles,
so that 7B =4, resulting in a mismatch of only 2 decibels
from the optimum value but being an improvement of
2.7 decibels over the value in Table II. In the SCR-270
experiments two antenna arrays were combined with a
net gain relative to a half-wave antenna of about 100,
which results in an improvement of about 2 decibels
relative to the value assumed in Table I1. The receiver
noise figure was about 6 decibels better than that given
in Table II. Finally, assuming a moon dielectric con-
stant e¢=06, corresponding to an energy loss of 7.5
decibels, and adding and subtracting the above esti-
mates, we find that the expected echo should be
(=7.5464+23+4+2.74+2)=26.2 decibels stronger than
the minimum detectable value. The above calcula-
tions do not take into account the very low value of
pulse-recurrence frequency (F=20.2 cycles) used in the
moon experiments, and thus may be optimistic by a few
decibels. However, since the observed echoes were con-
siderably stronger than the noise, there is very little
margin for possible absorption in the atmosphere, and -
this is in agreement with the observations made on solar
noise with the same antenna and receiver.

It was hoped that the successful detection of radio
waves reflected from the moon might lead to a method
of transmission of intelligence, including such complex
forms as those involved in television, between points
widely separated on the earth’s surface, e.g., between
London and New York. It was expected that such
transmissions on very-high-frequencies or higher would
be' fr'ee from the multipath effects of ionospheric trans-
mission so (.jisastrous in the high-frequency band. How-
ever, experiments to date appear to indicate that the
irregularities of the surface of the moon will cause
correspondingly large multipath effects in this case, too.
Further work is now in progress at the Signal Corps
Engmeerlr.lg Laboratories which will further clarify the
problems involved in radio “moonshining.”
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APPENDIX

ForMULAS FOR THE CHARACTERISTICS OF
ELLIPTICAL GROUND-REFLECTION FRESNEL
ZONES ON A PLANE EARTH

In Figs. 4 and 7 the ray reflections are shown as
though they occurred at a point. Actually the entire
surface of the earth is illuminated and, in accordance
with Huygens' principle, re-radiates elementary waves
in all directions. In any particular direction (in the
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Fig. 10—Geometry of Fresnel zones on a plane earth.

present case in the direction of the target) all of these
elementary waves reflected from a smooth earth arrive
with intensities and phase relations such that they very
nearly cancel each other, leaving only the waves from a
small elliptical zone in the neighborhood of the ray
reflection point as determined by the laws of geometrical
optics. This small reflecting zone may be called a
Fresnel zone, since it is closely related to the Fresnel
zones of diffraction theory;? thus the length of the re-
flected ray path at the edge of the first Fresnel zone is
one-half wavelength greater than the geometrical ray
path and, more generally, the length of the reflected
ray path at the outer edge of the nth Fresnel zone is n
half-wavelengths greater than the geometrical ray path.

Fig. 10 shows the geometry of the problem. A rect-
angular co-ordinate system (x, y, z) is chosen with the xy
plane representing the plane of the earth and the origin
of co-ordinates on the ground immediately below the
transmitting antenna. Thus, the transmitting antenna
at a height k, above the ground has the co-ordinates
(0, 0, hy), while the receiving antenna, at a height ha
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above the ground and at a distance x=d, has the co-
ordinates (d, 0, h;). The co-ordinates of the geometrical
ground-reflection point are (d, 0, 0). The length (a+b)
of the geometrical ray path will be called R=(a+b).
By definition, the length of the propagation path via
some other reflection point (x, y, 0) lying on the
boundary of the nth Fresnel zone will be equal to
(R4-n\/2)=R,. The elementary waves scattered from
points within the first Fresnel zone n=1 all have phases
such that they increase the total field intensity at the
target; elementary waves scattered from points within
the second zone n =2 are out of phase with those from
the first zone, etc., alternate zones adding and subtract-
ing from the total field at the target. Fig. 11 shows the
first five Fresnel zones for the geometrical arrangement
of antennas shown in Fig. 10. We see by Fig. 10 that R,
may be expressed in terms of x, , hi, ks, and d as fol-
lows:

R.o=VEF yF i+ Vd— 02+ y + k2 (59)
1f we subtract \/;’Iyz;*-lx{’-from both sides of (56) and
then square both sides, we obtain
2R 2P+ y2+ h? =R —d*+ I — h?2 4 2dx. (55)

We will write R.?—d?+4h?—hs?=K?* and square both
sides of (55), obtaining

Ax? — 2Bx+C + 4R,y =0

(56)

in which 4 =4(R.2—d?), B=2K%, C=(4R.’h?*— K*).
Since (56) defines a second-degree curve on the x, ¥
plane, and since physical considerations indicate that
it is a closed curve, it must be an ellipse. If we let xe
denote the center of the ellipse (which is, in general,
not at the geometrical reflection point (ds, 0, 0,)) and let
x, denote the length of the semi-major axis of the ellipse,
we may determine the points (xo—2x1) and (xo+x1) at
which the ellipse crosses the x axis by setting y=0 in
(56) and solving the remainder as a quadratic in x; thus

B — \B’Tx-‘lé

Xo — X1 = A (57)
B 4 \/B?* — AC
%0+ %= v . (58)

Thus xo, x1 are half of the sum and difference, respec-
tively, of (57) and (58):

B (he — hy)
Xo = — = dl[l + -—] (59)
A 21 4 (b 4 h2)?/nN(R + nn/4)]
(1 g nA (1 n nA NT nX\
) VB = AC IR 4R S . " ( - 7() e
1 - —_— ———— il
A nA nA 4hihs (60)
nA (R + —4— a + b + il
sing 14—t *
(hy + ho)?

4 C. F. Meyer, “The diffraction of light, x-rays, and material par-

ticles,” University of Chicago Press, Chicago, lllinois.

The above equation of x, determines the centers of the
Fresnel zones in terms of the location, dy=dh/(h+h3),
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of the geometrical reflection point. \Vhen h,=h, all of
the elliptical Fresnel zones have coincident centers at
the geometrical reflection point dy=d/2. When h, is
greater or less than h, x, will be greater or less, respec-
tively, than d,. The centers of the successive [Fresnel
zones are not coincident but lie progressively further
from the geometrical reflection point d, and approach
the midpoint d/2 in the limit as the-Fresnel zone
number n becomes very large.

The above equation for x, is an exact expression for
the major semi-axis of the ellipse. The positions of the
two ends of the ellipse along the x axis are obtained by
subtracting and adding %, and x,.

To determine the minor semi-axis of the ellipse y, we
may set x =x, in (56) and solve for y:

/ abn
Y/ evse2l”

v
¢ 4

In most radar applications both h; and R are usually
very much larger than \ and 4,, and if we limit our con-
siderations to the first Fresnel zone, we obtain

xogd1[1+— A J '{hg»x} o1
20, sin 8 ha>
/ ki A (>
2=V e [1 o sinﬂ] {hz > h,} (63)
Vi asinf (k3> Nand b > hy). (64)

An important application of the above formulas isthe
determination of the location of the first Fresnel zone
for transmission at the angle 6 corresponding to the
maximum of the first ground-reflection lobe. By (34)
we see that sin § =\ /44,, and when this is substituted in
the above (noting that dy22h, /sin 8), we obtain

%o 22 12h,2/) (k2> 2) (65)
212 8V2IN (B> N; k> hy) (66)
= 2V2h (hy>> X and by > hy). (67)

Combining (65) and (66) we find that the distances
from the transmitter to the nearest d, and furthest d;
points on the first Fresnel zone for transmission at an
angle corresponding to the maximum of the first lobe are
equal to

dn = 20 — 21 =2 0.688h2/N  (ha>> \; hy> hy) (68)
dy = %o+ 21 = 23.3h3/N  (ha>> N > hy). (69)

We may apply (69) to the problem of extending the
maximum range by the use of a sloping site, as shown on
Fig. 7. I't is desirable that the slope support at least one
complete Fresnel zone if it is to contribute substantially
to the distant field, and thus the distance from the radar
antenna to the end of the slope should be greater than
or at least equal to d; as given by (69). For a distant

n\ (R + 'r> —, [

January

target on the horizon 0’ = ¢, and upon substituting the
value s, =\/4 sin 8 corresponding to the lobe maximum

in (69), we obtain
d; = 1.460\/sin? ¢ (0’ = ¢). (70)

If the radar antenna is placed back along the slope at a
distance greater than that given by (70), then the
slope will support at least one complete Fresnel zone for
radiation in a horizontal direction and the maximum
range in this direction may be very nearly doubled.
Other applications of the above Fresnel-zone theory
arise in connection with the problem of estimating the
size and location of the areas in which the ground reflec-
tion takes place. This problem is important in connec-
tion with siting radar sets or other types of radio direc-

b nA
nA (R - )

n

|_1+ (b + hy)2 J (61)

450, J

tion finders. For a well-developed ground-reflection
maximum lobe, the ground should be flat over an area
which includes, as a minimum, that within the first
Fresnel zone. The degree of flatness required for a radio
reflection depends upon the wavelength and the angle
of incidence; assuming that phase changes correspond-
ing to path-length differences less than X\/16 are of
negligible importance, then, according to Rayleigh's
limit, height deviations in terrain from a smooth sur-

y
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Fig. 11—Plan view of first five Fresnel zones on the ground for the
antenna arrangement of Fig. 10.

face must have a magnitude less than Ak =\/16 sin 6
throughout the area of the first Fresnel zone for waves
at an angle 6. Substituting (34) in the above, we find
that the permissible height deviation to permit a well-
developed kth lobe is A% — h/4(2k —1) for a transmitting
antenna at a height &,; it is evident that Ak is inde-
pendent of the frequency in this case and, for the first
few Iob.es, rather large irregularities in terrain are atlow-
able within the first Fresnel zone provided £, is large.
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A New System of Frequency Modulation’

ROBERT ADLERTY, ASSOCIATE, LR.E.

Summary—The development of a new phase-modulator tube is
described. In a concentric structure of conventional dimensions, a
radial electron stream is shaped into a wave-like pattern which
progresses continuously around the cathode. Phase shift, 12 to 16
times larger than in conventional modulators, is produced by electro-
magnetic deflection.

The failings of early models are analyzed and the steps are re-
viewed which resulted in the development of a satisfactory tube
structure.

HE PHASITRON system of frequency modula-
Ttion which has recently come into practical use,
JL i based on a new tube structure. It is the object
of this paper to review the development of this structure
from its initial concept to the point where all tech-
nical requirements for high-fidelity broadcasting as
well as for communication transmitters were met by
laboratory models. The step from the laboratory model
to the production model and the design of complete
high-fidelity transmitters incorporating the new modu-
lator have already been described in the literature.!

Two different types of frequency-modulation trans-
mitters have heretofore been widely used, based on
reactance modulators and phase modulators. In trans-
mitters using a reactance modulator, devices are re-
quired for continuous automatic correction of the aver-
age carrier frequency with respect to a crystal oscillator.
The frequency actually transmitted is then a function
of the correction-system parameters and is not solely
dependent on the crystal oscillator. Transmitters em-
ploying conventional phase modulators use a total fre-
quency multiplication of several thousand times to
obtain full rated deviation at the lowest audio fre-
quencies. This high factor of multiplication requires two
separate multiplier chains with frequency conversion
between them, involving large numbers of tubes and
circuits which present a number of problems with re-
spect to random noise and spurious beat notes.

While none of these difficulties could be regarded as
insurmountable, it appeared that crystal-controlled
frequency-modulation transmitters could be simplified
and perhaps improved in some respects if a phase
modulator were known which would produce phase
excursions far in excess of those obtainable with con-
ventional modulators.

This thought stood at the beginning of the develop-
ment. Analysis of an idea by C. W. Carnahan, who had
proposed a mechanical phase modulator, indicated
that inertia forces would make such a device imprac-

* Decimal classification: R148.2XR339. Original manuscript re-
ceived by the Institute, February 4, 1946; revised manuscript
received, August 14, 1946. Presented, Winter Technical Meeting,
New York, N. Y., January 24, 1946.

t Zenith Radio Corporation, Chicago, IMinois.

1F. M. Bailey and H. P. Thomas, “Phasitron FM transmitter,”
Electronics, vol. 19, pp. 108-112; October, 1946.

tical if not impossible; it appeared that only a vacuum
tube could do the job. To operate efficiently in connec-
tion with conventional circuits and loads, such a tube
would have to work with anode voltages and currents
comparable to common receiver tubes. It seemed that
this could be most easily accomplished if the usual con-
centric arrangement of anode and cathode were re-
tained. With these rather broad directions in mind, let

8+

FIRST ANODE

SECOND ANODE

Fig. 1—Original concept of the phasitron modulator: a rotating
bundle of electron beams.

us now study the fundamental concept of the new
phase modulator.

Let us assume that by some device in the black
central portion of Fig. 1 the electrons which fly radially
away from the cathode are split into discrete radial
beams—twelve are shown in this figure—and that the
first anode consists of twelve bars, all connected. Let us
further assume that the device in the center rotates with
uniform speed, so that the electron beams alternately
hit the twelve bars which constitute the first anode,

__MODULATING
coiL

Fig. 2—Phase advanced 180 degrees by axial magnetic field.

or pass between them to strike the second anode which
is a full cylinder. The tuned circuit connected from plate
to plate is then excited at a constant frequency which
depends on the speed of rotation of the device in the
center.

Now let us applya magnet field parallel to the cylinder
axis. We can produce it by a concentric coil wound
around the tube, as shown in Fig. 2. All electron beams
are now deflected clockwise and thus advanced in the
direction of rotation, so that they strike all plate bars
ahead of schedule. In Fig. 2 the deflection has been
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made equal to the width of one bar, so that the plate deflector correspondingly consisted of three groups of |

currents which drive the push-pull circuit are advanced 12 wires each, or 36 in all. They were operate.d aF a |
low positive potential with the threc-phase excitation

superimposed. Fig. 5 shows the first model, with the
threc-phase connections led out at the top. The tube

in phase by 180 degrees. If the magnet field were re-
versed the deflection would be counterclockwise and
would retard the arrival of the beams at the anodes.
The amount of phase shift obtained for a given plate
voltage depends only on the magnetic field intensity.
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Fig. 3—Generation of rotating electron beams by a deflector
structure carrying three-phase potentials,

Let us now turn to the device in the center which
generates the rotating beams. Fig. 3 shows schematically
a sector of the first tube structure actually built. A cylin-
drica! cathode is surrounded by a number of parallel
wires of smaller diameter, arranged on a cylindrical
surface around it. These wires are consecutively num-
bered 1,2, 3,1, 2, 3, etc.; all “1's” are interconnected, as
are all 2’s and 3's. The three groups are fed from a
three-phase network which is driven by a crystal oscil-
lator. Fig. 3 shows conditions at an instant when 1 is on
its positive peak while 2 and 3 are negative; the elec-
trons passing around rods labeled “1” are focused to-
gether and deflected away from rods 2 and 3. Most of
the current, therefore, flows to the first anode. One
third of a cycle later, rods 2 will be at their positive
peak while 3 and 1 will be negative, and the regions

Fig. 4—Electrode structure of first operating model,

where most electrons strike will have traveled clock-
wise by a corresponding angle; so, as the potentials
travel clockwise from wire to wire, we obtain the
equivalent of a rotating system of beams.

The rotating structure of electrostatic fields which
produces the electron beams might well be compared to
the rotating magnetic field generated by the stator of
a slow-running three-phase motor. Such a stator has
3 N poles, N being the number of cycles for one com-
plete revolution of the magnetic field.

Fig. 4 shows, schematically, the first tube actually
built. Its first anode had 12 bars, and the three-phase

Fig. 5—First operating model: connections to three-phase
detlector elements appear on top.

was first tried out with a carrier frequency of 60 cycles.
The push-pull output circuit was connected through a
transformer to the oscilloscope and the sweep syn-
chronized from one terminal of the three-phase input.
A coil was arranged around the tube to produce the
axial magnet field; it was fed from a variable direct-
current supply so that the phase shift could be accu-

rately plotted as a function of
Plus and minus 720 degrees

current through the coil.
or plus and minus two

complete cycles—

‘were obtained with this first tube.

Fig. 6—'Frequency-_mo<lulation broadcast transmitter, showing (left
to right): 235-kilocycle crystal, oscillator tube, three-phase net-
work, modylator tube with audio deflection coil, push-pull output

transformer, first ipli
e s doubler, frequency multipliers to 45.1 mega-

Next, a complete frequency-modulation transmitter
was built (see Fig. 6), which consisted of a crystal oscil-
lator on 235 kilocycles, a simple phase-splitting net-
work, the modulator i

to reach the final frequency

he finz of 45.1 megacycles. The
total multiplication was only

192 times.

_— e
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Using the full 720 degrees phase excursion, this
transmitter was capable of 75 kilocycles deviation at
an audio frequency of 30 cycles. A similar unit, using
the same multiplication, was built to operate as exciter
for Zenith's 50,000-watt station, WWZR, and several
successful test transmissions were made over this
station.

Only a fraction of one watt of audio power was needed
for the modulating coil. The inductance of this coil is
instrumental in obtaining constant frequency deviation
over the entire audio band; with a constant voltage
applied to the coil, this inductance tends to make the
current, and consequently the phase shift, inversely
proportional to the frequency of the audio signal. This is
exactly the characteristic required to obtain constant
deviation.

The first model of the new modulator tube had several
failings. Most apparent was the low signal output:
_with one milliampere direct current on each anode,
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Fig. 7—Comparison of desirable electron trajectories
with those probably produced in first model.

only about fifty microamperes of signal current was
obtained. This low current efficiency caused a con-
siderable amount of hiss; the noise level was 58 decibels
below full deviation, instead of 70 or more.

The low current efficiency in this first tube was prob-
ably caused by the fact that the action of its three-
phase deflector electrode was far from ideal, even in
theory. This is illustrated in Fig. 7. The left half of this
figure shows the electron trajectories in that form
which would have been most desirable. The right half
of the figure gives a greatly simplified and schematized
idea of the actual trajectories. The strong aberrations
which occurred close to the deflector wires nearly de-
stroyed the desired focusing action and reduced the
current efficiency considerably.

The same strong fields close to the deflector wires
which produced defocusing also gave rise to a second
undesirable effect: when a gradually increasing mag-
netic field was applied to the tube, the phase shift did
not rise strictly in proportion but showed irregular
deviations from the desired linear relation. Corre-
spondingly, a small incremental field produced varying
amounts of phase shift at different points of the field-
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versus-phase characteristic. At low audio frequencies
where large phase excursions are required considerable
distortion was caused by these irregularities.

The observed type of distortion can be explained if
the tangential velocity of the electron beams is assumed
to vary from point to point along the periphery of the
first anode; for the electrical phase shift produced by a
small incremental field is proportional to the time in-
terval in which the beams, through their rotary motion,
could cover a portion of the periphery equal to that
over which they are deflected by the incremental field.
Because it makes no difference which part of a given
anode bar an electron strikes, the peripheral velocity
matters only in the regions of current transition—at the
24 edges of the 12 first-anode bars.

If we assume an irregular distribution of tangential
velocities around the periphery, the average of the
velocities measured at the 24 edges may well be dif-
ferent from the average taken over the whole periphery;
then, if we rotate the entire system of velocities by

ONORONCXORO,
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Fig. 8—Schematic view of transverse deflector arrangement.

SO

applying an axial magnetic field, those velocities ap-
pearing at the 24 edges—and consequently their aver-
age—are bound to vary. In a position where this aver-
age is high, a larger incremental field is required to
produce a given increment of phase.

There can be little doubt regarding the existence of
an irregular distribution of tangential velocities in
the tube structure described. Cyclic variations (one
cycle for each deflector wire) were bound to be present,
and because there were 1} wires for every edge, all
even harmonics of such cyclic variations would appear in
phase on all edges. More detailed study of the distortion
effect tended to verify the above analysis. In the fol-
lowing we shall refer to this effect as “structural dis-
tortion.”

Two more tubes were built which differed from the
first only in detail. Their performance was quite similar.

If the new phase modulator was to meet practical
requirements it seemed that the signal output would
have to be at least five times higher for the same direct
current on the plates, and the structural distortion
would have to be substantially suppressed. An entirely
different deflector system was needed which would
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produce a smoothly rotating electrostatic field without
noticeable speed variations from point to point.

Fig. 8 illustrates the principle of a new deflector
system designed to produce such a field. Two rows of
short parallel wires face each other across a center
plane. Each row consists of three groups which are
interlaced and connected to a three-phase supply as
before. The direction in which the voltages travel is the
same in both rows, but the wires “1” in one row face
the middle between the wires “2” and “3” in the other.
A transverse electric field (vertical in Fig. 8) is produced
in the center plane between the two rows, and if we
plot this field at a given instant from left to right along
the center planc we find that it varies quite smoothly,
very much like a sine function. Because the individual
deflector wires are not in the immediate vicinity of the
center plane, their strong local fields can no longer up-
set the smooth character of the field distribution.

To save time-consuming computation of the field
along the center plane, an electrolytic model was built
as shown in Fig. 9. On cach of two bakelite bars, three
bare wires were wound interlaced. Three stationary

Fig. 9—Electrolytic model for the study of transverse deflectors.

voltages, corresponding to an instantaneous condition
of a three-phase system, were applied to the wires on
each bar. The short portions of these wires which faced
each other across the gap represented the deflector
elements shown schematically in Fig. 8. A two-element
probe was moved along the gap between the bars by
means of a lead screw. The two elements were posi-
tioned symmetrically on a line perpendicular to the
center plane, and the potential of each element was
plotted with reference to the three-phase neutral. Fig.
10 shows one of these plots, which not only proved that
a field distribution closely approaching a sine function
could be produced but also yielded data on the intensity
of the transverse field as a function of configuration.
To utilize a deflection system of this new kind in a
concentric tube structure, the two parallel rows of
short wires had to be bent so as to form two parallel
coaxial circles, and the electron flow had to be so ar-

ranged that all clectrons would travel radially and |

pass near the center plane between the two deflectors.
This led to the concept illustrated in Fig. 11. The clec-
trons are shown here in the shape of a sharp-edged disk
from which one quarter has been cut away so that the
lower deflector becomes partly visible. The electrons
fly along radial lines until they pass between the two de-
flectors; here they are deflected upward or downward
according to the wave-shaped transverse field; and as
this field travels around the cathode, so do the waves in
the electron disk.

| :;ﬂ‘ "f
200 400 €00
DEGREES PHASE ROTATION-—=

Fig. 10—Potential plot obtained with the electrolytic model
shown in Fig. 9.

It is essential for the proper function of this deflector
system that most electrons pass near the center plane
and that the deflector wires with their strong local
fields remain substantially outside the disk-shaped
electron stream.

The black and white ficlds marked A and B repre-
sent portions of the first and second anode, respectively.
The white fields correspond to windows in"the first
anode, and in the position shown in Fig. 11 there is
one window visible above each valley in the electron
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Fig. 11—Transverse deflectjon produced in a disk formed by
electrons traveling radially.

disk, and another window hidden below each peak. As
shown more clearly in the

lower right of the figure, the thin edge of the ruffled disk
strikes only full

moment, and no current flows through the windows to
the second anode. If 2 modulating magnet field of proper

schematic sector on the

portions of the first anode at this

January
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size is applied at this instant, the picture changes as
shown in Fig. 12; all current now flows to the second
anode and the phase is advanced 180 degrees.

So far, the last two figures merely represent a mental
concept. To make the electrons actually travel along
such trajectories that they pass near the center plane
and come to a line focus on the periphery, we must add

Fig. 12—Electron-beam configuration in the presence of an
axial magnet field.

an electron-optical system. The problem is not too diff-
cult because accurate focusing as in a cathode-ray tube
is not needed. Fundamentally, we need an electron
gun developed into a full circle. Again, the electrolytic-
model method was used to arrive at a useful arrange-
ment. Because only radial and axial ficlds exist in a
concentric structure, a thin wedge-shaped sector will
suffice for a model. This has been well-known for some
time.?

Fig. 13 shows the potential distribution plotted
with such a wedge model. The deflectors are here re-
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Fig. 13—Potential plot obtained with electrolytic wedge model of a
;‘u.be structure intended to produce the configuration shown in
ig. 11,

garded as solid surfaces. The anode (not visible in this
figure) would be somewhat farther to the right. Two

t M. Bowman-Manifold and F. H. Nicoll, “Electrolytic-field-

plotting trough for circularly symmetric systems,” Nature, vol.
140, p. 39, July, 1938.
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electron trajectories are drawn in to show that they have
the desired character; their shape was found by geo-
metrical construction. A number of such plots were
made, varying the ratio of potentials on first focus,
deflector electrodes, and anode. It was found that the
deflectors had to be longer in the direction of electron
travel than had been anticipated ; but instead of making
the little wires longer, a solid ring was laid around
each deflector electrode and the two rings brought out to
a separate contact.

Fig. 14 shows the tube layout which resulted from
these plots. Around the cathode there are two cylinders

_the first focusing electrode. Next come the two de-

SECOND

FOCUS |

[FirsT Focus |
DEFLECTOR
Fig. 14—Section of improved tube structure. Modulating flux
is concentrated between edges of second focusing electrodes.

flectors which carry the short radial wires; they are
surrounded by the two rings just mentioned, called the
second focusing electrode. These rings are made of soft
iron and continued outside the supporting micas by
more soft iron; they help to concentrate the modulating
magnet field into a narrow region, as indicated by the
dotted lines. Finally, the anodes A and B terminate
the concentric structure.

Fig. 15—Three-phase deflector electrode, mounted together with
first and second focusing electrodes. Two such assemblies faced
each other in the completed tube.

Fig. 15 shows one of the deflectors with the 36
short radial wires and the first and second focusing
electrodes mounted on one mica.

In the first tube of this new kind, the checkerboard
pattern of anode fields 4 and B was made up of 24
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rectangular metal fins, 12 to cach anode, all lying in
one cylindrical plane and properly interconnected.

Results with the new model were most encouraging.
With careful adjustment of the focusing potentials the
structural distortion could be almost entircly elim-
inated; current efficiency was improved by a factor of
three or four, and the hiss le vel was reduced by a much
larger factor, probably because the electron stream was
no longer intercepted by a positive grid. With a total
multiplication of 192 times, the hiss was now more
than 70 decibels below full deviation.

The new modulator operated with very low distor-
tion down to about 100 cycles. But at the very large
phase excursions required for 50 cycles at this low
multiplication, nonlinear distortion appeared. It was
mostly of the third-harmonic type, quite similar to
that which conventional phase modulators produce
when they are used over too wide an angle. Fig. 16
shows the geometrical reasons for this type of distor-
tion; for large deflections, the arc which the electron
trajectories cover on the periphery of the tube increases
faster than the angle of deflection, so that the graph of
phase shift versus magnet field becomes steeper in the
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Fig. 16—Nonlinearity at large phase excursions. Distortion is reduced
by concentrating the region where deflection occurs.

regions of large phase shift. The figure also shows that it
is better to concentrate the magnet field close to the
center, rather than spread it out over the whole tube.
It was for this reason that the second focusing elec-
trodes were made of soft iron.

To suppress the nonlinearity just explained, a num-
ber of methods were open. The most straightforward
solution would consist in introducing a controlled
amount of saturation into the magnetic path so that
strong fields would be reduced by just the right amount.
Another solution consists in driving the deflection
coil from a pair of pentodes in push-pull, so adjusted
that their combined transconductance s peaked at the
operating point. With a modulator built according to
this idea, total distortion at 50 cycles and full deviation
could be reduced to 1.35 per cent with a multiplication of
only 192 times. The corresponding phase excursion was
plus and minus 430 degrees.

In the further course of the development, the hiss
level was reduced to such an extent that, at the present
time, it is considered more convenient to double the
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multiplication and dispense entirely with any artificial

means of linearization.

A few words about the circuits used to produce the
three-phase excitation might be in order at this point,.
Originally, the simple resistance-capacitance network on
the right in Fig. 17 had been used in all experiments.

®
—"_i CIRCUIT SCHEMATIC
l VOLTAGE VECTORS
[}

Fig. 17—Networks for generating three-phase potentials.

Later it was found that good wave form on the deflector
electrodes was important for reducing distortion to a
minimum, and the network on the left, derived from the
well-known Scott circuit, was substituted.

The tube described above might have been used in
frequency-modulation broadcast transmitters, but its
output level was still inconveniently low, and certainly
too low for use in communication transmitters. Check-
ing into the causes for the low output, it was found that
there existed a resistance of only about 10,000 ohms
between the two anodes, evidently as a consequence of
secondary emission. Such secondary emission would
reduce the radio-frequency component of the anode
current, even without load, because the anode struck
by more electrons would also emit more secondaries. In
addition, only low-impedance load circuits could be
used. In the first tube of the new kind the anode fields
A and B were arranged side by side, and a direct-current
voltage applied between them would only draw all
current to the more positive anode. A different anode
structure appeared necessary to suppress secondary-
emission efiects.

“SUPPRESSOR,

Fig. 18—Arrangement of first anode

1 .0de, suppressor, and second
anode in last experime

ntal model,
A tube was then built i
shown in Fig. 18. This, in effect, is a return to the
original model in which holes in the first anode repre-
sented the active parts of the second; but this time, a
helical suppressor was set between the two anodes.

th an anode structure as
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Fig. 19 shows an X-ray photograph of this last ex-
| perimental model. The two deflectors with their little
| wires, the outer focusing rings with their magnetic ex-
| tensions, the checkerboard fields of the first anode,

Fig. 19—X-ray view of last experimental model. Electrodes inside the
suppressor helix may be identified by comparison with Fig. 14.

‘and finally the suppressor and the second anode appear
in this picture. The current efficiency of this tube was
several times that of the previous model; the signal
component was equal to more than half the direct
current on each plate. The output impedance was
several megohms. The hiss level, with a multiplication
of 192 times, could not be measured accurately; with
twice that multiplication, it was found to be 78 decibels
below full deviation.

The large output from this tube made it possible to
use it in a communication transmitter (see Fig. 20).
Here, a crystal oscillator was used to drive a three-
phase network at 8.37 megacycles. In the output from
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the phase-modulator tube, a high-inductance perme-
ability-tuned load circuit delivered 30 volts into the
grid of a 6ACT7 tube operating as quadrupler. More

Fig. 20—33-megacycle communication transmitter using
experimental phasitron tube.

than sufficient power was available in the quadrupler
output to drive an 815 dual beam tetrode at 33.5
megacycles. The whole transmitter had only four tubes.

At this point, it seemed that the project had grown
beyond the purely experimental stage. Its further de-
velopment was then taken over by F. M. Bailey and
H. P. Thomas, of the General Electric Company.
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A Note on Noise and Conversion-
Gain Measurements®
WILLIAM M. BREAZEALE{t, SENIOR MEMBER, L.R.E.

Summary—The development of microwave receivers with a low-
gain converter as the first stage has made it desirable that the noise
level and the conversion gain be determined independently of the
following intermediate-frequency amplifier. Often this converter is a
crystal with a conversion gain less than one. This paper discusses
some of the general procedures that have been used to measure
microwave-converter noise levels and conversion gains.

INTRODUCTION
(\ A! ANY PAPERS on the subject of the limita-

tion of receiver sensitivity by noise have been
' published in the past twenty years. In an
article published in 1942, North! proposed that receiver

* Decimal classification: R261.51. Original manuscript received
by the Institute, January 11,1946: revised manuscript received July
16, 1946. This paper is based on Radiation Laboratory reports 61-7
and 61-13, written by William M. Breazeale early in 1942,

1 Department of Engineering, University of Virginia, Charlottes-
ville, Virginia.

1'D. O. North, “The absolute sensitivity of radio receivers,” RCA
Rev., vol. 6, pp. 332-343; January, 1942.

noise be expressed in terms of a certain rating number,
namely, the ratio of total noise-power input to the de-
tector of a receiver with a dummy antenna to that por-
tion of the noise power which originated as thermal
agitations in the antenna itsel{. He showed how the
number could be measured and emphasized its sig-
nificance as a just basis for the comparison of receivers
for a given service. The number, which is often called
the “noise figure,” has been widely adopted for this
service. Further discussion of receiver noise and a
bibliography can be found in an article by Herold.?
The papers published before 1944 in general dealt with
the over-all noise figure of the receiver. However, the
development in the last few years of microwave re-
ceivers with a low-gain converter as the initial stage has

1 E. W. Herold, “An analysis of the signal-to-noise ratio of ultra-
higgl; frequency receivers,” R.C.A. Rev., vol. 6, pp. 302-331; January,
1942,
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made the measurement of the noise figure of the con-
verter alone a matter of considerable importance. Gen-
erally, the converter is a crystal with a conversion gain
less than unity but with a relatively low inherent noise
level.

Friis® in a recent paper has supplied a mathematical
discussion of the relationship between the noise figure
of the receiver as a whole and the noise figures of its
components. His discussion is based on a definition of
the noise figure F of a network given by the relation

N S N 1 :
kTB S  kTB % g m
where N is the available noise power at the output
terminals of the network, % is Boltzmann’s constant
=1.37X107% joule per degree Kelvin, T is the absolute
temperature of the network, B is the effective noise
bandwidth, S, is the available power at the output ter-
minals of the signal generator, S is the available signal
power at the output terminals of the network, and g is
the power gain. A detailed discussion of these terms is
found in his paper. It can be seen from (1) that a
“perfect” receiver, i.e., one which has a noise figure of
unity or 0 decibels, would have an equivalent input
noise level of kTB watts.

Continuing, Friis derives the following equations for
the noise output and over-all noise figure of a system
with two networks in cascade

Nosoy = Fi X kTB X gigs + (F, — 1) X kTB X gy (2)

1
Fasey =Fi+ (F, — 1 - g (3)
{1
In the above, N, is the noise output in watts of the
two unetworks, F.z is the over-all noise figure of
the system, and the subscripts 1 and 2 denote the in-
dividual quantities of the first and second network.
[n this paper all powers are expressed in watts and T is
always considered as equal to “room temperature,”
290 degrees Kelvin.

It can be easily seen that when g, is less than unity,
as is the case when a crystal converter is used as the
initial stage, the over-all noise figure of a receiver
depends strongly on the noise figure of the intermediate-
frequency amplifier.

From the above relations it is obvious that if two of
the three quantities (noise, gain, or noise figure) are
known, the third can be calculated. This paper describes
some of the procedures which have been used to de-
termine noise and conversion gain, particularly with
reference to microwave receivers. A better understand-
ing of the converter’s characteristics is given by these
two quantities than by the value of the noise figure
alone. The converter is usually a crystal, and references

*H. T. Friis, “Noise figures of radio receivers,” Proc. L.R.E.,
vol. 32, pp. 419422; July, 1944, (See also the discussion in the
February, 1945, issue of PROCEEDINGS, pp. 125-127.) At the end

of his paper Friis describes briefly a method of measuring noise figures
and noise.
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to a crystal in this papei generally mean a crystal con-

verter.
I. Noist MEASUREMENTS

The noise output of a crystal (or other noise source)
when excited by a local oscillator only may be fixed in
several ways, all of which involve amplifying this noise.
For purposes of deriving certain relations, consider that
the crystal is connected to an intermediate-frequency
amplifier through a variable attenuator of the same
iterative impedance. The noise output of the crystal
can be divided into thermal-agitation noise and noise
in excess of thermal-agitation noise. Denote this excess
noise by N.. Then the noise available to the amplifier
with the attenuator on zero is

N =N,+ kTB. 4)

With attenuation 4 inserted between the crystal and
the amplifier, the noise available to the amplifier is now
NS + kTB. (5)

That (5) is true is obvious as soon as one remembers
that the minimum possible noise output from any net-
work is its thermal-agitation noise. Thus, the attenu-
ator will itself contribute thermal-agitation noise, al-
though it will attenuate any excess noise at the input.
The power outputs of the amplifier will not be pro-
portional to N and N’ unless the amplifier is perfectly
noiseless. The noise due to the amplifier is introduced
with the aid of (2). The first part of the equation covers
the noise contributed by the first network. In the case
of the crystal, the noise output of the amplifier becomes

Vasey = (N, + F, X kTB)g, (6)

where F, is the noise figure of the amplifier. Insertion of
attenuation 4 as described above changes the amplifier
output noise to a new value:

N,
N’(l+2) = (A + Fy X kTB) 8. (7)

The largest ratio of amplifier power outputs occurs when ~

4 is infinitely large, or equivalently, because N, is
then zero, when the ¢ryvstal and attenuator are re-
placed by a resistor with an impedance equal to the
output impedance of the attenuator. Equation (7)
becomes

N'asey = F, X kTB X g (8)

which is (1) rearranged, a not Very surprising result.
The ratio of output-power readings in this case be-
comes

Nasy N, +F, x rTB
N’(1+2) Fa X kTB ‘ (9)

From (9) we can determine N, and consequently the
total noise power output of the cystal circuit, which, as
mentioned above, is N, 447 B watts.

The output noise of the crystal js frequently expressed
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as an equivalent temperature, i.e., the temperature
necessary for a passive resistance of impedance equal
to the crystal impedance to have the same noise power
output

(10)
With this definition, the noise figure (4) of the crystal

becomes
Fl = tc/gl- (11)

If a square-law detector (i.e.,a thermocouple or bo-
lometer) is used, the output-meter readings will be pro-
portional to power. Hence, the ratio of the meter read-
ings will be the ratio required in (9). On the other hand,
an intermediate-frequency attenuator can be intro-
duced after all important sources of noise and used to
control the amplifier gain. Then the ratio (9) is de-
termined from the intermediate-frequency attenuator
settings required to give the same amplifier output
from either the crystal or the equivalent resistor at the
input. It is not necessary to know the response of the
detector, nor does slight overloading of the portion of
the amplifier after the attenuator vitiate results. (This
statement would not hold if we were considering a
mixture of sine signal and noise.) A block diagram of
the equipment is shown in Fig. 1.

UTRUY
METER

Loc CONVERTER AND 1-F MAIN
ox PRE-AMPLIFIDR ATTENUATOR AMPLIFIER

Fig. 1—Noise-measuring equipment.

It will be observed when using a tunable crystal con-
verter that the intermediate-frequency impedance pre-
sented to the amplifier is a function of the radio-fre-
quency tuning.* The radio-frequency tuning can be fixed
with the aid of a standing-wave detector inserted be-
tween the signal generator and the mixer.

The above discussion presupposes that the bandwidth
is determined after the first stages of amplification. In
other words, the over-all bandwidth of-the equipment
is not a function of the crystal impedance. W. W.
Hansen and E. L. Ginzton have described to the writer
a scheme of building a circuit in which the bandwidth
is a function only of the impedance of the crystal. This
is accomplished by using a high-Q input circuit and an
amplifier with a pass band sufficiently wide so that the
over-all bandpass is determined by the input circuit.

The circuit is shown in Fig. 2. When a resistor is
connected across the input, the total integrated mean-
square thermal-agitation voltage appearing across the
capacitor C (equipartition law) is

Elz - ’—C" \ (12)

¢L. C. Peterson and F. B. Llewellyn, “The performance and
measurement of mixers in terms of linear network theory,” Proc.
I.R.E,, vol. 33, pp. 458-476; July, 1945.
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If a crystal is substituted for the resistor, the noise
increases by the factor £, and the new noise voltage is
kT

fe— -

&

E,* = (13)

The amplifier power outputs are not exactly propor-
tional to E.f and Ez%. Following W. H. Harris,® let us
assume that the amplifier noise is caused by a hypo-
thetical resistance of value R., in series with the grid

"of the first tube. The amplifier outputs are then

Eoi? = (Ei* + 4kTB3R,,)g.*? volts, (14)
Eoit = (Esft + 4kTBaR . )g.* volts, (15)

where B, is the amplifier equivalent noise bandwidth
and g, the voltage gain.

When 4kTB,R., is small compared to E;? which
means that 4B,R.,&1/C, it can be neglected and [ is
substantially equal to Eo?/Eg?. Except at high fre-
quencies it is not difficult to build an amplifier to meet
this condition.

In practice, of course, equations (14) and (15) break
down when the resistance approaches the value of the
shunt impedance of the tuned circuit or when its load-
ing is sufficient to make the bandwidth of the input
circuit approach that of the rest of the amplifier.

P

INPUT
CIRCUIY

ACORN
TuBt

Fig. 2—High-Q input circuit.

AMPLIF LR METER

The foregoing discussions assume that Fa, the inter-
mediate-frequency noise figure, is known. These noise
figures are generally small and sometimes difficult to
determine with a signal generator. A substitute method
which involves the use of a temperature-limited diode is
very satisfactory. The mean-square noise current from
such a tube is equal to 2eIB amperes’ where I is
the direct-current diode current in amperes and
e=1.59%10"!* coulomb is the charge on an electron.
When this noise current flows through an impedance Z,
the mean-squared voltage produced across the terminals
of the impedance is equal to 2eIBZ? volts.? If Z=R
=impedance across the input of the amplifier, and the
diode current is adjusted so that the ratio of the ampli-
fier outputs with and without the diode current flowing
is 2, then the noise figure of the amplifier is®

Fa= R 0rr (16)
S I ‘

§ W. A. Harris, “Fluctuations in space-charge-limited currents at
moderately high frequencies,” Part V, R.C.4. Rev., vol. 5, pp. 505—
524; April, 1941. Our use of an equivalent noise resistor in thissimple
fashion is not as rigorous as Harris’ use but quite satisfactory for the
present discussion.

¢ For a discussion of the factor 20, see page 507 of footnote
reference 5.
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The very reasonable assumption is made in (22) and
(23) that the impedance of the diode is very large com-
pared to the impedance Z. This general scheme has
been discussed by North? and used with satisfactory
results by E. J. Schremp to measure the noise figures of
intermediate-frequency amplifiers.

IT. INTERMEDIATE-FREQUENCY IMPEDANCE
OF CRYSTALS

All but one of the methods discussed in the preceding
Pages require a determination of the intermediate-fre-
quency impedance of the crystal while it is being excited
by a local oscillator. This impedance can be determined
with the aid of an alternating-current bridge operated
at the intermediate frequency, or by noting the change
in bandwidth of a tuned circuit when it is connected
across the crystal.

I11. MEASUREMENT OF CONVERSION GAIN

There are two general methods for determining the
conversion gain of a crystal. The first is the obvious,
straightforward method of measuring the available in-
put and output powers, while the second, in effect, com-
pares the crystal output with the crystal noise.

With one exception® the direct methods of determin-
ing conversion gain involve no new procedures. The
indirect method of comparing the crystal output to the
crystal noise is sufficiently novel to be worth describing.
A radio-frequency signal generator whose output signal
level is calibrated is required.

The noise output of the intermediate-frequency
amplifier with the crystal at the input is given by (6).
If radio-frequency signal of known magnitude is added
until the intermediate-frequency output is doubled (or
increased by a known amount) the crystal conversion
gain is at once calculated from knowledge of the quanti-
ties in the above equation. Specifically, if sufficient sig-
nal power S is added to double the output, then

St XgXg = (Nc+F2 X kTB)gz. (17)
and
N.,+4+ Fy, X kTR
=TT (18)
1

g1 being the conversion gain in question,

The signal level required to double the amplifier
noise is in the neighborhood of 10— watt, while the
smallest radio-frequency power which can be con-
veniently measured is 10~¢ or 107 watt. Hence, the
radio-frequency attenuator must be accurate to a frac-
tion of a decibel over some 60 decibels range. This range
can be reduced by splitting the intermediate-frequency
amplifier into two sections and inserting a variable
intermediate-frequency attenuator between the two
sections; the reduction in range of the radio-frequency

?D. O. North, “Fluctuations in space-charge-limited currents,”
PartII,R.C.A. Rev.,vol. 5, pp. 441-472; July, 1940.

*S. Roberts, “A simplificd analysis of conversion loss of crystal
converters,” Rad. Lab. Rep. no. 5323, July 3, 1943,
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attenuator, of course, being equa! to the amount of
intermediate-frequency attenuation added. Obviously
this intermediate-frequency attenuation must not be so
great that the signal is reduceil to the level of the noise
of the tube following the attenuator.

As this procedure involves the measurement of a mix-
ture of sine signal and noise, the characteristics of the
detector circuit must be known. A square-law detector
is simplest to use, since in this the noise and the signal
powers add directly. However, there may be times when
it is desirable to use a linear detector, such as a vacuum
tube diode, because of its mechanical and electrical
ruggedness. D. O. North® hasexamined theoretically the
properties of various mixtures of sine signal and noise
and the effect of introducing these mixtures into a linear
detector. Computations based on the assumption that
the noise bandwidth is srhall compared to the mid-
frequency, and that a standard diode detector circuit
with a time constant equal to or somewhat less than the
reciprocal of the bandwidth is used, are not difficult
and yield results applicable to this problem. In par-
ticular, North calculated that increasing the detector
meter reading by adding sine signal to 1.4 times the
reading due to noise alone indicates that the output
signal power is equal to the output noise power. Ap-
proximately the same conclusions can be drawn from
the equations derived by Ragazzini' and Bennett.!
Experiments under the condition that the output-
meter readings due to the amplifier noise are large com-
pared to the diode current which flows when the ampli-
fier is cut off confirm these calculations. This result is
particularly applicable to the indirect method of measur-
ing conversion gain discussed above.

The problem of overloading of amplifiers should also
be mentioned. Jansky!? has shown that noise contains
peaks of significant power content that are some four
times (in amplitude) the cffective value of the noise.
As aresult, an amplifier will overload considerably more
easily on noise than on sine signal. Actually, it has been
determined that, if the amplifier does not overload on
sine signal some three times the average noise power,
then measurements which depend on adding signal to
noise will not be appreciably in error.
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Transit-Time Effects in Ultra-High-
Frequency Class-C Operation’

W. G. DOWY, SENIOR MEMBER, L.R.E.

Summary—Transit-time effects in ultra-high-frequency triodes
and tetrodes used in class-C operation are analyzed. Effects dis-
cussed are electron-transit reactance; electron-transit phase-delay
angle; cathode back-heating; use of a screen grid to improve effi-
clency; changes in optimum shunt impedance; secondary emission;
and anode back-heating by secondary electrons. It is pointed out
that by Increasing voltage and current density simultaneously the
frequency and power can be ralsed without sacrificing efficiency or
bandwidth. An equivalent circult is described which takes account
of certain Important transit-time eflects.

I. INTRODUCTION

IH1S PAPER will discuss principles important in
1.[ the design and use of power-output triodes and
tetrodes for class-C service at frequencies high
enough so that electron transit time is important. The
treatment presupposes the use of disk seals and cavity-
type circuits, although lumped-constant symbolism 1s
used. The analysis relates primarily to continuous-wave
operation in the grid-separation'~? type of circuit. With
a tetrode, the output resonant circuit is connected be-
tween screen and plate, and the input resonant circuit
between grid and cathode.* The grid is by-passed
strongly to the screen, so that the grid and screen oper-
ate at a common alternating-current potential. The
screen operates at or near anode direct-current potential.
Rationalized meter-kilogram-second units are used
The term “circuit efficiency” will signify the ratio of
radio-frequency power delivered to a load by the output
resonant (“tank”) circuit to the total radio-frequency
power appearing in the output resonant circuit. Thus
copper losses in the tank circuit reduce the circuit effi-
ciency. “Electron interaction efficiency” will signify the
the ratio of the total radio-frequency power appearing
in the output resonant circuit to the sum of the alternat-
ing- and direct-current power in the electron stream.

I1. CLass-C EFFICIENCY, OPTIMUM
SHUNT IMPEDANCE®*

In any class-C circuit good electron interaction effi-
ciency will be obtained only if the electrons have little
or no kinetic energy when they return to the metallic

_* Decimal classification: R339.2 X R331.5. Original manuscript re-
ceived by the Institute, March 11, 1946; revised manuscript received
July 20, 1946; second revision received, August 13, 1946. This paper
1s based on work done for the Office of Scientific Research and De-
velopment under contract number OEMsr-411 with Harvard College.

t Formerly, Radio Research Laboratory, Harvard University,
Cambridge, Mass.; now, Department of Electrical Engineering,
University of Michigan, Ann Arbor, Michigan.

1 M. C. Jones, “Grounded-grid radio-frequency voltage ampli-
fiers,” Proc. [.R.E., vol. 32, pp. 423—429: July, 1944.

_ *M. Dishal, “Theqreticargain and signal-to-noise ratio obtained
with the grounded-grid amplifier at ultra-high frequencies,” Proc.
I.LR.E., vol. 32, pp. 276-284 . May, 1944.

3 C. E. Strong, “The inverted amplifier,” Electronics, vol. 13, p.
14; July, 1940.

¢W. W. Salisbury, “The resnatron,” Electronias, vol. 19, pp.
92-97, February, 1946.

circuit by striking an electrode. If transit time is not
itnportant, this requirement means that the electrons
must strike an electrode that is very little higher in po-
tential than the cathode at the time of impact. At fre
quencies for which transit time is not important, the
following requirements relative to Fig. 1 represent a set
of neccessary and sufficient conditions for keeping the
electron energies small at impact:

1. The “plate swing” must approach as closely to 100
per cent of the direct-current plate voltage as practical
considerations permit.*

2. The “angle of plate current flow "* must not exceed
a reasonably small fraction of one-half cycle.

3. The plate-current pulses must be in phase with the
downward swings of the plate voltage.

Plate Voits

Plate Current

Fig. 1—Plate current and plate voltage variations in a class-C elec-
tronic alternating-current power generator.

In Fig. 1, every electron that passes from cathode to
anode at the moment ABCD receives from the direct-
current power source Egp electron volts of energy, de-
livers as plate-dissipation energy Esc clectron volts of
energy, and to the tank circuit, as radio-frequency
power generation, Epc electron volts of energy.

The electron interaction efficiency for each such elec-
tron is the ratio of Epc to Eps. The over-all electron in-
teraction efficiency is the weighted average of such
ratios.

If the plate swing is inadequate, none of the electrons
will experience a high interaction efficiency. If the angle
of flow is large, many of the electrons will experience a
very low or even negative interaction efficiency. If the
current pulse were shifted in phase relative to the plate
swing by a large amount, no electrons would contribute
a satisfactory interaction efficiency.

The angle of flow is determined primarily by the ex-
tent of the upward swing of the grid voltage in relation
to the grid bias.

s F. E. Terman, “Radio Engineering,” McGraw-Hill Publishing
Company, New York, N. Y., 1937, chap. 7.

¢\W. L. Everitt, “Optimum operating conditions for class-C
amplifiers,” Proc. I.R.E., vol. 22, pp. 152-177; February, 1934.
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If the grid drive has a frequency equal to the resonant
frequency of the tank circuit, the downward plate-
current swing will occur in phase with the plate-current
pulses. 1f the grid-drive frequency is low or high by this
standard, the peaks of the plate-current pulses will lag
or lead the downward plate swings. The amount of lead
ar lag, in electrical degrees, caused by a given frequency
deviation, will be relatively large for a high-Q tank cir-
cuit. The extent of the output-tank-circuit voltage swing
is, of course, proportional to the product of the funda-
mental-frequency component of plate current by the
shunt impedance of the tank circuit for the frequency at
which the tube is operating.

In class-C operation, for any given combination of
tube and supply voltages used, there is an optimum
value of output-tank-circuit shunt resistance.® When
working into a load at resonance with a tank circuit that
presents the optimum shunt resistance, the plate-current
pulses produce a plate swing desirably close to 100 per
cent. If the shunt resistance, often called “shunt im-
pedance,” is substantially less than the optimum value,
the plate swing will fall far short of 100 per cent and the
electron interaction efficiency will be poor. If the shunt
impedance is appreciably greater than optimum, the
plate swing exceeds 100 per cent. As a result the elec-
tron interaction efficiency is less than with optimum
shunt impedance, for causes arising from electron rejec-
tion by the plate?; that is, from the fact that electrons
cannot reach a negative plate.

In a grid-separation circuit, “100 per cent plate swing”
exists when the maximum instantaneous value of the
algebraic sum of input and output radio-frequency volt-
ages equals the direct-current plate-supply voltage. This
means, of course, that at the maximum point the in-
stantaneous value of the voltage across the output tank
circuit exceeds the direct-current plate-supply voltage
by the amount of the instantaneous value of the radio-
frequency input voltage at that moment. Thus, opti-
mum shunt impedance is greater with a grid-separation
circuit than with a comparable cathode-separation cir-
cuit.

The optimum value of shunt impedance is, in general,
directly proportional to the direct-current plate-supply
voltage, in that if the direct-current voltage is raised the
shunt impedance must be increased to maintain 100 per
cent plate swing. It is very roughly inversely propor-
tional to plate current in that if the plate current is in-
creased, as for example by increasing peak emission, the
shunt impedance must be reduced to prevent the plate
swing from exceeding 100 per cent.

Although details and magnitudes differ, the general
fact of the existence of an optimum shunt impedance
carries over into ultra-high-frequency operation where
transit time is important.

In most ultra-high-frequency applications, the need
for substantial bandwidth calls for low-Q output tank

' W. G. Dow, “Fundamentals of Engineering Electronics,” John
Wiley and Sons, New York, N. Y., 1937, chap. 3.
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circuits. For example, to accommodate a 10-megacycle
bandwidth at a 1000-megacycle carrier frequency, the
(O must not exceed 100, a value on the low side in ultra-
high-frequency practice. For the circuit of Fig. 2, using
symbols defined therein, and with radio-frequency in-
put frequency such that output radio-frequency voltage
and current are in phase, the shunt resistance, or shunt
impedance at resonance, is

Rnh : 1 ,G'h

1

1
Gt G (1a)

The loaded Q is then

/C
Or = Rug/ - (1b)

Thus for low Q the shunt resistance must be small and
the ratio of L to C large, for 4 given frequency-determin-

cathode

[
v
v
[
<
(]

plate

°
&

€

Fig. 2 ~-Al§ernat‘ing-current schematic tetrode circuit diagram, grid-
separation circuit. The radio-frequency plate-circuit load is
shown as divided between useful output loading, GL=1/R,, and
internal tank-circuit-loss loading, Go=1/R,. The screen is effec-

tively by-passed to the grid, so that grid and screen are at a com-
mon radio-frequency potential.

ing product LC. However, transit-time considerations
usually set a lower limit to practically usable valuesof C.

Thus if Q is to be kept low, the value of R.» must be
kept small; for efficient operation this small R.» must be
the optimum shunt impedance for the tube and plate
supply used. This calls for the use of a tube having a
high emission capability, which myst be the result of
high emission-current density. Thus the tube designer
must keep C as low as transit-time considerations per-
mit, and increase the emission-current density to a maxi-
mum extent. Increasing total emission by enlarging the
active electrode-structure area facing the anode does not
help, because it results in a compensating increase in C
and associated forced decrease in L, both roughly in
proportion to the change in cathode area.

ITI. LimiTs To OBTAINABLE POWER LEVELS AT
ULTrA-HicH FREQUENCIES

As far as basic electron-transit-time limitations are
concerned, it should be as easy to produce ultra-high-
frequency radio-frequency power efficiently at the levels
of tens and hundreds of kilowatts as it is to produce it
efficiently at levels of a few watts. This statement is
made with full recognition of the fact that various effects
generally detrimental to electron interaction efficiency
begin to appear when the frequency becomes high
enough to make any interelectrode transit angle within
the tube an important fraction of a quarter of a cycle.
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An obvious approach to minimizing these detrimental
effects is to exert design effort toward keeping transit
times small, either by making small the distance the
electrons must travel between electrodes, or by making
large the average velocity during transit.

If, in order to keep transit time to a minimum as
the frequency is raised, the interelectrode spacing is to be
made small, the active electrode area must also be small
in order to maintain the interelectrode capacitance at a
properly low value in relation to shunt impedance and
the requirement of a low Q. Manufacturing tolerances
limit progress in this direction, which is limited to low-
power-level operation.

If, in order to kecp transit time to a minimum as
the frequency is raised, the average transit velocity is lo
be made very rapid, a high direct-current plate voltage
may be used. The interelectrode spacing need not then
be small, so that the active electrode area may be kept
substantial without making the interelectrode capaci-
tance excessive. If the low-Q and optimum-shunt-im-
pedance conditions are to be fulfilled, the current must
be kept high in proportion to the voltage by increasing
the current density. Thus as the frequency is raised, good
efficiency and low Q can be maintained, if both voltage
and current, and therefore power, are increased sufficiently,
at very-high current density.

This requires high-dissipation anodes, very-high-cur-
rent-density cathodes, and clearances and vacuum
techniques sufficient to prevent flashovers. At very sub-
stantial power levels, of the order of tens of kilowatts,
these problems are in all probability capable of early
and practical solution up to 3000 megacycles.

1V. ELecTrRON-TRANSIT REACTANCE; ELECTRON-
TRANSIT PHASE-DELAY ANGLE

At ultra-high frequencies it is generally true that the
fundamental-frequency component of radio-frequency cur-
rent flowing through the interaction space associated with
the tank circuit lags in phase behind the fundamental-
frequency component of the electron stream injected through
the grid or screen into the interaction space.® There exists
then an electron-transit phase-delay angle which can be
used to describe the important transit-time phenomena.
It is desirable to analyze this behavior, and to describe
an electron-transit reactance, used in an equivalent circuit
to symbolize certain transit-time effects.

Fig. 3 illustrates various positions of a “block” of
electrons, of extent x,—x, during passage from left to
right through the equipotentials at x, and x; with con-
stant space-charge density p and constant velocity v.
This movement of charge causes a current flow between
the equipotentials, generally called the “induced” cur-
rent, that begins when the forward face of the block
passes x,. The induced current density,*~'° which in-
cludes both the displacement and convection currents

s F. B. Llewellyn, “Electron Inertia Effects,” Cambridge Uni-
versity Press (in New York, The Macmillan Compan?i), 1941. This

book contains a complete bibliography relative to sma -signal hltra-
high-frequency electron behavior.
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caused by the movement of this block of charge, is

e
7=

The displacement current flowing as a direct result of
any coincident change in potential difference between x,

pvdx

Xp — %Xa

v—e XXa X=Xp

Vi)

¢
T"J Just before ta

o

2| Just after tq

v—_ Y
4 é Just at te
» VB

s [//2]]]

X=Xy,

Just before t.a
4 K.

24 X:X
| ¢l--— X ==

Fig. 3—Diagrammatic portrayal of various positions of a block of
space charge passing with velocity v from left to right past the
equipotential plane at x=ux,, then later past the equipotential
plane at x =x,. All block representations are shown with broken-
line top and bottom edges to indicate that they extend infinitely
in both y directions. The front end of the block passes x. at
moment f,: the rear end of the block passes xs at ¢s; at t the
block is centered and just fills the space between x, and x,.

and x, is entirely distinct from and not a part of the
induced current; symbolically it is thought of as flowing
through a separate parallel condenser.

(@ Total current wave
| form for oli tocations
Xq to Xp in Fig. 3
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Fig.4—Current wave forms associated with Fig. 3.
(a) Induced current wave form for all positions x, to xs, in Fig. 3.
(b) Convection current wave form for position x, in Fig. 3.
(c) Convection current wave form for position x,in Fig. 3.
(d) Wave form of displacement component of induced current for
position x,, Fig. 3.

+S. Ramo, “Current induced by electron motion,” Proc. .R.E.*
vol. 27, pp. 584-586; September, 1939.

10 C. K. Jen, “On the induced current and energy balance in
electronics,” Proc. I.R.E., vol. 29, pp. 345-349; June, 1941; also
C. K. Jen, “On the energy equation in electronics at ultra-high fre-
quencies,” Proc. I.R.E., vol. 29, pp. 464—466; August, 1944.
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For constant-velocity constant-p charge movement,
the induced-current wave form for the entire region x,
to xp will be as illustrated in Fig. 4(a). The convection
component of induced current has the wave form shown
in Fig. 4(b) at position x,, and at points infinitesimally
displaced to the right and left of x,. The relative position
of the wave forms of Figs. 4(a) and 4(b) is clearly shown
by the figure. The wave form and phase position of the
convection-current com ponent at and near x; are shown
in Fig. 4(c). At any point between x, and x; the convec-
tion-current component wave form has the same shape
as at the two ends, but its phase position shifts uni-
formly from left to right.

The wave form of the displacement component of in-
duced current is shown in Fig. 4(d), for position x, in
Fig. 3.

The planes x, and x;, might correspond to the grid and
screen planes of a tetrode. In that case the phase angle
Convection Current
Entering Electrons

Conduction Current l l ' l l l Conduction Current
Departing Electronsu:,)’)’bbbbu?ePG"U"Q Electrons

NS (e
\ | \
nrrsesksk

A3ap)

Anode face
DM

Fig. 5—Electron stream injected into a cavity via an “ideal” grid.

between the fundamental-frequency components of
Figs. 4(b) and 4(c) represent the electron-transit phase-
delay angle between injection past the grid and ejection
past the screen.

If the plane x, corresponds to the screen plane, and
s to the plate plane, the phase angle between the funda-
mental-frequency components of Figs. 4(b) and 4(a) is
the electron-transit phase-delay angle between injection
current at the screen and the load current to the tank
circuit.

This latter condition is illustrated by Fig. 5, repre-
senting an output cavity which electrons enter by means
of an “ideal” grid. The grid “wires” are thin enough to
offer very little obstruction to electron flow, but they
are deep enough so that there is no penetration of the
electric field at the left into the region at the right, or
vice versa.

Only convection current or conduction current can
pass through an “ideal” grid. The zero-field condition
at the grid plane prevents any passage of displacement
current into or out of the cavity across the grid plane.
The entrance of the electron stream constitutes a flow of
electrons into the cavity; since no displacement current
can enter or leave, there must also be a tlow of electrons
out of the cavity. Ultra-high-frequency conduction cur-
rents pass only on the surfaces of conductors, so that
there can be no conduction-current escape of electrons
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from the cavity except at the edges of the screen open-
ings. Thus, the cavity shown in Fig. 5, looked at from
the outside as a high-frequency device, is a two-terminal
network. One terminal is at A, 4, A, the open spaces
between the grid wires, where the electrons enter as
convection current; the other terminal is at B, B, the
edges around the openings in which the grid is placed,
where the electrons leave as surface conduction current.

Current Convection Current
generator electrons injected
1 at A
e é
w TA
! 1
8 | Is Is 3
o] Y, D
Conduction I S I
current ) z )
electrons 9 B. HC p
depart at B - I I
B L
G, Re J
— A\ NANAAA~

Fig. 6—Convection-current electrons injected at A; conduction
current electrons depart at B. Equivalent circuit diagram for a
cavity into which convection current is injected in the form of an
electron stream. I, is generated by an alternating-current gener-
ator symbolizing the current injection. Positions 4, B, S, D corre-
spond to positions similarly marked in Fig. S.

The entering electron convection stream and the depart-
ing conduction current flow past one another at about
the same electrostatic potential, but with no opportu-
nity for mingling.

\ fle le
'z~
T Ils@le
VEQP

Fig. 7—Vectors showing phase relations between cavity voltage
Egp and 1., 1, 1, in Figs. 5 and 6. The angle 8 is the electron-
transit phase-delay angle between injection current and load
current.

If a region contains both entrance and exit grids, so
that the beam passes through both, just as it is indi-
cated as passing through equipotentials at x, and x; in
Fig. 3, the cavity is a four-terminal network, all entering
and departing currents consisting, however, entirely of
convection or conduction currents,

Instead of using the fiction of an “ideal grid,” it is
possible to entertain the concept of an equivalent grid-
plane potential.®:1.12 The |ocations A and S then have
the potential of the equivalent grid plane, which is con-
nected circuitwise by a capacitance to the points B on
the cavity conductor surface and to the grid wires, which

1 , ok H d : 3
tubes® Rt Ry ook e oo 545555, Desempon folay vacuum

12 B. J. Thompson, “Space-current flow in - -
tures,” Proc. I.R.E, vol. 31, pp. 485491 ; S\cpten‘:ﬁg:,ullg«tgfbe Bk
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are at the same potential as B, B. The larger this ca-
pacitance is, the closer the situation approaches that of
an ideal grid. None of the over-all concepts here dis-
cussed are basically altered if the equivalent grid-plane
potential concept is used rather than thatof an ideal grid.

Figs. 6 and 7 are, respectively, an equivalent circuit
and a vector diagram, corresponding to Fig. § and to a
current flow into the cavity similar qualitatively but not
quantitatively to Figs. 3 and 4. The length of the block
of charge is not x, —x, and the charge density and veloc-
ity are nonuniform. However, (2) is valid, vand p being
functions of x.

The injection current is considered as being ordered
into existence by the current generator I,; it enters the
cavity as injected convection current at 4, leaves it as
surface metallic conduction current at B, and corre-
sponds qualitatively to Fig. 4(b). The load current I, is
the induced current due to the passage of the block of
charge; it corresponds to Fig. 4(a), and to the negalive
of the plate current in ordinary electron-tube symbolism.
Fig. 7 is drawn on the assumption that the frequency
of the injection current is the resonant frequency of the
tank circuit, so that I, is in phase with the output volt-
age, which is E,, for a grid-separation circuit.

The angle 0 in Fig. 7 is the electron-transit phase de-
lay angle between injection current and load current.
It will in general differ from the transit angle calculated
on the basis of direct-current or maximum or minimum
voltages, but it is capable of evaluation by proper meas-
urement techniques.

The electron-transit admittance, ¥, in Fig. 6, symbol-
izes the fact that the current /, flows between two points
of unlike potentials. ¥, has in general inductive suscep-
tance, and may conceivably have either positive or
negative conductance; it is intimately related to the cur-
rent generator I,. Llewellyn and Peterson have discussed
similar small-signal concepts.® "

In Fig. 5 the currents I, and I, have separate, distin-
guishable identities only at the 4, B location. Between
the 4, B and the D locations there is a continuous point-
to-point variation of the displacement and convection
components of I,. The points g and p of Fig. 6 cannot be
identified in Fig. S, because Fig. S illustrates a distrib-
uted circuit.

The physical embodiment of the ability of the current
generator to handle either large or small voltages on
call lies in the fact that a large or small proportion of the
direct-current beam energy brought in by the electrons
at A will be used, according to what the radio-frequency
circuit demands. \What is not used is wasted as plate
dissipation. Thus the upper limit to the voltage that the
generator I, can handle is set by the direct-current
power supply.

The important physical fact is that I, must lag be-
hind I, and that the angle of lag depends on the direct-
current voltages and currents. Thus the circuit can be

u F.B. Llewellyn and L. C. Peterson, “Vacyum-tube networks.”
Proc. L.R.E., vol. 32, pp. 144-166; March, 1944.
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“tuned” by varying the direct-current parameters; this
operation can be thought of as causing a variation in the
“electron-transit susceptance” which is the important
component of ¥,.

The terms “electron-transit reactance” and “clectron-
transit susceptance” are applicable to all situations
in which reactance caused by electron transit time ap-
pears in a circuit; thus magnetrons possess electron-
transit reactance, and entirely new devices may appear
whose sole function is to introduce an adjustable elec-
tron-transit reactance or susceptance.

V. EFFeCTs OF ELECTRON-TRANSIT REACTANCE;
“FREQUENCY PusHING”

Obviously there will be electron-transit phase-delay
angles for both input and output circuits in a grid-sepa-
ration triode, with an added grid-to-screen-transit phase-

. oA

Egc
I lr

Eop Egp

a) (b)

Fig. 8— Vector diagrams showing phase relationships between input
voltage, E.. output voltage E,. and load current 1, in a grid
separation-circuit class-C oscillator with and without an over-all
input-to-output clectron-transit phase-delay angle.
ag Noclectron-transit phase-delay angle.

) About 120-degree electron-transit phase-delay angle.

delay angle appearing in a tetrode. Because of the ex-
tremely slow velocities of electrons at and near the
cathode, the transit phase-delay angle for the cathode-
to-grid transit becomes important at a much lower fre-
quency than do the others, and is larger than the others
at all frequencies. The various transit delay angles add
to produce an over-all electron transit phase delay angle
between input and output circuits.

Fig. 8 illustrates two contrasting situations, both un-
der conditions where the input frequency is the common
resonant frequency of input and output circuits.

Obviously, if an oscillator is to operate most effec-
tively, the feed-back circuit must incorporate a phase-
advance angle to compensate for the over-all transit de-
lay angle. Any modulation will change the transit delay
angle; the frequency must then shift to retain over-all
zero susceptance. Thus amplitude modulation becomes
associated with a marked frequency modulation, syn-
chronized with the amplitude modulation.

This effect is the major one contributed to by the
cathode-to-grid electron-transit reactance. It appears at
a lower frequency than do other transit-time effects,
because the very low initial velocities of the electrons
cause the cathode-to-grid transit phase-delay angle to
be relatively large. It is a very prominent effect, but is
usually not serious in relation to efficiency.

It became common practice in ultra-high-frequency
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experimentation during the recent war years to use the
term “frequency pushing” to describe the variation of
oscillator frequency with plate current or associated
parameters. This name was chosen to contrast with the
term “frequency pulling” which is used to describe the
effect on frequency of changes in load reactance. There
is serious doubt as to the desirability of incorporating
into accepted engineering terminology the phrase “fre-
quency pushing.” Tlie use in this paper of this phrase
should not be considered as prejudicial to the future
adoption of a better term.

It is reasonable to expect that frequency pushing in
an ultra-high-frequency oscillator may cause frequency
variations of the order of 1 to 1 per cent of the normal
operating frequency, for amplitude modulation of the
order of 80 to 90 per cent. The variation in frequency
is not a linear function of current.

The effect on an amplifier introduced byelectron-tran-
sit reactance is the same as that of introd ucing reactance
by any other means, that is, it changes the tank-circuit
resonant frequency, thus requiring a change in the drive
frequency to achieve optimum shunt impedance. The
sharpness of the effect depends, of course, on the Q of
the circuit, being the most severe for high-Q circuits.
Also, electron-transit reactance in an amplifier causes
amplitude modulation to set up a synchronized phase
modulation.

Electron-transit reactance will make difficult the use
of ultra-high-frequency power generators in exact ac-
cord with previous radio communication practice. How-
ever, it should be pointed out that any tube which dis-
plays the phenomenon of frequency pushing is itself a
reactance tube, and may be used for producing fre-
quency modulation of an associated circuit. It is, of
course, reasonable to expect that tubes can be designed
to maximize this type of functioning. Reactance tubes,
based on the use of electron-transit reactance, can be
used to compensate for pushing in an oscillator or for
phase modulation in an amplitude-modulated amplifier,
or for producing frequency modulation at constant am-
plitude.

VI. Use oF SCREEN TO PREVENT
TraNsIT DEBUNCHING

The sine-wave curve in Fig. 9(b) describes the varia-
tion with time of the potential relative to the cathode of
the equivalent grid plane in an idealized ultra-high-fre-
quency triode.®12 At moment A A4 electrons will begin
to leave the cathode; subsequent to BB no electrons
leave the cathode until 44 is repeated in the next cycle.

The curves in Fig. 9(a) portray the distance-time his-
tories of electrons that leave the cathode at various mo-
ments.'"! Slopes of these curves are proportional to

14 Chao-Chen Wang, “Large-signal high-frequency electronics of
thermionic vacuum tubes,” Proc. I.LR.E.,, vol. 29, pp. 200-213;
April, 1941.

* H. E. Hollman, “Theoretical and experimental investigation of
clectron motion in alternating fields with the aid of ballistic models,”

Proc.1.R.E., vol. 29, pp. 70-79; February, 1941,
!¢ B. Salzberg, unpublished thesis. 1941; see footnote 14, p. 200.
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electron velocities. These curves are shown quantita-
tively correctly, for a particular charge-free-space con-
dition, for the region between cathode and grid. They
are shown as straight lines from grid to plate, which
corresponds to the existence of no potential difference
and therefore no acceleration between the equivalent
grid plane and the plate. The diagram is so drawn partly
because it is a reasonably close approach to the truth
for efficient class-C operation. The chief reason for draw-
ing these lines straight, however, is that it is the simplest
way to illustrate the point about to be made.
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Fig. 9—Illustrative electron distance-time curves, triode, for a

Fig. 9(a) as drawn indicates that the electrons that
leave the cathode before the moment CC pass on
through the grid to the plate, passing the grid during
the angle 8; the later electrons return to the cathode. It
might seem proper to call the angle 6 the angle of flow
of plate current. However, as long as electrons are trav-
ersing the space from grid to anode, plate current is
still flowing; thus electrons are still afriving at the plate,
and therefore current is stil] flowing, at and later than
at moment DD. A comparison between the shapes of
the plate-current pulses with and without this effect ap-
pears in Fig. 10. Since the plate Current tails off to zero
asymptotically in the condition corresponding to Fig. 9,
it is difficult to define at what moment the angle of
flow ends.1
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Thus the electrons leave the grid plane well “bunched”
into a small, initial, angle of flow; they have differing
velocities as they pass the grid; a drift-tube action then
takes place in the grid-to-plate space which “debunches”
the electrons by the time they reach the plate, and
causes the actual effective operating angle to be poor.
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Fig. 10—Qualitative illustration of the effect of transit debunching
on plate-current wave form.
(a) Without transit debunching.
(b) With transit debunching.

The introduction of a screen grid operating at control-
grid radio-frequency potential but at or near anode
direct-current potential causes the average velocities of
the electrons during their travel beyond the grid to be
large enough so that the effect of the differences between
their velocities at grid passage becomes unimportant.
This more or less completely eliminates the debunching
action. Thus the second grid assists in maintaining a
good angle of plate-current flow, if other circuit condi-
tions are right.

VII. CATHODE BACK-HEATING

The distance-time curves in Fig. 9(a) for the electrons
that return to the cathode are shown diving into the
cathode at a substantial slope; thus these electrons have
considerable kinetic energies at impact with the cathode.
Important effects of this behavior, called cathode back-
heating, are:

1. Back-heating causes an increase in the input con-
ductance. This may prove to be an ultimate limiting
factor in ultra-high-frequency amplifier practice.

2. The back-heating varies with radio-frequency in-
put drive, and with frequency in a tunable device.
Therefore, if the cathode temperature is to be main-
tained constant, continuous adjustment of the filament
excitation is necessary, if drive or frequency vary.

3. Cathodes must be designed so that the normal fila-
ment excitation power is greater than the maximum
back-heating power, in watts.

4. During a portion of each cycle the cathode is
emitting electrons that play no useful part in the tube
operation.

The actual average emission current may be greater,
perhaps by half or more, than will be read by any direct-
current ammeter, because the back-heating electrons do
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not pass through the plate circuit. Since the unmeasured
emission current occurs affer the useful electrons have
left the cathode, it does not affect the peak emission
requirement. Cathode life is related to ampere-hours of
emission, rather than to peak emission. The period dur-
ing which the back-heating electrons are departing from
the cathode adds to the ampere-hours of emission,
and therefore affects cathode life.

VIII. Ust oF SCREEN GRID TO SHORTEN
INTERACTION TIME

Referring to Fig. 1, if the grid-plate transit angle in
a triode is a substantial portion of a half-cycle, an elec-
tron that passes the grid plane at the moment ABCD
will not arrive at the anode until some such moment as
MN. It follows that, even if all the electrons start well
bunched and remain so, if they move slowly enough the
effect will be similar to that of a large angle of flow, and
the efficiency will be poor.

This difficulty can be made less serious by reducing
the “electron interaction time,” or time of flight through
the region in which the electrons by their movements
convert direct-current power into alternating-current
power.

Calculations and experience both indicate that an in-
teraction time of about one-quarter cycle can be toler-
ated from an efficiency standpoint, but that a half cycle
is too long. Any attempt to reduce the interaction time
by reducing the interaction spacing will increase the
capacitance in the tank circuit, a change which in gen-
eral cannot be tolerated because of its effect on the
circuit Q.

The alternative is to increase the average electron
velocity during interaction. This can be done, without
increasing the plate voltage, by introducing a second grid
between control grid and plate and operating the second
grid at control-grid radio-frequency potential and at or
near anode direct-current potential. The tank circuit
capacitance is then that between screen and anode. This
can have the same value as in a comparable triode, yet
the tube can operate with a considerably smaller inter-
action time, because of the high velocity with which the
electrons pass though the screen into the interaction
space.

There has been ample experimental verification, at
power levels of tens of kilowatts and frequencies be
tween 350 and 650 megacycles, of the relationships dis-
cussed above involving tank-circuit capacitance, inter-
action distance, and efficiency, when the second grid is
employed.!

Approximate calculations and experience to date in-
dicate that it is probable that the use of the second grid
may raise, by a factor approaching 2.5, the upper fre-
quency limit at which good power-output efficiency is
obtainable at usable bandwidths.

Transit debunching and interaction transit time are
separate topics, although affected similarly by the sec-
ond grid. It is possible to describe, in principle at least,
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a type of operation in which there is transit bunching
rather than debunching, and the change from one to the
other can occur at a constant average electron interaction
time.

1X. TRANsSIT-TIME EFFECTS ON OPTIMUM
SHUNT IMPEDANCE

At frequencies low, enough so that transit time is not
important, the kinetic energy of an electron in electron
volts is equal to the potential difference in volts between
the point it has reached and the cathode from which it
was emitted. If, however, the frequency is high enough
so that the electric fields change substantially during the
electron’s flight, this is no longer necessarily true.

One result of this difference is that it is quite possible
at ultra-high frequencies to have a plate swing well in
excess of 100 per cent without introducing electron re-
jection by the plate. Electrons may conceivably reach
the plate at a moment when it is well below cathode
potential, or they may reach it with little or no kinetic
energy at a moment when its potential is very much
greater than the cathode potential.

Since it is thus possible at ultra-high frequencies for
the plate swing to be more than 100 per cent without
causing electron rejection, and also conceivable for the
efficiency to be high with a plate swing of 50 per cent or
less, it is no longer necessarily correct to say that the
optimum shunt impedance is that which will result in
nearly 100 per cent plate swing when accepting a given
plate current.

The question as to the manner and extent in which the
ultra-high-frequency optimum shunt impedance differs
from the optimum under low-frequency conditions has
not been answered definitely as yet. It seems likely that
for optimum operation the plate swing should be some-
what greater than 100 per cent, and that the electrons
should for the most part arrive at the plate, with very
little energy, at a moment when the plate potential has
risen substantially above zero.

X. SECONDARY EMIssioN; ANODE BACK-HEATING

Of course, substantial secondary-emission current due
to passage of electrons from plate to screen may flow ina
tetrode, and in class-C operation appreciable secondary-
emission current cannot usually be tolerated.

The ratio of secondary electrons to primary electrons,
for the surface of an anode (usually copper), rises from
zero at impact energies of a very few volts to a maxi-
mum occurring at an impact energy of a few hundred
volts, then tapers off to a very few per cent for primary
electrons with energies of several thousand volts.!?

The simplest and most easily demonstrable way of

17 ]. M. Hyatt and H. A. Smith, “Secondary electron emission

from molybdenum,” Phys. Rev., vol. 32, pp. 929-935; December,
1928.
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avoiding secondary-emission trouble in an ultra-high-
frequency tetrode is to operate it at voltages high
enough to make the sccondary-to-primary ratio suffi-
ciently low to avoid trouble. This is, of course, practical
only at very high power levels, such that good efficiency
corresponds to electron impact energies averaging per-
haps 2000 to 3000 volts. Thus high-power operation is
in general easily obtained, whereas low-power operation
may not be.

There arc other approaches to the elimination of sec-
ondary-emission troubles; for example: some usc of a
third grid; space-charge suppression'®* and relaeed
schemes; and special treatment of the anode surface to
minimize the sccondary-to-primary eclectron ratio. As
yet, however, no completely successful method of elimi-
nating the secondary-emission difficulty at low voltages
has been reported ‘

An approach to this problem that has been used with
a fair degree of success is an arrangement in which vanes
serving the purpose of a suppressor grid are directly
connected to and made a part of the anode.® The elec-
trons are beamed so as to enter the pockets between the
vanes. This does not actually prevent secondaries from
leaving the anode, but it can cause a large percentage of
them to re-enter the anode or its attached suppressing
vanes very early in their flight.

In ordinary tetrodes, secondary emission is made evi-
dent by an increase in screen current. This is not always
true at ultra-high frequencies, because the action of the
electric field may reverse the movement of the second-
aries during transit and drive them back into the anode.
This effect can be called anode back-heating by second-
ary electrons. A method has been devised for measuring
it, based on the fact that the secondary-electron
back-heating represents a radio-frequency loading
on the anode tank circuit, whereas normal plate dis-
sipation by primaries has no such_ effect. The anode
back-heating energy can thus be “sorted out” by virtue
of t_he fact that it represents cnergy extracted from the
ra'dno-frequency field, and therefore modifies the oper-
ating Q.
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«Current and Power in Velocity-Modulation Tubes™”

L. J. BLack AND P. L. MORTON

P. J. Wallis 2nd S. G. Tomlin:' \We have read the
August, 1944, issue of the PROCEEDINGs OF THE [.R.E,,
which contains the very interesting paper by L. J.
Black and P. L. Morton on “Current and Power in
Velocity-Modulation tubes.” This paper contains re-
sults very similar to those we have been using in these
laboratories and which have been described in privately
circulated reports, but we would like to point out that
certain important terms have been omitted in their
paper. It is hoped to publish shortly a number of papers
on the principles of velocity modulation which give the
full details of our method and results and should be con-
sulted for proof of the results quoted in this letter.

The equations for the charge density ((9) and (11)) in
their paper are incorrect because they neglect the varia-
tion of electron velocity at the catcher, If p is the charge
density, v the electron velocity, and ¢ the current, then,
since charge 1s conserved,

S dodty = iadty
and
1= pv

where the 3 includes all elements df; which correspond
to electrons arriving at the catcher in the same interval
dt,. These equations give

10 Ol
p2 = — :
vzz atg

which has 7, in the denominator on the right and not v,
as is given by Black and Morton in (11).

In their section on the catcher current the authors
assume in two places that it is good enough to take the
electron velocity on entering the catcher as v, or, in
other words, they neglect the modulation in the first
gap except in the first term for the entrance time. In
their notation this is neglecting terms of order P; but
in their expressions for the current they keep terms of
order P, which are not necessarily greater (in many
cases P,=P;). In other words they have not retained
terms of comparable magnitude consistently through-
out the calculation. If, in their expression for the induced
current Ai and in their integration of the equation of

* Proc. I.R.E., vol. 32, pp. 477-482; August, 1944.
1 Standard Telephones and Cables, Ltd., Connaught House,
London, England.

motion of the electron in the second gap, terms of order
P, are kept, then it is fairly easy to modify the results
and get an expression for n which retains all terms of the
second order in P, and P,, while their result gives only
some of the terms of the second order.

In determining the order of different terms it is nec-
essary to remember that, while the modulations Py and
P, are small, the drift tube may be quite long. Writing
S=ws/t,, we can assume that SP; is an order of
magnitude larger than P;. In mathematical symbols
SP;,=0 (1) while P,=0(1).

In their section on transit-time effects at the buncher,
the authors show how the finite time spent in the
buncher introduces a term in the efficiency due to the
absorption of power in the buncher. They do not indi-
cate, however, that because of the different emergent
velocity the transit time in the drift tube is altered, and
that consequently the argument 7 of the Bessel functions
must be altered by multiplying it by a gap efficiency fac-
tor.

Although the authors confine their attention to tubes
whose gaps each consist of two parallel grids, the theory
can be developed for quite arbitrary gaps and the re-
sults given in terms of certain gap factors B, v, and 9,
which depend on the gap geometry and are necessary to
describe the velocity of electrons after passing through a
gap.

The result then obtained for the efficiency 7 is

11=P267,]1(AP1) |:COS (Co—61+a)
SR
+*‘3—2— /98,4 +46,2 cos (Co+e1—e2t+ x):|

sp?
+ Pofs 5(A D) 32l* V9814 +48,2 cos (Co— 3ey+e2+a)

PP
e 1_23_‘12 [Jo(APy) sin (Cota)

—Jz(AP;) sin (Co'261+a)]

P2 Py?
~ 2 31‘71"‘7 Bava
Py,

—T J2(2A Pl) sin (2Co—261+2(1)
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where
A = V5B, + 7,2
71 36,
tane = — —, tane = — ——
Sﬁl 251
and

Py
o 5[1.+ = (38:% — 26:7:)}

and S is measured between the centers of the gaps. We
have included in this expression for 7 the term due to
the absorption of power in the first gap [— (P:¥/4)B:vil,
and written the result only for n =1, i.e., both high-fre-
quency fields having the same frequency. The subscripts
E and M refer to the first and second gaps respectively.

The above expression for 7 imtmediately gives the
beam conductance. The expression for the beam suscept-
ance, which is important in connection with electronic
frequency control, can be found similarly, and also con-
tains extra terms which the paper omits. It should be
noted that the numerator of the coefficient of P,y/2 in
the second line of (27) should read

n8(i+4-cos 1) — 2 sin nf instead of n0(7 —cos nf) — 2 sin né.

For a gap between two parallel plane grids, such as
Black and Morton discuss, we have

. bo
sin
8 )
= 2
2
6o
¥ =8 — cos
< ) o 00) . 6o
£ln — COos sin —
N 2 2 % 2
T
4(3)
2
2(1 — COSs 00) — 00 sin 00
40,
5 = 00 — sIn 00 .

6q?

It can be shown that for infinitesimal (“perfect”)
gaps all these constants, except 8, vanish and 8=1.
Other types of gaps are discussed more fully in our
papers on the principles of velocity modulation.

L. J. Black and P. L. Morton* The discussion sub-
mitted by Messrs. Wallis and Tomlin might give an
erroneous impression concerning the correctness of our

? University of California, Berkeley, California.

January

derivations, particularly to one who is not familiar with
the subject. The assumptions used in the derivations are
clearly stated in the paper and the results are correct
within the limits of these assumptions. The validity of
the approximations used in the derivations is based upon
the percentage velocity modulation being small, i.e.,
E,/E,<1. This assumption places no limitation upon
the operation of the tube, since proper bunching can be
obtained with a small velocity modulation if the drift-
tube is sufficiently long. Under these conditions, it is
not necessary to include the variation of electron veloc-
ity at the catcher in determining p;. In order to obtain
a reasonable efficiency, the requirements on the relative
magnitudes of P, and P, are quite different. While P,
may be small in comparison with unity, for efficient
operation P, must be approximately unity. Itisevident
that the value of P, does not necessarily bear any direct
relation to the value of P,.

In the actual operation of klystron tubes, the oper-
ating conditions are often within the approximations
used in our paper. The approximations, of course, are
not valid if the ratio of buncher voltage to acceleration
voltage is high. The general theory for this latter type
of operation and its relation to the small-velocity-modu-
lation theory are capably discussed by A. E. Harrison.?

We acknowledge the typographical error in sign that
appears in (27). Fortunately the term involved does
not affect any of the results.

In the expression for p; given in their discussion, the
term v; should appear after the summation sign if the
variation of electron velocity is to be included.

P. J. Wallis and S. G. Tomlin:! The first five pages of
the paper in question treat the case of an ideal first gap
and a nonideal second gap. With this part of the paper
we are in agreement, having reread it carefully bearing
the authors’ remarks in mind, viz., that P, is assumed
very much less than P,

However, we would point out that the only inequali-
ties given in the article are PiK1 and P;<1, and it
did not seem to us that this excluded the case of P,
and P; of comparable magnitude, which occurs with
tightly coupled oscillators, Perhaps it would have been
better if the authors had stated this assumption more
explicitly, since other readers may draw the conclusion
that we drew.

In the last page, Messrs. Black and Morton deal with
transit-time effects in the first gap and appear to have
done so a little too cursorily. They have neglected the
fact that the change from an jdeal to a nonideal gap at
the buncher necessitates changes in their equation (28),
which correction is not negligible unless our factor 8
(which in the case of the uniform gap considered in the
present paper is (sin 00/2)/802) is very close to 1. When,

*A. E. Harrison, “Graphical methods fo lysi ity-
%Z%ulation bunching,” Proc. LLR.E., vol. 33r, ;:f %(S)l—ssgf jv:r]ﬂxc:;g.
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as is often the case, 8 is of the order of 0.5, an error
which may be large is introduced.

We agree that our formula for the current density
should read

ol

1
P2=iz —

Ve atz

and thank Professor Black for pointing out our slip in
putting v; outside 3_. Fortunately, it leaves our final re-
sult for the efficiency unaltered.

L. J. Black and P. L. Morton:* We are glad to note
that Messrs. Wallis and Tomlin are in agreement with
the first five pages of our article. We believe that they
will also find themselves in agreement with the re-
mainder of our paper upon a closer examination of (36).
Actually, (36) was obtained by treating the buncher as
a “nonideal gap” and the equation does contain a “gap
- factor 8,” i.e., (36) can be written in the form

P, sin 8y/2 sin 8o/2
Ll (Eoio)( S s eo/2> <-' — ~°/—>
4 80/2 80/2

where
P, = E\/E..

The equation written in this form is identical to “the
term due to the absorption of power in the first gap
[— (P:?/4)Byy.]” included in their first discussion. The
first part of (36) of the original paper contains a typo-
graphical error that should be obvious to the reader,
i.e., in the numerator of the expression, E, should be
written in place of E,.

P. J. Wallis and S. H. Tomlin:' We would direct at-
tention to (29) as modified by (36). The authors of the
paper do not seem to have appreciated that the argu-
ment of the Bessel function in (29) must be altered
when the first gap is not ideal.

Briefly, we may translate (29) into our notation as fol-
lows (taking n=1):

= azﬂdl(%als) sin (S + x+) ’}agzﬂzvz (293.)
where x is the phase difference between the field in the
two gaps. Equation (36) gives a term 1?81y, and the
authors assert that the effect of the finite transit time
spent in the first gap can be taken into account by sub-
tracting this energy loss from (29), thus giving

n = — asfe (3aiS) sin (S + x) — La?Bery: — tai?Biv1

Now this is not enough; the argument of the Bessel
function must be altered from 3o, S to 3a,8.S so that

n = — afJ %011315) sin (S + x) = }azzﬂz“/z w }alzﬂl“ll-
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Or, in Black and Morton’s notation,

sin 00/2 sin 00'/2 00 00'
1= S ( T Y (a 4 0
p,;? 2(1 — CO0S 00) — 09 sin b
_—4—['"“ 0 ‘_]
P212(1 — cos 80') — 8¢’ sin 8¢’
e

whereas subtracting (36) from (29) and modifying the
drift-tube length as suggested by (35) gives

sin 6o/2 6 6
g v Pz—;‘;/z—fx(f) cos (a-’r §'+ 2)
P22 2(1 ——cos()o) —00 sin 00
—T[' T e ]
P2[2(1 — cos 8y') — 6o’ sin 6y’
e =

We have written 8¢ for 8, in the first gap since the two
gaps are not necessarily equal.

Obviously the modification of the argument of the
Bessel function makes a material difference to the re-
sult if, as may happen, (sin 8,/2)/(60/2) departs appre-
ciably from unity, particularly since r can be quite large
and thus emphasize any error due to omitting the gap
factor. This modification of the argument can only be
made by so conducting the whole discussion that ac-
count is taken of the transit time in the first gap right
from the beginning. This is what we meant when we said
that the transit-time effects in the first gap had been
treated a little too cursorily. It is impossible to arrive
at the correct result by taking an ideal first gap and
finite second gap, working this to the end, and then add-
ing a correction for the loss in the first gap. There is
more in it than that; and this is what we wished to make
clear.

L. J. Black and P. L. Morton:* We agree that the
argument r of the Bessel function as defined in our
paper (after (15)) must be multiplied by the factor
(sin 60/2)/(8,/2) when transit time is taken into con-
sideration. This should be clear from the discussion on
page 482 and from (35), in which the velocity modula-
tion is given as
N E1 sin 00/2

00/2

Vo B 2Eo
If this value'of #,/22 is used, the expression for r becomes

(ws)vl (ws) E, sin 8y/2
r=l—)}V—=l—]— = &
Vo / Yo v0-/2Ey 60/2

We are sorry that we did not point out more ex-
plicitly just how the necessary corrections to (29)
shouid be made to give the efficiency under conditions
of finite transit time.
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Discussion on

“Transmission of Television Sound on the
Picture Carrier’””

GOrDON L. FREDENDALL, KURT SCHLESINGER, AND A. C. SCHROEDER

E. R. Kretzmer:' The authors assume a modulation
law whereby the time shift of the pulse edges is deter-
mined by the modulating signal at a number of instants
equally spaced along the time axis. This law may be
termed explicit, since explicit expressions exist for the
times of the two edges of the pth pulse.

Among the many possible laws that may govern the
shift of the pulse edges, there is one which is probably
easiest to conform with in practice and which yields the
simplest frequency spectrum.

With this law the time shift of a given pulse edge is
proportional to the instantaneous modulating signal at
the instant at which the pulse edge actually occurs.
Since this time instant can be given only by an implicit
relation, pulse-width modulation in accordance with this
law may be called implicit modulation.

Implicit modulation is easily physically realized by
adding to the signal voltage a saw-tooth type voltage
of larger amplitude, clipping, and then limiting the re-
sultant.? Evidently, even if a symmetrical saw-tooth
voltage is used, purely symmetrical modulation cannot
be attained for sinusoidal modulating voltages.

The mathematical expression for implicitly modu-
lated pulses, placing in evidence all components present,
can be found by a relatively simple analysis. It is
merely necessary to obtain the Fourier series for the
pulses in the absence of modulation, replace the con-
stant width parameter by the modulation function, and
expand the result.

For “symmetrical” modulation, for example, the re-
sult is

¢ = wf(l — a cos 27 fol)

2t = BN
+ = AZ:’ '_Z_:m 7 {lellﬂwa(Mfc)]
sin [rw(Mf,) — |fy2~| 7;} cos 2n [Mf, + vf, ]t

* Proc.I.R.E., vol. 34, pp.49-61; February, 1946.

! Research Laboratory of Electronics, Massachusetts Institute
of Technology, Cambridge, Mass.

? R. D.Kell, U.S. Patent 2,061,734.

as compared to the author’s equation (28) for explicit

symmetrical modulation:
2 -

T Mal ve—gp

fJ,, [rwa(Mf. + vfo) |

ol
M+
S

€ =

sin [rw(My. + vfy) — ‘LZ ”]} cos 2r [Mf. + vfot.

The following basic changes result when implicit
modulation replaces explicit modulation.

(1) The amplitudeof the signal-frequency component
Is absolutely proportional to the product of duty
cycle and modulation index. For explicit modula-
tion this is nearly true for small values of the
product.
No harmonics whatever of the signal frequency
are produced.
A given component of frequency Mf.+vf, has an

)
(3)

amplitude which depends only on the product of -

duty cycle and modulation index, and which is
independent of the algebraic sign of v. The cor-
responding amplitude for explicit modulation (v
negative) is smaller and approaches that for im-
plicit modulation only when the signal-to-pulse
frequency ratio f,/f. becomes small, in which case
the undesired component is likely to fall outside
of the audio pass band.

It should be noted that these considerations also ap-
ply to pulse-time modulation, if width-modulated pulses
are generated for detection in the receiver, as is common
practice. As far as the spectrum of the time-modulated
pulses is concerned, its characteristics are similarly

dependent on the law which governs the time shift of
the pulses.

Gordon L. Fredendall:® As M[r. Kretzmer states,
there are various systems of pulse-width modulation.

His analysis of the “implicit” type is a significant addi-
tion to the subject.

* RCA Laboratories, Princeton, New Jersey.

!
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Cathode-Coupled Triode Amplifiers

The cathode-coupled triode amplifier
described by Sziklai and Schroeder in their
paper, “Cathode-Coupled Wide-Band Ampli-
fiers,” which appeared in the PROCEEDINGS
ofF THE [.R.E. for October, 1945, may be
represented by an equivalent triode having
a transconductance, plate resistance, and
amplification factor as follows:

= 4 4)]
L Y

U G

r—rl+G )
Pla V‘G_‘ 3)
W= —e1TG (

where
G=zg (14 1/4)
g=transconductance of each of the in-
dividual triodes
g’ =transconductance of the equivalent
triode
r=plate resistance of the individual
triodes
r'=plate resistance of the equivalent
triode
u=amplification factor of the individual
triodes
»’ =amplification factor of the equiva-
lent triode
zx=the cathode coupling impedance.
Equations (1), (2), and (3) may be
demonstrated as follows:
Referring to Fig. 1, we may write

ho=ge; — —e 4)
m
. 1
f1 = — gex + — gey (5)
m
G+ u = e )
ep + g = — igZL. (7)

The currents and voltages are not the total
voltages and the current but are incremental
values. We may eliminate e, from this set of
equations by combining (5) and (7). Thus
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Substituting (4) and (9) into (6) and solving
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Fig. 1—Cathode-coupled triode
amplifier.
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Equation (9) can now be written

h=lete)————
1+(1+i) i e
r
(1)
u
The equivalent transconductance g is 1,
divided by (ex+e¢,) when z;=0:
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The equivalent amplification factor u' s
1,21 divided by (e,+ei) for very large values
of z;. Therefore
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The equivalent plate resistance r’ is u’ di-
vided by g’:

14+ 2G
YA

N. I. KorMAN

Government Radiation Engineering Section
Radio Corporation of America

Camden, N. J.
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Note on the Expression for Mutual
Impedance of Parallel Half-Wave
Dipoles

In a recent paper by the writer,! the ex-
pression? for the absolute value of mutual
impedance of nonstaggered parallel half-
wave dipoles, for the case where the separa-
tion between the dipoles is large in compari-
son with the wave length, was derived from
a consideration of an expression for the in-
duced voltage V,; given as the product of
Eyz or the component of the field intensity
parallel to antenna number 2 and its effec-
tive height k. The more exact approach to
the problem is as follows:

For separations S>>\/2, expression® for
the component E;; of the field intensity
parallel to antenna number 2 due to cur-
rent I in antenna number 1 reduces to

En~ i30] ( G ﬁﬂb)
12— 1 D D
> —; 6_0.{’ e—18D

for when S3>)/2, ri—r,—D (see Figs. 2 and
3 of footnote reference?).

Substituting the above expression for Eyy
in general expression for the mutual imped-
ance*
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Since 8=2x/X and letting S=D/A
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KosMo J. AFFANASIEV
Federal Communications Commission
Washington 25, D. C.

! Kosmo J. Affanasiev, *Simplifications in the
consideration of mutual effects between half-wave
dipoles in collinear and parallel orientations.® Proc.
LR.E., vol. 34, pp. 635-638; September, 1946.

! Equation (15). p. 637, of footnote reference 1.

! Equation (8), p. 636, of footnote reference 1.

uation (7), p. 636, of footnote reference 1.
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1947 Convention News: Exhibits to Be Held
at the Grand Central Palace

Plans for the 1947 National 1.R.E. Convention, set
for March 3 to 6, are moving ahead under the guiding
hand of Dr. James E. Shepard, Chairman, and his 1947
Convention comnittee.

Most noteworthy development is the moving of the
Radio Fngineering Show from the 17th Regiment

Umoal U, 5. Nawy Phatograph

Vick Apmikat Cuantis A. Lockwoop

Armory to the Grand Central Palace at 480 Lexington
Avenue. Only 182 booths were to be available to exhibi-
tors at the Armory, withover two hundred booths nceded
to adequately display the latest in radio and electronic
devices. In addition, there will be two lecture halls in
which some of the technical sessions may be conducted
The move, however, does not change the character of
the Convention or Show. It is not planned as a public
exhibition but as a technical engineering get-together.

Highlighting the President’s Luncheon (noon, March
4) will be Vice Admiral Charles Andrew Lockwood's
address to those assembled. Admiral Lockwood was
commander of our submarine fleet in the Southwest
Pacific from May of 1942 to February of 1943, for which
he received his third Distinguished Service Medal. The
citation read: “...a darng, forceful and inspiring
leader, he directed the operations of his forces aggres-
sively in carrying the attack to the enemy with the re-
sult that the submarines under his command sank 58
enemy ships and damaged 41 others.” Admiral Lock-
wood also wears the Legion of Merit, Commendation
Ribbon, the Victory Medal, and The Order of Orange
Nassau with Swords, presented to him by the Govern-
ment of The Netherlands.

Guest of honor at the luncheon will be the president-
elect of the Institute, Dr. W. R. G. Baker. Dr. F. B.
Llewellyn, retiring president will act as toastmaster.

Planned for March § is the annual banquet, to be held
at the Hotel Commodore.

Professor Weber reports plans for twenty-five tech-
nical sessions with a total of one hundred and twenty
10 be read. all hitherto unpublished in any form.

The proposed schedule includes papers ou the follow-
ing subjects: Electroacoustics, Frequency-Modulation
Receivers, Television Theory and Practice, Commercial
Navigation, the Social and Professional Status of Engi-
necring, Vacuum Tubes, Nucleonics Instrumentation,
Broadcasting Components, Recording, Electronic Con-
trol. Instrumentation, Antenna and Propagation, Medi-
cal Electronics, Basic Mecasurements Theory, Electronic
Computers, and Systems of Communications.

An interesting addition to the agenda is the session on
“The Social and Professional Status of Engineering.”
There will be four speakers to cover the liberal education
of the engincering profession, opportunities for the
young engineer, relation of the engincering profession
to science and industry, and the organization of the
engineering profession

The demand for hotel accommodations will be great.
It is suggested that hotel reservations be arranged for
through the New York Convention and Visitors'
Bureau, 233 Broadway, New York 7, New York, in
order that YOU may have a comfortable place in which
to spend Convention Weck.

‘ NOTICE TO THE LADIES!

The Women's Committee has arranged for a
widely varied list of attractions for your entertain-
ment at the Convention, including a reception at .

' the new Headquarters Building at 1 East 79 Street.
Other features planned by Mrs. George Gilmen,
Chairman of the Women's Trips Committee, in-
clude a sightsceing tour of uptown and residential
New York, Fred Waring's radio show, a tour of
R. H. Macy's, a theater matinee, luncheon and
fashion show at the Plaza Hotel, and a visit to the
United Nations if sessions are in progress.

With the exception of the tea, our program will
operate on a self-sustaining basis. Cost of the van-
ous functions will be announced later.

We are looking forward to seeing you at The
Convention.

TRIXIE LLEWELLYN
Chairman, Women's Committee
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The new field of “nucleonics” includes
the study of the structure and modification
of atomic nuclei, and the industrial or mili-
tary applications of the information thus
gained. It is well known that numerous
communications and electronic engineers
have been active in projects dealing with
“nucleonics.” The work of these engineers
is understood to have involved the de-
velopment of measuring instruments, con-
trol mechanisms, specialized processes, and

»
INvITATION TO |.R.E. MEMBERS ACTIVE IN “NUCLEONICS

many other extensions of the techniques
with which they have long been familiar.

The Institute now cordially and ur-
gently invites all of its members who have
thus participated in “nucleonic” projects,
or who plan to do so, to address a com-
munication to that effect to the Editor, to
the extent such information may be re-
leased for discussion and publication. Itis
hoped that they will at the same time ex-
press their interest in any Institute activ-

NEw ILR.E. OFFICERS

Dr. W. R. G. Baker (A'19-F'28), vice-
president of the General Electric Company's
electronics department, has been elected to
the Presidency of The Institute of Radio
Engineers for 1947. Sir Noel Ashbridge
(F’38), chief engineer of the British Broad-
casting Corporation, has been elected to the
Vice-Presidency of the Institute. Murray G.
Crosby (A'25-M'38-SM'43-F’43), consult-
ing engineer for the Paul Godley Company;
Raymond F. Guy (A'25-M’'31-F'39), radio
facilities engineer for the National Broad-
casting Company; and Raymond A. Heising
(A'20-F'23), patent engineer for the Bell
Telephone Laboratories, Inc., have been
elected to the Board of Directors.

Special. COMMITTEES

This list of Special Committees, which
are established by other than Constitu-
tional or By-Law provision, is an addendum
to the lists of Institute Committees and
Technical Committees which appeared on
pages 766-768 of the October, 1946, issue
of the PROCEEDINGS oF THE I.R.E.

Convention Policy Committee

J. E. Shepherd, Chairman
Austin Bailey E. J. Content
G. W. Bailey B. E. Shackelford

1947 National Convention

James E. Shepherd—General Committee—
Chairman

Philip F. Siling—General
Vice Chairman

Austin Bailey

George W. Bailey

Stuart L. Bailey

Committee—

General Committee
General Committee
General Committee

Leo L. Beranek Acoustic Require-
ments

R. D. Campbell Hospitality Registra-
tion

E. Finley Carter Hospitality

A. B. Chamberlain  President’s Luncheon

R. D. Chipp Facilities

General Committee
Exhibit Manager

Edward J. Content
William C. Copp

Edmour F. Giguere Social

Virgil M. Graham  Publicity

Edna Harding Secretary

D. D. Israel Exhibit Requirements
F. R. Lack Finance

E. Lehmann General Committee

Mrs. F. B. Llewellyn Women's Activities
George McElrath Banquet
J. W. McRae Printed Program

General Committee
Factlities

Hotel Arangements
General Committee
I.LR.E. Proceedings
Section Activities
Technical Program

J. R. Poppele
John G. Preston
Henry F. Scarr
B. E. Shackelford
Helen M. Stote
W. O. Swinyard
Ernst Weber

International Liaison Committee

Ralph Bown, Chairman
F. S. Barton E. M. Deloraine
F. B. Llewellyn

Office Quarters Committee

R. A. Heising, Chairman
G. W. Bailey F. B. Llewellyn
A. N. Goldsmith Haraden Pratt

Professional Recognition Committee
W. C. White, Chairman
E. F. Carter J. V. L. Hogan
C C. Chambers H. A. Wheeler
H. R. Zeamans
Committee on Founders
R. F. Guy, Chairman

RMA Co-ordinating Committee

W. L. Barrow, Chairman
D. D. Israei F. R. Lack

Piezoelectric Crystals Committee
W. G. Cady, Chairman

C. F. Baldwin E. W. Johnson

F. A. Barrow W. P. Mason

W. L. Bond P. L. Smith

J. K. Clapp R. A. Sykes

Clifford Frondel K. S. Van Dyke

Paul Gerber Sidney Warner
J. M. Wolfskill

Editorial Administrative Committee
Alfred N. Goldsmith, Editor—Chairman

R. S. Burnap Donald McNicol
M. G. Crosby Haraden Pratt
E. W. Herold L. E. Whittemore

INTER-AMERICAN BROADCASTERS'
CONGRESS

Meade Brunet (SM'33), vice-president
of the Radio Corporation of America and
managing director of its International Djvi-
sion has attended the First Inter-American
Broadcasters’ Congress, which convened at
Mexico City. J. F. Stanbery (M'46) of the
Engineering Products Section of the Inter-
national Division preceded Mr. Brunet to
Mexico City. Demonstrations and studies of
radio, television, aviation, tube, and elec-
tron-microscope equipment were arranged
under Mr. Brunet's direction.
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ities in this field, and their willingness to
take part in the committee work or other
contributions of The Institute of Radio
Engineers along such lines. Their letters
should be addressed to:

THE EpITOR

The Institute of Radio Engineers
Suite 804

597 Fifth Avenue

New York 17, N. Y.

NEW ENGINEERING
FounpaTioN OFFICERS

Announcement was recently made by
the Engineering Foundation of the election
of L. W. Chlibb (M'21-F’40), director of the
Westinghouse Research Laboratories, as
vice-chairman, and of the re-election of
Edwin H. Colpitts (A'14-F'26), formerly
vice-president of the Bell Telephone Labora-
tories, as director.

The Research Procedure Committee this
year will be headed by Dr. Chubb, who was
recently awarded the John Fritz medal and
certificate.

The Engineering Foundation is one of
the departments of the United Engineering
Trustees, Inc., a corporation which was set
up jointly by the four national engineering
Founder Societies which have an aggregate
membership of over 88,000. These societies
are the American Society of Civil Engineers,
the American Institute of Mining and
Metallurgical Engineers, the American
Society of Mechanical Engineers, and the
American Institute of Electrical Engineers.
The Engineering Societjes’ Library, with
some 194,000 books and pamphlets, one of
the largest collections on technical matters
in the world, is also a department of the
United Engineering Trustees, Inc.

AWARDS COMMITTEE

Three members of the Institute of Radio
Enginecrs are among the nine persons who
comprised the 1946 Awards Committee of
the Television Broadcasters Association,
Inc. They are: Dr. Alfred N. Goldsmith
(M'12-F'15), editor of the PROCEEDINGS OF
THE L.R.E.; Frederick R. Lack (A'20-F'37),
vice-president of Western Electric Com-
pany; and Paul J. Larsen (A'37-M'41-
SM’43), member of the Board of Governors
and chairman of the Television Committee
of the Society of Motion Picture Engineers.
Pres.entation of the annual TBA Awards of
Merit was made on October 10, 1946, during
the second television conference and exhibi-
tion of TBA, which was held in New York.

GEORGE \V. BaILEY

On November 13, 1946, George W.
Bailey (A’38-SM'46) was elected a director
of the Army Signal Association Post number
1, in his capacity as Executive Secretary of
The Institute of Radjo Engineers and as

president of the American Radio Relay
League.
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Books

Piezoelectricity, by
Walter G. Cady

Published (1946) by McGraw-Hill Book
Company, Inc., 330 West 42 St., New York
18, N. Y. 787 pages+17-page index 4xxiii
pages. 168 illustrations. 53 X9 inches. Price,
$9.00.

This new and authoritative compre-
hensive treatise and reference volume on
piezoelectricity, its applications, and the
physical properties of piezoelectric crystals,
will be of great value to research workers,
students, and others interested in these
fields.

Only a brief description of the scope of
this monumental work can be attempted
here. Of thirty-one chapters, the first is his-
torical, giving an interesting background of
the discovery and early development of
piezoelectricity.

The next six chapters are on the physica!
properties of crystals, crystallography, elas-
ticity, rotation of axes (including complete
sets of equations both general and special-
ized), vibrations of crystal rods and plates,
elastic constants, and dielectric properties.
Five further chapters cover principles of
piezoelectricity, special piezoelectric proper-
ties of certain crystals, production and meas-
urement of piezoelectric effects, alternative
formulations of piezoelectric theory, and
secondary piezoelectric effects.

The following three chapters are devoted
to piezoelectric resonators and their equiva-
lent electric circuits and the dynamic meas-
urement of piezoelectric and equivalent
electric constants. A group of four chapters
covers the properties and techniques of
quartz, the quartz resonator and oscillator.
Resonators of other crystals and composite
resonators are briefly considered.

Considerable material, in six succeeding
chapters, deals with Rochelle salt primarily,
its properties, technique, observed piezo-
electric and dielectric effects, and theory.
Two related chapters are given to the inter-
nal-field theory of Seignette-electric crystals.

The concluding four chapters deal with
miscellaneous applications of piezoelec-
tricity, related effects such as pyroclec-
tricity, piezo-optic, electro-optic, and other
optical effects. The last chapter outlines the
atomic approach to piezoelectricity. In the
appendix, the Curie, Weiss, and Langevin
Theories of para- and ferromagnetism are
summarized for assistance in interpreting
the analogous effects in Seignette-electric
crystals.

The general bibliography is extensive,
including fifty-seven books and 602 peri-
odical references. Numerous additional spe-
cialized page and chapter references are
given throughout the book.

No errors were noted. An obvious minor
error occurs in the set of equations (19) on
page 66, where primed quantities for two
of the left-hand members should be un-
primed.

Voigt has called piezoelectricity the most
complicated branch of crystal physics. The
author points out that, quite apart from
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atomic theory, a complete description of the
piezoelectric properties of a crystal involves
three types of directed quantities, the elec-
tric (field and polarization), elastic (stress
and strain), and the piezoelectric coefficients
by which they are related. To these, in
studying the vibration of piezoelectric
crystals, must be added the complexities of
anisotropic materials, of many modes of
vibration with many possible overtones and
of boundary conditions.

The author makes it clear that “only
the results of theoretical considerations” will
be presented. Those readers having the
necessary background will probably find
the mathematical formulations a clear and
sufficient statement ; others, however, would
be assisted greatly by some descriptive and
explanatory material. For example, on page
43, it is not clear why differentiating the
free energy (thermodynamic potential),
expressed in terms of strains, would give
the components of stress; or why, on page
47, a stress sytem is represented by a
symmetrical tensor.

Considering the tremendous scope of this
book, it is not surprising that a reader may
find topics to his interest which are not
treated extensively. A topic of importance in
applications is that of the vibrations of
crystal bodies. Somewhat more material on
modes of vibration, coupled modes, and ef-
fects of overtones would have been desir-
able.

Regardless of any shortcomings in re-
spect to particular topics, the sections on
techniques and applications are valuable to
those not having extensive mathematical
training. General survey material in the
opening paragraphs of nearly all chapters is
also very readable.

J. K. Crarrp

General Radio Company
275 Massachusetts Ave.
Cambridge 39, Mass.

Reference Data for Radio
Engineers (Second Edition)

Published (1946) by Federal Telephone
and Radio Corporation, 67 Broad Street,
New York 4, N. Y. H. T. Kohlhaas, Editor.
322 pages+13-page index. 186 illustrations.
53 %83 inches. Price, $2.00; $1.60 in lots of
12 or more shipped to a single address.

Asits title suggests, this book is intended
to serve as a handbook of formulas, infor-
mation, and numerical data useful for pur-
poses of design in radio engineering. The
material, however, is not restricted to this
special field, but formulas and data relating
to power engineering and audio-frequency
communication problems, as well, are in-
cluded.

About a quarter of the book is devoted
to general information such as conversion
factors, systems of units, properties of ma-
terials, logarithmic, trigonometric and hy-
perbolic function tables, and other mathe-
matical data.

In short, the object of providing, in the
comipass of a single book of moderate size,
reference material scattered through many
sources is successfully achieved.

S1

The book is, of course, not intended to
serve as a text-book, but rather as a tool for
the solution of design problems. For the
most part, of necessity, the material has to
be givenin condensed form and some degree
of familiarity with the subject and with fun-
damental electrical engineering theory is
presupposed.

The data is presented in the form of
tables, graphs, or nomograms. Where numer-
ical results have to be interpolated from the
graphs, an accuracy sufficient for purposes of
orientation only is possible.

The present publication is a second and
enlarged edition. The sections on electrical
circuit formulas has been greatly enlarged to
include additional material on transients,
selective circuits, design formulas and tables
for attenuators. The chapter on wave-guides
has been revised and includes considerable
descriptive material in addition to tables of
useful frequency range and attenuation.

A small type for the printing is, of
course, necessary, but the font adopted
combines legibility and neatness of appear-
ance. The book is light in weight, and this,
taken together with its semiflexible covers,
makes it conveniently portable.

Freperick W. GROVER
Prof. E.E. (retired)
Union College

1036 University Pl.
Schenectady 8, N. Y.

Radio’s Conquest of Space, by
Donald McNicol

Published (1946) by Murray Hill Books,
Inc., 232 Madison Avenue, New York 16,
N. Y. 364 pages+10-page index+x pages.
69 illustrations. 5§ X 83 inches. Price, $4.00.

Here, presented attractively on a semi-
popular level and in full sweep, is the career
of radio as a technique and art from the
cradle to the becoming of age in World War
II. The human element is featured; the
scientists, inventors, and engineers who did
the building come and go. Frequently the
naming of them in bunches is without dis-
crimination, but perhaps this is as well as
can be done in a relatively short book.

The succession of events is described as
seen directly or through the literature by
the author from the vantage point of the
chair of an editor in the allied art of
telegraphy. Observers of a more engineering
turn of mind would place the emphasis dif-
ferently, in many cases. Donald McNicol’s
genuine interest in radio has been attested
by the helping hand he gave the LR.E. ata
critical period in its earlier days.

Radio is now older than most of us like
to realize, some fifty to sixty years of age,
but still not mature. Midway in this period
there appeared the vacuum tube, and the
book is about evenly divided between the
pre- and post-vacuum-tube eras, with the
earlier period the better done. Some short-
comings of the book by way of omission
are: Braun's cathode-ray-oscilloscope tube;
the band-pass filter of Campbell; the high-
vacuum tube of Arnold and of Langmuir
which, as a development of De Forest's grid-
controlled tube, set the future course of
events. Leaving something to be desired in
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respect to engineering values are the chap-

ters on vacuum-tube development, the

trend to shorter wavelengths, the problem

of atmospheric noise, and several others, in-

cluding the one on commercial radio, where-
in the birth of broadcasting is described.

To the general reader these limitations

are outweighed by the brevity and scope of

the book and the wholesome human interest

of the author’s narrative.

LrLoyp ESPENSCHIED

Bell Telephone Laboratories

463 West Street

New York 14, N. Y.

Der frequenzstabile
Schwingtopf-Generator,
by Arnold Braun

Published (1946) by Ag. Gebr. Leemann
& Co., Stockerstrasse 64, Ziirich 2, Switzer-
land. 79 pages. 39 illustrations. 6} X8}
inches. SFr. 7.50.

Uber F requenzmodulatoren
fiir Ultrahochfrequenz,
by Georg Weber

Published (1946) by Ag. Gebr. Leemann
& Co., Stockerstrasse 64, Zirich 2, Switzer-
land. 95 pages. 35 illustrations. 6}X8}
inches. SFr. 9.—.

These publications are summaries of
thesis work done at the Swiss Federal Insti-
tute of Technology. “Frequency-Stable
Oscillator with Resonant Cavity” repre-
sents a chapter in research on the use of
ultra-high frequencies for multichannel
transmission purposes. It deals with single-
stage frequency-stable oscillators capable of
being tuned within one octave and having an
output of a few watts. This subject has been
covered in a very clear way, arriving at
normalized values of such resonator para-
meters as inductance, loss factor, and Q's, in
the form of graphs. This will help the engi-
neer designing such circuits to obtain op-
timal values for his resonant cavities and
feeding lines within a few minutes and with
adequate precision.

The first chapter covers the ultra-high.-
frequency oscillator with feedback. The in-
fluence of the tube constants (cathode-grid
impedance, anode-cathode impedance and
transconductance) and that of the circuit
constants on the stability are given. The
influence of nonlinearities on amplitude, as
well as on stability, is shown. Frequency
shifts due to mechanical motion and changes
in temperature, atmospheric pressure, and
humidity are discussed. The voltages, rela-
tive positions of circuits, Q of cavity, re-
active energy, and feedback are discussed in
regard to frequency-stable operation.

The second chapter covers the problem
of the resonator. First, the inductance is de-
rived from concentric-line theory; then the
resonator losses are calculated. The resistive
component is readily determined by formula,
and a graph of resistive component versus
resonant frequency plotted for different ma-
terials and over a wide range of frequencies.
Then the value of Q is given as a function of
two parameters, which are plotted for vari-

ous resonator dimensions. Several cases are
worked out in detail to obtain highest Q for
given values of resonator volume, volume
and inductance, inductance and outer di-
ameter, and inductance and length of
resonator. A succeding part deals with the
losses in the capacitive region of the reson-
ator, and the resonance impedance for the
whole resonator is developed. A discussion
on the practical aspects of resonator con-
struction ends the chapter. It deals with the
material used, temperature compensation,
and heat conduction inside the resonator.

The third chapter shows the influence of
the lines between the resonator and tube.
First, the influence on the tuning of reson-
ator by the line is given. Then the Q of a
system of both resonator and line is worked
out. Again, graphs are plotted to obtain the
total Q quickly from the line parameters.

The fourth chapter shows the construc-
tion of two oscillators and measurements
thereon. Advantage of push-pulloperation is
shown; then the methods of measurements
of the Qs and frequency shifts are discussed.
The first oscillator was built with inductive
and the second with capacitive feedback,
both for wavelengths from 1.2 to 2.5 meters
and an output of § watts. Detailed measure-
ments of frequency shift as a function of
loading and variation of anode and heater
voltages are shown. Also, the frequency shift
during warm-up and the shift over a length
of one week with varying room tempera
tures are plotted.

“Frequency Modulators for Ultra-High
Frequencies” is a contribution to the dis-
cussion of multichannel systems, and favors
the system where many transmitters are
modulated by a few channels, feeding into
one antenna, over the system where one
transmitter is modulated by many channels.
Its subject is direct frequency modulation
of oscillators with resonant cavities as cir-
cuitsand operating between 100 to 600 mega-
cycles.

The first chapter covers electrical modu-
ators. Starting with calculations on re-
actance tubes at high frequencies, it is
shown that the case with zero loss com-
ponent is obtainable. It is shown that this
is not possible at ultra-high frequency,
and a practical case of a German ultra-
high-frequency pentode type similar to the
acorn tube is worked out. The limitation of
frequency deviation by distortion is shown.
The klystron as a reactance tube is then
applied. Here a variation of beam current
produces a purely reactive component. Di-
rect frequency modulation of the klystron
has the disadvantage of additional ampli-
tude modulation for large frequency devia-
tions. A discussion shows that velocity-
modulated tubes are far superior to intens-
ity-modulated tubes in the ultra-high fre-
quency region from the standpoint of oscil-
lation as well as modulation.

The second chapter covers mechanical
modulators, including electrodynamic, piezo-
electric, electrostatic, and electromagnetic
types. Equations for maximum expansion
and the equations of motion of piezoelectric
rod are given. The possible frequency devi-
ation is worked out and shown to be rather
small when practical figures are applied.

A thorough theoretical investigation of
the electrostatic modulator is worked out
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showing the equations of motion.of a di.a-
phragm and its equivalent electric circuit.
The equation of diaphragm deforfnatxo_n
with its solutions in Bessel functions is
given. The diaphragm stability and the volt-
age limit to prevent the diaphragm from
sticking to the opposite electrode are worked
out. In the following discussion the factors
determining frequency deviation are given,
and it is shown that, for a 200-megacycle
carrier frequency, approximately 50 kilo-
cycles deviation is possible. Solutions are
given for the worst possible cases to assure
stable operation. Clear mathematical calcu-
lations are made and reach partly up into
operational calculus for the solutions of
differential equations, but the results can
very well be understood by anyone with
graduate training.

The second part of the book is devoted
to the construction and measurement of the
electrostatic modulator. It shows in detail
the ultra-lligh-frequency oscillator with
resonant cavity having an Anticorodal
(aluminum alloy) diaphragm. Measure-
ments were made on frequency deviation,
distortion, and stability. A final discussion
shows limitation of the modulator for a
maximum of two channels having a fre-
quency deviation of +100 kilocycles.

Hans K. JENNY
RCA Victor Division
Lancaster, Pa.

Capacitors, by
M. Brotherton

Published (1946) by D. Van Nostrand
Company, Inc., 250 Fourth Ave., New York
N. Y. 104 pages+3-page index+vi pages.
33 illustrations. 6 X 9% inches. Price, $3.00.

The author does not undertake the in-

troduction of original material nor the com-
pilation of a comprehensive treatise on
capacitor design. Rather, the book is in-
tended as a guide to the proper application
of capacitors to electronic circuits. The
stability, complex impedance, alternating-
current resistance, frequency and tempera-
ture characteristics, leakage, and life of ca-
pacitors are discussed from the point of view
of the engineer using capacitors as a compo-
nent. The information given is necessarily
general in character and is designed princi-
pally to permit the engineer to avoid mis-
application of capacitor types.
. The preponderance of the information
in the book has to do, directly or indirectly,
with paper capacitors. Only five pages are
devotgd to electrolytic capacitors, five pages
to mica capacitors, three to variable air
Capacitors, and two to the ceramic types.
Variable types, other than air, are not dis-
cussed.

Limited references are made to the liter-
ature, none being given with respect to
mica, ceramic, or air capacitors.

The engineer using Paper capacitors will
ﬁnq the book of interest as a quick and
eas.nly readable general guide to the charac-
teristics and limitations of this type of
Capacitor. The information on other types
1s so meager as to be of little value.

H. C. ForBgs
Colonial Radio Corp.
Buffalo 9, N. Y.




- 1947

I.R.E. People

Proceedings of the I.R.E. and Waves and Electrons 53

\W. N. TutTLE

W. N. TuTTLE

The Medal of Freedom was recently
awarded Dr. W. N. Tuttle (A'26-SM'46) of
the General Radio Company, Cambridge,
Massachusetts. The citation reads as fol-
lows: “for exceptionally meritorious achieve-
ment which aided the United States in the
prosecution of the war against the enemy in
Continental Europe as head, radar subsec-
tion, Operational Analysis Section, Head-
quarters, Eighth Air Force, from 16 October
1942 to 3 October 1944. During this period
Dr. Tuttle distinguished himself by adapting
blind bombing equipment and technique for
introduction into the Eighth Air Force,
making a very valuable contribution to the
success of numerous close co-operation at-
tacks. His vision and untiring efforts reflect
high credit upon him and were of great im-
portance to the operations of the armed
forces of the United States.”

Dr. Tuttle is a graduate of Harvard Uni-
versity, where he received the S.M. degree in
1926 and the Ph.D. degree in 1929. He is a
member of the Acoustical Society of Amer-
ica, the American Physical Society, and of
Sigma Xi.

°,
o

DAVIES LABORATORIES, INC.
ENGINEERING SERVICE

‘The Davies Laboratories, Inc., College
Park, Maryland, was recently formed as an
engineering and development service to
carry on and expand the work of its presi-
dent, Gomer L. Davies (M'33-SM'43).
C. B. Pear, Jr., (A'36) will also be associated
with the new organization.

Mr. Davies received his B.S. degree from
the Case School of Applied Science in 1929.
Associated with the Bureau of Standards
until 1933, he then became one of the original
staff members of the Washington Institute
of Technology, Inc. In 1945 he resigned as
general manager to engage in private prac-
tice as a consulting engineer.

Mr. Pear received the B.S. degree from
the Massachusetts Institute of Technology

in 1939. He was engaged in work for the
Blue Hill Observatory of Harvard Univer-
sity from 1936, with brief interruptions, un-
til he joined the staff of the Washington In-
stitute of Technology in 1940. At the time
of his resignation there to join the new com-
pany, he was director of development.

20
&

ALois W. GRAF

Alois W. Graf (A'26-M'44-SM'45) has
opened an office in Chicago for the practice
of law in patent and trade-mark cases. Mr.
Graf, actively associated with various engi-
neering organizations for a number of years,
has served on numerous committees of the
I.R.E., and is presently chairman of its
Chicago Section. He is on the executive
committee of the Illinois Engineering Coun-
cil, which sponsored the enactment of the
Illinois professional engineer registration
law, and is active in the Chicago Technical
Societies Council and the National Elec-
tronics Conference.

L. E. BESSEMER

@
Louls GERARD PACENT

Louis Gerard Pacent (A’'12-M'15-F'27),
president of the Pacent Engineering Cor-
poration, was recently appointed a member
of the Board of Examiners of the American
Institute of Electrical Engineers to represent
the radio engineering profession. Mr.
Pacent, a well-known consulting engineer, is
a Life Member of the Veteran Wireless
Operators Association, and was the 1945
general chairman of the Radio Pioneers
banquet. He is a Fellow of the American
Institute of Electrical Engineers, Fellow and
past president of the Radio Club of America,
a member of the Engineers Club of New
York, and of the Cosmos Club of Washing-
ton, D. C., as well as of other technical
societies.

o)
L. M. CraFT

COLLINS
PROMOTIONS

Recent promotions announced by the
Collins Radio Company are those of L. Mor-
gan Craft (M'45) from general manager of
the manufacturing division to vice-president
in charge of engineering and manufacturing,
and of L. E. Bessemer (M'45) from chief
production engineer to general manager of
the manufacturing division.

Mr. Craft received the degrees in elec-
trical engineering from the University of
Hijnois, and took graduate work in radio
communications at Ohio State University.
He was affiliated with the Bell Telephone
Laboratories for two years, and in 1935
joined the Collins Radio Company, where,
within a few years, he became chief engineer.
Later he assumed manufacturing responsibil-
ities and was appointed general manager of
the manufacturing division. In 1944 Mr.
Craft was elected to the board of directors,
and in 1945 became chairman of the admin-
istrative committee. Since February he has
been acting head of the engineering division.

Mr. Bessemer, who received the B.S.
degree in electrical engineering from the
Georgia School of Technology, was an engi-
neer at WMAZ during his college years. He
joined the Collins organization in 193§,
where his first job was as wireman on a
production line. He was shortly advanced to
line foreman, and then to design engineer. In
1942, Mr, Bessemer was given charge of or-
ganizing the production control department,
and when this was enlarged, he assumed the
additional responsibilities of the industrial
engineering, tool, planning, material con-
trol, and fabrication routing and scheduling
departments.

°
oo

JETT ADDRESSES CONVENTION

Commissioner Ewell K. Jett (A'29,
M'38, F'39), member of the Federal Com-
munications Commission, addressed the
24th Annual! Convention of Broadcasters in
Chicago on October 22, 1946. He discussed
the “Application of War Developments to
Postwar Broadcasting.”
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Louis McComas YouNG ATLANTA
: ; January 17
Colonel Louis McComas Young (SM'44)
has recently returned to KMOX, St. Louis,
Missouri, as chief engineer. He was graduated | H. L. Spencer BALTiMORE
from Johns Hopkins University in 1917 with | Associated Consultants
4 - h 18 E. Lexington
a B.S. degree in engineering. Baltimore 2. Md
In World War I, Colonel Young served i
as radio officer for the 135th Observation [ Glenn Browning BosToN
Browning Laboratories January 23

Squadron and the 4th Corps Observation

Louts McComas Youne

Group. While overseas, he trained in aero-
nautics and radio at Oxford University and
with the Royal Flying Corps in England,
and at the United States Signal Corps
School, Ecole Superieure D'Electricité, and
the University of Parisin France. When dis-
charged in 1919 as a first lieutenant, he was
assistant radio officer for the zone of ad-
vance. Shortly thereafter, Colonel Young
entered the air reserve as captain, continuing
in that capacity until 1931 when he became
a major. Most of his active-duty periods in
the reserve were served in the Aircraft Radio
Laboratory at Wright Field, Ohio.

Upon returning to the United States,
Colonel Young served for nine years as a
radio engineer in the Ft. Monmouth, New
Jersey, Signal Corps Laboratories, during
which time he supervised the research and
development division and performed work
on radio equipment for use in and with air-
craft. He then became associated with
Westinghouse Electric Corporation, where
he worked at Chicopee Falls, Massachusetts,
on radio equipment for naval aviation, and
was a member of the engineering staff re-
sponsible for the radio equipment on the
dirigibles Los Angeles and Akron. Later, at
East Pittsburgh, Pennsylvania, Colonel
Young was located in the broadcast-opera-
tions department where he engaged in gen-
eral radio engineering in station design and
field surveys. In 1934, he joined the Colum-
bia Broadcasting System in Chicago, and
had charge of synchronizing WBBM and
KFAB. He served as assistant to the chief
engineer of WBBNM the following year and
became chief engineer of KMOX in 1940.

Called to active duty with the air reserve
in 1941, Colonel Young was stationed at
Wright Field and assigned to production
engineering and procurement activities re-
lated to radio and radar equipment for the
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Army Air Forces. In 1942, he became a
lieutenant colonel, and early in 1946, ad-
vanced to the rank of colonel. When sepa-
rated from the service, Colonel Young was
in charge of the procurement information
branch of the electronic subdivision, where
he was responsible for drawings, specifica-
tions, and other technical data for the pur-
chase of AAF developmental and production
electronic equipment.

LeEon PoDbOLSKY

LEoN PODOLSKY

Leon Podolsky (A'30-M'46) has been
named manager of a new field-engineering
department of the Sprague Electric Com-
pany, North Adams, Massachusetts. Recog-
nized for his outstanding wartime. develop-
mental work on Sprague Koolohm and other
resistor types, he will be responsible for
engineering contacts and will provide tech-
nical assistance required by the sales de-
partment. Mr. Podolsky will also have
charge of the field engineering work of the
Sprague Products Company, a subsidiary
organization with which he was previously
associated.

THEODORE A. SMITH
Theodore A. Smith (J'25-A'26-SM'45)

recently was made general sales manager of
the engineering-products department of the
Radio Corporation of America.

Upon receiving a mechanical engineering
degree from Stevens Institute of Technology
in 1925, Mr. Smith joined RCA's technical
and test laboratories staff in New York.
Placed in charge of television engineering in
1928, he was instrumental in building their
pioneer television station, W2XBS, now
WNBT, New York. In 1930 he entered com-
mercial engineering work as RCA district
sales manager for broadcast equipment,
covering the eastern United States. As-
signed to RCA Victor’'s Camden staff in
1938, Mr. Smith held key sales engineering
posts. Since 1943 he has been sales manager
of communications and electronic equipment
of the RCA engineering-products depart-
ment,

He is a member of the executive commit-
tee of the transmitter division of the Radio
Manufacturers Association, and former
chairman of the Philadelphia Section of The
Institute of Radio Engineers.
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Waves and Electrons Section

St. L.ouis Section Officers

Officers elected for the 1946-47 term of the 1.R.E.
St. Louis Section are S. H. Van Wambeck (A'40-SM'46),
chairman, and R. L. Coe (A’32-M'45), vice-chairman.

S. H. VAN WAMBECK
Chairman, St. Louis Section

Mr. Van Wambeck was born in Minnesota in 1910.
He received the B.S. degree in mechanical engineering
in 1931, and the M.S. degree in electrical engineering in
1936, from Washington University, St. Louis, Missouri.
From 1933 to 1935 he was engaged in research and de-
velopment work on initiating explosives and ballistic
test equipment at the Western Cartridge Company,
East Alton, Illinois. During 1935-36 he was sales corre-
spondent in the special motor division of the Emerson
Electric Manufacturing Company, St. Louis, Missouri.
He served as instructor in electrical engineering at
Oklahoma Agricultural and Mining College in 1936-37,
and in the same capacity at Rice Institute, Houston,
Texas, from 1937 to 1942. Here he was also acting chair-
man of that department in 1941-42. From 1942 to 1946
he was assistant professor in Washington University’s
electrical engineering department, where he is presently
associate professor. During this period, Mr. Van Wam-
beck was also engaged as consulting engineer by the
following organizations: C. H. Gurnsey and Company.

Oklahoma City, Oklahoma, on rural electrification, from
1937 to 1940; Seismic Explorations, Inc., Houston,
Texas, on the development and design of geophysical
equipment, 1938 to 1942; Knapp-Monarch Company,
St. Louis, Missouri, on problems related to the proxim-
ity fuse, among other assignments, from 1943 to pres-
ent; and he was consultant on problems of instrumen-
tation related to wind tunnel and flight test, 1942-44,
for the McDonnell Aircraft Corporation in St. Louis.

Mr. Van Wambeck is a member of the American In-
stitute of Electrical Engineers, the Society for the Pro-
motion of Engineering Education, and of Sigma Xi and
Tau Beta Pi fraternities. He was 1945-46 vice-chairman
of the St. Louis Section of the I.R.E.
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' R. L. Coe
Vice-Chairman, St, Louis Section

Mr. Coe, a licensed radio amateur during 1914-17 and
1919725, entered the broadcasting field in 1922. In 1924
he joined the engineering staff of station KSD, of which
hg became chief engineer in 1933. Joining the Army
Air Forces in 1941, he served as deputy chief of staff
.I Troop Carrier Command, from 1942 to 1943, and was’
in charge of Army Air Forces radio communications
for the China-Burma-India theater in 1944. When

separated from the service in 1945, he held the rank of
lieutenant colonel.
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N. Y., just outeide of Syracuse. It will liouse the hendquarters

A model of the new General Electric “Electronics Park” which Is now under constructlon at Liverpools
R. G. Baker, vice-president in charge of electronlcs.

group and maln manufacturing units of the company's electronics department under the direction of Dr. w.
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Reports of the Committee on Professional Recognition
on Collective Bargaining for Engineers

ECOGNIZING the importance of the mainte-

nance of professional standards and practices

among engineers, The Institute of Radio Engi-
neers appointed a Committee on Professional Recogni-
tion in 1945. The first two reports of this Committee are
here presented. The membership of the Committee at
the time of the acceptance of these reports was:

W. C. White, Chairman
E. F. Carter J. V. L. Hogan
C. C. Chambers H. A. Wheeler
H. R. Zeamans

PART 1

It is desirable that the Institute have a definite pres-
ent policy on the problem of collective bargaining for
engineers. Such a policy at best can be only a “present
policy” as conditions may be subject to rapid and un-
predictable change. The most important item of such a
policy is to what extent the Institute should be active
in this problem.

Factors FAVORING AcTIVE I.R.E. PARTICIPATION

From time to time several reasons have been sug-
gested favoring Institute action. Among these are:

(1) The attitude of “Why doesn’t the Institute do
something about this matter besides talk; we want
action.”

(2) “Employee engineers” represent a real per-
centage of our membership; for them collective bargain-
ing may be of importance; therefore, the Institute
should be active in this field.

(3) The Institute might lose membership and prestige
if it is not active in this problem.

(4) The American Society of Civil Engineers is doing
something; therefore, the Institute should or must.

FAcTORs AGAINST [.R.E. PARTICIPATION

On the other hand, the following reasons against
greater activity have been presented:

(1) It might lower our prestige and is considered by
many as not a “professional” sort of activity.

(2) It divides our membership into distinct classes
with different or conflicting interests.

(3) Many of the members of the Institute are officers
or employees of industrial organizations. The relation-
ship between the Institute and these organizations has
been and is a friendly one. It might accordingly be re-
garded as inappropriate for the Institute to set up an

* Decimal classification: R070. Original manuscript received by
the Institute, November, 1945; additional material received by the
Institute, July 3, 1946.

activity that might be deemed to acdd to the problems
of industrial management.

(4) It would be difficult to carry on in proper balance
on the one hand the publication of engineering knowl-
edge for the broad benefits of the profession, the in-
dustry, and the employer, and on the other hand proj-
ects directly seeking more compensation for the indi-
vidual employee.

(5) The Institute membership and its officers include
men classed as “employers” and thus at best could only
sponsor or advise on such a project; otherwise the work
would be “employer-domimated” and, therefore, its
efforts subject to disqualification or questioning by a
government agency.

(6) Collective bargaining under present government
regulations must be a local activity. In many locations
it may be found advisable for all engineers to band to-
gether for action. Therefore, looking to the future and
for many cases, a broad engineering group must func-
tion and not just radio engineers alone.

(7) The activity of the American Society of Civil
Engineers in this field has involved difficulties, com-
plications, and some disadvantageous results, although
it is generally conceded that they have approached the
problem actively and intelligently and in the early and
formative period of the problem they have rendered
many of their members a real service.

(8) There is still a wide divergence of opinion con-
cerning the benefits that collective bargaining might
bring to professional engineers

A study of these factors leads the Committee to
recommend a confirmation of the Board action of
December 1, 1943, on this phase of the subject, which
stated:

REsOLVED: That, the Board doés not favor the
formation by the Institute, or otherwise en-
couraging the formation, of collective bargaining
agencies for radio engineers and, therefore, the
Board requests the Institute Committee on Pro-
fessional Representation to report on the practi-
cability of national action, preferably in co-opera-
tion with other technical societies, to protect and
enhance the professional interests of engineers.

COURSES OF ACTION THAT MiGutr BE FOLLOWED
BY THE INSTITUTE

Most engineers who have studied the subject now be-
lieve it is undesirable and impracticable to work for
modification of the \Wagner Act to exclude professional
engineers from collective bargaining.

It is generally conceded that decisions, rulings, and
events of the past year or so now greatly lessen the
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possibility of engineers being practically forced to join
a labor union against their own desires, which was the

.

| situation in several cases only a few years ago.

It is also generally agreed that the organization and
operation of collective-bargaining groups for engineers
is an expensive and specialized undertaking and in the
near future will have to be carried on by a national
organization including many types of engineers.

The Institute should take the attitude that when, in

| the judgment of a group of engineering or technician

—

employees, it is to their best interest to form a collec-
tive-bargaining group, the Institute will not view such
action as inappropriate. The engineers or technicians
forming such a group may properly represent themselves
as qualified members of the Institute but may not indi-
cate that they directly or indirectly represent the In-
stitute itself in collective-bargaining activities nor that

. the Institute represents them.

There appear to remain, therefore, two gencral
courses of action for the Institute, which are alternative
and not mutually supplemental:

(1) Limit its activities to telling its members about
available information and continuing study by a com-
mittee so that, if conditions change and the engincering
socictics can or should play a part, the Institute has the
necessary background for intelligent and expeditious
action

(2) Proceed along the lines followed by the American
Chemical Society. It retained specialized counsel to
advise and aid its members or groups of members in
detail when confronted with the probiem.

Although there is much to be said in favor of the latter
procedure, several factors should be kept in mind. The
subject is a constantly changing one w ith new rulings,
decisions, and directives. No booklet or manual can
long be authoritative or correct. 1 herefore, the work of
a retained legal counsel for aid to members is of a
continuing nature and expensive. It secms illogical for
each of several engineering societies to parallel this work.
It is almost certain that in the near future some one
group will be set up to function for all engineers who
desire to participate in collective bargaining.

@
RECOMMENDATIONS

Our committee recomends that for the present the
Institute confine its activities on collective bargaining
to further study and the advising of its membership of
the best available information on the subject, either sent
in response to requests or through publication of cer-
tain items in the ProcEEDINGS OF THE 1.R.E. or both.
As an appendix to this report, there is a selected list of
references that engineers may consult to form a basis
for a study of the problem. It also recommends that a
committee continue actively to study the subject so
that the Board may be informed or advised of any new
developments that might make it desirable for the Insti-
tute to participate.
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It is further recommended that the Institute accept
or seek representation on any committee studying the
problem jointly in behaif of a group of recognized engi-
neering societics.

CONCLUSION

This report could not be better concluded than by
quoting the final paragraph of a recently published
article! on the subject:

“The important fact to recognize is that collective
bargaining is here to stay and that engineers, like every-
one clse, must harmonize their attitude and action to
that fact. The action taken by the American Society of
Civil Engineers and the American ( hemical Society is
but one step in this adjustment. Neither society has any
desire or any intent to change its basic character and
function. Fach stepped in because there was no organ-
ization better fitted or able to act. \What happens from
here on will be more and more the responsibility of the
men for whom collective bargaining is a real issue. No
society run by men not directly concerned with collec-
tive bargaining can long carry the ball. A way has been
opened for independent action on the part of profes-
sionally minded engincers, architects, and chemists. If
enough of them want such independence in collective-
bargaining mattees and are prepared to support a bar-
gaining agency, they can have it. The choice is up to
them, not the technical or professional societies.”

The Committee wishes to acknowledge the aid of
Dr. Alfred N. Goldsmith in collecting material on the
subject and his many helpful suggestions.

October 31, 1945
PART 11

This is a list of printed material and references se-
lected as being of interest to members of the Institute
desirous of studying this subject. None of the material
listed below is available from The Institute of Radio
Engineers, but where indicated may be obtained from
the various organizations in question.

The following three manuals are recommended.

(1) TECHNOLOGISTS’ STAKE IN THE \WAGNER AcT. The
National Labor Relations Act in Operation, as it
affects engineers, chemists, and architects. Pub-
lished by the American Association of Engineers
(1944), 8 South Michigan Avenue, Chicago 3, Ilhi-
nois. Price $2.00 postpaid.

This group also publishes the Professional Engi-
neer, a quarterly, to help keep its manual up to
date. Subscription rate, $1.00 per year.

This group offers the following for a comprehen-
sive study of the subject:

(a) TECHNOLOGISTS' STAKE IN THE \WaGNER $2.00
Act

(b) The five back issues of Professional  $1.25
Engineer (a quarterly) which contain the series,

1 “\WWhere We Stand on Collective Bargaining for Engineers,”
by V. T. Boughton. (See reference list forming part of this report.)
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“Exploded Views of the Wagner Act,” supple-
menting “Technologists’ Stake in the Wagner
Act” by reporting significant decisions of the
National Labor Relations Board, as handed
down; 25 cents a copy.
The March, 1946, (Special Issue) Pro- $ .50
fessional Engineer, which contains our State-
ment to the Senate Committee on Education
and Labor in re our petition for amendment of
the Wagner Act; a review of the American
Society of Civil Engineers plan for autonomous
labor organizations of technologists, and of two
test cases; Chart for Clinical Analysis of the
Problems of Technologists affected by the Wag-
ner Act.
The Professional Engineer (two-year $2.00
subscription), beginning with the June, 1946,
issue which will contain a survey of the market
for engineering services during the six months
preceding and six months immediately follow-
ing V] Day; also a study of the problems of
technologists released from the armed forces
and seeking civilian employment.
Total value

(c)

(d)

$5.75

Items may be ordered separately. If all the ma-
terial is ordered they will send a bonus copy of
“Technologists’ Stake in the Wagner Act,” which
may be donated to a technical society, industrial
school, public library, an engineering club, or a
group of technologists affected by the Act.

THE ENGINEER AND COLLECTIVE BARGAINING. An
assembly of factual information regarding certain
aspects of employment conditions. By Howard F.
Peckworth, assistant to the secretary. Prepared
July, 1943, for and sponsored by the Board of Direc-
tion, American Society of Civil Engineers, in con-
junction with the activities of the Committee on
Employment Conditions. This is listed as Manual
of Engineering Practice No. 26 of the American
Society of Civil Engineers, 33 West 39 Street, New
York City, and is sold for 50 cents per copy to
anyone outside its organization.

COLLECTIVE BARGAINING FOR PROFESSIONAL Em-
PLOYEES. January 10, 1944, page 10. This isa report
issued by the American Chemical Society on the
subject. Reprints are available at 17 cents each (12
cents for quantities over five) when cash is sent with
order to the Mack Printing Company, Easton, Pa.

(2

)

SELECTED RECENT REFERENCES

UNIoNs oF WHITE CoLLAR EMPLOYEES. Studies in
Personnel Policy No. 51 (page 6). National Industrial
Conference Board, Inc., 247 Park Ave., New York City.

ILLUMINATING ENGINEERING. Collective Bargaining and
the Engineer. By L. A. Hawkins, April, 1944, page 239.

Proceedings of the I R.E. and Waves and Electrons

CoLLECTIVE BARGAINING—DoOEs IT CONFLICT WITH
ENGINEERING ETHICS. By Z. G. Deutsch. Chemical and
Metallurgical Engineering, August, 1944. Editorial on
same subject in same issue.

BARGAINING PosiTioN OF ENGINEERS CLARIFIED. By
W. H. Davis. Engineering News, November 23, 1944,
page 652.

EMPLOYMENT CONDITIONS FOR ENGINEERS. A report
of Engineers’ Council for Professional Development.
Mechanical Engineering, December, 1944, pages 809
and 812.

NLRB ForBips StaTus CHANGE FOR MEN \WHO JoIN
CoLLECTIVE BARGAINING GRoUP. Engineering News,
December, 28, 1944, page 807.

ENGINEER AND His FUTURE. By C. A. Powell. Electrical
Engineering, January, 1945, pages 14~16.

WHERE WE STAND ON COLLECTIVE BARGAINING FOR
ENGINEERs, By V. T. Boughton. Engineering News
Record, February 8, 1945; volume 134, page 214.

RA1SING ENGINEERS' SaALaRIEs. By E. H. Robie.
Mining and Metallurgy, March, 1945, pages 176-177.

\WHAT 1s AHEAD IN NANPOWER AND LABOR RELATIONS.
Chemical and Metallurgical Engineering, April, 1945,
pages 120-121.

A LETTER TO THE EbpITOR. By Philip Hill. Review of
Scientific Instruments, July, 1945, page 193. (Reviews
progress of several independent groups of p