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nothmg can compare!

Maximum
plate
Dissipation
45KW

*Long Life and
Small and Efficiency Proved!
- - s Already operating for
Weighing only more than 9,000 hours

poﬁzds ... and still going!

service they hove been werking
1o our full satistaction

since they were put inta

we have had extremely
good experience with these
tubes and shall recommend them
very warmly . .

New And
Exclusive
Air Cooling
Principle

AMPEREX 6078/AX-9906R

Filament Thoriated Tungsten

Yollage 17.5v.
Current 196 a.
Inter-electrode Capacitances

Plate — Filoment 3.4 mmfd.
Grid — Plate 86. mmid.
Grid — Filament 116. mmid.

Maximum Typical

Class C Telegraphy Rating  Condition
d.c. Plate Yoltage 12 12 kv,
d.c. Grid Voltage —1250 —1000 v.
d.c. Plate Current 12 12 a.
d.c. Grid Current 3.0 2-35 a.
Plate Dissipation 45 36 kw.

Power Output 108 kw. %

Re-tube with AMPEREX ™ -

Available in
Water Cooled

Model
6077 /AX-9906

AMPEREX ELECTRONIC CORP.

In Canada and Newfoundland: Rogers Majestic Limited
1119 Brentcliffe Road, Leaside, Toronto, Ontario, Canade
Cable: “"AMPRONICS*
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WESTERN ELECTRONIC SHOW AND CONVENTION

: .~ ¢ AN ESTABLISHED ANNUAL EVENT IN THE
i) : NATION’S ELECTRONIC MERCHANDISING
AND TECHNICAL EXCHANGE ACTIVITIES

ENGINEERS

8th Show
Sponsors.

| p.m. to 9:45 DAILY
MUNICIPAL AUDITORIUM

""" LONG BEACH, CALIFORNIA
AUGUST 27-28-29, 1952

SEPT. 19 - 20

SPEAKERS AND PAPERS

MR. ARTHUR A. COLLINS, President
Collins Radio Company,
‘Keynote Address’

CEDAR RAPIDS, IOWA

ROOSEVELT HOTEL

DR. 1. S. COGGESHALL, General Traffic Manager,
Western Union Telegraph Company,
‘The Transmission of Intelligence in Typescript

MR. MURRAY G. CROSBY, President
Crosby Laboratories,
“Long-Range Communication Trends"

DR. R. M. PAGE, Associate Director of Research

for Electronics, Naval Research Laboratory,
“Comparative Study of Modulation Methods"*

MR. L. MORGAN CRAFT, Vice President “CONFE RENCE ON
Collins Radio Company

‘Design Trends in Communication Equipment’

MR, GEORGE Q. HERRICK, Chief COMMU N ICATION S"
Division of Radio Facilities, Plans and Development,
Broadcast Service, U, S. Dept. of State
““The Voice of America In the Electronic War’

BANQUET SPEAKER
DR. LLOYD V. BERKNER, President
Assoclated Univeristies, Inc 8’10«404&({ A’

The Evolution of Communications'

MR, AL GRAF, Director of Region 5, CEDAR RAPIDS SECTION' IRE

Comments on Region 5 Activities

*
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ow to tell Quality
in TEFI-O *

Uniform

STRENGTH

Uniform

DENSITY

Uniform

“MEMORY"”

Uniform

DIMENSIONS

Uniform

MACHINABILITY

You'll have all these properties

with FLUOROFLEX-T*

8 “Teflon” powder is converted into Fluoroflex-T rod, sheet and tube
under rigid control, on specially designed equipment, to develop optimum
inertness and stability in this material. Fluoroflex-T assures the ideal, low
loss insulation for uhf and microwave applications . . . components which
are impervious to virtually every known chemical . . . and serviceability
through temperatures from —90° F to +500° F.

Produced in uniform diameters, Fluoroflex-T rods feed properly in
automatic screw machines without the costly time and material waste of
centerless grinding. Tubes are concentric — permitting easier boring and
reaming. Parts are free from internal strain, cracks, or porosity.

For maximum quality in Teflon, be sure to specify Fluoroflex-T.

*DuPont trade mark for its tetrafluoroethylene resin. .
Resistoflex trade mark for products from fluorocarbon resins.

“Fluoroflex’’ means the best in Fluorocarbons

» RESISTOFLEX

CORPORATION
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r= = -
= RESISTOFLEX CORPORATION, Belleville 9, N, J. & :
: SEND NEW BULLETIN containing technical data and information on []
[ ] Fluoroflex-T. :
]
' YOO { | 1SR :
[}
[}
: COMPANY c...ooecoevomaeer et etiraesstsenms s esmanosstasssassassnor s sonssessnassssns :
[}
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Meetings
with Exhibits

® As a service both to Members
and the industry, we will en-
deavor to record in this column
each month those meetings of
IRE, its sections and professional
groups which include exhibits.
A
Jugust 27, 28 & 29, 1952
Western  Electronic Show  and
IRE Regional Convention Mu
nmicipal Auditorium )
Exhibits: Heckert Parker, 215 Ameri
can Avenue, Long Beach, Calif
A
September 8-12, 1952
LS.A. Seventh National Instru-
ment Lxhibit and Instrument So
ciety of America Conference, Cleve
land Municipal Auditorium
Exhibits: Mr. Richard  Rimback
Mgr., 921 Ridge Avenue, Pitte-
burgh 12, 1’4

September 19-20, 1952
Cedar Rapids IRE Fechnical Con-
ference Roocrelt Hotel, Cedar
Rapids, lowa.
Exhiliits: Lanren K. Findley, Colli
Radio Co., Cedar Rapids, Towa

Y

Sept. 29, 30, Oct. 1, 1952
National Electronic Conference
Hotel Sherman, Chicago, 11
Exhibits Manager: Mr. R. M. Krue
per, /o Amphenol. 1830 soul '
S4th Ave., Chicago 50, 11
A l
December 10, 11 & 12, 1952
Joint IRE-AIEE Computers Con-
ference Park Sheraton Hotel
Exhibits: Perry Crawford, 373 Fourth
Avenue, New York City.
=)
February 5,6 & 7, 1953
Southwestern IRE Conference
Plaza Hotel, San Antonin, Tex.
Accept Exhibits
=)
March 23, 24, 25 & 26, 1953
Radio Engineering Show  Grand
Central Palace. New York City
Exhibits Manager: Wm, C. Copp, 303
W. 42nd St, New York 36, N
A
April 25, 1953
\l’)_“li“———\cw England  Radijo
Engineering Meeting University
of Connecticut, Storrs, Conn |
Accept Exhibits !
A |
May 11,12 & 13, 1953
\nl.innul Conference on Airborne
Eleetronies 1lotel Biltmore, Day.
ton, Ohio
Exhibits:  Paul D, Hauser, 1430
Gascho Drive, Dayton 3.
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MEET JAN-R-26A!

Designed to withstand the rigid
Characteristic G humidity tests of the most
stringent specification of them all—JAN-R-26A—
Sprague’s new Blue Jacket Wire-Wound Resistors
give trouble-free service in military electronic
and electrical equipment exposed to extremely
damp climates !

These outstanding new members of the
Sprague resistor family are now available in tab
terminal styles RW29 through RW39 in wattage
ratings up to 166 watts.

You'll find the complete Blue Jacket Story
with performance specifications in Engineering
Bulletin 110, just off the press. Get your
copy without delay.

YOU'LL KNOW THESE REMARKABLE RESISTORS BY
THEIR VITREOUS ENAMEL BRIGHT BLUE JACKETS

PIONEERS IN ELECTRIC

AND ELECTRONIC DEVELOPMENT

“t Trademark

SPRAGUE ELECTRIC COMPANY - NORTH ADAMS, MASSACHUSETTS

PROCEEDINGS OF THE LR.E.
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In the famous Quiet Room at Bell Laboratories, this young volunteer
records speech for analysis. Scientists seek to isolate the frequencies
and intensities which give meaning to words . . . stripping away non
essential parts of word sounds to get the basic “'skeleton’”” of speech

f\ child or an adult . . . a man or a woman
an American or an Englishman—all speak a certain word. Their
voices differ greatly. Yet listeners understand the word at once.
What are the common factors in speech which convey this infor-
mation to the hearer's brain?

Bell scientists are scarching for the key. Once discovered, it
could lead to new clectrical svstems obedient in new ways to the
spoken word, saving time and money in telephony.

Chief ool in the research is the sound spectrograph which
Bell Telephone Laboratories developed to make speech visible
Many kinds of persons record their voices, cach trying to duplicate
an clectrically produced “model” sound. While their voice patierns
arc studied, a parallel investication is made of the way human
vocal cords, mouth, nose and throat produce speech.

Thus, scientists at Bell Laboratories dig deeply into the funda-
mentals of the way people talk, so that tomorrow’s telephone
system may carry your voice still more efficiently—oflering more
value, keeping the cost low.

BELL TELEPHONE LABOR

Improving telephone service for America provides careers for creative men in scientific and technical fields.
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Spectrograms of young girl’s voice (right) and man's voice
making “uh” sound as in “up."” Horizontal bars reveal frequen
cles in the vocal cavities at which energy 1s concentrated. The
top of the picture is 6000 cycles per second. Pictures show how
child’s resonance bars are pitched higher than man's,
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The word “five.” Graph shows ratio of frequency of spectrogram
bars. The solid line is for a girl and the dotted line s for a man
Note the similar patterns despite pitch differences. Human
hearing extracts the speech sounds from this sort of pattern in
the identification of words. Scientists aim at machines that can
do the same.
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See ball game scores posted automatically on electric scoreboards, or watch

the Signal Corps in the field with telephone sets—walkie talkies—ground to plane
—ship to shore communications to witness perfect operation of Guardian
Relays. Place your confidence in Relays by Guardian—expertly designed to
your specifications. For example, the Guardian 595 D. C. Relay is unusual

in the amount of power it provides. Up to 6 P. D. T. contact combina-
tions on the standard open mounted unit. Ingenious Guard-O-Seal
engineering produces an amazingly compact, hermetically sealed
unit. Your choice of terminal types in a light weight aluminum

LUG HEADER
CONTAINER

container to accommodate up to 4 P. D, T. contact combinations.

| i ]

» 5 = ‘
AN-3320-1 D.C. AN-3324-1 D.C. Series 220 A.C. Series 610 A.C.—615 D.C. Series 695 D.C.

Get Guardian's New HERMETICALLY SEALED RELAY CATALOG Now!

GUARDIAN\ELECTRIC

1628-H W. WALNUT STREET CHICAGO 12, ILLINOIS

4 COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY




improve your product with -

MYCALEX is a highly developed glass-bonded
mica insulation backed by a quarter-century of
continued research and successful performance.
Both pioneer and leader in low-loss, high fre-
quency insulation, MYCALEX offers designers
and manufacturers an economical means of attain-

MYCALEX is efficient, adaptable,
mechanically and electrically superior
to more costly insulating materials

© PRECISION MOLDS TO
EXTREMELY CLOSE TOLERANCE

@ READILY MACHINEABLE
TO CLOSE TOLERANCE

® CAN BE TAPPED THREADED,
GROUND, SLOTTED

©® ELECTRODES, METAL INSERTS
CAN BE MOLDED-IN

© ADAPTABLE TO PRACTICALLY
ANY SIZE OR SHAPE

MYCALEX is available in many grades

to exactly meet specific requirements

e o o % s s e s o

CHARACTERISTICS OF
MYCALEX GRADE 410

Meets oall the requirements far Grode
L-4A, and is fully appraved as Grade L-48
under Jaint Army-Navy Specification
JAN-1-10

Pawer factar, 1 megacycle 0.0015
Dielectric canstant, 1 megacycle 9.2
Lass factar, 1 megacycle 0.014
Dielectric strength, valts/mil 400
Valume resistivity, ahm-cm 1x10'5
Arc resistance, secands 250
Impact strength, 1zad,

ft..ib/in. of notch 0.7
Maximum safe aperating

temperature, °C 350
Maximum safe aperating

temperature, °F 650
Water absarptian % in 24 haurs nil
Caefficient aof linear expansian, °C 1x 106
Tensile strength, psi 6000

MYCALEX is specified by the leading
manufacturers in almost every electronic
category

L A I I R I e I I I I R I T T T T

SINCEI919

ing new efficiencies, improved perform-
ance. The unique combination of characteristics

that have made MYCALEX the choice of leading
electronic manufacturers are typified in the table
for MYCALEX grade 410 shown below. Complete
data on all grades will be sent promptly on request.

elolofo e o o o o

-
i

Mycolex 410
Tuning Switch Plate

Mycolex 410
Yuning Coil Form

® 6 6 6 4 0 0 0 86 0 00 0 0

Mycolex 410 Terminol Bose
and Cop Assembly for
Fire Detection Equipment

Mycolex 410
Rotary Switch Stotor

M A I R e A R R S S P P

Mycolex 410

Mycalex 41
Solenoid Type Coil Form Dl

Tuning Stator Plate

MYCALEX CORPORATION OF AMERICA

JTHE INSULATOR Y Owners of ‘MYCALEX' Patents and Trade-Marks

TRADE MARKREG US PAT OFF

Execative Offices: 30 ROCKEFELLCR PLAZA, NEW YORK 20 — Piast & General Offices: CLIFTON, N.)J.

PROCEEDINGS OF THE LR.E.

Tuly, 1952



-

. ]

b

~then the

@® A.G.C. maintains
output constant within
=+ VY, dbfora = 3
db variatior in the r-f
sovrce.

® Wide VSWR ranges
of 1:1.3, 1:3, 3:10,
10:30, and 30:100.

® High sensitivity—1.0
microvolts input for full
scale deflection.

® Input circuit — Pro-
vides for either crystal
or bolometer opera-
tion.

®low input noise
level of 0.03 micro-
volts.

WESTERN SALES OFFICE: 737 NO. SEWARD ST, HOLLYWOOD 38,

PROCEEDINGS OF THE 1.R.E.
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type 275
voltage standing wave
ratio dmplifier is your solution

July, 1952

Type 275 Amplifier is a high gain linear audio amplifier
designed to accurately indicate voltage standing wave ratios.

The application of expansion circuit techniques

provides a full scale deflection of 1:1.3. This means
greater accuracy for low VSWR measurements.

The unit may be operated as either a broadband amplifier
over the range of 300 to 3000 c.p.s. of as a narrow

band amplifier at 500, 1000, and 1300 c.p.s. The square
law meter, calibrated to read directly in db, and the

high voltage gain of 140 db make this amplifier

particularly suitable for microwave attenuation
measurements with a bolometer r-f detector.
Inquiries invited—address Dept. R-3.

RESEARCH

& DEVELOPMENT COMPANY:inc

55 JOHNSON ST., BROOKLYN 1, NEW YORK

CALIF.

R L
e IR -ﬂ




keeping communications ON THE BEAM
PRODUCTS

JK STABILIZED
MH-17 CRYSTAL

FREQUENCY AND
CRYSTALS FOR THE CRITICAL MONITOR MODULATION

The small, compact H-17 is designated . .
as a military type crystal for its use in Manitors ony four "'q“.'"c"’
mobile units common to the military. onywhere between 25 mc ond
Frequency range: 200 k¢ to 100 me. 175 mc, checking both fre-
Hermetically sealed holders; wire. quency deviotion ond omount
mounted, silver-plated crystals. of modulotion. Keeps the

“beam" on ollocotion,; guoran-

tees more solid coveroge, tool

ﬁ’qéfem }'?W loltigh fm/llmmm/

Dawn or dusk, it doesn't matter. These heroes of the -
high wires arrive to stop power trouble before it starts.
Their “'nose for disaster” is in the service truck, in the
mobile radio unit which often relies on JK crystals and
monitors to keep their assigned radio frequency on
the beaml|

THE JAMES KNIGHTS COMPANY

SANDWICH 1, ILLINOIS

PROCEEDINGS OF THE I.R E July, 1952




For higher capacity values, which require extreme tempera-
ture and time stabilization, there are no substitutes for El-
Menco Silvered Mica Capacitors. El-Menco Capacitors are
made in all capacities and voltages in accordance with

military specifications.

From the smallest to the
largest each is paramount

in the performance field.

Write on your business letterhead
for catalog and samples.

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

HMenco........

CAPACITORS

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

THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT

PROCEEDINGS OF TIIE I.R.E July, 1952
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Photo-micrograph of a section of Rubatex
Closed Cellular Rubbar shows the dense
structure of individually sealed cells whichgive
Rubatex its superior qualities not possessed
by ordinary sponge rubber having open cells

“RUBBER BALLOONS”’ I

give you these 8 Advantagese

SOFT

WATERPROOF

INSULATOR

LIGHT WEIGHT

Nitrogen -filled cells
plus rubber’s resiliency
gives RUBATEX un-
usual workability.

Millions of gas-packed
"ballons,” permanently
sealed with live rubber,
make RUBATEX im-
pervious to water and
moisture.

Inert nitrogen, sealed
into millions of tiny
cells, accounts for
RUBATEX's superiority

as an insulator.

Its millions of nitrogen-
filled "balloons” make
RUBATEX surprisingly
light. Rubber cell walls
are the only significant
weight factor.

SHOCK
ABSORPTIO

BUOYANT

SANITARY

LONG LIFE

N

Millions of sealed com-
pressed gas chambers,
plus rubber's resiliency,
give RUBATEX double
cushioning action.

Countless closed
nitrogen cells give
RUBATEX a lower
specific gravity than
cork or balsa wood.

RUBATEX's sealed gas
""balloons’’ say ""No!'*
to water dust
foreign matter.

orany

Oxygen, the ""bugaboo’
of rubber, cannot pene-
trate the millions of
nitrogen - sealed com.
partments of RUBATEX.

,_ Rubatex engineers will be glad tj

l work with you. Write and tell gs you? I

| problem. ‘Send for catalog RBS.4.5]. |
Dept. IRE-7. Rubatex Division, Great

CLOSED CELL RUBBER Bi’:;;gs,an Industries, Inc., Bedford_,_l,

- PROCEEDINGS OF TIIE L.R.E

If you have a gasketing, sealing, shock
absorbing or vibration damping application
~ you'll find RUBATEX is control for your
product and profit!

July, 1952
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Inknoun count

® Measures frequency or period

® Direct reading, no calculations

® No complex equipment set-up

® Easy for non-technical personnel
® Accuracy 1/1,000,000 =1 count

.hp- 524A FREQUENCY COUNTER is the first
commercial equipment to display directly
and instantly any unknown frequency
from .01 to 10,000,000 cps. It performs
all functions of a frequency standard, in-
terpolating system and detector; in fre-
quency determination work, it climinates
need for amplifiers, oscillators, multi-
vibrators and oscilloscopes. The instru-
ment has a wide variety of uses including
transmitter and crystal frequency meas-
urement, flter characteristic determin-
ation, oscillator calibration, r.p.m. deter-
mination (to 600,000,000 r.p.m.) fre-
quency drift, random events per unit
time, etc. It also serves as a precision fre-
quency standard.

FREQUENCY, PERIOD READINGS
For high frequencies, -hp- 524A counts
and displays unknown frequencies over
time intervals of 10, 1, 0.1, 0.01, and
0.001 seconds. Counting and display

periods are equal and automatically cy-
cled. Count is displayed repetitively, or
“held" by pressing “"manual” button.

For low frequencies, the instrument meas-

ures period or duration of one low-fre-

quency cycle in microseconds. A 10 cps

sample is taken to establish this period.

As in frequency counting, periods may

be displayed repetitively or “held".
CIRCUIT

-hp- 524A operates on pulse counting
techniques. Unknowns are applied

through a wide-band squaring amplifier’

to a fast gate controlled by a time base
generator. When the gate is open, un-
known is applied to counting circuits.
When gate is closed, circuits remember
and display frequency in cps or period in
microseconds, Time base circuits are con-
trolled by a high-stability crystal oscillator.

See your -hp- field engineer
or write direct for details.

ed, displayed instantly, directly on front
Example counted bere, 10,168,438

Read frequencies .01 cps to 10 me
—directly, automatically, instantly!

panel.

BRIEF SPECIFICATIONS

COUNTING RATE: 10 mc maximum.

PRESENTATION: 8 places, direct reading.

COUNT PERIOD: 0.001,0.01,0.1,1, 10 sec.

LOW FREQUENCIES: Permits low frequen-
cies to operate as time base. Duration
of one cycle is displayed in micro-
seconds.

ACCURACY: * 1 count * 271,000,000
per week. (Higher accuracy external
standard may be employed.)

PERIOD MEASUREMENT: Within 0.3% up
to 300 cps: within 1 psec between
300 cps and 10 kc.

EXTERNAL 100 KC TIMING CIRCUIT: For
higher accuracy. Requires 1 v across
50,000 ohms shunted by 30 uufd.

INPUT VOLTAGE: 1 v peak minimum.

INPUT IMPEDANCE: Approx. 100,000
ohms, 30 pufd shunt.

CONNECTORS: Standard BNC type.

POWER SOURCE: 115 v, 50/60 cps,
400 watts.

SIZE: Approx. 28" high, 213,” wide, 14"
deep. Weight 115 Ibs. Shipping
weight 175 ibs.

PRICE: $2,000.00 f.0.b. factory.

Data Subject to Change Without Notice

PROCEEDINGS OF THE I.R.E.
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NEW PRODUCTS

ANEWS and

JULY 1952

By-Pass Capacitors

Erie Resistor Corp., Erie, Pa., is offer-
ing two new high voltage “Ceramicon”
TV by-pass capacitors, which have been
designed primarily to give high-voltage
power-supply filtering for television re-
ceivers. Style 412 is rated at 20 kv and
Style 414 at 10 kv.

The case insulation is of low-loss,
molded thermosetting plastic which, it is
claimed, provides a superior moisture seal,
Ring convolutions are molded into the sur-
face of the capacitor to prevent surface
leakages caused by ordinary handling
and a consequent deposit of conductive
materials,

According to the manufacturer the con-
voluted design increases the effective sur-
face creepage path by more than 14 per
cent. Write to Erie for catalog and samples,

Preamplifier

The Brush Development Co., Instru-
ment Div, 31, 3405 Perkins Ave., Cleve-
land 14, Ohio, now has available for de-
livery a new high-gain ac preamplifier de-
signed to permit the extension of the
measurable range of graphic recording
instruments or cathode-ray oscilloscopes
into the microvolt region, and maintain a
relatively flat frequency response from 0.2
to 400 cps.

Designated as Model BI.-954, the in-
strument was made for use with Brush
magnetic direct-writing oscillographs, and
medium or low-gain amplifiers to permit
immediately available permanent records
of measurements of electrical phenomena
in the microvolt region.

Voltage gain of the instrument is
200,000 times when operated push-pull,
and when used with Brush direct-writing
oscillographs and amplifiers is sufficient to
give one millimeter of pen deflection on the
oscillograph chart per 2.5 microvolts input.
Noise and hum interference have been re-
duced by the use of a battery power supply.
Dry “B” batteries are mounted in the
carrying case while either external-storage
or dry batteries may be used to furnish “A”
power. A standard cell furnishes voltage for
an internal calibration circuit.

12a

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

Recorder

The Ampex Electric Corp., Redwood
City, Calif., announces a new magnetic
tape recorder (Model 500) to meet the
standards of high-frequency telemetering
and applications in the use of rockets,
guided missiles and computors.

This is a precision instrument repro-
ducing 100 to 100,000 cps with the lowest
possible flutter and wow, with less than
0.1 per cent peak-to-peak limit. The new
drive system accomplishes more than § to
1 improvement over previous recorders.

Fabricated to conform to JAN specifi-
cations, provisions are made to record four
individual data tracks. A signal-10-noise
ratio is attained that is over 40 db, below
1 per cent harmonic distortion when meas-
ured in 15 per cent band widths.

Most of the causes of flutter and wow
in conventional tape recorder drives are
eliminated in Model 500. The tape is
rigidly held to a capstan by vacuum, pro-
viding extremely reliable tape motion
without introducing any flutter or wow by
pressure rollers or slippage. Since both the
record and playback heads contact the
tape at the capstan, tape scrape and vibra-
tion are reduced to a minimum. The cap-
stan is coupled directly to a damped fly-
wheel which is belt driven by a high-speed
hysteresis synchronous motor. The tape is
fed to the capstan under constant tension
to eliminate any effect of differences in
diameter of the tape recl.

The tape capacity of Model 500 s up
to 5000 feet on 14 inch reels providing a
playing time of 16 minutes at 60 inches per
second, or 32 minutes at 30 inches per
second,

PROCEEDINGS OF THE I.RE.

Vacuum Tube Voltmeter

The Freed Transformer Co., Inc., 1718
Weirfield St., Brooklyn (Ridgewood) 27,
N. Y., has introduced a new voltmeter,
model No. 1040, .

This instrument is
composed of a high-imped-
ance precision five-step
attenuator, an rc coupled
mmultistage  amplifier, a
balanced rectifier, a bal-
anced dc amplifier, and a
special meter in which the
deflection is proportional
to the logarithm of the cur-
rent through it. A high amount of degener-
ation is used in both the ac and de ampli-
fiers. The switching from one voltage range
to unother is accomplished in input circuit.

Type 1040 is particularly recommended
for vibration studies involving very low
frequencies; frequency characteristics and
gain_measurements on amplifiers; trans-
mission losses on telephone circuits; filter
and carrier systems up to 200,000 cps; and
acoustic measurements such as determina-
tion of frequency response of microphones
and loudspeakers. Because of the high
sensitivity of the instrument, this volt
meter can be advantageously used as a
null detector in de bridge measurements.
In addition to its use as a voltmeter, the
instrument can be used as an ammeter to
measure a wide range of currents by con-
necting it across suitable resistors,

Servo Stabilizer

KAY-LAB
TWIN.T
SERVO

STABILIZER
Model 504 B
Ser. No. 308
lu’_m&wllﬂl

A device for stabilizing ac servo sys-
tems was recently announced by Kalbfell
quoratories, Inc.,, P. 0. Box 1578, San
Dlegq 10, Calif. It contains a variable
damping adjustment, js equipped with
cathode followers for input and output,
and plugs into an octal socket. The Twin-T
Servo Stabilizer contains a phase shifting
hetwork to compensate for the lag caused
by motors or other inertial elements, It
overcomes hunting while maintaining the
fastest possible response time. The twin-T
network is made up of silver mica capaci-
tors, and deposited carbon resistors to give

stability with respect to time and tempera-
ture.
(Continued on Page 184)
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Renvon
TRANSFORMERS

FOR STANDARD AND SPECIAL
APPLICATIONS

KENYON
TRANSFORMERS
FOR
JAN Applications

Radar For more than 25 years, Kenyon has led the field in producing premium

Broadcast quality transformers. These rugged units are 1) engineered to specific

Atomic Energy Equipment )
requirements (2) manufactured for long, trouble-free operation (3) meet all

Special Machinery
Automatic Controls Army-Navy specifications,

Experimental Laboratories Write for details

KENYON TRANSFORMER €O., Inc.
840 Barry Street, New York 59, N.Y.
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SERVES NATIONAL DEFEN

Whenever Electronics Lend Ears to the Fleet

® Among the countless contributions which electronic engi-
neers are making to our armed services, high importance
must be placed on long-range eyes and ears for the fleet...
...not only in increasing the deadliness of its own undersea
craft, but equally in protecting its surface vessels from enemy
submarines. And throughout the field of electronics, high
importance is likewise placed on the dependable long life
and rigid adherance to specifications found in Hi-Q compo-
nents. Among the countless ceramic
units carrying the Hi-Q trademark,
you’ll find disc capacitors of by-pass
and lcmpcrnlure compensaling types
...tubulars, plates and plate assemblies
...new high voltage capacitors in many
styles...trimmers. wire-wound resistors
and chokes. You'll find, too, that Hi-Q
engineers are your best source for
specially designed components to meet
your specialized, individual needs.

AEROVOX

CORPORATION
NEW BEDFORD, MASS.

Hi-Q PLATES AND PLATE ASSEMBLIES

H1-Q Plate Capacitors can be produced in
single and multiple units in an unlimited
range of capacities up to guaranteed mini-
mum values of 33.000 mmf per square inch.
The number of capacities on a multiple unit
is limited only by the K of the material and
the physical size. In Hi-Q Plate Assemblies
printed circuits) the number of combina-
tions of condensors and resistors which can
be incorporated on a single unit is virtually
endless...again, limited only by the K of the
material and physical size.

OLEAN, NEW YORK, U.S.A.

AEROVOX oRPORATION
W

WILKOR

DIVISION
CLEVELAND, OH1O

Export: 41 E 42nd St, New York 17, N.Y. @ Coble: AEROCAP, N_ Y. @ In Canada: AEROVOX CANADA LTD. Hamilton, Ont. JOBBER ADDRESS: 740 Bollaville Ave., New Bedfard, Mass
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Men, experience, and machines-
that-do-evervthing-but-talk, are
generally the answer to a problem
of obtaining parts of complex
shape and precise dimension.

Here at Superior, customers for
parts of this Kind get a particularly
good answer. We have the experi-
enced men with a solid background
of tubular parts production who
are willing and able to take the
time and care required for top-
quality products. And we have
the machines.

The delivery end of one of them
is shown above, The part coming
out came into our plant as a 2"
tube, went through several redraw
and annecaling operations, was fi-
nally cut to exact length, tumbled to
remove cutting burrs, then rolled
by a controlled process to the

precise dimensions established by
customer specifications,

There’s nothing spectacular in
the story .. .it's just the outline
of one of the manv jobs that we
know how to do well. Behind
the storv, however. is a thought
for vou.

Our production storv is backed
by our ability. facility and desire
to help vou. If you are an experi-
menter in electronies or a manu-
facturer of electronie equipment
and you need a tubular part to do
a tough job well, better eheck with
us. Welll be glad to assist with
rescarch, development, and design
aid toward the solution of vour
problems. Tell us about them by
writing Superior Tube Company,
2506 Germantown Ave., Norris-
town, Pennsylvania.

Cutting and Tumbling. Cunting machines and
jigs of many types and sizes are combined
with extensive tumbling cquipment to permit
fast, accurate production of quantities of parts
at Superior

¢

Fabrication. Varte can be readily rolled at
cither or both ends. flared. flanged expanded.
or beaded (embossed) as required. The anode
above is one of many ~uch parts we produce
at high speed and low cost.

The Finished Part. rina stage in the fabri-
cation of the part, shown above ap three stages
of production, is a bend nicely controlled for

both precice angle and freedom from other.
unwanted distortion.

This Belongs in Your Reference File

... Send for It Today.
NICKEL ALLOYS FOR OXIDE-COATED CATHODES: This reprint de-

seribes the manufacturing of the cathode sleeve — from the refining of the

base metal; includes the action of the

small percentage impurities upon

the vapor pressure and sublimation rate of the nickel base. Future trends
of cathode materials are also evaluated.

SUPERIOR TUBE COMPANY -« Electronic products for export through Driver-

16a
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All analyses .010" 10 %" O.p.
Certain analyses (035" max. wall) Up ta 1% O.D.

Harris Company, Harrison, New Jersey * Horrison 6-4800
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The new RCA WV-87A

=

Sold Complete — with the
following Probes and Cables

® Direct Probe and Cable
* DC Probe

® Ohms Cable and Probe
® - Current Cable (Red)
. Current Cable (Black)
® Ground (Case) Cable

Accessory Probes Available
on Separate Order

"/ WG-264 Crystal-Diode Probe
for measuring ac voltages at
frequencies up to 250 Mc.

"/ WG-289 High-Voltage Probe,
with WG.206 Multiplier Re-
sistor, for increasing dc-volt-
age range to 50,000 volts and
input resistance to 1100 meg-
ohms.

18a

FEATURING an 815" meter, the new WV-87A
Master VoltOhmyst is really the master of every
testing application. Its peak-to-peak scales are
particularly useful for television, radar, and other
types of pulse work.

The WV-87A measures d¢ voltages accurately
in high-impedance circuits, even with ac present.
It also reads rms values of sine waves and the
peak-to-peak values of complex waves or recur-
rent pulses, even in the presence of dc.

Like all RCA VoltOhmysts, the WV-87A fea-
tures 1% multiplier and shunt resistors, a +29%
meter movement, high-input resistance, zero-cen-
ter scale adjusunent for discriminator alignment,
dc polarity-reversing switch, and a sturdy metal
case for good rf shiclding.

On direct-current measurements, extremely low-

%M% VoltOhmyst'
Sm——

s] I 2 50 Suggested

User Price

Measures... (Full-scale ranges)

DC VOLTAGE: 0 to 1.5, 5, 15,50, 150, 500, 1500 volts

PEAK-TO-PEAK VOLTAGE: O to 4, 14, 42, 140, 420, 1400, 4200 volts

RMS VOLTAGE: O to 1.5, 5, 15, 50, 150, 500, 1500 volts

RESISTANCE: 0 to 1000 megohms in seven overlapping ranges

DC CURRENT: 010 0.5, 1.5, 5, 15, 50, 150, 500 milliamperes; 0 to 1.5, 15 amperes

meter resistance gives an average voltage drop of
only 0.3 volt for full-scale readings on all ranges.
Nineoverlapping ranges provide dc readings from
10 microamperes to 15 amperes.

An outstanding feature 15 its usefulness as a
television signal tracer . . | made possible by its
high ac input resistance, wide frequency range,
and direct reading of peak-to-peak voltages.

The RCA WV.87A Alysrer VoltOhmyst has the
accuracy and siability for laboratory work. Its
large, easy-t0-read meter also makes it especially
desirable as a permanently mounted instrument
in the factory and repair shop.

For complete information on the WYV.87A, see
your RCA Test Equipment Distributor or write
RCA, Commercial Engincering, Sectiont;X47
Harrison, New Jersey. sz U i

Get complete details today from your RCA Test Equipment Distributor.

TEST EQUIPMENT

RADIO CORPORATION of AMERICA

HARRISON. N. 4.
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NOW...Filament-to-Grid Shorts
Elmmnared’
Federals F-892

FIRST with the new, proved design
Double Helical Filament

® Does away with BOWING!
® Greatly increases tube LIFE!

ANOTHER important Federal “First” is the new
Double Helical Filament—for Federal’s re-de-
signed F-892!

The design has been completely checked and
subjected to numerous filament cycling tests
equivalent to two years’ operation in normal
broadcast equipment.

One tube filament was cycled 1500 times—1000
times with the starting current fwice rated, and
500 times with the starting current four times
rated—without movement or distortion!

Wound through 360° for mechanical stability
and carrying opposing electrical fields which

Cut-oway View B . . Ad
of Federal's  Provide improved clectrical stability, the F-892’s
Double Helical 134 hle Helical Filament definitely eliminates

'y

&S Filoment )
1::::2;:"“ howing—one of the primary causes of filament-
bt vy to-grid shorts. For proof, all F-892's now in the
ELECTRONIC ficld are still in service!
HEATING 5 "
EQUIPMENT For full information on Federal’s sturdier,

longer-life, more dependable F-892, write
to Vacuum Tube Division, Dept. K-537.

“Federal always has made better tubes”

Federal Telephone and Radio Corporation

otn,
«Sama V¢

FEDERAL TELECOMMUNICATION LABORA-
TORIES, Nutley, N, J.....a unit of
ITET s world-wide research and,
engineernng organization,

100 KINGSLAND ROAD, CLIFTON, NEW JERSEY

In Conodo: Federol Electric Monufacturing Compony, Ltd., Montroal, P. Q
Export Distributors: International Standord Electric Corp., 67 Broad S5t., N.Y.

PROCEEDINGS OF THE IR.FE Tuly, 1952 19a




PROBLEMS OF TOMORROW
are our business today !

of intricate computing devices and

¥
Tomorrows and tomorrows—five . . .

ten . . . twenty years from now—are
being shaped at Ford today. For the
Ford Instrument Company continues
to pioneer the future as it has for the
past thirty-seven years.

Recognized as a leader in the field

1f you ore o quolified
engineer — either experi-

other nationally important automatic
equipments. Ford has pioneered in
the research, development, design
and manufacture of mechanical. hy-
draulic. electro-mechanical. and elec-

tronic instruments and components

for specialized military and industrial
applications.

Today. Ford Instrument Company
is devoting its design talents to solv-
ing vital and highly classified prob-
lems whose solution will help make

better and safer tomorrows for all.

Do,
N

\

enced on outomotic equip-
ment design or o recent
groduote-—-ond ore inter-
ested in your Tomorrows,
consider Ford todoy.
Write for informotion.

20A

FORD INSTRUMENT
COMPANY

DIVISION OF THE SPERRY CORPORATION

FORD.

31-10 Thomson Ave., Long Island City I, N. Y.

PROCEEDINGS OF THE 1.R.E.
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for precise, quantitative studies of pulse
waveforms, transients and other high or

demands on the time, frequency, and
amplitude measuring capabilities of labo-
ratory oscilloscopes. LABORATORY FOR

ELECTRONICS, INC,,

ever-increasing requirements of the rapidly expanding electronics

low speed electrical pbenomena

Advances in electronics have placed greater

recognizing the

DELAY AANCe-x SEC

0-1808,

0-80N " 705000

~
SCALG LaaT

LI D

industry, and using specifications set forth by electronic

engineers, has developed the Model 401 oscilloscope to provide

the features and conveniences required in a2 medium price,

general purpose instrument.

Y- Axis

Deflection Sensitivity — 15 millivolts
peak -to-peak /cm

Frequency Response —DC to 10Mc

Transient Response — Rise Time —
0.035 microseconds

Signal Delay —0.25 microseconds

Inpuc line terminations —52, 72, or
93 ohms, or no termination, for
either AC or DC input

Calibrating Voltage — 60 cycle
square wave.

Input Imp.—1 megohm, 30 mmf.

PROCEEDINGS OF THE L.R.E.

ELEC

July, 1952

LABO

r’“ ,nlk 1 (1 mu
e v o
Py m\,) ~, ,ufw

“&

dLLAar-m SET TRIGLER
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SPECIFICATIONS

X-Axis

Sweep Range —0.01 sec/cm to 0.1
microseconds, cm

Delay Sweep Range — 5-5000 micro-
seconds 1n three ranges — contin-
uously adjustable

Triggers — Internal or External, +
and —, or 60 cycles, or delayed
trigger outputs are available at
suitable binding posts.

Built-in trigger generator for trigger-
ing external circuits and sweeps.

General
Low capacity probe

Functionally colored control knobs
conveniently grouped

Folding stand for better viewing
Adjustable scale lighting

Facilities for mounting oscilloscope
cameras

Dimensions — 121, “ wide, 15" high,
19" deep
Weight—55 Ibs.

Price — $895. F. O. B., Boston

Write for full color booklet with complete information.

A‘I'ORY

"x‘qﬂ

oulcs’ |Nc 75 PITTS STREET BOSTON 14, MASS.

21a
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NO PLACE TO HIDE!

Because of the “Lark’s” advanced guidance
system, range has no effect on its accuracy. In
adfiltlon, logistic support of missile batteries
using the basic “Lark” guidance system
1s simpler, since the ground control require-
ments are less.

Guided missiles now under development will
make the skies dangerous for any future
attacker. Neither weather, cloud layers nor
night will offer him protecting cover. Radar
homing missiles such as those being designed
by Fairchild’s Guided Missiles Division will
—literally—leave No Place to Hide.

With its “Lark” missile used in training pro-
grams by all three branches of the Services
— the Navy, the Air Force and the Army
Field Forces—the Fairchild Guided Missiles
Division is a leader in the guided missile
field. In its “Lark” Fairchild has developed
one of the most advanced guidance systems.

ENGINE AND AIRPLANE CORPORATION

While the “Lark” today is a superb trainj

missile,' Fairchild Guided Missi‘l):s engir:;erl‘i
are designing and developing new and vastly
improved missile systems for tactical
applications. At Wyandanch, L. L., Fairchild’s
Guided Missiles Division has Just opened
the first privately-built plant devoted exclu-
sively to missile development and production.

AIRCHILD Guised Misaitts Dinizigne

Wyaondanch, LI, Ny

Other Divisians: Aircraft Division, Hogerstown, Md. « Engine Division, Farmingdale,N.Y. Stratos Division, Bay Shaore, LI, N.Y
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GENERAL PURPOSE PULSE GENERATOR

-hp- MODEL 212A

SPECIFICATIONS

PULSE LENGTH: Cantinuausly variable, 0.07 to
10 pusec. Direct reading panel contral.

PULSE AMPLITUDE: 50 v. inta 50 @ laad. Pas. &
neg. pulses. 100 v. apen circuit.

AMPLITUDE CONTROL: Cantinuaus contral
throughaut range. 50 db in 10 db steps.
10 db fine adjustment,

INTERNAL IMPEDANCE: 50 Q ar less.

PULSE SHAPE: Rise ond decay time apprax. 0.02
nsec. (10% to 90% amplitude.)

REPETITION RATE: 50 pps ta 5,000 pps. Inter-
nally or externally controlled.

SYNC IN: May be triggered by pas. or neg.
pulse of 5 v. at rates up to 5,000 pps.

SYNC OUT: 50 v. inta 200 © laad. Approx. 2
psec long. Apprax. 0.25 psec rise time.

PULSE DELAY: Main pulse delayable O ta 100
pnsec fram sync output pulse.

PULSE ADVANCE: Main pulse can be advanced
0 to 10 psec from sync output pulse.

POWER SUPPLY: 110/220 v.; 50/60 cps.
SIZE: Panel 10'%," high, 19" wide. Depth 12”.
PRICE: $550.00 f.0.b. Palo Alta.

Doto Subject to Change Withaut Natice

PROCEEDINGS OF THE L.R.E.
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TYPICAL 1 MICROSECOND
PULSE INTO 50-OHM LOAD

A >

i o

A
l«—C >

A. 002 usec rise and
decay time. Mini-
mum avershaat.

B. 50 watt peak pow-
er. (50 v. ta 50 02
load.)

C. ?ulse length vario-
ble 0.0710 10 usec.

CONTINUOUSLY VARIABLE, HIGH POWER
PULSES OF SUPERIOR WAVE FORM!

THIS NEW -hp- 212A PULSE GENERATOR
saves you time and work testing
“fast’”’ circuits as well as making
everyday laboratory checks of other
generators, tf circuits, peak-measur-
ing equipment, etc. It is the first
commercial pulse generator to suc-
cessfully combine %road laboratory
usefulness with the fast rise time,
high power, variablcdpulsing and
other features demanded in radar,
television and nuclear work.

ACCURATE PULSES AT END OF
LONG TRANSMISSION LINE

The pulse length is continuously
variable from 0.07 usec to 10 usec,
and is varied by a direct reading
panel control. Extremely fast rise
and decay time, together with free-
dom from ringing or overshoot

provide a virtually distortion-free
pulse. A low internal impedance
(50 ohms or less) insures a pulse
shape virtually independent of load.
This low impedance also makes it
possible to eliver accurate pulses
at a distance from the instrument,
if the transmission lines are cor-
rectly terminated.

The Model 212A’s repetition rate
is continuously variable from 50 to
5,000 pps. It can be controlled
inzernally, or from an external syn-
chronizing source. Synchronizing
pulses are available from the in-
strument either in advance of or
following the output pulse. An
amplifier-actenuator output system
gives a low source impedance, and
makes possible continuously variable
pulse amplitude, positive or negative.

Brief specifications of this new -hp- instrument are shown in the adjoining column.
For complete details. .. see your local -hp- representative. .. or write to the factory.

HEWLETT-PACKARD COMPANY

2040-D Page Mill Raad

® Pala Altg, Califarnia

Expart: FRAZAR & HANSEN, Ltd., 301 Clay St., San Francisca,

Calif., U.S. A. Offices: New Yark, N.Y. ond Los Angeles, Calif.




wherever you go
there’s radio ...

transmitted through
Truscon Steel Towers

Truscon Steel Towers dot the land-
scape in America and foreign lands,
performing dependably under the
greatest extremes of geographical
and meteorological conditions.

Typical example is the new 409 feet
high Truscon Guyed Tower with
RCA 4-section HD pylon 56 feet
high, erected for WCOP-FM Broad-
casting Station at Boston, Mass.

Lessons learned through experience,
observation, and coordination with
leading tower erectors during con-
struction of hundreds of towers,
are reflected in the design, detail,
and safe and simple field assembly
of all Truscon Steel Radio Towers.

Your phone call or letter to any
convenient Truscon district office or
to our home office in Youngstown,
will bring you immediate, capable
engineering assistance on your
tower problems. Call or write today.

TRUSCON® STEEL COMPANY
1072 Albert Street
Youngstown 1, Ohio

Subsidiory of Republic Steel Corporation

Jﬂm

7 i
TRUSCON

TRUSCON
. d nDame
you can build on

24A
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The minioturization of transformers has been a UTC specialty ever
since the development of the Ouncer series in 1937. The importance
of this engineering ‘‘know how'' is reflected by the large number of UTC
Miniature components in present military equipment. Some examples
of this engineering leadership are illustrated below.
SM Unit ACTUAL SIZE
— As photographed

with normal pen for
comparison,

DC CONTROLLED

OSCILLATOR INDUCTORS
OUNCER FILTERS

Ouncer case, non hermetic,
is Ve” diometer x 114" height,
Weight — .06 1bs.

Ouncer case, hermetic, s
15/16” diometer x 1%”
hoight, Weight — .11 o,

EXTREME
MINIATURIZATION

MINIATURIZED
AIRCRAFT FILTERS

Minlaturized filter case is
1 11/167 x 137167 x 13”7
height. Weight — .3 Ibs.

A

SM sub-miniature oudio
components, 7/16” x V4" x
7/16” height. Weight —
.009 tbs.

n 90n,BPFILTER

150 VARICK STREET NEW YORK 13, N. Y.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: “ARLAS"



rAMMAR LYY D)

DATA TRANSMISSION + SELECTIVE CALLING
AND SUPERVISORY CONTROL EQUIPMENT

For the past seven years The Hammarlund
Manufacturing Company has specialized in de-
signing and developing electronic control equip-
ment. Based on this experience, and the knowl-
edge gained from 42 years of communications
engineering -and production, Hammarlund to-

day produces a standard line of equipment for
data transmission, supervisory control, teleme-
tering, selective or group calling or signalling,
fault alarm and other similar applications. This
equipment is designed for use on microwave,
radio or wire circuits.

POINT TO POINT SIGNALLING

The Hammarlund Standard Duplex Signalling Unit consists of a tone
generator and receiver designed to operate over wire lines, telephone
or power line carrier, and radio or microwave communications circuits
for signalling, dialing, slow speed telemetering, supervisory controls or
other information. Transmitters and receivers are available for 33
frequency channels between 2000 and 6000 cps. This equipment is
being used by military and governmental agencies, pipeline and power
companies, railroads and other groups requiring remote on-off switch-
ing, continuous indication of operating conditions, and automatic detec-
tion of wire line or power source failures along their systems.

SELECTIVELY CALLING OR SIGNALLING

Hammarlund Selective Calling equipment, added to 2-way radio sys-
tems used to control large fleets of vehicles, or distant fixed stations,
adds privacy, speed, safety, quietness and convenience to day-in-day-
out operations. By the push of a button the dispatcher within 0.8 of a
second selects the station which he wants to contact. Only the selected
operator or group of operators can receive the call. If the operator of
the car or station being called doesn’t answer, an indicator lamp remains
lighted to show he was called. This simple equipment can be added to

any present installation, or incorporated in any type of installation
now projected.

The Hammarlund “Multi-Gate” Remote Supervisory and Control
System is engineered to provide highly efficient, fully reliable opera-
tional controls of important remote equipment such as used by refiner-
ies, pipelines, utilities, railroads, civil defense and other commercial
as well as military, groups. Because of a unique design by which a single,
tone activates a receiver, which in turn will then accept a second tone
to operate a relay, this equipment can be used where disturbances on
connecting wire or radio circuits make ordinary tone-operated remote
controls impractical. Up to 21 individual on-off functions can be
handled over a single circuit employing only 7 audio signalling tones.

B Write Today For Detailed Information @

MORE THAN 40 YEARS EXPERIENCE COUNTS!
THE HAMMARLUND MANUFACTURING €O., INC.
460 WEST 34th STREET * NEW YORK 1, N.Y.
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ELECTRONIC ENGINEERS, DESIGNERS, MANUFACTURERS:

They're here! J’Wg{-{@fﬁ/
/| PLUG-IN HEADERS

PRECISION HERMETICALLY SEALED

/! 1,\

— with solid
metal blanks

that withstand
extraordinary

punishment

Here'’s a completely
new line of plug-in
headers that represent
an entirely new principle
of hermetic sealing—a
type more rugged than
any design previously
available anywhere. In
these headers a great
increase in mechanical
strength as been achieved
by substituting solid metal
blanks in place of the usual
metal stamping. The result
is effective sealing with
vastly improved ability to
withstand stress, strain

and shock.

— many standard
types for economical
problem solutions

Available in an extended range
of types, these headers incor-
porate all the time-proven
features that have made E-I
headers and terminals the stand-
ard of quality for more than 10
years. These include low expan-
sion, high temperature glass, tin-
dip for easy soldering, silicone
treatment to combat spray and
humidity, individual testing, and
many others. Why not call, wire or
write today for full particulars.

— available in 8 to 11 pins
with or without flange

ELECTRICAL INDUSTRIES - INC
MANUFACTURERS OF SPECIALIZED ELECTRONIC EQUIPMENT
44 SUMMER AVENUE + NEWARK 4, NEW JERSEY




OHMITE Aesdtali

!&'«Mﬁ

FOR SMOOTH, DEPENDABLE
ELECTRICAL CONTROL

* S-m-0-0-t-h action . . . that's an indication of the elose. evenly graduated
electrical control provided by every Ohmite rheostat, This smoothness js a
result of their distinctive design, incorporating a wobble-free brass bushing
for effortless shaft rotation. tempered steel contaet arm assuring uniform
brush pressure, and smoothly gliding metal-graphite brush,

Ohmite rheostats not only perform better. they last longer, All-ceramic
and metal construction . . . windings locked in place by vitreous enamel c.
wear-resistant bearings—all these quality features mean extra years of depend-
able, trouble-free service. Investigate these fine units for your product.

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

Ohmite Manufacturing Co.
4860 Flournoy St., Chicago 44, llinois

Ohmite offers the mast extensive line
of rheostots on the morket . . . ten sizes, o
from 25 to 1000 wotts, in o camplete

range of resistance volues, IN w.RE'wouuo R"EOSTATS AND RES.S'ORS
28a 4 WCEEDIN




| Controlled Characteristics
l !é 5 l
RARRHERAR: 1
Type Description [ i% 2l _|E1gE i@ = 1
HEHEERHEE
§2:2583552 o Bl Grid 20| Mut,
P EPFEHERRE] Ma. |Volts| Ma.|  Volts Cond.
Reliable Miniatures BN |
CK5654 | RF Amplifier Pentode || v V| v | |l 175 120 7.5 2.0 5000
CK5670 Medium Mu DualTriode | 4| . v, [ 4] 350 | 150 | 8.2 | Ry =240 ohms 5500
CK5686 | AF-RF Output Pentode W [ ] 350 [ 250 (270 125 3100*
CK5725 | RF Mixer Pentode JI vl 175 [120 ] 52] —2.0 3200
CK5726 Dual Diode | v 300 Max. Peak inv. 330 volts. per plate
CK5749 RF Amplifier Pentode \ 300 | 250 | 11.0 | R, =68 ohms 4400
CK5751 High Mu Dual Triode \ | 12AX7 6.3 126350 175 | 250 111 —30 1200
CKS814 Low Mu Dual Triode j <l 12AU7 16.3 12.6 350,175 | 250 | 10.5 | —85 2200
Reliable Subminiatures | ‘
1CKS702WA (6148) | RF Amplifier Pentode V| 200 | 120 | 7.5 | R, =200 ohms 5000
+CK5703WA (6149) | High Frequency Triode vl 200 120 | 9.0 | Ry = 200 ohms 5000
$CKS744WA (615)) | High Mu Triode ‘ 200 | 250 [ 4.0 | R, =500 ohms 4000
+CKS784WA (6150) | RF Mixer Pentode N | 200 120 52| —2.0 3200
CK6021 | Medium Mu Dual Triode | v v v v, | 300 | 100 | 6.5 R =150 ohms 5400
CK6110 | Dual Diode | 150 | Max. Peak Inverse 420 volts per_plate
CK6ll1 | Low Mu Dual Triode | 300 100 | 8.5 | Ry =220 ohms | 4750
CKell2 High Mu Dual Triode 300 100 | 0.8 | Ry = 1500 ohms [ — 1800
CK6152 Low Mu Triode | 200 | 200 | 12.5 | Ry - 680 ohms 15.8 [4000
Rugged Miniatures i
6AKSW | RF Amplifier Pentode | 175 (120 ] 75] —2.0 5000
6ALSW Dual Diode | 300 Max. Peak Inv, 420 volts. 1,=9 ma. dc per plate
6ASEW | RF Mixer Pentode V) 175 120 | 52 —2.0 3200
6CAW | RF Power Triode ¢ 150 | 250 (105 —85 2200
6J6W | Dual AF-RF Triode 450 | 100 [ 85 | R, =50 ohms 5300
6X4W Full Wave Rectifier 600 |  Max. Peak Inv. 1250 volts. Jo=70 ma. dc.
Rugged GT Types [ | [ f
6JSWGT General Purpose Triode . 300 250 9 | —80 2600
12J5WGT | General Purpose Triode { 150 250 | 9 —80 2600
6SNIWGT | Dual Triode 4 600|250 | 9 —80 2600
6XSWGT Full wWave Rectifier N 600 Max. Peak Inv. 1250 volts. 1o=70 ma. dc.

The above listing of Controlled Characteristics is based on the requirements and test limits of the applicable JAN-1A test specification.

Note: All dual section tube ratings are for each section

2.7 watts Class A output. 10 watts Class C Input power to 160 mc.

tFor simplicity of identification with the prototypes, the type numbers with a "'WA” suffix were established at the request of

the Armed Services to replace the type numbers in parenthesis previously announced for these types.

Over 300 Raytheon distributors are at your service on these tubes. Appli-
cation information is readily available at Newton, Chicago, Los Angeles.

RAYTHEON MANUFACTURING COMPANY
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1. New, fast-heating G-E iron weighs only 814-0z.

2. New G-E portable hi-pot tester is easy to operate.

Two ways to speed your production

Reach hard-to-solder places
with this new thin-shank iron

““As easy to use as a pencil,” say operators who use
General Electric’s new lightweight soldering iron.

Its thin, i%-inch-diameter shank lets the 14-inch
tip into places a regular iron can’t touch. Operators
can solder more joints per minute —and with fewer
rejects——because the iron’s lightness, balanced design
and comfortable handle all reduce fatigue.

Long-lasting G-E Calrod* heater provides quick
heat-recovery properties, gives plenty of heat for
uniformly strong soldered joints. Maintenance of this
60-watt, 120-volt iron is low because the long-life
Ironclad tip need not be filed or dressed. Send for
Bulletin GED-1583.

*Reg. Trade-mark

Eliminate cages and barriers
with this new insulation tester

Now you can perform high-potential tests on your
equipment with minimum danger to personnel. That’s
because the current output of General Electric’s new
high-potential insulation tester is limited to 5 milli
amperes  well below the “let go’’ value.

Testing time is cut, too no need to set up cages,
barriers, or tape. Tester is portable, weighs only 22
lbs. Simp}y plug it into any 115-volt a-c outlet and
start testing.

Line surges are virtually eliminated in output.
Flash-overs can't burn insulation. Neon light on
panel gives warning before insulation breaks down.
Output is adjustable from 0 to 3500 volts, with
test capacitance up to .006 muf. Bulletin GEC-700

GENERAL B ELECTRIC

30A
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TIMELY HIGHLIGHTS
ON G-E COMPONENTS

Four ways G-E selenium rectifiers
meet your d-¢ power requirements

Selenium rectifiers provide the elec-
trical designer with versatile and flexi-
ble means of getting the right quantity
of d-c power. But not all selenium
rectifiers are alike. Here are four im-
portant “quality points” you'll find
in G-E units in comparison with com-
petitive equipment:

1. Lower forward resistance—for
higher output and cooler operation
plus lower costs in other circuit com-
ponents.

2. Less back leakage—for higher
efficiency as well as higher output.

3. Cooler operation—the result of
the above characteristics—since there
is less heat to dissipate, less ventila-
tion is needed.

4. Slower aging—which extends ex-
pected life at rated output to over
60,000 hours.

And of course the G-E line is com-
plete, to meet all your design needs.
For a complete refresher on rectifier
fundamentals, circuits, and applica-

Standard stack construction

Tube-mounted construction

EQUIPMENT FOR

ELECTRONIC MANUFACTURERS

A partial list of the thousands of items in
the complete G-E line. We'll tell you about

them each month on these pages.

Components

Meters ond Instruments Timers

Capocitors Indicoting lights
Transformers Control switches
Pulse-forming networks Generators
Delay lines Selsyns
Reactors Relays
*Thyrite Amplidynes
Motor-generator sets Amplistots
Inductrols Terminal boards
Resistors Push buttons

Voltage Stabilizers
Froctional-hp motors

Rectifiers Dynamotors

Photovoltoic cells
Glass bushings

tions, send for the new 28-page G-E
booklet prepared to aid the design
engineer. Check Bulletin GET-2350.

R

Miniature cell assemblies

Development and
Production Equipment

Soldering irons
Resistance-welding control
Current-limited high-potential tester
Insulation testers
Vacyum-tube voltmeter
Photoelectric recorders
Demagnetizers

Dual-rated capacitors
simplify design problems

Meet your design needs, standardize,
and cut inventories with these G-E
fixed paper-dielectric  capacitors.
Equally applicable to a-c and d-c,
they come in many case styles, with
ratings from 236 through 660 volts
a-c and 400 through 1500 volts d-c
All units are treated with Pyranol*
and hermetically sealed to prevent
leakage or contamination. Check
Bulletin GEC-809.

*Reg. trode-mork of General Eleciric Co.

r———-—-=—-=——==7771

General Electric Campany, Sectian B667-21
Schenectady 5, New Yark

Please send me the following bulletins:

Indicote: 4/ for reference only

X for planning on immediate project

Current-sensitive relays

stand severe vibrations [J GEC-700 High-Potentiol Tester

|
I
I
I
I
GEC-809 Paper-Dielectric Copacitors
G-E current sensitive d-c relays are l
available with d-c pickup ratings in I
steps from 4 to 1500 ma. They are
especially applicable to circuits using |
limited power for energizing coils—as
in aircraft. Lightweight and corrosion |
proof, these relays withstand severe
vibration and operate at rated current I
through a wide range of altitudes. See
Bulletin GEC-834.

GEC-834 Current-Sensitive D-C Reloys
GED-1583 Lightweight Soldering Iron
GET-2350 Selenium Rectifiers

Nome

Compony__

City __Stote,

oo 5 G o S
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L page
o X-ray diffraction

Ayllans aids the study of
(Cosereck Sylvania phosphors

In the manufacture of radio tubes, Sylvania
engineers employ X-rays as an important tool.

X-rays help determine when two or more
metals or compounds have reacted to moduce
a homogenous mass, or some desired dif-
ferent solid phase such as that used for
special coatings on radio tube components,

Strong X-rays from an X-ray tube also
cause each chemical element present in a
solid material to emit characteristic
X-rays of their own. This phenomenon
enables engineers to determine
the actual elements present . . .
and their amounts.

In Sylvania laboratories. X-ray
diffraction is employed to study the
fundamental properties of phosphors
and semiconductors and their
behavior under controlled alteration.
It is also used to determine
changes occurring during manufac-
turing processes,

This X-ray application is still
another example of the
research and up-to-the-minute
techniques behind the quality
production of Sylvania
parts and products.

SYIVANIA =

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

RADID TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIN TUBING WIRING DEVICES LIGHT BuLBS PHOTOLAMPS; TELEVISION SETS
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In our constantly expanding lines are scores of wires
and cables that meet government approval specifica-
tions or exceed them.

In many cases you will find the wire that meets your
requirements is one of our regular stock numbers —or
our engineers will be glad to work with you to develop
wires especially for your needs.

We have had years of experience in designing and
manufacturing wire and cable for a wide range of
applications in electronics, aviation and industry. Put
this experience to work to help solve your problems
wherever they concern wire or cable. We welcome
your inquiries.

Ask us for our new complete catalog.
We'll be glad to send you a copy.

50 BURNHAM AVENUE

NATIONAL SALES OFFICES: 624 S. MICHIGAN BLVD., CHICAGO, ILL.

PROCEEDINGS OF TIHE I.RE. July, 1952
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To avoid vibrator power supply troubles. ..

Call on MALLORY
in the design stage

Vibrator power supplies need the best in design to meet the tough performance
rejuirements of batterv-operated electronic equipment. Experienced engi-
heering must go into the <election of each element . . transformer. vibrator,
buffer capacitor . . . so each will perform its own function and operate
with the others to provide maximum performance,

You can end vour power supply worries by calling on Mallors to translate
vour power needs into a precisels engineered design. You'll save engineering
time and reduce production costs. And vou'll be assured of getting the power
performance your equipment needs.

In vibrator design and production. Mallory offers vou . | .

EXPERIENCE gained through vears of working with leading manufactirers on
a broad varietv of vibrator applications . . an unmatched hind of engineer-
ing skills in this field,

VIBRATORS for civilian and military use . produced by the organization
which pioneered the development of commercial vibrators over 20 vears ago
and now supplies more vibrators for original equipment than all other makes

combined,
ENGINEERING AND PRODUCTION FACILITIES that can design complete
i rators vibrator power supplies and manufacture them from start to finish . . to voy
o i Pt vour

exact requirements.

and Vibrapack*

Investigate Mallory's facilities now. whether vour equipment iy in production

POWer Supp“es or still on the «lrawin;_; board. Write or telephone today,
P.R.MALLORY & CO. Inc. SERVING INDUSTRY WITH THESE PRODUCTS:
Elec'romechanical—Resistors ® Switches o Television Tuners e Vibrators
A L L o R Elec'rochemical—Copocitors * Rectifiers o Mercury Dry Batteries

Me'cllurgical—Contocts°$peciol Metals and Ceromics e Weldionchricls

MALLORY & co., INC., INDIANAPOLIS 6, INDIANA
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DEMCO collector rings and ring assemblies give you
these advantages . . .

ECONOMY . . . laminated construction provides contact
metal where required . . . base metal for strength.
HIGH FINISH . . . on contact surface for long wear and

noise-free operation.

PRECISION MADE . . . it is unnccessary to add further
machine operations.

COMPLETE . . . rotor or pancake type multi-ring and
ring-and-brush assemblies supplied.

PRECISION DRAWN . . . ID held as close as *.001.

‘ Solid coin silver, brass or aluminum Rev. MIL-T-85.

LAMINATED SILVER . . . on ID for
e Low attenuation

e Corrosion resistance

p!
Ex ) sV
2= ""
- e Highest mirror finish

Laminated silver ID and OD for round tuned lines.

@ With nearly sixty years of experience in the production

of both laminated and solid precious metals, MAKE-
PEACE is today an accepted “headquarters” for the
many special precious metal products and assemblies

Your inquiries are cor- called for in the electronic field.

dially invited and will

receive our prompt and Our staff of thoroughly experienced design and pro-
interested attention. duction engineers and metallurgists . . . as well as our

research and testing laboratory . . . are all at your service.

D. E. MAKEPEACE COMPANY
Laminated and Solid Precious Metals for Industrial Use * Fabricated ‘
Parts and Assemblies * Bar Contact Material * Precious Metal Solders

MAIN OFFICE AND PLANT, ATTLEBORO, MASSACHUSETTS '
NEW YORK OFFICE, 30 URCH STREET \
I

CHICAGO OFFICE, S5 EAST WASHINGTON STREET
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Five Kilowatt

KLYSTRON
For UHF-TV

High power over the entire
Ultra High Frequency television
range is now practical through another

Eimac contribution to electronic progress.

[ J

The Power far Tv

EITEL-McCULLOUGH, INC.
SAN BRUNO, CALIFORNIA

Export agents: Frazar & Hansen, 301 Clay St., San Francisco, California
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marion
methods

Because the accuracy of an
indicating instrument is
completely dependent upon the
accuracy of its dial, Marion takes extra-
ordinary care with each dial . . . from the
simplest black and white type to a fluores-
cent type of seven colors.

Marion dials are never printed in sheets
and then stamped out, as are ordinary
dials. Each Marion dial is die-cut, prepared
and printed separately. This individual
handling guarantees finished painted
edges, which reduces high voltage corona;
it also assures accurate mechanical regis-
tration of the dial with the pivot center
of the instrument.

Precision and dependable performance
are built into every Marion dial...in each
step of manufacture.

Preliminary Operations . . . Dial data furnished by the customer
is carefully checked by Marion’s Engineering Department.
After Engineering OK, data and suggested layout are sent
to the Art Department.

The dial scale is drawn 4 to 6 times “life size,” then the
drawing is photographed and reduced to the proper size,

Preparation of Plates . . After photography, a positive print is
made. Color separations are made by hand, and deep-etched zinc
plates for offset lithography are produced. The offset process is
used to assure sharp printing definition and good color.

Preparation of Dial Blank . . . Each metal dial blank is thoroughly
rinsed and vapor de-greased. Then, three separate coats of special fume
and age - proof eggshell -white lacquer are applied. This lacquering

technique gives a surface that will not chip, flake, fade or discolor. 'o" o
o \J*
Registering . .. After careful inspection, dial blanks are securely :" N

mounted on the printing press. Each blank is individually adjusted,
and the printing plate is positioned exactly. This step ensures
perfect registration for multi-color printing.

Printing and Drying . . . Each dial is then printed separately.

After special inks of each color are applied, dials are baked for 15
to 20 minutes to set the ink. This process eliminates smudging,
and minimizes the amount of lint picked up during drying.

Dials are thoroughly inspected again before they are mounted
on Marion instruments.

Other Marion Methods. Marion’s method of assuring the top accuracy and service
of each dial by individual handling is only one of a number of methods which
Marion is presenting in the hope that some of them will help you as they
have helped us. We will be pleased to send more information if desired.

MARION ELECTRICAL INSTRUMENT CO., 407 CANAL ST., MANCHESTER, N. H.

MANUFACTURERS OF MARION (?f(’(ﬁjw PANEL METERS
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are Rated at
1000 Working Volts!

T b T—/'/' ~
| |
. ‘f——' | '
o!—o_ ™ &8 echy 2i2 RMC g ':h;(;: a ‘ Rty
[RM nlo | by N ‘
g;lﬁv’ A% o 20 @@ 275 ' T 560
| t] | )
z z Z z z )
2 = 2 3 3 ‘l | &
: T l | L i i E
| | L | | |
el L [ T b y
| 1C 1 4 Dia. 5 16 Dia. 1,2 Dia 5 8 Dia. 3.4 Dia. 7/8 Dia
P-100 2. 9MMF 10~ 30 MMF
| NPO 2- 12 MMF 13- 27 28- 60 61- 75 MMF 76-110 MMF 111-150 MMF
N- 33 2- 15 16- 27 28- 60 61- 75 76-110 111-150
| N- 80 2-15 16- 27 28- 60 61- 75 76-110 111-150
N- 150 2- 15 16- 30 31-'60 61- 75 76-110 111-150
N- 220 2-15 16- 30 31-75 76-100 101-140 141-190
N- 330 2- 15 16- 30 31- 75 76-100 101-140 1412190
[ N- 470 2- 2 21- 40 41- 80 80-120 121-170 171-240
{ N- 750 5- 25 26- 50 51-150 151-200 201-290 291-350
N-1400 15- 50 51-100 101-200 200-250 251-470 480-560
N-2200 47- 15 by 76-100 101 209 I 201 275 276 4_70 471-560
If the samples you need are not here — send for them.
SPECIFICATIONS
POWER FACTOR: LESS THAN .1% AT | MEGACYCLE LEAKAGE RESISTANCE: INITIAL 7500 MEG OHMS
WORKING VOLTAGE: 1000 VDC TEST VOLTAGE: 2000 VDC AFTER HUMIDITY 1000 MEG OHMS
DIELECTRIC CONSTANT: z;go ::45: :IZ(S)% ?ggx N-2200 265K LEADS: #22 TINNED COPPER (.026 DIA))
LEAD LENGTH: % BODY 1", %" BODY 1%", 2" AND LARGER
CODING: CAPACITY, TOLERANCE AND TC STAMPED ON DISC aObY 14"
INSULATION: DUREZ PHENOLIC VACUUM WAXED TOLERANCES: +5%' 4.]0%' +2o%

RMC DISCAPS are Designed to Replace Tubular Ceramic and

Mica Condensers at LOWER COST
SEND FOR SAMPLES AND TECHNICAL DATA

DISCAP

CERAMIC
CONDENSERS

RADIO MATERIALS CORPORATION

GENERAL OFFICE: 3325 N. California Ave., Chicago 18, L.

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.

Two RMC Plants Devoted Exclusively to Ceramic Condensers
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ee

PRODUCTION §
QUANTITIES

C” CORES

... wound from strip as thin as 0.00025"

*

(uatsty Toatod
and, fioved,

Arnold "C" Cores are made to
highly exacting standards of qual-
ity and uniformity. Physical di-
mensions are held to close toler-
ances, and each core is tested as
follows:

29-gauge Silectron cut cores are
tested for wate loss and excitation
volt-amperes at 60 cycles, at a
peak flux density of 15 kg.

4-mil cores are tested for watt loss
and excitation volt-amperes at 400
cycles, at a peak fux density of
15 kg.

2-mil cores are tested for pulse
permeability ac 2 microseconds,
400 pulses per second, at a peak
flux J)ensity of 10 kg.

1-mil cores are tested for pulse
permeability ac 0.25 microseconds,
1000 pulses per second, at a peak
flux density of 2500 gauss.

Y2 and Y;-mil core tests by special
arrangement with the customer.

Now available—'"'C'* Cores made
from Silectron (oriented silicon
steel) thin-gauge strip to the
highest standards of quality,
Arnold is now producing these
cores in a full range of sizes wound
from Y, %, 1, 2 and 4-mil strip,
also 29-gauge strip, with the entire
output scheduled for end use by the
U. S. Government. The oriented
silicon steel strip from which they
are wound is made to a tolerance of
plus nothing and minus mill toler-
ance, to assure designers and users
of the lowest core losses and the
highest quality in the respective
gauges. Butt joints are accurately
made to a high standard of preci-

*Manufactured under license arrangements with W

estinghouse Electric Corp.

sion, and careful processing of these
joints eliminates short-circuiting of
the laminations,

Cores with “RIBBED CON-
STRUCTION"* can be supplied
where desirable,

Ultra thin-gauge oriented silicon
steel strip for Arnold “'C” Cores is
rolled in our own Plant on our new
micro-gauge 20-high Sendzimir
cold-rolling mill. For the cores in
current production, standard tests
are conducted as noted in the box
at left—and special electrical tests
may be made to meet specific
operating conditions,

® We invite your inquiries.

weo a2n

FTI_!_E ARNOLD ENGINEERING (JoMPANY |
it SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
' General Office & Plant: Marengo, Illinois
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for World-Wide Settings

== First Professional 16 mm

TV Background Projector
Provides 2,000 Lumens

46 amperce arc lamp, /1.5
20 mm lens, air-cooled
film gate, sprocket inter-
mittent  that ends film
wear and holds old film
steady.

TV Version of Famous
Simplex X-L 35 mm
Projector: 7,000 Lumens

An incomparable projec-
tor used in 80% of all
theatres; now cquipped
for TV use with *2-3"
intermittent, 80-110 am-
pere arc; f/1.9 2" lens,

TV Camera Chains

July, 1952

TV Film Chains < TV Field and Studio Equipment ©

in YOUR TV Studios

Here, at last, is background projection made practical for
any TV studio or network . . . brilliant, steady motion
pictures that make any action scene in 16 mm or 35 mm
film librarics available as a setting for TV programs.

No complex phasing needed with TV camecras. Simply
focus camera on the background screen for a perfect pic-
ture. The GPL *“2-3” intermittent pulldown, coupled with
a 60 light-pulse per second shutter, automatically mects
the camera’s requirements. Special optical systems for each
projector reduce “throw” required, save studio space.

Get full details on these outstanding projectors, now in
usc on major networks. Consider them in your new studio
planning; add to the utility of your present cquipment.

WRITE, WIRE or PHONE . .,

General Precision Lahoratory

INCORPORATED
PLEASANTVILLE NEW YORK

Theatre TV Equipment

41a




electronic wire and cables o
for standard and special applications

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

GOVERNMENT PURPOSE RADIO AND

INSTRUMENT HOOK-UP WIRE,
plastic or braided type, conforming to Government W
Specification JAN-C-76, etc., for radio and instruments.

Solid or flexible conductors, in a varlety of sizes and
colors.

SPECIAL HARNESSES,
cords and cables, conforming to Government and civillan
raquirements.

RADIO AND INSTRUMENT HOOK-UP WIRE,

Underwriters Approved, for 80° C., 90° C. and 105° C. o . .
temperature requirements. Plastlc' Insulated, with or \\ —\

without braids.

SHIELDED JACKETED MICROPHONE CABLE

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

RF CIRCUIT HOOK-UP AND LEAD WIRE

for VHF and UHF, AM, FM and TV high frequency cir- P PUT——
cuits. LENZ Low-Loss RF wire, solid or stranded tinned w
copper conductors, braided, with color-coded insula

tion, waxed impregnation.

JACKETED MICROPHONE CABLE

Conductors: Extra-flexible tinned copper. Polythene
m— insulation. Shield: 136 tinned copper, closely braided,
with tough durable jacket overall. Capacity per foot:

29MMF.

SHIELDED MULTIPLE CONDUCTOR CABLES

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

D P
""O’mw TINNED COPPER SHIELDING AND
OSSOSO SIS 20NDING s AlDs
NN R POL Construction: 734 tinned copper braid, fiat
\'\\«’«;’\""'t\'\ s” various widths. Bonding B lc?p formi atte;_\eg “:
8 raids confor
R A o\'\oﬁ‘ j‘ L LKL Spec. QQ-B-S75 or Alr Force Spec. 94.40209. o0

SHIELDED COTTON BRAIDED CABLES

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

PA AND INTERCOMMUNICATION CABLE

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

;

Lenz Electric Manufacturing Co.

1751 N. Western Ave., Chicago 47, lllinois

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

42a PROCEEDIN

wly, 1




STANDARD TYPE ‘“CV‘’" UNITS:
15 VA to 10,000 VA

Most voltage requlating requirements can be
met from these “stock” voltage requlating trans-
formers. Requlation is +1% or less with a
total primary voltage variation as great as
30%. This is the static-magnetic voltage requ-
o STANDARD
\ b%té)rrlél}'at has become the "Standard of the  gpeciaLIZED TYPES:

Available from regu-
lar production stock:

-

CUSTOM DESIGNED UNITS: 1 VA to 25,000 VA pell 01 ...less than 3% har-

The wide flexibility of the SOLA Constant Voltage principle 2‘;’;‘:!::;3;%0?1 Gl
makes possible special designs to meet your specific require- o 20

ments. Often, time and money can be saved by direct use or ‘
modification of a requlator from the several hundred special
designs on file. Custom designs can include: SPECIAL VOLTAGE
RATIOS, SPECIAL FREQUENCIES, COMPENSATION FOR | N )
FREQUENCY VARIATION, MULTIPLE OUTPUT VOLTAGES, -+ » +=3% regulation
THREE-PHASE SERVICE, and MILITARY SPECIFICATIONS. or less...single, com-

pact voltage source.

...less than 3% har-
monic distortion . . .
+1% requlation.

. +=3% regqulation
. inexpensive . . .
plug-in type.

Write on your letterhead for our new Con-

A W W stant Voltage Catalog. It gives complete

specifications, and operating data on SOLA

n TR A N s Fo R M E R s Constant Voltage Transformers. including

™ special units, Request Bulletin K-CV-142.
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"LITTON INDUSTRIES NEWS

MOLECULAR LUBRICANT FOR USE
WITH MODEL PB VAPOR PUMPS

Litton Molecular Lubricant “C’ (Molube
“'C*") is a highly refined petroleum product
with a narrow boiling range. It has a vapor
pressure of approximately 107 mm. Hg. at
room temperature. In the presence of ioniza-
tion, it will give an indicated pressure of
10-° mm. Hg. It is designed for use in Litton
0Oil Vapor Vacuum Pumps and with anti-
friction bearings operating within dynamic
vacuum systems.

Prices, delivery information on

LITTON INDUSTRIES

SAN CARLOS, CALIFORNIA, U.S.A.

2477

44a

request.

PRODUCTION EXHAUSTING TO VACUUM 5x 10-8
WITH ALL-METAL LITTON OIL VAPOR PUMPS

In applications ranging from laboratory research to high vacuum under production
conditions, Litton Mode! PB Vacuum Pumps are meeting today’s requirements for

higher vacuum more swiftly obtained.

Precision-built Litton pumps are of
all-steel construction to eliminate glass
breakage, avoid loss of engineering and
production time and lengthen pump
life. Each unit is water-cooled to insure
complete independence of room tem-
perature. Pump heaters are external
and mount with a simple clamp for easy
replacement. The nozzle assemblies
are of stainless steel of high chromium
content.

For evacuation problems such as or-
ganicdistillation, etc., Model PB Pumps
may be used without accessories. For
other problems, a charcoal baffle system
with a 2-inch side outlet is provided.
This baffle has an adapting ring and col-
lar which can be soldered to 2-inc¢h tub-
ing to form a manifold, or through a
metal-glass.seal to a glass manifold.
Baffle systems are water-cooled, and
contain a charcoal cell with a built-in
heater and lead terminal. Heating volt-
age required is 18 volts,

An additional accessory is a high-vac-
uum valve which attaches to the char-
coal baffle unit. This valve is available
with its own side outlet. It is sufficiently
tight so that a manifold may be let down
to atmosphere — and a new tube sealed
on and roughed out by auxiliary pump

while the Litton vapor pump is still
operating. This can materially increase
production speed by eliminating out-
gassing of baffles each time the system
is opened to atmosphere.

Boiler, charcoal baffles and high-vac-
uum valves are easily demountable for
cleaning. Units of the pumps are avail-
able individually so combinations may
be selected appropriate to the research
or production problem.

PROCEEDINGS oF THE I.R.E.

Specifications

Ultimate Vacuum under following condi-

tions:

1. Pump and water baffle only, 1 x 10 ¢
mm. of Mercury (ion gauge indication).

2. Pump, water and charcoal baffles, § x
10 * mm. of Mercury.

3. Pump, water, charcoal baffles and valve,
5x 10 * mm. of Mercury.

Speed (measured at 10 * mm. of Mercury)

1. Pump only, at connecting inlet, 280
liters.

2. Pump and water baffle at inlet, 200
liters.

3. Pump, water and charcoal baffles
straight through type, at inlet, 75-100
liters,

4. Pump, water and charcoal baffles
and valves, straight through type, 50
75 liters.

High vacuum inlet, top—333” ID, 315"

OoD.

High vacuum inlet, side - 2~ 1D, 214" OD.

Forepump outlet — 1” copper tubing.

Height of pump only — 181,

Height of pumps complete with baffles and

valve — 30"

Width, max. width at high vacuum outlet
A7%

Construction—pump stainless steel. Aux-

iliaries —steel, tin clad.

Weight of pump only, with mounting

brackets — 161, pounds.

Weight completely assembled - 33 pounds.

Cooling — water.

Amount of oil — 6 ounces.

Latee cLonmr
» Lo 1Y

Recommendedoil — |

1

Litton Molecular | Lo : "

Lubricant Type' 2 &b“.‘.ﬂi Y

“C.,"” 375 watts. —— ,':-...u‘..

Silicone Pumping | | = S

Fluids, DC702, 400 | % b rsecon

G = R

Silicone Pumping =

Fluids, DC703, 425 | 4 L Rty
tts. =

watts T

Boiler heaters ) 5

Voltage available, »

230, 208 and 115 . w

volts; power, 375 o e

watts, & 1

Charcoal baffle

heater Voltage, 18

volts AC; power, 75 e

watts. i — Y cemr

DESIGNERS AND MANUFACTURERS of:

Glassworking Lathes and Accessories,
VerncolSeolingMochines,BurnerEquip~
ment, Precision Spotwelders, Oil Vapor
Vacuum Pumps, Glass Baking Ovens,
Yacuum Tubes ond Tube Components,

Magnetrons, High Vacuum Molube Oil,
Microwave Equipment.
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“PRODUCTS OF EXTENSIVE RESEARCH"

'L«__:"m"'f‘;'m
"‘NIATU RE

iNd cyons

¥y

No. 1030

OW FREQUENCY 9" =
. INDICATOR SI.IIG T4
: DISCRIMINATORS

e

n:sbsul
nuw:nf

4§ sal i e
VOI.TA IANOES' .001 volts to 100 volts in five Y T
ranges 31, .1, 1, 10, and 100 volts full sc o) .
ACCURACY: 2'/. ‘on full scale on all five ranges, on
sinusoidal voltages.
FREQUENCY RANGES: 10 to 200,000 cycles, .1 db.
variation trom 20 cyelu to 150,000 cycles; .50 db.
variation from 10 cycles to 200,000 cycles.
INPUT IMPEDANCE: Equivalent to 500,000 ohm resist-
ance in parallel with a 15 MMF. condenser.
STABILITY: EHfect of variation in line voltage from
100 volts to 125 volts is 1%, Effect in changes of tubes
is loss than .5%.
METER: 4~ suppressed zero 1 MA meter protected
against overloads.

No. 1110A

INCREMENTAL POWER SUPPLY: The instrument is entirely self-con-
lnwcnucz mne: tained and operates on 100-125 velts, 50-80 cycles.
_ Total consumption, 40 Watts. S

- ’ O S DIMENSIONS: 47" High, 5%" Wide, 8%" Long. NS

/i . WEIGHT: 12 pounds. L\, B

4"V 4 ) A\ N\

‘\ Y 4 \ y F '1\ . | - \

. 74 A g { { i

SEND FOR COMPLETE TRANSFORMER AND INSTRUMENT CATALOGS

'FREED TRANSFORMER Cﬂ., INC.§

1720-8 WEIRFIELD ST.. BROOKLYN (RIDGWOOD) 27, N. Y.
, EXPORT mwsuon :—458 BROADWAY __ N.Y.C.13, N.V.
TSN T /T I N AR e AT T ek AR T R - Ty ST S TGN e TR 2

-
!
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v~ Approval Is

i

%/I /gs'/:fﬁ/ J Zﬂ ’

In all our experience, no resistor has

been so extensively tested—and so

unanimously approved—as 1RC’s new Type

BOC Boron-Carbon !;-watt PRECISTOR.

Of the 3,000,000 already manufactured,

more than 100,000 were given the most

stringent tests-in-production,

including critical temperature cycling and
500-hour load-life tests. Result:

Type BOC conforms to all requirements

of MIL-R-10509A"! Also, customers have

conducted their own laboratory and

field tests—and they express their

approval of Type BOC in letters

like those shown here.

In the case of IRC’s new JAN Type
Precision Wire Wounds and Advanced Type
BT Resistors, too, rigid quality control
and continued testing have won
industry-wide approval. Most stable

and reliable of all precision wire wounds,
Type WW’s far surpass JAN-R-93
.Characteristic B Specifications.

And Type BT’s continue to meet

and beat JAN-R-11 Specifications.



New JAN Type Precision Wire Wound Resistors
Excel JAN-R-93 Characteristic B Specifications

T % Chge Resistance Ch;
| Ist  2nd  3td  &th Resmist  Total trom Last at £nd of 100
| Original Cycle Cycle Cycle Cycle atEnd % Temp Cycle] Hrs Load only
| Resist % % % % of 100 Chge tofndol %
i Chge Chge Chge Chge hrs load 100 hrs load no cychng
o . 7 .
11100010 + 04 + 04 + 05 + 05 100.050 4+ 04 — 01 |100.040 — 02 |
2 100000 + 03 + 04 + 03 + 05 100.060 + 06 -0l |100000 O |
31100000 + 01 #02 +02 +05 100000 0 405 [10005% — 02
l‘-IOOOOO +02__ 0 +02 +02100000 0 02 ] 100040 — Ol
5 100 010 +03 ¢ 04 + 08 ¢ 05 100000 O — 05 {10003 - 03
6 1100000 0 403 404 ¢03 100106 ¢ 1 +06 [99980 0 |
7 [100.000 ¢ 04 ¢ 05 + 04 + 04 100070 ¢+ 07 + 03 100000 0 |
8 [100000 + 03 05 +05 +05 100.050 + 05 0 100000 O |
9 [100000 + 04 +03 +05 + 04 100010 + 01 03 [10005%0 0 |
10 ] 100.000 + 02 ¢ 02 + 02 04 100010 4 O} -03_ ]100000 0 |
lIingOOO 0 401 +0l +03100000 0O 03 |

Most reliable and stable of all wire-wound precisions, these
new Type WW'’s have proved their superiority in unbiased
tests. Severe cycling and 100-hour load tests resulted in vir-
tually zero changes in resistance. Other stringent tests proved
JAN Type WW'’s high mechanical strength, freedom from
shorting, resistance to high humidity. New winding forms—new
winding technique—new ftype insulation—and new termina-
tions assure long life, accuracy, ruggedness in service. IRC JAN
Type WW’s are becoming the choice of leading producers
of military equipment. Get full technical data in Catalog
Bulletin D-3.

Tyia"e BOC Boron-Carbon Y2-Watt Resistor
Surpasses Signal Corps Specification MIL-R-10509A

c Y - = = T
®e cosured At 0°C. to 100 Wy
5 1 ) o han T
2 400 ott Boron.Corbo B |
S [ 0 arbo o | |
T 350 i oef o Po =TT
J |
§ 300 1 T T T 1
i i AT 1111 A
T
L: 200 "2 [ Wire Type N {Nickel Chrome-tronilT 117 _-trl )i
% 150 -3+ —1-Wire Type ) [Nickel Chome} i 1
3 ¥ 4=t 3 F11191 1 t
§ oo 2 1.115:{ — .‘1 ‘ T 1
E %o HITT J AL ORI R AL
= Wire Type E (High Resistivity N ckel Chrome [ [

F3) s e 0 B L G o)) Cubis A3 o 0 1 s i o 8 .0 G A B 00 1)

10 100 1,000 10,000. 100,000 1,000,000
Ohms

The ultimate in stable, reliable non-wire-wound resistors,
Type BOC's are especially designed for military electronic
equipment—radar, gunnery control, communications, tele-
metering, computing and service instruments. Greatly im-
proved temperature coefficients of resistance permit their
use in place of costlier wire wound precisions in many
critical applications. Lower capacitive and inductive re-
actance suit them to circuits where wire-wound stability is
needed. Small size makes them ideal in limited space.
Tolerance: —1%, 2% and 5%. Resistance Yalues:—10
ohms to Y2 megohm. Send for full technical data in Catalog
Bulletin B-6.

Type BT Advanced Fixed Composition Resistors Meet
and Beat JAN-R-I Specifications
Type BTS Meets and Beats Rigid G Characteristic

These are the famous Advanced Type BT’s whose characteristics set
new performance records for fixed composition resistors. They com-
bine a unique flament-type resistance element with exclusive con-
struction features to assure extremely low operating temperature
and excellent power dissipation. Yet they are compact, fight in
weight, fully insulated. Intensive tests by independent agencies have
proved their superiority under actual field "conditions. For full tech-
nical data, send for Catalog Bulletin B-1.

Mail Coupon Today for Full Details of These IRC Resistors

INTERNATIONAL RESISTANCE COMPANY
405 N. Broad St., Philadelphia 8, Pa.

Please send me full data on the following checked items:—
{7] Type BOC Boron-Corbon PRECISTORS

O Type WW Precision Wire Wound Resistors

(] Type BT Advanced Fixed Composition Reslstors

[0 MName and Address of Nearest IRC Distributor

NAME

TITLE

COMPANY

ADDRESS

CiTyY ZONE STATE




' News—New Products

g - :
=5 e These manufacturers have Invited PROCEEDINGS
readers to write for literature and further technicel
information, Please mention your | .R.E. affiliation.

(Continued from page 12A4)

Power Supply Bulletin

The Superior Electric Co., Bristol,
Conn., manufacturers of voltage control
equipment, have recently released a new
bulletin describing the Varicell dc power
supply.

Bulletin V1051 covers in detail the

[ Varicell, a source of variable stabilized
‘ regulated dc voltages operating from ac
: power lines. The bulletin is complete with
‘ photographs, circuit diagrams, outline di-

mensions, ratings and descriptive data

Also included in the bulletin are descrip
5 I tions on the workings of the Varicell. This
o m c [ data is fully illustrated with circuitry and

o photographs.

Variable Inductance Coils

A new series of variable inductance
coils covering the 2-180 microhenry range
has been announced by North Hills Elec-
tric Co., P. O. Box 427, Great Neck, N. Y.

Design for such applications as video
peaking, rf and IF amplifiers, and filter
networks, these coils feature compact
plastic forms, four terminals (two of which
may be used as separate tiepoints), and
durable windings.

For development use, these coils (Series
102) are individually boxed and labelled
For complete data, write, North Hills
Electric Co., or telephone Bayside 4-0540

Amplifier and Filter
Literature

Spencer-Kennedy Laboratories, Inc.,
186 Massachusetts Ave., Cambridge 39
Mass., has several new bulletins to aid in
solving amplifier and filter problems.

The first is a 200 mc bandwidth un-
tuned amplifier having a gain of 20 db, and
a response characteristic that is flat
within 1} db (Model 202P Wide-Band
Chain Amplifier).

The second is a 100 me bandwidth un
tuned pulse amplifier having a gain of 30
db, and a maximum output voltage of 125
volts (Model 214 Chain Pulse Amplifier).

The third is a 20 db gain untuned tele-
vision amplifier with a bandwidth of from
40 10 220 mc that will not fail because of a

COAXIAL LINE TERMINATION

50 ohms tube failure (Model 212TV Chain Ampli-

fier).
The fourth is a high-pass, low-pass,
vk h'and-pass electronic filter that has a con-
SINGLE ATTENUATOR PAD tinuously variable cut off from 20 cps to
0 ohms 200 kc and no insertion loss (Series 300

VSWR = 1.2 to 3000 mc. Variable Electronic Filter).

Inquiries are invited One watt c.w. power dissipation ind;
concerning single pads Winding Tester
and turrets having A newly-developed portable electronic

winding tester that can detect a single

shorted turn of §10 AWG wire was an-

nounced today by Columbia Technical
Corp: SE.57St., New York 22,N.Y.

STODDART AIRCRAFT RADIO CO I\no“nasthePMDTcster. this instru-

. ment detects the location as well as the na-

6644-C SANTA MONICA BLVD.,, HOLLYWOOD 38, CALIFORNIA | ture of an electrical fault in any type of

Hillside 9294 ! | winding. The presence and location of open
| (Continued on page 52A4)

other characteristics
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1AX2 DATA

The CBS-Hytron 1AX2 is a compact, 9-pin
miniature TV pulse rectifier. Plate is brought
out to top cap and filament is oxide-coated.
Absolute maximum ratings are: peak inverse
plate voltage, 25,000 volts; d-c load current,
1.0ma.; and steady-state peak plate current,
11.0 ma.

Typical Operation —
TV Pulse Rectifier

Filament voltage 14v £10%
Filoment current 650 ma
Positive-pulse plote voltage 20,000 v

Negative-pulse plate voltage 5,000 v
Peak inverse plate voltage 25,000 v
D-c output voltage 20,000 v
D-c load current 300 uo

BOTTOM VIEW
OF SOCKET

July, 1952

U'LL BE BUYING SOON

YTRON 1AX2

Y-DUTY TV HIGH-VOLTAGE
CAN TAKE IT!

TV high-voltage rectifiers take a beat-
ing: Terrific variations occur in applied
filament voltage . .. 0.8 to 2.4 volts!
Sudden arcs in the rectifying system
place destructive electromechanical
stresses on the filament. And the in-
creasingly larger TV picture tubes de-
mand peak emission and peak inverse
voltage simultaneously. The new CBS-
Hytron 1AX2 was especially designed to
take such rough treatment and come up
smiling.

ADVANTAGES OF NEW CBS-HYTRON 1AX2

1 Rugged, high-wattage filament of CBS-Hytron 1AX2 has adequate
peak emission for the new, larger TV picture tubes. 1AX2 may be run
simultaneously at both its peak inverse voltage and maximum d-c
current,

2 Higher load of 1AX2 filament on transformer tends to regulate filament
voltage. Eliminates need for limiting resistor. Yet lower plate-to-
filament capacitance (0.7 uuf) of 1AX2 prevents loss of high voltage.

3 Insulated tension bar (patent applied for) through center of 1AX2
coiled filament limits destructive movement of filament by electro-
mechanical stresses.

4 Filament of 1AX2 is located in base and shielded to eliminate bomb-
ardment of cool ends of filament by gas molecules.

5 An overloaded 1X2A may be replaced with its big brother, the CBS-
Hytron 1AX2, by simply removing the limiting resistor. In rare cases,
it may be necessary to add another turn to the secondary of the filament

transformer to obtain the required 1.4 volts for the 1AX2.

MAIN OFFICE: SALEM, MASSACHUSETTS

49A




- Where control accuracy is important...

use Fairchild Precision Potentiometers

In many control systems, accuracy is the all-
important tactor. But the accenracy of an entire
system depends on the proper functioning of
each component.

Fairchild precision potentiometers are de-
signed and built to meet extreme accuracy re-
quirements. That's why they are being selected
more and more for control systems where aceu-
racy, limited weight and space, and simplicity

are paramount,

These poteutiometers perform mathematical
computations in electrical computing systems for
machine-tool controls, aircraft instruments
acrial-camera controls, radar, guided missiles
gunsights, and analog computers of all types.
They are available in non-lincar and lnear types
and in ganged combinations of cither or both
with windings to meet vour requirements. If vou
have computer or control problems, ask for our
recommendations abont using Fairchild Preci-
sion Potentiometers to solve them,

HOW PRECISION IS DESIGNED AND BUILT INTO FAIRCHILD POTENTIOMETERS

1. shafs is centerless-ground from stain-
less steel to a tolerance of +0.0000,
—0.0002 in. which, together with preci-
sion-bored bearings, results in radial shaft
play of less than 0.0009 in.

2. Mounting plate has all critical surfaces
accurately machined at one setting to
insure shaft-to-mounting squareness of
0.001 in./in. and concentricity of shatt
to pilot bushing within 0.001 in, FIR.

3. Housing is precision-machined from

alomiinum bar stock. Close tolerance of
this construction pernits ganging up to
20 units on a single shatt with no eccen-
tricity of the center cups, even though
only two bearings are used for the entire
gang,

4, Windings are custom-made by an ex-
clusive technique, Guaranteed accuracy
of windings in stundard types is: linear,
0.5¢; non-lincar, 1.0%. Higher accura-
cies (to 0.05% ) are available in other
types. Guaranteed service life is 1,000,-
000 cycles.

DO YOU HAVE CONTROL PROBLEMS?

Fairchild Sample- Laboratory engineers are available
to help you with potentiometer problems. To get the
benefit of their knowledge and experience write today,
giving complete details, to Fairchild Camera and Instru-
ment Corporation, 88-06 Van Wyck Boulevard, Jamaica

1, New York, Department 140-26HI.

] 50A
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PI/?’ECISIOIV POTENTIOMETERS
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BUSS FUSE “[tiuss Llows®
M Protect Your Reputation

The BUSS Fuses you buy today are the
result of the production of millions upon millions
of BUSS Fuses during the past 37 years. These
years of specializing have taught BUSS engineers
how to make fuses of unquestioned high quality —
and still maintain a competitive price.

To make sure that a BUSS Fuse will
always operate properly under service con-
ditions . . . each and every BUSS Fuse is
tested in a highly sensitive electronic device that
records: — the fuse has the right capacity, is
properly constructed and right in all physical

dimensions.
BUSS offers a complete line of
fuses for Radio * Television * : : i
et o/ L . Behind the’ established reputation of BUSS Fuses
Instruments * PLUS a com- is the world’s largest fuse research laboratory
panion line of fuse clips, fuse and the world’s largest fuse production capacity.

blocks and fuse holders.

If you have a special problem con-
cerning electrical protection, let our
engineers help you select or design the
right fuse, or fuse mounting, to meet
your needs. Our staff of engineers
and laboratory are at your service.

BUSSMANN MFG. CO.

L o University at JetHersan  St. Lauis 7, Mo.
Ty Division of McGraw Elcctric Company

BUSSMANN Mfg. Co. (Division of McGraw Electric Co.)
University at Jefferson,  St. Louis 7, Mo.

Please send me bulletin SFB con(ainln': complete facts on
BUSS smalt dimension fuses and fuse holders

Name__ - —

Title —
Company —

Address ——
IRE-752

City & Zone _ __State

ROCI/ /i 1 R.I Jaly, 1952
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Coupling with S.S.White Flexible Shafts

Adds Flexibility to Your Designs!

The diathermy unit above shows how easy it is to control a
hard-to-get-at circuit element from a conveniently placed con.
trol knob by means of an S.S.White flexible shaft. The shaft,
which is especially designed for remote control duty, would,
in fact, provide smooth, responsive tuning regardless of the
relative location of the coupled parts.

By planning 10 use S.S.White flexible shafts as couplings
between variable elements and their control knobs, you can
get far greater flexibility in designing electronic equipment.
Control knobs can be located wherever desired for better
appearance, more convenient grouping and easier manipula.
tion. Variable elements can be mounted to satisfy circuit, wir-
ing and assembly requirements. Yes, when it’s a question of
control think of S.S.White flexible shafts.

SEND FOR THIS 256-PAGE FLEXIBLE SHAFT
HANDBOOK

Complete, authoritative information on flexible
shaft construction, selection and application. Copy
sent free if you write us direct on your business letter-
head, giving your title. There’s no obligation.

o8,
wus JM&MM DIVISION
DENTAL MFC.CO. Dept. G, 10 East 40th St.
NEW YORK 16, N. Y.

Western District Office * Times Building, Long Beach, California

e

News—New Products

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

(Continucd from page 484)

circuits, shorts to ground, shorts hetween
phases or between turns, reversed terminal
connections, wire breakage, and material
defects can be found in a minimum of time
even with unskilled labor,

The tester can be used with equal sensi-
tivity on both ac and dc devices. Unlike
ordinary testers, which require that the
windings be encrgized for testing purposes,
the MDD test probes generate their own
field in the probes. The field oscillates at
800 cps, in contrast to 60 cps which ac-
counts for the high sensitivity.

The PMI) tester consists of a power
supply unit, a vacnum tobe oscillator, a
a regulator and rectifier circuit,

Sampling Switch
A new type of sampling switch for zero
drift correction of dc amplifiers in analog
computers isannounced by Applied Science
Corp., P. O. Box 44, Princeton, N. J.

Motor-driven, the switch now makes
possible the use of one ac amplifier alone
for zero correction and gain improvement
of as many as 30 dc computing amplifiers
The unit has two poles, with 60 contacts
per pole, and the sampling rate is 3} RPS
[t has inter-contact resistance over 1,000
megohms. The design is compact for easy
installation and weighs 74 pounds includ-
ing the 110 volt 60 cps motor, In tests the
switch has proved to have an extremelyv
low noise level and a service life of several
thousand hours.

The same design and circuitry may be
used for special sampling rates and contact
configurations as ordered. For detailed
bulletin or inquiries on special switches
write to .\pplied Science

Portable Survey Meter

A newly designed wide-range beta
gamma survey meter, Mode] 2588, has just
been announced by Nuclear Instrument &
Chemical Corp., 229 \\". Erie St., Chicago
10, I,

B:'ise(l on the principle of the wartime
“Cuatie Pie,” Nuclear's new type offers
many features which eliminate the disad-
vantages of the previous instrinment.

Model 2585 is so designed that it can
be set upright for continuous monitoring.
It is light weight, with the circuit and
battery housing ahead of and close to the
fingers instead of being halanced ahove the

(Continucd on page 604)
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An outomotic heot treat machine. Praduction is obaut 3 fimes that possible / _/, / )/ /

with monual methads while quality is held within very close limits. ,,//; - / ,

/ /
CRUCIBLE £/ /77
ALNICO KEEP COSTS DOWN ...bmugh
MAGNETS antomatic pmductian that gives quality control

\Inico magnets have been getting smaller and lighter, thanks to pro-

duection techniques in use at Crucible. Automatic machinery cuts the
possibility of human error to a minimum, so rejeetions are low. This
helps to maintain stable price levels in the face of rising material and
labor costs. At the same time, Crucible’s rigid inspeetion standards
and attention to quality have developed a magnet with the highest gup
flux per unit weight of any on the market.

Today, Crucible ean offer lighter, magnetically stronger Alnico
magnets hecanse of these automatie production techniques developed
over the sixteen years that we have been producing the Alnico alloys.
And behind our familiarity with permanent nmagnets lies more than
52 years’ experience with specialty steelmaking. Let us advise vou

on your magnet problem.

GRUBIBLE first name in special purpose steels
52 gueus of (e | soetmakig PERMANENT ALNICO MAGNETS

CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH 30, PA.

STAINLESS ¢ REX HIGH SPEED * TOOL * ALLOY * MACHINERY - SPECIAL PURPOSE STEELS

PROCEEDINGS OF 1HE 1.R.E. Tuly, 1952 53a




Desisned for Application

Grid Dip Meters

Milien Grid Dip Meters are available to meet all various laboratory and
Bervicing requirements,

The 90662 Tndustrial Grid Dip Meter completelv ealibrated for lahoratory
use with a range from 225 ke, to 300 me. mcorporates features desired for
both industrial and laboratory apphication, including three wire grounding
type power cord and suitable careying ecase

The 90661 Industrial Grid Dip Meter is similar to the 920662 exeept for a
reduced range of 1.7 to 300 me. It Likewise mncorporates the three wire
grounding type card and metal carrying case,

The 9065] Standard Grid Dip Meter is a somewhat less expiensive version
of the grid dip meter. The calibration while adequate for general nsage
18 not as complete as in the case of the industrial model. 1t is sapplied
without grounding lead and without carrving case. The range is 1.7 to
300 mc. Latea inductors as ailable extends range to 220 ke

The Millen Grid Dip Meter is o calibrated stable R I oxcillator unit with
a meter 1o read grid current. The frequency determining coil is plugged
wnto the unit so that it may be used as a probe

These instruments are complete with a built-in transformer tvpe \.C
power supply and interminal terminal hoard to provide connections for
battery operation where it is desirable to nse the unit on antenna measire-
ments and other usages where \.(. power s not available, Compactness

JAMES MILLEN

MAIN OFFICE

MALDEN, MASSACHUSETTS, U.S. A.

!nas been achieved without loss of performance or convenience of usage
Fhe incorporation of the power supply, oscillator and probe into a ringle
umt provides a consvenient des jce for checking all ty pes of circuits, The
mdicating instrument s a standard 2 ineh General | lectric immtrument
with an eaav to read seale The calibrated dial s a large 270° drum dial
which provides sesen direct reading scales, plus an additional universal
seale, all with 1he same length and readability ) Fach range has its i
vidual |n|l|g-|n prohe 'nnpl--h Iy enclose dma contonr hlllng pnlv:&lyrcn:‘
case for assurance of Dermianenee of cahbration as well g to pre\'t\m any
possibility of mechanical damage or of ntentional contact with the
components of the circait being tested,

The Gridd Dip Metors may be used as:
LA Grid Dip Oscillator
2. \n Oncillating Detector
3. A Signal Generator
Lo An Indieating Absorption Wavemeter
The most common usage of the Grid Dip Meter i< as an oscillating

frequency meter 1o determine the resnnant frequencies of de energized
taned cireuits

Size of Grid Dip Meter ouly (less probe): 7 in. x 3% in. x 3% in.

MFG. CO., INC.

AND FACTORY
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ALL THE ADVANTAGES of master-oscillator-power-amplifier operation
in the x-band are made practical by the new Varian V-27 ampli-
fier. This is another of the compact two-resonator tubes derived
from the outstanding Varian X-21, and can utilize any of the
Varian x-band oscillators as driver.

IN APPLICATION, the new V-27 serves as a buffer amplifier to prevent
oscillator frequency changes caused by varying load impedances;
as a linear amplifier; or as a phase-modulated amplifier; in relay
service and in certain types of radar and beacons.

FEATURES OF THE V-27 include the unusually light weight of six ounces;
a space factor less than that of a two-inch cube; a convenient
new integral pigtail termination for leads; a special rugged
cathode construction; and wideband Varian mica-seal flange
windows.

OPERATIONALLY, the V-27 provides output powers of 4 to 8 watts c-w
or 100 to 500 watts with 3- to 5-kv pulses on a 3 per cent duty
cycle. It is rated with a beam voltage of 1350 volts, beam cur-
rent of 100 ma. Both input and output flanges fit inch by half-
inch waveguide.

SEND FOR FULL DETAILS on these or other Varian klystrons. Your
particular microwave problem may find a solution in one of the
Varian commercial klystrons—or in one of the many develop-
mental types which cannot be publicized.

M VARIAN associates

990 VARIAN STREET - - SAN CARLOS 2, CALIFORNIA

PROCEEDINGS OF THE I.R.E. July, 1952
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VARIAN V-27
9.1 to 11.0 kme

5 watts ¢-w
500 watts pulsed
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i . .
tnerease its usefulness

-

to the engincer

//
///c//’// 100,000 ward auxiliary

magnetic tape memary
A block search magnetic tape auxiliary

‘ memory can be used with the CADAC
o 102-A. This unit is automatically ac-
cessible for reading from and writing

on magnetic tape which stores 100,000

F 4

a Slllil”, l()w-(-og(, eleclronic (ligilul gp"‘.“” words. A multiplicity of these magnetic

tape units can be coupled to the

v purpose computer with 4 important new features S:E:Sf L?sz“i’;‘m:fy ';"";faé:“i’; 32?:?.2,0
Two commands-—*read from” and

‘write on'— are available to the pro-
grammer for auxiliary storage use. A
third command *“block search” may be
used to start a tape unit searching for
a specific address on the tape. While
searching proceeds, the computer can
carry out other commands.
Camputer can be filled
auvtamatically

A Flexowriter electric typewriter can
be used for automatic read in and read
out. Standard programs and problems
can be stored on paper tape.

Decimal fitling and printing
The new input-output number system
of the CADAC 102-A enables it to
accept and print decimal digits, with
programmed conversion to and from
binary numbers. The octal number sys-
tem can still be used for filtling and
printing if desired.

IBM punched card input-autput
Number and command information
can be read into the CADAC 102-A
from IBM punched cards, OQutput from
the computer can operate an IBM card
punch. Both of these operations are
automatic upon command of the com-
puter.

Radically new circuit techniques used in the CADAC 102-A make
possible a small, extremely reliable, digital general purpose
computer capable of solving any problem that can be put into

NEW LEASING pLAN

numerical form. It uses a conventional three-address NOW AVAILABLE
: it i i 1 thre ]
| command with one instruction and three ad(.rt.fsses per wo.rd and The CADAC 102-Avéan’be
has a full set of commands—including addition, subtraction, h d iah
multiplication, division, shift, conipare, over-flow, extract, print purchased outright, or

decimal, print octal. block search, tape read, tape write, card leased with the option to

! punch, and card read—available for use by the progranuner. It is buy any time during the first
l.mm.mle(:]on. cas;ers f_o}r mobility, and re<l|.l;irlt:*5 no special floor or twoyears. A complete parts
ceiling installation for cither power or ventilation. S < ice )
The CADAC 102, predecessor of the 102-A recently delivered R l: warranty, ‘lﬂ- L
to the Air Force, has been operated for more than 170 hours cluding g oth preventive /
over a three month period, with only three machine failures. and special maintenance
We would be happy to send you complete, detailed information will be included with lease
and prices on the CADAC 102-A. Simply write to the Director if desired.
of Applications:

Caomputer Research

CORPORATION OF CALIFORNIA

3348 W. EL SEGUNDO BLVD.... HAWTHORNE, CALIFORNIA...OSBORNE 5.117]
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THE NEw Collins 21E 5 kw broadcast
transmitter is the completing unit to the
great new line of advanced design Collins
broadcast transmitters, Others in the new
line include the 250 watt 300] and the
1000 watt 20V,

Smart, modern styling is combined with
up-to-the-minute engineering in the hand-
some, thoroughly dependable 21E. Great
simplification has been achieved in the
circuits associated with the modulator and
power amplifier driver stages through use
of the recently developed high gain, long
lived tetrodes. Employment of these effi-

% Operating economy.
* Simplified circuits.

% Simplified frequency control
— low temperature coefficient
crystals (no oven required).

* Single external unit —
open, dry type transformer.

% Built-in modulation peak
limiting.

* Full visibility of all tubes.

* Complete accessibility.

cient tubes also permits the use of low
drain, low cost, receiver type tubes in the
amplifier stages. Frequency control is by
means of the new plug-in, super stability,
low temperature coefficient crystals, which
eliminate the need for crystal ovens.

Peak limiting automatically clips audio
peaks at approximately 1 db above 100%
modulation.

For 10 kw operation, the 5 kw 21E may
be transformed into a 10 kw 21M. Any
specified carrier frequency from 540 to
1600 kc is available.

7\

FOR BROADCAST QUALITY, IT'S . .. __:_—"Iql e
—————
COLLINS RADIO COMPANY, Cedar Rapids, lowa \/
11 West 42nd Street 1937 irving Boulevard 2700 West Olive Avenue Dogwood Road, Fountain City
NEW YORK 18 DALLAS 2 BURBANK KNOXVILLE l
\ — |
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TYPE 252, JAN-R-19, Type RA20 \

(2iwatett'erl'l1/t‘l‘rlllll le RA20, JAN Shaft Typo SD RA20 High Torque, JAN Shaft Typo SD

\%

Wlit:':‘nwt)un(] ’ Rosistance CTS Part JAN-R-19 TYPE CTS Parl JAN-R-19 YVOI;:K
resistor. Also 50410% B8079 RA20A1SDS00AK X3496 ::;g:;:g?om
avalahle wifls 100410 w6929 RA20A1SD101 AK 19388 A pAMON

2 "y 250410% X3497 RA20A1SD251 AK 149879 A
other special 500410% w6931 RAZ0AISD501AK X3198 RA20A25D501
military features 1000+:10% w6932 RAZ0AISDI102AK X3499 RAZ0A2SDI0ZAK
not covered by 1500 4:10% w6933 RA20A1SDI52AK M9809 RA20A2SD152A

| AK 19103 RA20A2SD252AK
JAN-R-19. 25004:10% w6934 RA20A1SD252 A
Attached Switch 5000+10% w6935 RA20A1SD502AK L9104 HRiE6 A0S DNbR .
can be supplied. 10,000410% w6936 RA20A1SD103AK H8979

1
TYPE 25, JAN-R-19, Type RA30 (May also be used as Type RA25)

|1 ”
(‘:i‘“l”;?t'erl \ézriable RA30, JAN Shaft Type SD RA30 High Toruue, JAN Shaft Type SD

" wirewound Rosistance CTS Part JAN-R-19 TYPE CTS Part JAN-R-19 TYPE
resistor. Also 50410% X3502 RA30A1SD500AK w2837 RA30A2SD500AK
available withy 100£10% X3503 RA30AISDIOIAK X3504 RA30A2SDI0IAK

hor wal 250410% X3505 RA30A1SD251AK X3506 RA30A2SD251AK
other specia 5004109 X3507 RA30A1SD501AK 147566 RA30A2SD501AK
military features 1000+10% X3508 RAI0AISD102AK 52444 RA30A2SD]02AK
not covered by 15004:10% X3509 RA30AISD152AK X3510 RA30A2SD152AK
JAN-R-19. 2500410% X3511 RA30A1SD252AK $2736 RA30A2SD252AK
Attached Switch 50004109 Q1409 RA30A1SD502A K X3512 RA30A2SD502AK
can be supplied. 10,0004:10% X3513 RA30A1SDI03AK R1561 RA30A2SD103AK

15,000 +10% X351 RA30AISDI53AK 19107 RA30A2SD153AK

fabricated to your specifications. Please give complete
details on your requirements including electrical
and mechanical specifications.

UNPRECEDENTED PERFORMANCE CHARACTERISTICS REPRESENTATIVES

Designed for use in military equipment suhject to ,.,Ms";?’c'.fuf;‘%‘ié',’

extreme temperature and humidity ranges including 69th & Market SL,
: Jet and other planes, guided missiles, tanks, ships ph.‘,'::“}.?zz':' ;efa"z'o

and submarines, telemetering, microwave, portable "

or mobile equipment and all other military i :o"l’;'(':""e"nf°'“gl"z’v

communications. Los Angetes 36, Cant

: : ) . : Phone: Bradshaw 2-332]
For [urther information, write for Stock Sheet No. 162 leer, AxGieead

reen Co,

6815 Oriole Drve

Dallas 9, Teaps

NEW 3B-PAGE ILLUSTRATED CATALOG — Describes
Electrical and Mechanical characteristics,
Special Features and Constructions of a complete
line of variable resistors for military and

civilian use. Includes dimensional drawings of
each resistor. Write today for your copy.

) LOCKING BUSHING
- J 125 t.oos”
SCREW ORIVER

SLor

SHAFT TYPES 040 °2.003° WIDE x

T OCER

FOUNDED 1896 - ELKHART, INDIANA

e \3 CTS SHAFT TYPE LT-2 CTS SHAFT TyprE RE

Immediate delivery from stock

JAN-R-34 AND JAN-R-19 TYPE MILITARY VARIABLE RESISTORS 6 7
Preference given to orders carrying military contract
number and DO rating. Other JAN items or special
items with or without associated switches can be ty p e s

IN CANADA
€. C Meredith & Co
Streetsville, Ontasio

SOUTH AMERICA
Jose Luis Pontet
Buenos Awes, Argenting
Montevideo, Uruguay
Rio de Janeiro, Branil
Sa0 Paulo. Brazi

OTHER EXPORT
Sylvan Ginsbury

B West 40th Street
New York 18. N ¥

f “32P - NEF-2 THD d44eer -NEL:'_ ™HO.
AVAILABLE Lo - el "

MOUNTING HARDWARE ASSEMALED

- ; MOUNTING HARDWARE ASseraLep
MOUNTING NUT  § WEX ’

ON STOCK CONTROLS e j'ﬂzg-j' o MOUNTING NUT 3 Hex x

LOCK WASHER #5144 LOCK WASHER ®/914.4



et RS e i

~

JAN SHAFT TYPE SD

— 250 soor "

"‘ - h/ “SCREW ORIVER
' SLoT

047 2005

063" 283" DEEP
8 -32P-NEF-2 THOD.

i -t 5 ]

MOUNTING HARDWARE ASSEMBLED
MOUNTING MUT 2 HEX. x '

LOCK WASHER */920A4

W/DE A

CTS Pant IY P [ 6 5
CTS Part Locking Bushing .
Resistance CTS Shalt Type RE CTS Shaft Type LT-2 lé watt 70? C: 34 y
250 410% X3516 X3530 _ diameter
500+10% X3517 X3531
1000+10% :gg:g :gggg variable
25004109 1Al
5000 £10% X3520 X3534 comf(:fi;tt'g:‘
10,000+:10% X3521 X3535 '
25,000 +10% X3522 X3536
. 50,000 +:10% X3523 X3537
100,000 +10% X3524 X3538
250,000 +10% X3525 X3539
500,000+10% X3526 X3540
1 Meg +20% X3527 X3541
2.5 Meg+25% X3528 X3542
TYPE 95, JAN-R-94, Type RV4
JAN-R-94 JAN-R-94 CTS Pant 2 watt 70°C, 115"
TYPE RV4 TYPE RV4 Non-JAN Locking Bushing diameter variable
Resistance JAN Shaft Type SO JAN Shatt Type RJ CTS Shatt Type LT-1 composition
100 +£10% RV4ATSDIOIA RVAATRJI01A w3160 resistor. Also
250+10% RV4ATSD251A RVAATRJ251A w3lel z i
500 £10% RVAATSDS01A RVAATRISO01A w3162 a:’:z;:z:’]se :’c'ital}
1000410% RV4ATSD102A RVAATRJ102A vi3166 it f p
2500 £10% RV4ATSD252A RVAATR)252A w3163 military features
5000+10% RV4ATSDS02A RV4ATRJS02A w3l64 not covered by
10,000 +10% RVAATSDI03A RV4ATRII03A w3le7 JAN-R-94.
25,000 410% RVAATSD253A RVAATRJ253A w3les Attached Switch
50,0004:10% RV4ATSDS03A RVAATRJS03A w3169 can be supplied.
100,000 +:10% RV4ATSD104A RVSATRJ104A w3170
250,000+10% RVAATSD254A RVAATR)254A w3l7l
500,000 £10% RVAATSD504A RV4ATRJS04A w3172
| Meg+20% RV4ATSD105B RV4ATRI1058 w3i73
. 2.5 Meg+20% RV4ATSD2558 RV4ATR)2558 w3165
5 Meg+20% RV4ATSD505B RVAATRIS058 w3159
TYPE 45, JAN-R-94, Type RV2
ey 23 %twatt, 1‘5/,bsll/
a iameter variable
RV2. JAN Shaft Type SO Non-JAN Locking Bushing ecomposition
Resistance CTS Part JAN-R-94 TYPE CTS Shatt Type LT-1 resistor. Also
1004:10% AS876 RVZATSDI01A A5922 : :
250 £10% 25877 RVZATS0251A A5923 a‘éatﬂz:’]: :c'g}
500410% AS878 RV2ATSDS01A A5924 i p D
1000+10% 5879 RV2ZATSD102A A5925 military features
2500+:10% AS820 RV2ATSD252A A5926 not covered by
5000 4+:10% A5881 RV2ATSD502A A5927 JAN-R-94,
10,000+10% A5882 RV2ATSD103A A5928 Attached Switch
25.000+10% A5883 RV2ATSD253A A5929 can be supplied.
50,000 410% AS884 RV2ATSDS03A A5930
100,000410% A5885 RVZATSDI04A A5931
250,000+ 10% AS5836 RV2ATSD254A A5932
500,000410% A5887 RVZATSDS04A A5933
1 Meg+20% A5888 RV2ATSD1058 A5934
2.5 Meg +20% A5889 RV2ATSD2558 A5935
TYPE 35, JAN-R-94, Type RV3
CTS Pant V5 watt, 114"’
RV3. JAN Shatt Type SO Non-JAN Locking Bushing diameter variable
Resistance CTS Part JAN-R-94 TYPE CTS Shaft Type LT-1 composition
100£10% A5861 RV3IATSDI01A AS5907 resistor. Also
250+10% A5862 RV3ATSD251A A5908 : :
500107 A5863 RV3ATSDSO0IA 25909 a‘x;:z:’ Le :Qi;l{
1000410% AS864 RV3ATSD102A A5910 5 fo p
2500410% A5865 RVIATSD252A A5911 military features
5000 +10% A5866 RV3ATSDS02A A5912 not covered by
10,000+10% A5867 RV3ATSD103A A5913 JAN-R-94.
25,000410% A5868 RV3ATSD253A A5914 Attached Switch
50,000 +:10% A5869 RV3ATSD503A A5915 can be supplied.
100,000+10% A5870 RV3ATSDI04A AS916
250,000+:10% A5871 RV3ATSD254A AS917
500,000 +10% AS5872 RV3IATSDS04A A5918
1 Meg+20% A5873 RV3ATSD1058 A5919
2.5 Meg+20% AS874 RV3ATSD2558 AS920
5 Meg+20% AS875 RV3ATSD5058 A5921

JAN SHAFT TYPE RJ CTS SHAFT TYPE LT-/

\ ,
O e b §-32p-nEF-2 THO

o

2

LOCHING BUSHING
(= 250 200/

-SCREW DRIVER
Stor

047 2005" WIDE x

063" 2505 DEER

- -+ & -32P -NEF-2 THO

y—u -]

— MOUNTING HARDWARE ASSEMBLED

MOUNTING MHARDWARE ASSEMBLED MOUNTING NUT /‘2 MEX. &
MOUNTING NUT
LOCK WASHER *®/920A LOCA WASHER ®/920A

B HEX « B LOCK NUT § HEX. A
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REXOLITE 1422

(FORMERLY G. E. TEXTOLITE 1422)

THE BETTER PLASTIC FOR

U. H. F. INSULATION
BECAUSE OF:

® outstanding electrical properties
® superior machinability
® high heat resistance

® dimensional stability
and extremely low initial cost

Rexolite 1422 has been specifically designed and developed to meet the
growing need for a lightweight — low cost U. H. F. insulating material.

Rexolite 1422 is available for immediate delivery as centerless ground rod
in any diameter up to 1”. Also cast in larger diameter rods and sheets.

Meets JAN-P-77 and MIL-P-77A specifications.

The unusual chemical inertness and physical properties of Rexolite 1422
allow its use where other materials {ail.

Faor use in: cannectors, caaxial connectors, waveguide, an-
tennas, leads and spacers, spreaders and air wound coil
supports, coil forms.

e

Write taday far technical bul-
letins and samples. Our engineer-
ing staff is always at your
§ disposal.
Manufacturers of Non-strip wire, High Temperature Electrical Tubing and other extruded plastic products.
52LANDSDOWNE ST. CAMBRIDGE, MASS.
60A

News—New Products

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

(Continued from page 52A)

handle. T'he five position switch, providing
zero setting and three ranges up to 5000
mr/hr, is located at the top of the pistol
grip handle to allow one-hand operation of
the instrument. Zero adjust and calibrate
controls are on top, ahead of the 24 inch
meter which slopes toward the user for
easy reading. ‘T'he instrument is finished in
smooth gray baked enamel and weighs 3
pounds, complete with batteries.

Projection Kinescope

Tube Dept., Radio Corp. of America,
Harrison J., announces the 7WP4,
new projection kinescope for use in theater-
television equipment. 1t is capable of pro-
viding a picture 20 feet by 15 feet when
used with a suitable reflective optical sys-
tem

The 7\VP4 is designed with a faceplate
curvature intended for use in an optical
system having an 80-foot throw. The tube
employs electrostatic focus and magneti
deflection

Operating with a maximum ultor vol
age of 80,000 volts and a maximum focus-
mg-electrode voltage of 20,900 volts, the
7WP4 incorporates such high-voltage de-
sign features as a bulb having corrugated
side walls with insulating coating to pr
vide a long leakage path over its external
surface, an inner cone-neck section t
provide adequate vacuum insulation be
tween internal ultor coating and outer nec
section, and one high-voltage envelope
connection. All other connections are mad
through plastic-filled diheptal 14-pi
base.

New Catalog

P. R. Mallory & Co., Inc., 3029 E.
Washington St., Indianapolis 6, Ind
announces a Product Index is now avai
able providing specific information in cor
densed form concerning Mallory electro-
chemical electromechanical, electron:
and metallurgical products.

The catalog is not highly technical i
nature but is designed to acquaint engineer
and layman alike with basic data on avail-
able products. It includes brief descrip-
tions of the specifications, features and
applications of the complete line of Mal-
lory bat?eries, capacitors, contacts, recti-
fiers, resistors, switches, vibrators, metals
and ceramics, tuners, and resistance weld-
ing supplies.

Copies of the Product Index can be ob-
}uined by writing P. R, Mallory & Co.,
nc.

(Continued on page 106A4)
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Whether your problem is new design or
product improvement, take advantage of the
greater energy product INDIANA HYFLUX
Alnico V offers!

These exclusive, new, super strength per-
manent magnets mean lower production costs,
more compact design and higher efhciency
for your products.

What's more, INDIANA HYFLUX —
with its 169, greater energy product —
costs not a penny more than regular Alnico V!

Here's still another bonus you’ll enjoy!
THE INDIANA STEEL PRODUCTS
COMPANY, world's largest producer of
permanent magnets, offers free of charge its
wealth of experience and “know-how™ that
has developed more than 30,000 permanent
magnet applications.

SPECIALISTS I'N

Tuly, 1952

"PACKAGED

Let INDIANA engineers help you with
your design problems. They can supply —
out of stock — many types and sizes of
INDIANA HYFLUX Alnico V for your
experiments, can suggest those best suited
to your product.

INDIANA is the only manufacturer fur-
nishing all commercial grades of permanent
magnet alloys. You have a choice of cast,
sintered, formed or ductile materials.

Why delay — write or phone
INDIANA today. Ask
for Catalog No. 11G-5 that
describes stock experimental
magnets.

THE INDIANA STEEL PRODUCTS COMPANY

VALPARAISO, INDIANA ¢ ¢ ¢ Sales Offices Coast to Coast

ENERGY"” SINCE 1908




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

Take advantage of one of C.T.C's
most popular and useful services .
the winding of slug tuned coils to exact
specifications. Single layer or pie types
furnished. You can be sure your specs—
military or personal—will be faithfully
followed to the last detail of materials
and methods, and with expert workman-
shi

é).T.C‘ coil forms are made of quality
paper base phenolic or grade L-5 silicone
impregnated ceramic. Mounting bush-
ings are cadmium plated brass and ring
type terminals are silver plated brass.
Terminal retaining collars of nylon-
phenolic also available in types LST,
LS5, 1.S6.

Wound units can be coated with dur-
able resin varnish, wax or lacquer. Both

CAMBRIDGE THERMIONIC
CORPORATION

custom or standard . . . the guaranteed components

New catalog! Send for your copy now.

621

coils and coil forms are furnished witl
slugs and mounting hardware — and
are obtainable in large or small produc
tion quantities. Be sure to send com-
plelte specifications for specially wound
coils,

All CT.C. materials, methods, and
processes meet applicable government
specifications. For further information
on coils, coil forms or C.T.C's special
consulting service, write us direct. This
service is available to you without exrtra
cost. Cambridge Thermionic Corpora-
tion, 456 Concord Avenue Cambridge
38, Mass. West Coast manufacturers
contact: E. V. Roberts, 5068 V. Wash-
ington Blvd., Los Angeles 16, Calif.. and
988 Market Street, San 5
Francisco, California J

&

1

P

woas,

Perai,...

NEW CERAMIC COIL FORM KIT.
Helps you spark ideus in designing elec-
tronic equipment or developing proto-
types and pilot models. Contains 3 each
of the following 5§ C.T.C. ceramic cail
form types: LST, LSS, 1S4, 1S7, 1S8.
Color-coded chart simplifies slug-identi-
fication and gives approximate fre-
quency ranges and specifications. Nylon-
phenolic collars to replace metallic rings
available with kit for all ceramic coil
forms except LS7 and LS8,

NEW NYLON-PHENOLIC COLLARS.
Terminals held securely; soldering spaces
doubled; excellent for both bifilar and
single pie windings. Show an increase in
Q and many new benefits over metallic
rings — withoyt impairing in any way the
moisture- and fungus-resistant qualities of
coil form assemblies,

VG I1E I.R.F July
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SPECIFYy, o _
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for Accurate, Dependable Electrical Measurements

BECAUSE—Simpson has developed quality control to
a new modern high with this successful production
policy. Design everything that goes into an instrument
—make everything that goes into an instrument—keep
designing for the future—keep quality steadily higher
—keep prices consistent with material and labor costs
without exploitation. This quality control is evident

i

July, 1952

in every Simpson instrument whether panel or switch-
board, custom-built or stock. The instruments illus-
trated in panel below are only a few of the wide vari-
ety of instruments in the complete Simpson line. Let
Simpson engineers help you solve your panel instru-
ment problems—and for your standard instrument re-
quirements take advantage of our large stock.

ELECTRIC COMPANY

5200 W. KINZIE ST., CHICAGO 44 « COlumbus 1-1221 ¢ In Canada: BACH-SIMPSON, LTD., LONDON, ONT,




Mﬂlﬂ vmﬂﬂ lll Wﬂ it less cost

Plate Voltage
Plate Current . . . . . . . 30 ma
Plate Resistance (Approx.)
Transconductance .
Grid No. 2 Voltage .

¥

CHARACTERISTICS,
CLASS A, AMPLIFIER
300 volts

0.15 megohm
11000 #mhos
150 volts

Grid No. 1 Voltage . . . . . . -3 volts

Interélectrode Capacitances (Without external shield):

Grid No. 1-to-plate .
Input .

0.120 uuf
11 upt

Output. . . . . . . . . 5.5 put

Performance, 4-Mc Video Amplifier

input Volts (peak-to-peak) . . . 3 volts

Output Volts (peak-to-peak) .

. « - With the new RCA-6CL6 miniature

Another RCA First ... the new RCA-GCLG
miniature power pentode was specifically
designed to fill the need for a low-cost,
high-output video amplifier tube.

Improved in performance over the
RCA-developed 6AG?7, this new 9-pin
miniature has decreased microphonic re-
sponse and is capable of driving high-
voltage picture tubes with low amplitude
distortion.

Having a voltage gain of approxi-
mately 44, the RCA-GCLG can be driven
directly by the video detector. It will pro-

RADIO CORPORATION of AMERICA

vide an output of 132 volts peak-to-peak
with an input of only 3 volts peak-to-peak
from the video detector in a 4-Mc video
amplifier.

RCA Application Engineers are ready to
assist you in the application of the
RCA-6CL6 to your television receiver de-
signs. For further information write RCA,
Commercial Engineering, Section GR47,
Harrison, N. J., or contact your nearest
RCA field office:

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA{

ELECTRON TUBES
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132 volts

power pentode

[
4
FIELD OFFICES: (East) Humboldt 5-3900, 415
S. 5th St., Harrison, N. J. (Midwest) White,
hall 4.2900, 589 E. Illinois St., Chicago, In¥
(West) Madison 93671, 420 S. San Pedro St.,
Los Angeles, Calif. Tmks. ® \,y

AKM/ new RCA tube 7

R(:'A-6Afd Miniature UHF
Triode, for use as the local
oscillator in UHF jelevision i

receivers covering the range
o'f 470 10 890 Mc. Feotures
silver-plated bose pins and
short mount structure. '.%
y q/
' ——
s |
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Irvh1g

DIRECTOR,

Irving Wolff was born on Julv 6, 1894, in New
York, N. Y. He received the B.S. degree in physics
at Dartmouth College in 1916, and the Ph.D. de-
gree at Cornell University in 1923.

Dr. Wolff was an instructor in physics at lowa
State College during 1919. From 1920 to 1923, he
filled the same post at Cornell University, becom-
ing the Heckscher Research Fellow the next vear.

In October, of 1924, Dr. \Volff joined the Radio
Corporation of America, where he has remained.
From his first vear at RCA through 1931, his re-
search was devoted to the field of acoustics. In
1932, he initiated a program of microwave re-
search. Following this with a program of railar
research in 1934, he supervised various groups at
RCA who were conducting resecarch for military
agencies during World War 1. Immediatelv fol-
lowing the war, Dr. \Wolff and sone of his RCA
associates developed the basis for the Teleran Svs-
tem of Air Navigation. In 1946, he was appointed
director of RCA’s Radio Tube Research Labora-

Woltt’
1952-1953

tory, and in 1951, Director of Rescarch of RCA
Laboratories.

Dr. Wolff received the IRE Fellow Award in
1942 for his, “basic rescarch in centimeter-wave
radio and application of it to the development of
navigation instruments,” and the Distinguished
Public Service Award of the U. S. Navv in 1949,
for pioneer research in radar.

Dr. Wolft joined the Institute in 1927, and has
hieen active on a number of IRL technical com-
mittees concerned with acoustics, electronics, and
publication. He has been 3 member of the IRE
Board of Editors and the IR Education Com-
mittee since 1945. He is now serving on the IRE
Appointments and Nominations Commiittee, and
is the IRE Regional Director of Region 3. He was
Chairman of the Philadelphia Section. 1936-1937.

Dr. Wolff is a fellow of the American \ssociation
for the Advancement of Science and the Acoustical
Society of America, and a member of the Phyvsical
Society and Sigma Nj.

July
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Universal Engineering Shorthand

ALLEN F. POMEROY ’

It has long been evident that, for maximum utility and convenience, graphical symbols should be uniform through-
out any field of engineering and its related industries.

The underlying considerations leading to this conclusion are admirably summarized in the following guest editorial,
prepared by a Senior Member of the Institute, who isa co-chairman of the A.S.A. Sectional Committee on Graphical
Symbols and Designations for Use on Drawings, and a member of the Technical Staff of the Bell Telephone Labora-

tories,— T'ne Editor.

. Graphical symbols for clectrical and communi-
cations engincering can be a shorthand that all
engineers, technicians, and draftsmen can under-
stand, or they can amount to nothing more than
a4 means of cramming a considerable amount of
information into a small space on a given drawing.
WWhen every organization has its own symbols, the
latter case is true. An engineer reading a schematic
which originated in another organization cannot
be sure that he understands each symbol. In order
to be sure, a legend must accompany every dia-
gram stating the significance of each symbol.

Ingincers in many companies must draw and ex-
plain schematics used in their own particular
organizations, and, in addition, those used by their
customers, by other organizations, by the Armed
Serviees, and also those used on contracts. Some-
times the contracting organization can persuade
its customers to accept schematics and the cor-
responding instruction manuals for symbols unique
to the contracting organization. In this case, the
customer is forced to train its technicians in two
syvmbol languages: first, the symbol language it
uses normally; and second, the symbol language
unique to the contracting organization.

It seems logical thatin the bestinterestsof allcon-
cerned, there should be only one symbol language.

Can such a language be agreed upon? Great
progress has been made in the past year in creating
confidence among the workers in the electrical and

communications fields toward the attainment of a
single language. An industry-wide task group of
the American Standards Association has already
prepared a draft of a standard on graphical sym-
bols applicable to the fields of telecommunications,
control engineering, and power engineering. Sim-
ilar work on standards for military use is being
carried forward by the Munitions Board Standards
Agency in co-ordination with ASA. On the inter-
national level standards are being prepared by
International Electrotechnical Commission.

All persons tend to cling to that with which they
are familiar. This is a good tendency. Change for
the sake of change is not necessarily an improve-
ment; but the change that is adopted by mutual
agreement, is progress. An engineer, by the nature
of his training, looks at problems objectively, re-
views all the facts, and proposes a solution likely to
be accepted, provisionally, by all concerned.

It has been found by experience that conflicts in
standards between strong groups in any one or-
ganization are often ditheult to resolve within that
organization. llowever, when representatives of
these groups meet in a task group with representa-
tives of other organizations, mutual and satisfac-
tory compromises can usually be evolved.

A new day is dawning for electrical and com-
munications engineers. There is hope that a uni-
form graphical-symbols shorthand that all can
understand will he agreed upon universally.
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Research and DeveloPment for National Detense

EDWIN A. SPEAKMANT, SENIOR MEMBER, IR

Summary—This article describes the duties,
composition, and major operations of the Research
and Development Board of the Department of De-
fense. This Board is the ugency charged with co-
ordinatlon of the research and development programs
carried on by the Aimy, Navy, and Alr Force. In the
article, particular attention is glven to the activities
und scope of the RDB’s Committee on Electronics and
to new developments, both military and nonmilltary,
in the fleld of ¢lectronics.

The author uses exumples to illustrate the point
that the application of science and technology to war-
fare is not a recent development. He warns against
easy acceptance of the idea that new weapons and
techniques will provide the answer to all the problems
involved in our national defense, although the princl-
pal aim of the RDB and the research and develop-
ment agencies of the armed forces is lo provide our
fighting men with the best possible weapons.

RESEARCH AND DEVELOPMENT BOARD

EFORE THIZ DAWN of history, man

turned periodically to warfare with

his neighbor, and from the first battle
with clubs down to the present time there
has been a constant race for new weapons
and countermeasures. Furthermore, the ap-
plication of science and technology to war-
fare is not new. We think of biological
warfare, for example, as a revolutionary and
untried weapon, but early historical accounts
tell of the ancients catapulting the bodies of
their dead over the walls of besicged cities
to sprcad the disease which they knew would
follow, although they did not know why.
And thirteen centuries later, Genghis Khan,
famous ruler of the Mongols, used chemicals
in the form of huge balls of pitch and sulfur
thrown at the enemy to produce a combina-
tion of screening smoke, choking fumes, and
incendiary effects, thus ushering in the dread
chemical warfare that was used with such
telling effect by the Germans in World \War
1.\ third example is the machine gun. I't has
been generally supposed that this weapon
developed from the Gatling gun, invented
during the American Civil War; yet a device
embodying the principle of the modern
machine gun was invented by the Greck
engineer Dionysius of Alexandria in the
third century B.c. This weapon fired a suc-
cession of arrows supplied by a magazine or
hopper, and at fairly close ranges gave a
fire power unchallenged by any other light
ordnance piece until the invention of the
longbow in the late Middle .\ges.

It is therefore not unusual that the race
for scientific weapons continues it has had
a long and eventtul history but it is star-
tling to realize that today the Department of
Defense and the Atomic Energy Cominis-
sion engage the services of almost two thirds
of the nation’s scientists and engineers and
that the program for military preparedness
represents an annual expenditure of one and
one-half billion dollars.

The size of the military research and de-
velopment effort is not only startling, but
sobering and thought-provoking. \We are
confronted by the fact that the greatest

* Decimal classification: RO10XRS60. Original
manuscript received hy the Institute, March 4, 1952,

t Resecarch and Development Board, \Washington
25, D. C.

portion of the creative thinking and cffort
of our scientists and engineers is, of neces-
sity, being concentrated on weapons, dd
vices, and techniques of warfare, and on
countermeasures, Not only is the country,
as a whole, spending a vastly larger sum on
rescarch and development than ever in its
history, but most of this is going for military
purposes.

Obviously, this phenomenon is having a
profound eftect on our culture, ‘There have
been diversions and disruptions in the ficlds
of teaching and of academic and industrial
rescarch, and basic rescarch, the lifehlood of
scientilic progress, has been subordinated 1o
applied research and to development. \s Dr
Vannevar Bush stated in the most recent
report of the Carnegice Institution of \Wash
imgton, there may be grave dangers inherent
in increased governmental regimentation of
scientilic research, although there appears to
be no alternative method of administration.

It is not my intent, however, 10 con-
template philosophically the possible effects
of these things, no matter how strongly we
may feel about them. We must adjust our-
selves to the realities of the times if we are to
accomplish the enormous tasks ahead of us.
We want 1o make sure that if our men are
called to the defense of the nation again they
will be equipped as well as it is possible to
equip them. The responsibility of the RD1
lies in this area, our primary duty being to
guide military research and development
toward the achievement of maximum
weapons effectiveness for our .\rmed Forces
To see how the RDB performs this vital
function, let us first examine briefly the
structure and responsibilities of the Board
and then consider the work of the Com
mittee on Electronics, with specitic examples
of how research and development are related
to military plans and strategy.

Duties of the Board

In the preceding paragraph 1 have sct
forth the over-all mission of the RDB. More
specifically, the Board is directed by law:

(1) to prepare a complete and integrated
plan of research and development for mili-
Ltary purposes;

(2) to co-ordinate research and develop-
ment among the military departments and
allocate responsibility for joint programs;
and

(3) to consider the interaction of re-
search and development and strategy, and
to advise the Joint Chiefs of Staff in con-
nection therewith.

I want to emphasize here that the actu.l
research and development work is done by
the Services themselves; the RIDB is not an
operating organization. Part of the Services’
research is carried out in their own installa-
tions, but most of it is handled on contract
with industry and academic institutions.
The RDB supplies leadership and integra-
tion of this total program to assure that the
available money and talent are expended on
the most vital arcas and not wasted on less
essential things.

Coniposition of the KDB

I'he Board proper composed of a
civilian chairman and 1wo representatives
from cach of the Military Departments, N r
Walter G Whitman, currently on leave
from the Muassachusetts Institute of Tech
nology, where he is head of the Chemieal
Fongmeering Department, s chairman | he
\riny representatives are Assistant Secr
tarv Larl 1D Johnson and Najor G ]
Isenneth 1. Nichols, Chief of Rescarch and
Development. Representating the Navy are
the Honorable John 1. Floberg, Assistant
Sceretary for Air, and Rear Admiral ME.
Curts, Assistant Chicf of Naval Operation
(Readiness). The \ir Iorce members are
Under Scecretary Roswell L. Gilpatric and
Major General Laurence C. Craigie, Deputy
Chief of Staff, Dcevelopment. The seven-
man Board makes broad policy decisions
affecting the entire military rescarch al
development program

Fhe Board dtself is a part-time group,
meeting, ordinarily, about once a month
Serving under the Board and preparing
material for its consideration is a staft or
ganization consisting of approximately 300
civilian and military personnel and a con
mittee and pancel organization of 2,400 .
time mulitary and  civilian experts | he
civilian experts, most of whom serve withont
compensation, are drawn from industry, the
unnversities, and other government AgCNCI
Al are recognized leaders and authoritic
their ficlds of science or engineering.

lLach of the fifteen committees of the
Board has cognizance over a specine held or
certam type weapon. At present we lave
committees on acronattics, atomic cuergy
biological warfare, chemical warfare, ¢l
tromces, cquipment and supplies, fuels and
lubricants,  geophysics  and geography,
guided missiles, human resources materials,
medical sciences, navigation, ordnance, and
technical information.

Fhe area of responsibility of a committee
15 normally  subdivided and assigned 10
panels. A an example of a structure of this
type, Fig. 1 shows the pancls of the Com
nuttee on Electronics.,

I'hrough the ocgasional rotation of com
mittee and pancl members, new ideas and
viewpoints are introduced while, at the
sime  time, continuity of operations is
preserved. The committees and panels meet
six or eight times a year, as required by their
various duties. Meetings are held at \Wash-
mgton or at points where military rescarch
work is in progress. Fach committee is
served by a full-time staff of technical ex-
perts,

_ Theduties of the committees are several:
Ihey review, in detail, the military research
and development program in their assigned
lu-ld.:md make recommendations concerning
nu.rdlhcalions of the program. They peri-
odically assess the state of weapons develop-
ment in their field. \ particularly valuable
product of their activity lies in providing an
fzﬂ'ccti\'e forum for the cross exchange of
information  and  ideas Representatives
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from the Services, which actually administer
the research, report their plans and the
progress of their work, and the men from
outside the Departments ask questions,
offer advice, and make other valuable con-
tributions toward the improvement of the
programs. ‘The committees and panels
therefore provide a vital comnection be-
tween the military research and develop-
ment program, on the one hand, and indus-
try, the universities, and other government
agencies on the other. Many important
problems are solved at the committee or
panel level,

Commilttee on Electronics

A brief explanation of the activities and
scope of the RDB's Committee on Elec-
tronics will probably be of particular in-
terest to readers of this publication. From a
standpoint of expenditures, the field of elec-
tronics comprises between 20 and 25 per
cent of the total military research and de-
velopment program, or about 250 million
dollars. This includes programs under the
sole cognizance of the Committee on Elec-
tronics and, in addition, those co-ordinated
jointly with other committees, such as
Guided Missiles, Aeronautics, and Ord-
nance.

Under the terms of its directive, which is
similar in scope and intent to those of other
RDB committees, the principal objectives
of the Committee on Electronics are co-
ordination, guidance, and integration of the
Military Departments’ efforts toward de-
veloping, through electronics research, the
best possible weapons and supporting sys-
tems for the Armed Forces of the United
States.

The Committee's area of interest in-
cludes about 3,100 projects which lie in
widely divergent technical fields. This
poses difficult problems of Committee ad-
ministration, and the Committee has ac-
cordingly divided its field among ten pancls
encompassing more homogenous areas.
These are radar, communication, electronic
countermeasures, acoustics (sonar), infra-
red, antennas and propagation, components,
clectron tubes, test equipment, and inter-
ference reduction.

Each of these panels consists of a civilian
chairmaun and one or more civilian members,
plus a member representing each of the
Military Departments. Several of the com-
mittee and panel experts are members of
the Institute of Radio Engineers, and we are
happy to have the resources of this excellent
organization as a fountainhead of competent
and experienced electronics specialists to
serve as consultants and replacements for
members,

Periodically, the members of the com-
mittee and panels visit electronics installa-
tions and contractors engaged in develop-
ment throughout the country in order to
acquaint themselves as fully as possible with
work being done in the field.

Main Operations of RDB

The RDB maintains close working re-
lationships with other agencies of the De-
partment of Defense, such as the Joint
Chiefs of Staff, the Weapons Systems
Evaluation Group, and the Munitions
Board, and also with the Central Intelligence
Agency, Atomic Energy Commission, Na-
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tional Science Foundation, and National
Academy of Sciences.

In order for the Board and its committees
to evaluate scientific programs, it is neces-
sary to have some idea of the operational
and strategic needs of the Military Depart
ments. This information is supplicd by the
Joint Chiefs of Staff in the form of strategic
plans and military requirements which are
used by the committees of the Board in their
examination of scientilic programs. In this
way cach important arca of rescarch is
studicd in relation to military needs in order
to assure that new weapons and techniques
meet the requirements of the Armed Forces.

The Board, on the other hand, advises
the Joint Chiefs periodically with reference
to new weapons and countermeasures, This
information is in the form of reports, or
technical estimates, of what new weapons
and techniques will result from research,
and an estimate of the date when these new
weapons will become available. Promoting
an even closer tie between the two agencies,
the chairman of RDB attends meetings of
Joint Chiefs of Staff at which research and
development matters are discussed.

In addition, the Board, through its com-
mittees, also provides technical guidance to
Army, Navy, and Air Force to assist them
in formulation of research programs.

The Weapons Systems [Evaluation
Group, sponsored jointly by the JCS and
the RDB, performs operations rescarch in
certain broad areas, such as land combat.

The RDB advises the Munitions Board
of new developments that will require
critical and strategic materials so that the
Munitions Board can anticipate the need for
such materials in production. On the other
hand, the Munitions Board informs the
RDB as to those materials which are in
short supply and where it is necessary that
rescarch effort on substitutes be increased.

Information on the military rescarch
and development activities of other conn-
tries is, of course, of interest to us, and the
Central Intelligence Agency supplies us with
pertinent facts on various areas. This in-
formation is used for comparative purposes
to assess our effort in general and to aid ir 2
prediction of our weapons’ performance
against any which other countries may now
have under development. As is well known,
the supply of technica! information from
certain countries is very tight; the Iron
Curtain makes such intelligence most diffi-
cult to obtain.

With reference to the National Academy
of Sciences, we find that they have certain
groups and specialists in various technical
fields that can be utilized in the solution of
important problems. For example, with the
strong backing of the RDB, the Minerals
and Metals Advisory Board' was estab-
lished, less than a year ago, under the Na-
tional Academy of Sciences to undertake the
responsibility for examining programs and
making recommendations in this field. The
MMAB has recently submitted a number of
excellent reports, including one on titanium,
a new metal which has great significance (o
American industry.

New Developments— Electronics

Now, after my discussion of the organiza-
tion of the research program, I should like to
mention a few results of that program,

i Formerly, Metallurgical Advisory Board
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Everyone is aware of the importance of
radar in bringing World War Il 10 a suc-
cessful conclusion and of its many com-
mercial applications today in the navigation
of hoth ships and aireraft. The military pro-
grani is aimed at increasing the range on
siall targets, such as aircraft and guoided
missiles, and at developing  high-powered
transmitters that will enable us to pick out
and track enemy missiles or hombers, Elec-
tronics las so many commercial applications
that it is only natural that we find it an
mtegral part of most weapons. The elec-
tromic cquipment of one of our new planes
accounts for 40 per cent of its cost. The elec-
tronic  equipment  of one of our large
bombers  contains  some 1,200 vacuum
tubes. In fact, we look upon certain type
aireraft as flying laboratories, with all their
intricate systems for control of the plane,
navigation, communication, gun firing, and
radar location of rargets. As a result of this
wide application of c¢lectronics we  have
cucountered many new problems that must
be solved in order to assure reliable weapous.
Oue urgent problem concerns the develop-
ment of more reliable electron tubes, hut we
think that the development of the transistor,
largely through the efforts of Bell Telephone
Laboratories, offers great promise as a pos-
sible solution.

The ficld of communication is another
important branch of clectronics research
Receut developments  sponsored by the
Signal Corps make it possible to send alio-t
100 voice messages or several television or
radar presentations simultaneously over one
radio channel. This has great significance to
our ar defense, since it would be necessary,
in the event of war, to have high-speed com-
munication links throughout the continent
in order to alert our ajr-defense centers to
the approach of enemy planes.

The requirement for effective clectronic
countermeasures can hardly be overem
phasized. You iy remember how, in Feb
ruary, 1941, the German naval vesse]s,
Gneisenau, Scharnhorst, and Prinz Fugen,
made  their escape through the Euglish
Channel from Brest. The British had the
Channel completely covered by radar, but
their signals were so successfully jammed by
the Germans that no radar echoes were ol-
tained from the ships. This was the first
significant operational use of countermeas-
ures in World War I1.

For repelling Allied bomber attacks, the
Germans relied in great measure on anti-
aircraft artillery —some 15,000 heavy guns
controlled by about 3,000 fire-control radars.
This presented a formidahle obstacle, par-
tfcularly since our bomber losses at that
time were rather high. An Allied counter-
measure program was begun in 1944, and
the second important operational use of
countermeasures occurred late in that year
when jammers were installed in our bombers.
This operation was most successful in re-
ducing the effectiveness of the German guns.

In World \Var ] our radar-counter-
measures units also used small pieces of
tinfoil, called “chaff,” to produce false signals
on enemy radar screens. When a package
containing several hundred thousand pieces
of this material was dispersed by aircraft
the echo produced lookerd exactly like that
of a bomber and frequently diverted the
Germans’ antiaircraft fire from the real
target Our entire program on counter-
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measures continues much of the research
aimed at jamming and destroying the use-
fulness of enemy radio signals. This will
enable our planes to operate more freely
under radar-directed antiaircraft fire.

I have mentioned the importance of elec-
tronic devices as components of aircraft;
the effectiveness of guided missiles also
depends to a large extent on electronic
equipment. Our guided-missile development
shows promise of providing weapons which
can be launched from the ground against
enemy aircraft or missiles and others which
can be launched from our own aircraft
against various surface targets. Most of
these missiles depend upon electronic sys-
tems of guidance and are extremely com-
plicated. An important aspect of this pro-
gram is devoted to preserving flexibility of
design so that various type warheads, in-
cluding atomic warheads, can be carried
by these missiles.

Peacetime A pplications

And now, lest I leave the impression that

the research and development program is a
kind of military Juggernaut under whose

. wheels peacetime projects will be ruthlessly
sacrificed, I should like to emphasize that
not all of the money spent for this purpose
goes up in the smoke of battle. Military re-
search, no matter how deadly its intent,
nearly always produces something with a
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humanitarian application. Many would
argue, for instance, that the medical and
biological aspects of atomic-energy research
have already canceled out the havoc wrought
at Hiroshima and Nagasaki.

Studies of the action of nitrogen mus-
tards, developed as a toxic chemical agent,
reveal their remarkable destructive effect
upon white blood cells. These findings sug-
gest the use of the mustards in the treatment
of leukemia, and have led to the initiation
of studies that have spread to more than 120
clinics, with hundreds of cases under treat-
ment. More recent experiments have in-
dicated that these mustards may also prove
effective as a remedy for rheumatoid ar-
thritis and for asthma,

In the field of electronics, many of the
manufacturing techniques now being used
in the manufacture of picture tubes for
television were born of World War II re-
search on cathode-ray tubes used for radar.

No Easy Answers

With a program of research and develop-
ment as large as [ have described, one might
assume that future wars will be fought at
great distances where human beings seldom
come in contact with each other. We must
be careful, however, not to convince our-
selves that science will provide an easy
answer to all our problems, New and
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fantastic weapons may be of some assistance
but we must guard against trusting our
future entirely to such devices. Great strides
have been made and will continue, but I
want to stress the fact that no new weapon
which we now know anything about will
eliminate the need for powerful, well-
trained armed forces in the Army, Navy,
and Air Force. We will need just as much
hard work and unselfish devotion on the part
of each individual as we have ever had in
the past if our nation and liberties are to
survive.

We believe that the RDB has con-
tributed a great deal to the integrating of
these programs which I have described, and
to an over-all program of military research
and development. If the task of co-ordination
is not yet all that we should like it to be, at
least we can feel that we have helped to
bring about a fruitful cross exchange of in-
formation. Not only are the services aware
of what each other is doing, but through our
civilian Committee and Panel members,
they are aware of relevant work which is
being done by industry and universities.

Our primary aim is to assure our fighting
men the superior weapons necessary to over-
come the numerical superiority of the Com-
munist forces. And as Secretary Lovett
recently said, “We don’t have to match the
Communists man for man; we aren’t going
to dance with them,”

Measuring the Mean Power of Varying-Amplitude
Complex Audio Waves®

HUNTINGTON W. CURTIS}, MEMBER, IRE

This paper is published through the co-operation and with the approval of the IRE DPro-
fessional Group on Audio.—The Editor.

Summary~—A new instrument which is capable of determining
and recording, over successive short time intervals, the mean-power
level of complex audio waves of rapidly varying amplitude is pre-
sented. While designed primarily for research work with speech
sounds, where variations of as much as 35 db in level within 1/100
of a second are not uncommon, the unit could be applied to the power-
level analysis of any voltage wave varying with components fully
within the audio range. The apparatus provides a representation of
power level in decibels for the brief phonetic elements of speech or
for other similar elements of widely varying amplitude, without con-
fusion of data or ambiguity of interpretation.

INTRODUCTION

N AUDIO-FREQUENCY RESEARCH, where

]_[ rates of signal-level change up to 3,000 db per sec-

ond may be encountered, experimenters have needed

instrumentation capable of presenting this rapidly vary-

ing level accurately enough to permit analysis of power

g level “fine structure.” Values of mean power for short

* Decimal classification: R245, Original manuscript reccived by

the Institute, March 26, 1951; revised manuscript received, Febru-
ary 18, 1952,

B l)r?)artmcnt of Electricity, U. S. Military Academy, West
Point, N. Y.

time intervals would be highly desirable for the analy-
sis of individual phonetic elements in speech transmis-
sion studies where audibility and comprehension are
being investigated.

Specifically, an instrument for such mean-power stud-
ies should meet four requirements: (1) For ac inputs of
fixed level the unit output should be constant, showing
no variation during individual input cycles. (2) Its out-
put should be independent of input signal wave shape
and should read nothing but average power for all com-
plex waves having fited amplitude components, regard-
less of phase relation between the components. (3) The
value read for power level should follow closely abrupt
variations in the signal so that at any instant during in-
tervals of signal change the curve obtained by joining
successive “per-input-cycle” values of mean power will
be closely represented by the output of the instrument.
(Note that transient impulses such as sibilants, lacking
a fundamental frequency, must also be represented by
some kind of sampling technique). (4) It should present
its output in decibels to conveniently represent the wide
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range of power levels to be analyzed. If these require-
ments are met, the data recorded will represent ac-
curately even such extreme cases of power-level varia-
tion as those in speech where a period of large amplitude
may be immediately preceded or followed by a period
during which the wave has an amplitude close to zero.
The methods, and therefore equipment, previously
applied to the study of rapid variations in sound power
level have been of two general types: (a) graphical and
mathematical analysis of the instantancous sound-pres-
sure plot obtained from a recording cathode-ray or
string oscillograph, and (L) observation of the “power-
level” values obtained from units which attempt to give
asan output an accurate, continuous mean-power curve.
Method (a) is laborious, in that from the instantaneous
amplitude curve an instantancous power curve must be
derived by plotting the squares of the instantancous am-
plitude values as a function of time, and then graphi-
cally averaging the resultant amplitude-squared wave
over successive desired units of time—per cycle, or per
syllable, or over an arbitrary unit of time—thus obtain-
ing for the chosen average intervals a set of discrete
mean-power values which could then be plotted and
joined by a smooth curve to form the desired “mean-
power” curve. The original oscillogram of instantaneous
amplitude contains all of the desired power data, sub-
ject to limitations in the accuracy of the recording tech-
nique employed; but it is evident that the preparation
of desired power-level data from the oscillogram is tedi-
ous and inconvenient. The general method (b) results
from the understandable desire to let some type of in-
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strument  perform  the indicated sqlmring-uverz}ging
functions, or perhaps in some other nanner to derx‘\'c a
time-varying mean-power wave from an input time
varying amplitude wave.

To illustrate the problem, Fig. 1 is an oscillogram
of instantancous sound pressure as a function of time
for the sample word recording. Fximination will show
that the wave amplitude during the (e) and (o) vowel
sounds is twenty to thirty times greater than that of the
intervening consonant (c), and that the change in level
is almost instantancous. \Vith this word recording as in
put, the output variation of two power-level-computing
instruments is sketched in Fig, 2. The time scale is
identical with that of 1'ig. 1.

In (@) the curve approximates the suceessive pointer
positions which would be obtained with a vu meter:
This is shown merely toillustrate an extreme case of the
masking of short-duration, low-level intervals which are
immediately preceded by periods at a much higher
level. The vu meter values, of course, could not apply
to the mean-power, “fine-structure” problem because of
the slow response (long time constant) inherent in the
vu meter design.

An improvement is immediately apparent in (b),
where an output typical of a graphic level recorder is
sketched. This type of instrument, when used with an
averaging circuit having a time constant much shorter
than that of the vu meter, can begin to follow some of
the rapid mean-power variations; however, some of the
information of brief low-power portions of the input
wave is still masked by the carrv-over of preceding,

Fig. 1—Instantaneous pressure oscillogram, word recording,
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Fig. 2—Sketches of “mean-power” indicating system response with the wave of Fig. 1 as input.
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much higher power periods. Attempts to improve on the
response of power-level recorders by further shortening
the time constant, thus increasing the maximum rate of
response, introduce, however, the additional defect that
_while finer variations in mean power may be followed,
the instantancous power variations within each funda-
mental cvcle begin to be followed also. The result is that
steadv-state input waves will show misleading mean-
power variations at twice the fundamental frequency.

Basis OF NEW .\PPROACH

s was suggested earlier, a curve formed by joining
the values of average power of each input cycle might
well be used to represent the signal level of a wave of
rapidly changing amplitude. Rather than attempting
the construction of a device to perform this function, it
was decided that a more practical approach would be to
divide the input signal into short equal time intervals
intervals only slightly longer than the period of the low-
est generally occurring frequency to be analyzed (which
is on the order of 130 or 140 cps for speech)—and to
present as an output the successive values of mean
power over each of these intervals. As a design base the
time of each interval was set at 1/100 of a second.

Before further considering the actual instrument de-
sign, a brief development follows showing the mathe-
matical expressions upon which its operation is based.
‘I'he mean-power P over a AT second interval beginning
at time f,, for a wave e(!) proportional to instantaneous
sound pressure at a microphone, is given by

- K t+AT
. 2
P = [T ek 1)
where K is a constant. This follows from the relation
Par=AW/AT, which defines average power over an in-
terval A7, A1V being the energy summed during the in-
terval, and also the fact that

to+AT
Al = f‘ p(hdt,

where p(t) is instantancous power, itself proportional
to [e(t) ]2

Thus for an input signal the mean-power level during
cach of a succession of short intervals may be found by
squaring the input wave and performing a separate in-
tegration of the squared wave for each interval. The
result is a sequenceof separate mean-power values spaced
uniformiv in time. In order to convert these values to
decibels a circuit which will take the logarithm of each
of the mean power values is required, as indicated by the
following relation in which N4 is the mean power ex-
pressed in decibels above an arbitrary reference Po, and
k, and k; are constants.
P

Ny 10 log

Gt AT
ky + ks log f [e(t) |2dt.  (2)

It must be recognized that the values Par and Ng in
(1) and (2) are not continuous functions but separate
values occurring at the end of cach interval AT

Curlis: Audio Mean-Power Measurements
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BLock DIAGRAM

The unit being described is a computer in which the
mathematical operations of squaring, integrating, put-
ting limits on the integral, and taking a logarithm are
performed. Iig. 3 presents the relation of the functional
units performing these operations.

Within each block of this figure an indication is given
of the relation of electrical output to input for the block;
in addition, equations are given between certain blocks
to show the relation of the signal at that point to the
unit input. The functional blocks of this figure will now
be discussed separately.

o | Souare Law |; INTEGRATING | LOGARITHMIC | o
S| ampuFiEr  |'t| amPLIFIER » | ampLiFiER D o
5 TO
tL~el e, ~fu dt e,~loge, pscuioscore
| e s 8T
’ 2
SWITCHING e output €=k +k log | (e )'dt
ILLATOR .
OSCILLATOR | | AmPLIFIER w AL
n cps AT = .L.

Fig. 3—Block diagram for “short-time mean-power” computer.

Square Law Amplifier.

lere the input signal undergoes essentially linear
rectification, giving an output | e, from the input e;
then this |e| is applied to a vacuum-tube circuit for
which 5=k +k.| e1| 2, ki and k: being constants.

The linear rectification is accomplished in a full-wave
circuit using germanium diodes operating into a high-
resistance load. This circuit was chosen to make use of a
single-ended square-law circuit rather than a push-pull
circuit (in which odd powers of the gn expansion are can-
celled). The necessity for obtaining matched tubes was
thus avoided. The square-law relation was obtained
with a selected 6. \U6 pentode biased essentially at cut-
off, its plate current closely exhibiting desired square-
law characteristic over operating range of the tube.

i
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Fig. 4 —Square-law amplifier schematic diagram.

Integrating Crrcuil.

The plate current of the preceding (square-law) cir
cuit is used to alter the voltage at a capacitor. If the
voltage e; at the beginning of a time interval AT has the
value k, then at the end of the interval

1 ot AT
€3 k + f 1.2(1[,
c t

At the end of the interval the voltage must be returned
to the value to give identical initial conditions for each
integration. (This is the function of the switching cir-
cuit.) Selection of a capacitor having extremely low ¢
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electric absorption is important in this circuit; for the
1.0 microfarad unit employed here, a Teflon diclectric
capacitor was neceded to minimize the apparent drift of
k which followed a high power-level interval.
Switching Amplifier.

In this circuit the value of the recurring interval

AT is set at 0.01 second by a 100 cps oscillator. Ideally,
the function of the switching amplifier is to return the

[ H
—L CINe ‘7= IDEAL SWITCHING
. | " { " AMR FUNCTION
ls l !

3
H

Fig. 5—Integrating capacitor in square-law amplitier plate circuit

integrating capacitor voltage to a fixed reference level
at the end of each 0.01-second interval; an instan-
tancous closure after each 0.01 second of the switch
indicated in the dotted portion of Fig. 5 theoretically
should accomplish this. Practically, however, this re-
turn of the integrating capacitor to a fixed level for a
new start for each integration is accomplished by the
arrangement of Fig. 6.

++
. _
OISCHARGE
+ VOLTAGE S'9® | START-STOP TUBE
l REFERENCE STARY MULTI( - -
C CIRCUIT VIBRATOR

s =

A
e OO OSGILLATOR

Plate Circult
100 puises/sec.

Fig. 6—Switching amplifier and integrating capacitor.

During the 0.01-second interval over which charge is
integrated, the discharge tube is kept cut off by the
start-stop multivibrator. At the end of each successive
interval a pulse from the oscillator causes the multivi-
brator to change conduction state; this in turn drives
the grid of the discharge tube strongly positive. The
integrating condenser voltage is rapidly altered by the
high current drawn from it, and this condenser voltage
continues to change until it reaches a fixed value deter-
mined in the reference circuit. The reference unit com-
pares the voltage existing across the condenser with a
fixed standard; when the condenser has discharged to
the voltage of the standard, the reference unit termi-
nates the condenser discharge by sending a “stop” pulse
to the start-stop multivibrator. Since the condenser
cannot integrate the incoming instantaneous power
wave during the discharge period, this period must he
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kept short to avoid error. For a switching lirvq‘uvn("'\ of
100 ¢ps the total integration-discharge time is 10,000
microseconds; the circuit constants were chosen to keep
the discharge time below 200 microseconds for all but
the highest amplitade input signals, thus producing only
a neghgible error in the hnal db output.

Logaritthmic Curcuil.

A circuit with an output proportional at cevery in
stant to the logarithm of its mput is needed to con
vert the peak values of integrating condenser voltage,
to an output amplitude proportional, at these peaks,
to power level in decibels. The nonlinear unit chosen
for the logarithmic element was a Varistor maintained
at constant temperature. Over limited ranges of cur
rent through this unit, the voltage across the terminals
is proportional to the logarithm of the current. I3y
cemploying two compensating circuits to the Varistor
one for high and one for low currents, an output volt
age may be obtained which closely approximates the
logarithm of the input current for almost three decades
of the input. The Varistor approximate characteristic is
given by i =k [exV 0] where 7 and 17 are the Varistor
current and terminal voltage and ky, ky, and R are con
stants of the unit. The compensating circuits in effect
alter this relation to the desired form 7= keV,

r ‘ ’
| caTmooE P ] | COMPENSATED
| FOLLOWER ( 3\ ! | LOgtzv’::x'er
A Vo \ / 1 i vs
- | S \(— | o
| I aens ‘
ook, |2 [ ’
' LA P | vyr kgt kglog i
- —  —

Fig. 7 —Logarithmic amplifier block diagram,

In the logarithmic circuit diagrammed above the first
block cathode follower is used mainly to provide a volt
age from a low-impedance source to operate the follow
ing circuits. ‘The second block might be termed a “cath-
ode-driven cathode follower.” Employing high-current
feedback, it produces a plate current which varies in a
lincar manner with changes of input voltage. This cir-
cuit was needed to serve as a phase inverter since the
voltage most conveniently obtained from the integrat
ing capacitor is increasingly negative with increasing
power level, whereas the logarithmic clement requires
increasing current for higher output voltage. The final
output from this logarithmic circuit js fed to a recording
oscillograph.

The operation of the system just described is illus-
trated by the oscillogram of Ilig. 8. The word record-
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Fig. 8—Final output oscillogram, word recording.
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¢ng was spoken as an input signal for comparison with
Fig. 2. I'rom the derivation of the cquation for power
level in decibels (2) it should be evident that only the
amplitude of the separate points occurring at the end
of cach integrating interval ie., the peaks of the wave
shown in Fig. 8 indicate mean power for the entire
interyal. In analyzing the data contained in this figure
for mean-power values, it is important to consider only
these peaks, not the form of the wave during the in-
tegrating interyal,

I'he “zero-decibel” level of this oscillogram is the level
produced by the circuits with no input signal in the mi-
crophone and the amplifier. Note that there is 4 com-
pletelv quiet interval i, a return to this tevel  just
before and after the ¢ sound in recording; the time of
these brief silent periods is casily counted in hundredths
of a second: furthermore, the mean amplitude and the
duration of the brief, low-intensity, consonant is readily
observed.
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CONCLUSION

The design of a new “short-time-mean-power” meas-
wring instrument has been discussed. The unit output is
best represented as a continuous strip recording of os-
cilloscope deflections; the expected accuracy of any sin-
¢le mean-power reading in decibels above “zero signal”
s taken from this record is less than + 1 db for all out-
puts throughout a 25-db range. This accuracy could be
further improved by redesign, mainly of the squaring
circuit; at present, however, this accuracy seems sufh-
cient for the use to which the data will be put.
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Video Recording, Film Considerations”

GEORGE H

This paper is published with the approval of the IRE
nigques and its Subcommitiee on Video Utilizanion

Summary—The basic method of specifying the performance of
photographic materials is described. Some variables which affect
the film performance and their relationship to video recording are
discussed. Some common photographic terms used in video recording
are defined.

INTRODUCTION

=7 1DEO RECORDING represents the combina-
tion of television and motion-picture arts. IZach
alone has developed a certain vocabulary, control
methads, and performance specifications. Inasmuch as
each has the common aim of presenting a visual image,
which in its simplest form should subjectively resemble
the original subject, it is not surprising that certain
properties and requirements should be common to both
arts. However, the fundamental differences both in the
arts themselves and in the technological backgrounds of
the men responsible for the development of each art
Jead to certain differences in the methods of measure-
ment and testing and in the manner of presenting the
data so obtained. The blending of television and motion-
picture photography into video recording requires a cor-
responding blending of definitions, control methods, and
performance specifications. The purpose of this paper is
to relate the methods and specifications of the photo-
graphic art so that over-all performance characteristics
of the video-recording system may be determined.
* Decimal classification: 770.2836. Original manuscript received
by the Institute, June 13, 1951; revised manuscript received, January

30, 1952.
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IF1LM PERFORMANCE METHODS

The performance of photographic materials is almost
universally described by methods which relate the ex-
posure to which the film is subjected to the resultant
developed image. This information is presented asa well-
standardized form of graph called a sensitometric curve
or H and D characteristic (after Hurter and Drifheld,
carly experimenters in the field). Either explicitly stated
or implicd are all the factors affecting the result. The
exposure data are conventionally plotted as the abscissa
and the result of the photographic process, i.e., density,
is plotted as the ordinate, as shown in Fig. 1, which
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Fig. 1—Typical sensitometric curves.
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represents a hypothetical photographic material that
has received three times of development.

or convenience in handling the wide range of values
which may be encountered in photography and because
the c¢ve responds logarithmically to brightnesses, it is
customary to usce the logarithm of the total cnergy of
the exposure as the abscissa units. If the exposures have
been made on a standardized instrument, the absolute
value of the exposure intensity in units such as the
meter-candle is known, the time of exposure is known,
and the spectral energy distribution of the light source
is known. Thus E or log E may have a definite value in
meter-candle-scconds or the logarithm of this number.
IFor processing control purposes there are some sensitom-
cters which give reproducible exposures, but are not
calibrated in absolute units. In such cases any con-
venient exposure step may be regarded as a reference
point and the other exposures assigned values relative
to it. Thus two exposures differing by a factor of 2
would be labeled as differing by 0.3 log £ without at-
tempting to evaluate the absolute level of cither.

In order to represent the process in question the
sensitometric exposures should approximate as nearly
as possible the actual operating conditions. Thus, in
conventional photography, negative materials are ex-
posced to varyving intensities of light of average daylight
quality for a time comparable to usual camera expo-
sures, for instance 1/50 second. For video recording, the
film in question should be exposed by light of quality,
intensity, and duration approximating actual exposure
to a cathode-ray tube. In the absence of mechanical
devices meeting these requirements the actual recording
cathode-ray tube may be used. For processing control,
sensitometric conditions widelv different from operating
conditions might be used, but such a procedure may lead
to unjustificd conclusions concerning the actual results
obtained. In other words, the relationship between oper-
ating conditions and the sensitometric conditions mav
not be constant for all film products or processing con-
ditions.

MEASUREMENT OF DENSITY

The amount of image produced is most conveniently
expressed as density which is defined as the logarithm of
the reciprocal of the transmission.!

If T =transmission =ratio of

light to the incident light
O =opacity =reciprocal of transmission,
then D =density=log O=log 1/7.
Thus a material which transmits half the incident light
has T=0.5, 0=2, and D=0.3. This is convenient be-
cause dark images have a high value which is sub-
jectively satisfying and the range of values is kept
relatively small. Of more importance is the fact that the
normal eye sees a scale of equal density increments as an

the  transmitted

1 C.E. K. Mees, “Theory of the Photographic Process,” Macmil-
lan Co., New York, N. Y., pt. I\"; 1942,
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approximately lincar scale of brightness. Density units
are in some respects analogous to dly in mathematical
properties, The use of density as ordinate and log /-
or relative log 19 as abscissa permits the use of arith-
metic paper for plotting sensitometric curves, Density
values mayv vary, depending on whether diffuse or specu-
lar light is used in the measurement. I the image is not
neutral in color, or if the film has tinted support, density
depends on the color of the light. Brietlv, diffuse density
is the vatne obtained if, with specular or parallel lght
ravs incident on the ilm perpendicular to the il plane,
all transmitted light is collected and measured. Specy

lar density s the value obtained if, with specnlar or
parallel light ravs incident on the il perpendicular
to the film plane, only specalar transmitted light is
collected and measured. Specular transmission has 4
lower value and specular densityv a corresponding |y

higher value than those obtained for diffuse light. S\
standard 738.2.5 1946 deseribes in detail the measure-
ment of photographic density,

Diffuse density which is generally applicable for con-
tact printing has a lower value than specular densin
which is generallv applicable for projection purposes.
The ratio of specular to diffuse density is known as the
Callier cocfhicient of the film, and is usually greater for
coarse-grained than for fine-grained films. Most com
mereial the  photographic
industry read very nearly diffuse density, and are suffi-
ciently accurate and precise for routine usage cven if
they depart slighthy from AS\ specifications.

Values of the ratio of specular to diffuse density for
various film materials as a function of densityv and
processing condition are available. Usually the ratio is
taken into account in specifving the sensitometric char-
acteristics desived rather than jn attempting to read
different tyvpes of density or in direetly applying acon-
version factor,

densitometers in use  in

EXPOSURE

Some factors of the exposure which influence the
image produced other than the gross amount of energy
falling on the film are the tme duration and intensity
of the exposure, and the spectral energy distribution of
the light ®

The spectral energy distribution of the light mav at-
fect both the shape and slope of the sensitometric curve
In general, with fixed processing, exposure to the shorter
wavelengths of light produces a lower slope of the sen-
sitometric curve than does exposure to longer wave-
lengths. Since adjustment of processing conditions can
usually compensate for these differences, and the choice
of phosphors is relativelv lmited, this factor does not
appear to be of much concern in video recording.,

The time-intensity relationships of the exposure, how-

ever, may be of considerable importance.? With few ex-

2 Ibid., chap. V.
3 Ibid., chap. VI,
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ceptions, in normal photographic usage the exposure
required to produce a specified density is a constant
equal to the product of the exposure intensity and time.
Thus doubling or halving the intensity with a corre-
sponding halving or doubling of the time produces the
same resulting effective exposure. This has led to the
formulation of the reciprocity law which can be ex-
pressed as E=1t, w here E is effective exposure, [ is in-
tensitv, and { is time. I'his relation holds over a limited

Gordon: Video Recording, Film Considerations
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Fig. 2—Reciprocity failure of positive hlm in negative developer.
Equal total exposure. A—oconstant time (0.02 sec.) variable in-
tensity B—constant intensity variable time (4.16 sec. max.
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Fig. 3—Reciprocity failure of positive film in positive developer.
Equal total exposure. A constant time (0.02 sec.) variable in-
tensity B-—constant intensity variable time (4.16 sec. max.)

range, but at extremes of high and low intensity and
correspondingly short and long times the product /¢
usually must be increased to maintain constant density
of the image. The extent of failure of the reciprocity law
is also a function of the development process. These ef-
fects are illustrated in Figs. 2 and 3 for a commonly
used fine-grain release positive type film. Departure
from the reciprocity law is most serious for this film
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in the high-density region when processed with the nega-
tive-type developer.

An effort is made to manufacture most photographic
products so that the range of intensities and times over
which the reciprocity law is valid covers the normal
usage of the film. Unfortunately, the intensities and
times encountered in video recording are far beyond the
extremes usually encountered in photographic practice,
and there is little valid information of a basic naturc re-
garding film behavior under these conditions. In normal
photographic practice the time of exposure used in
sensitometric investigations is rarely shorter than one
one-thousandth of a second with intensities such that
normal acceptable film densities are obtained. In video-
recording practice the time of exposure is probably on
the order of a few microseconds, depending upon the
decay characteristics and the degree of excitation of the
phosphor. So, reliance must be placed on empirical data
pertaining to the conditions of use and the possible in-
fluence of reciprocity law failure must be borne in mind.

PROCESSING

The processing which the film receives has consider-
able effect on the resuitant image. Not only the slope
of the sensitometric curve, but its shape, effective film
speed, graininess, and color of image are functions of the
development process. The minimum specification for
processing is the time and temperature of treatment and
chemical composition of the developing solution. Within
rather wide limits, these three minimum factors mayv be
varied to produce variations in the sensitometric curve
or to maintain a specified standard. The term “nega-
tive” or “positive” developer refers only to a general
pattern of chemical composition which has been found
to be convenient for producing negative images suitable
for original film exposed in a camera, or positive images
on prints from such negatives (see Figs. 2 and 3).

INTERPRETATION OF DDATA

If all the above factors affecting exposure, processing,
and measurement of density produced have been select-
ed to correspond with the operation under consideration,
the resulting sensitometric curves are a quite com-
plete specitication of fitm performance. The curve com-
monty has curved ends and a straight portion between.
The concave section associated with the region of low
exposure is called the “toe” and the convex section
associated with the region of high exposure is called the
“shoulder.” In normal photographic practice, and video
recording seems to be no exception, the toe of the char-
acteristic plays an important part in the reproduction of
tone values. For processing-control purposes, the slope
of the straight-line portion of the sensitometric curve,
which is called “gamma,” is a convenient characteristic
of the curve. The value of gamma should not be re-
garded as an all-embracing description of a photo-
graphic process. The shape of the toe, the densities at
which the curve departs from linearity, and the effective
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speed or log 2 required to produce a signiticant density
should all be considered. 1f consideration is directed at
a given film material, with comparable exposures and
processes, constancy of gamma does correlate well with
the uniformity of the resulting product.

The term gamma refers to the slope of a plot of two
logarithmic functions, density and log /5. Thus it is
analogous to the statement that an clectronic circuit or
component device has i power law output. For instance,
most cathode-ray tubes have output brightness which is
some power function of the grid voltage. If such a tube
followed a 2.5 power law, a plot of log brightness versus
log grid voltage with proper operating potentiats woukd
be a straight line with a slope of 2.5. In photography,
gamma and contrast are often improperly regarded as
synonymous. Actually, they are separate coneepts which
have some interaction, In television prictice, gain con-
trols are often referred to as “contrast controls.” IF'rom
the similarity of names and lack of distinction between
gamma and contrast, there occasionally arises the er-
roneous impression that photographic gamma is cquiva-
lent to electronic gain. This is not the case,

Cascading photographic processcs is similar in many
respects to cascading electronic units. Thus there is a
loss of definition (bandwidth) in a printing process and
the graininess (noise) usually comes from the carly
stages. ‘The complete transfer characteristic can only he
calculated by a specific plot of the characteristics in-
volved because nonlinear portions of cach film char-
acteristic are almost inevitably used. Such a cross plot
may be constructed by using the density differences in
the original film as log E differences in the exposure of
the print stock and the print-ilm characteristic, thus
determining the resultant density. Exposure level of
the print may be taken into consideration by assuming
that a certain portion of the original film should be
printed to a certain density and by adjusting the co-
ordinates of the plots in such a way that this specific
point is so plotted. For instance, a scene highlight may
be recorded as a density in the negative of 1.10, and this
may be printed to a density in the positive of 0.3. Other
objects of lesser brightness may be recorded as 0.9 den-
sity in the negative and these would be reproduced at
the density called for by the print characteristic cor-
responding to a log exposure 0.2 greater than that
required to produce 0.3 density.

The deliberate use of curved-film characteristics is
often of apparent advantage, but is a difficult operation
calling for extreme care in adjusting exposure. Other-
wise the desired advantage from the distorted character-
istic may not only be lost but actually result in a very
poor product indeed. Chieflv for this reason, the so-
called toe recording of sound, that is, using the curved
toe of the film characteristic, has rather erratic results.
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Aso, processing of filin for consistent characteristics is
more difficult if curved portion is of primary interest,

1.8 SELECTION

IFor the purpose of video recording, the choice of film
materials should be guided by certain fairly simple
criteria. The graininess of the ilm should be as low as
possible and the resolving power as high as possible,
These two factors have a general correlation, but are
not necessarily cquivadent terms. The low pgraininess
roughly corresponds to a low clectronic noise level and
high resolving power roughly corresponds to a wide
frequency clectronies. The fitm chosen
should have a sensitometric curve under ideo-recording
conditions which, with commercial processing condi
ttons, produces a4 gamma approximating  the desired
gamma and which also has a long straight-line portion
with a rather sharp toe and does not develop a shoulder

response i

until rather high densities are reached. It is conceivable,
of course, that a curved characteristic mav be desired
for special problems concerning cancellation of some
reproduction errors in the video image, but so far this
has been of only theoretical interest.

The color sensitivity of the film at the present time
is of little concern as long as the film has adequate sen-
sitivity  to the radiation from the
phosphor. The image has already been reduced to mono.-

cathode-rav-tuhe

chrome by the television svstem and panchromatization
has no significance in terms of image tone reproduction .
It might be borne in mind that panchromatization
usually extends the spectral sensitivity of the film, but
does not increase its inherent sensitivity., Thus, with o
blue phosphor such as P11, a bluc-sensitive, low-speed
release positive or sound recording fitm mav he as good
as high-speed negative film with respect to sensitivity
The turbidity of the emulsion and halation properties
of the itm mav also inflyence the choice of materials by
their effect on image spread and the density gradient
across the boundary hetween a dense and clear area.

CONCLUSION

The performance of the photographic or tilm stage in
a svstem is specified by sensitometric data which relate
the brightnesses to which the ilm is exposed to the
image produced by the processing of the fitm. For pre-
cise work all of the factors of exposure and processing
must be considered, However, in regular photographic
practice as well as video recording the usual aim is to
establish certain desirable operating  conditions and
maintain them relatively constant. This means that in
spite of the complex photochemical mechanism of the
actual exposure and complicated chemieal redctions of
processing, fairly simple contro) methods mav he uitized
once operating conditions have been (‘Sl.’l')rl.sll(‘(l.
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A Multichannel Single-Sideband Radio Transmitter’

L. M. KLENKt, SENIOR MEMBER, IRE, A. J. MUNNTY, ASSOCIATE, IRE, AND J. NEDELKAfT

Summary—This paper describes a new single-sideband radio
transmitter for transoceanic service which represents a substantial
improvement over past design. Its important features include: (a) a
frequency band which permits deriving four telephone channels, if
desired; (b) a push-button method for changing frequencies within a
matter of seconds; (c) an increase in power over its predecessor; and
(d) all-around improved transmission performance.

INTRODUCTION

is made of single-sideband transmission to permit a

more efficient use of the frequency spectrum and to
obtain an improvement in the received signal over that
of a double-sideband system.'? Development has also
progressed to the point where multichannel systems are
now being employed to utilize the transmitter equip-
ment more fully.? An important factor in this type of
service is the necessity for changing operating frequen-
cies to provide maximum reliability. These frequencies
mav be changed as many as four or five times a dav.
One of the chief aims in the development of the new
transmitter which is described below has heen to reduce
the length of time required for setting the different fre-
quencies. This, of necessity, requires some rapid method
which will vield an adjusting accuracy comparable to that
obtained by the usual manual procedure. The method
chosen is that of employing a servo system in which
motors are used to switch coil taps and adjust con-
densers to pretuned positions.* Apparatus is provided
which will store the tuning information so that by sim-
ply operating one of a given number of keys the proper
scttings of the coils and condensers will automatically
be made. In this way the normal time for changing a
transmitter frequency is cut down to a matter of sec-
onds. Other improvements, brought about from experi-
ence and knowledge gained from previous designs, are
included to facilitate operation and maintenance.

l[.\' transoceanic radiotelephone service, extensive use

GENERAL PERFORMANCE

The transmitter provides for operation in the range 4 to
23 me. It will accept two independent frequency hands
each from 100 to 6,000 cycles. These bands appear in
the radio-frequency output signal as upper and lower
sidebands of a carrier whose amplitude is normally re-

+ Decimal classification: R423.5. Original manuscript received by
the Institute, April 5, 1951; revised manuscript received, March 3,
952
t 13ell Telephone lLaboratories, Inc., 163 West St., New York 14,
N.Y
A. Oswald and J. C. Schelleng, “Power amplifiers in trans-
atlantic radio telephony,” Proc. LLR.E., vol. 13, pp. 313-362; June
1925
2, A. Polkinghorn and N. F. Schlaack, “\ single sideband short-
wave system for transatlantic telephony,” Proc. i.R.E., vol. 23, pp.
701-718; July, 1935.
\. Y. Oswald, “A short-wave single-sideband radiotclephone
stem,” Proc. [LR.E, vol. 26, pp. 1431 -1454; IDecember, 1938,
¢+ J. C. Lozier, “Carrier-controlled relay servos,” Elec. Fng., vol
69, pp. 1052 1056 December, 1950.

duced 20 db below referenceamplitude. In turn, each of
these two sidebands may be divided into two 250~
2,750 cycle voice bands, making available a total of four
voice channels. Obviously, each of these two sidebands
may be divided in other ways, such as for voice-fre-
quency telegraph.

This transmitter will operate satisfactorily in areas
having ambient temperatures between 15 and 50 degrees
C and at altitudes up to 5,000 feet. Its automatic fre-
quency-changing feature by push-button control at the
transmitter permits operation on any one of ten pre-
selected frequencies. This control may be extended to a
remote location by appropriate dialing methods. The
time required to change from one frequency to another
is about 15 seconds.

The required input is 10 kva 3-phase, 230 volt, 50-60
cycle ac. A separate single-phase, 115-volt, 50-60-cvcle
ac branch circuit of 1-kva capacity is required for il-
lumination and convenience outlets within the trans-
mitter.

The peak envelope power output of this transmitter
is 4 kw when operating into a balanced resistive load
over the range 190 to 900 ohms. This means that the
transmitter adjustments will accommodate the imped-
ance encountered when connected to balanced open-
wire transmission lines having a characteristic imped-
ance of 600 or 300 ohms where the standing-wave ratio
does not exceed 1.5. It also mcans that the transmitter
adjustments will accommodate two 100-chm coaxial
lines connected as a balanced circuit where the standing-
wave ratio does not exceed 1.05.

From past experience with transmitters of this type it
has been determined that the distortion generated by
two equal tones which load the transmitter to rated
capacity should be 25 db or more below cither one of
the two tones. It has also been determined that the
signal-to-noise ratio should be at least 45 db and prefer-
ably 50 db. IFrom actual measurements made on a model
of this transmitter it has been found that both the dis-
tortion and the signal-to-noise ratio are about 10 db
better than the requirements stated above. Mecasure-
ments of adjacent band radiation on this model indicate
that an appreciable improvement has been obtained as
compared to an earlier transmitter of similar type.® Har-
monic radiation has been found to be less than 200 mw

CirculT DESCRIPTION

The schematic, Fig. 1, shows the principal circuit
blocks as well as the two types of servos used. On this
diagram the two voice-frequency inputs are shown at
the upper left as group A and group B, with provision
for switching group \ to double-sideband operation if
desired. Each block or unit is identified with the particu-
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lar function so that the message paths may be traced
through from the input at the left of the diagram to the
antenna at the upper right.

Starting with the pad and relay panel, the vf input
in group -\ encounters first a switch (ssh-dsb) which con-
" nects it cither to low-frequency (If) modulator 1 or to
the double sideband modulator (dsh mod). Both vf in-
puts group :\ and group B are connected through the
contacts of a group-interchange relay. Besides the relavs
indicated, this unit contains input pads to cach of the
If modulators and the dsb modulator which provide in-
dividual gain adjustments in the separate branches to
compensate for differences in component losses. Other
relavs are provided for the application of test tone. The
group-interchange relay serves to interchange group A\
and group B inputs to the If modulators so as to abide by
an operating convention. The reason for the convention
is that the frequency range of the final conversion-fre-
quency oscillator in both the transmitter and the re-
ceiver can be reduced a considerable amount if the lower
sideband from the final modulator is utilized at the
lower frequencies and the upper sideband is used at the
higher frequencies. :\ change from one to the other
obviousiv has to be made at both the transmitter and
the receiver at some point in the frequency range; this
has to be followed rigorously, otherwise the groups will
be interchanged at the receiver output terminals and in
the connecting wire lines. 'The operating convention
which has been widely accepted requires the change-
over at 10 mc. In this new transmitter, however, in
order to climinate some undesirable modulation prod-
ucts. it is essential that the actual change-over be made
at 18 mc. \ccordingly, in order to make the transmitted
signal conform to the convention, the channel inputs to
the If modulators are interchanged between 10 and 18
mc.

\When the switch and relay are in the positions shown
in the block diagram, group .\ audio signals modulate
the 100-kc carrier supplied to the copper-oxide varistor
of 1f mod 1. The same process occurs in an identical
varistor with group B in 1f mod 2. The 100-kc carrier
employed in these modulators and in the double-side-
band modulators which also uses an identical varistor
is obtained from a low-temperature coetficient quartz
oscillator which is followed by an amplifier. No temper-
ature control is applied to this oscillator because the
frequency change over the operating temperature range
is negligible. The sideband outputs are filtered by
sharply selective band-pass quartz-crystal filters. From
If mod 1 the upper sideband is taken by a filter which
passes from 100.1 to 106 ke and from If mod 2 the lower
sideband is taken by a filter which passes from 99.9 to
94 kc. Because of the carrier balance in the If mods and
the attenuation in the crystal filters, the carrier is es-
sentially suppressed at these points. The outputs of
these filters are combined in a hybrid coil and impressed
on the load-control amplifier.

Klenk, Munn, and Nedelka: Multichannel SSB Transmitler
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The load-control amplitier is a variable gain device
which can be used with its gain controlled by the magni-
tude of the combined sideband peaks or with its gain
fixed. \When the switch designated “load control” is
thrown to the position “in,” the amplifier bias is ob-
tained from the load-control rectifier which samples the
transmitter output signal and the bias varies with it.
\When the switch is thrown to “out,” the bias is fixed.
With the switch in the “in” position the gain of the
amplifier is about 8 db greater than when it is in the
“gut” position. The gain remains at this higher value
for all signal amplitudes up to those corresponding to
almost the peak capacity of the transmitter. As the
amplitude nears the peak capacity the load-control
rectifier begins to increase the bias and reduces the gain
at such a rate that the transmitter is never loaded be-
yond its peak capacity. The gain recovery rate is much
slower than the reduction rate. This feature is of con-
siderable advantage from the standpoint of cross-modu-
lation and adjacent-band radiation. Its effect on quality
and intelligibility has been found to be negligible by
alternate AB tests.

The signal is then further amplified and combined
with the desired amounts of carrier. \ttenuators and a
carrier resupply switch are provided so that the carrier
may be inserted at +10, 0, — 10, and — 20 db from refer-
ence value. It is at this point that the double-sideband
modulator is switched into the circuit and appears on
one of the contacts on the carrier resupply switch. In
this way the dsb signal is fed to the combining amplifier
in place of the carrier resupply. It should be noced that
there are no crystal filters in the output of the dsb mod
so that the transmission band is not limited at this point.
It should also be noted that the carrier is introduced
into the signal after the load-control amplifier so that
the action of the latter has no direct effect on the re-
duced carrier.

The output of the combining amplifier is next fed to
the medinm-frequency modulator (mf mod). This uses
germanium varistors and is supplied with a 2,700-kc
conversion frequency which is obtained from a tempera-
ture-controlled, quartz-cryvstal oscillator. ‘The output of
this modulator comprises two sidebands, each of which
contains group A, group B, and a carrier. Unless the
group-interchange relay is operated, the upper sideband
contains the carrier at 2,800 kc with group A above and
group B below it. This sideband is selectedl and the con-
version frequency and the other sideband centered at
2,600 kc are eliminated by a series of band-pass hliters
which are placed in tandem with three medium-fre-
quency amplifiers. A gain adjustment is provided at the
input of this string of amplifiers. All of the equipment
up to this point in the circuit remains fixed regardless
of the final operating frequency.

The signal centered at 2,800 kc and the final conver-
sion frequency are then impressc:l on the high-frequency
modulator (hf mod), which also uses germanium varis-
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tors. The conversion frequency in the range 6.8 to 20.2
me is obtained from a temperature-controlled, quarte-
crystal oscillator followed by an amplifier and a har-
monic generator. The transmitted carrier frequency is
determined by the final conversion frequency supplied
to the hf mod which must be 2,800 ke above or below
it, depending upon whether the lower or upper sideband
from the hi mod is chosen for transmission. Positions
for ten quartz crystals in the range from 6.4 to 12.8 mc
are arranged with a switch so that the transmitter may
be tuned up on ten different frequencies. This switch is
positioned by a servo switching control. A wide-hand
filter is located in the ontput of the amplifier following
the crystal oscillator to avoid tuning at this point in the
circuit. The second 'stage is operated as an amplhifier for
conversion trequencies below 12.8 me and as a harmonic
gencrator above this value. The output tuning of this
stage is controlled by a continuous tuning servo. Again,
as explained for the mf mod, the output of this hf mod
contains duplicate signals as upper and lower sidebands
as well as the final conversion frequency. The selection
of the signal to be transmitted depends entirely upon
the tuned circuits of the succeeding amplifiers.

The hf mod output is at low impedance suitable for
connection, by means of coaxial cable, to the hf ampli-
fiers 1, 2, and 3. The coaxial cable is terminated by a
hf gain-control potentiometer which is positioned by a
continuous tuning servo. The amplifier unit consists of
three cascaded stages operated class A. The plate-tun-
ing condensers are ganged and are positioned by a con-
tinuous tuning servo. The plate coils are tapped and the
tap switches are ganged and positioned by a switching
servo. A\ single 25-watt pentode is used in cach stage.

The signal is next fed to hf amplifier 4 which consists
of two 75-watt beam-power pentodes connected in paral-
fel and operated class A. The output circuit is a pi-type
network which performs an impedance transformation.
It requires two independent variable condensers, each
of which is controlled by a continuous tuning servo and
a tapped coil controlled by a switching servo. Deposited
carbon resistors are used at both ends of this network
for circuit loading, the major portion of the power being
dissipated by the second resistor which is at the grids of
hf amplifier 3.

This amplificr has two 400-watt tetrodes connected
in parallel and operated class AB. The output circuit
and its controls are basically the same as those in hf
amplifier 4. No resistance loading is required for normal
operation because the following stage is grounded grid.

HE amplifier 6 employs a single 2.5-kw forced-air-
cooled triode operating class B with its grid grounded.
The output circuit is in two parts. First, a pi-network
similar to those in hf amplifiers 4 and 5 performs an im-
pedance transformation. Next, a tuned auto trans-
former is used to match the unbalanced pi-network to a
balanced transmission line. Three continuous tuning
servos and one switching servo are necessary. Through
a transfer switch the auto transformer may be con-
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nected directly to an open-wire line leading to the an-
tenna, to the terminals of a pair of coaxial lines which
may be instalted to drive an external amplilier, or to a
dummy load mouated within the transmitter.

‘The monitor unit is a simple form of single-sideband
receiver consisting of three demodulators which utilize
the conversion frequencies and carrier source in the
transmitter to recover the original voice frequencies, Tts
principal purpose is to serve as a means for checking the
transmitter performance in respect to distortion andd
nonlincarity by the transmission of signals apphiced in
one  voice-frequency group. Accordingly, no group
lilters are provided in the output to separiate the groups.
1t makes possible an atarm circuit which functions if
the amplitude of the carner falls bhelow o predetermined
value., This is accomplished by routing a sample of the
demodukated carrier at 100 ke through a narrow-hand
crvstal filter after which it is amplitied and rectified to
operate a relay. Provision is made for connecting the
monitor to the output of hf amplitier 3 or to an external
amplifier, if one is being excited by the transmitter, in-
stead of the normaloperating connection to hf amplificr 6.

There are ten continuous tuning and six switching
servos, Local control is governed by a mechanically
interlocked switch having one push-button for cach of
the ten operating frequencies and an eleventh button
for establishing a standby condition. The operation of
any one of the eleven push-buttons first causes a step-
ping-type selector switch to function. “i'he selector to-
gether with @ system of relavs, called the servo director
circuit, removes the high voltage from the last three
amplilier stages, de-energizes the carrier alarm, ener-
gizes all servos for about 135 seconds, and at the end of
the cycle reapplies the high voltage and restores the car-
rier alarm.

In the lower left-hand corner of the block diagram is
shown a typical continuous tuning servo schematic
which is used wherever it is necessary to adjust a shaft
to any position within 270°. The shaft of a tuning con-
denser is shown mechanically connected to a shaded
pole motor which, in turn, is mechanically connected
to a so-called follow-up potentiometer through an anti-
backlash gear to maintain positive angular relation-
ship. The main winding of the motor is connected to
115 volts ac. The two shaded pole windings are brought
out by three wires, one of which is common. If one wind-
ing is shorted, the motor runs in one direction. If the
other winding is shorted, the motor runs in the opposite
dircction. If both windings are shorted or both are open,
no action ensues. The three wires from the shaded poles
are connected to the terminals of g two-position relayv
as shown. A position-adjust ing potentiometer js requircd
for cach of the ten operating frequencies. During a fre-
quency-changing operation one of these potentiometers
is connected in paralle] with the follow-up potentiometer
across a regulated power supply. Relayv contacts shown
in the diagram as a switch connect the arm of the posi-

tioning potentiometer to one of the input terminals of o




1952

3-stage dc amplifier, and the arm of the follow-up po-
tentiometer is always connected to the other input ter-
minal. The amplifier plate current flows through the
winding of the two-position relay. If the setting of the

positioning potentiometer is not the same as that of the

follow-up potentiometer, when power is applied, a dc
error voltage will be impressed on the amplifier of such
polarity that the relay will hold in one position and the
motor will run in the direction to reduce the error volt-
age. Since the relay is a two-position device as the error
voltage approaches a small value, the system would
start to hunt or oscillate if no other voltage were applied
to the amplifier. The hunting frequency depends on the
mechanical and electrical time constants involved, and
is around 4 cycles per second. To overcome this tend-
ency a small 25-cycle voltage is applied to the amplifier
so that for small error values the 25-cycle voltage causes
the relav to oscillate at that frequency but to remain on
one contact longer than on the other. When the poten-
tiometer settings are the same, the relay still oscillates

at 25 cycles; hut since the relay then stays on each con-

tact the same length of time and the frequency is above
the natural period, the shaft does not turn. The 25-cycle
voltage thus has the desirable effect of making the
torque developed by the motor proportional to the dif-
ference in settings of the potentiometers, for small dif-
ferences. Since there are 10 positioning potentiometers
for each continuous tuning control and there are 10
continuous tuning controls, there are a total of 100 po-
sitioning potentiometers on the front of the transmitter
to store the tuning information. In addition there are
10 potentiometers used to provide different bias poten-
tials to the harmonic generator and these are switched
directly by a bank of contacts on the selector.

In the lower right-hand corner of the block diagram is
shown a typical switching servo which is used to move
a switch to one of several fixed positions. The example
shown has eleven positions and is used to control a
tapped inductance. The switch shaft is driven by a
shaded pole motor identical with those previously de-
scribed. The motor also drives the shaft of a two-deck
switch which serves a follow-up function and provides
a way to read the switch position on a meter. The con-
tacts of the follow-up deck are connected to similar
contacts on ten range-selecting switches which are set
manually to any desired pesition and are located on the
front of the transmitter near the 110 potentiometers.
One of these range switches is used for cach of the ten
frequencies to control the position of all inductance
switches. The arm of each of the range switches is con-
nected to a contact in one bank on the selector. The arm
on this bank of the selector is connected to ground. One
shaded-pole winding of the motor is shorted and con-
nected to the ground so that the motor will always turn
in one direction when power is applied unless the other
winding is also connected to ground. If, for example, the
inductance switch is on contact No. 2 and range switch
No. 10 is set at position No. 5, when the No. 10 button
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is pushed, the selector arm will move to position No. 10
which imposes a ground on No. 5 contact of range switch
No. 10, and this ground then appears on position No. §
of the follow-up switch. The motor then will turn until
it reaches this position and stop.

Not shown on the block schematic are the rectifiers
which supply the various circuit units. The plate, bias,
and cathode heater supplies of all vacuum tubes, with
the exception of those in the last three hf amplifier
stages, are regulated in order to obtain gain stability
through the circuit. The voltages of two of the three
rectifiers used to supply these hf amplifiers are manually
adjustable. A 4,000-2,000-volt, three-phase, full-wave
rectifier supplies the plate voltage for the final two
amplifier stages. A solenoid-operated grounding device
serves to discharge both filter condensers in this rectifier
whenever it is necessarv to enter the cabinet. Another
similar grounding device shorts and grounds the open-
wire transmission lines. l.ocated at convenient places
in the front and rear of the transmitter are grounding
sticks which can be uset! for grounding circuit elements
under inspection.

All metering necessary in normal operation can be
done from the front of the transmitter without inter-
rupting the circuit. Most of the vacuum-tube space cur-
rents are measured by the use of small metering resistors
in the cathode circuits which are shunted with a suitable
meter by means of a transfer switch. In this way the
number of meters is kept at a minimum. For the final
three hf amplifiers individual meters are provided to
measure the space currents. Other meters are used to
measure the ac and dc voltages, and the position of the
various servo-controlled elements. Two additional me-
ters measure the RF current in the load resistors of hf
amplifiers 5 and 6 during lineup tests. Jacks make avail-
able test points for voltage and frequency measurements
during maintenance operations.

EQuIPMENT [DESCRIPTION

The transmitter shown in Figs. 2, 3, 4, and 5 is a
single floor-supported unit containing equipment
mounted on an iron framework which is enclosed by a
sheet-metal housing. The housing consists of two end
panels, a top panel, four doors on the front with a meter
panel above them, and four doors on the rear. The left-
hand front door has a section which can be let down to
form a horizontal writing shelf. The doors are treated
with sound-deadening material. The exterior of the
housing has a light aluminum gray lacquer finish and
the interior a light gray enamel finish. The outside di-
mensions of the assembly are 84 inches long, 421 inches
deep, and 84 inches high, exclusive of the air-intake
hood. The completed transmitter weighs approximately
5,800 pounds. The frame is built of channel and angle
iron with steel plates welded into a single structure.
There are four hays accommodating 19-inch wide panels
and rectangular steel hoxes that shield the hf amplifier
stages. These boxes are supported on horizontal angle-
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Fig. 2—Front view of transmitter with all doors closed.

Fig. 4—Front view of transmitter with doors of cabinet
and shielded compartments open.

iron rails and have doors at front and rear for good ac-
cessibility, The transmitter can be assembled and
completely wired before the housing is attached which
1s quite advantageous from a manufacturing stand-
point.

A plenum chamber occupies the top third of the left-
hand bay and contains a blower mounted on vibration
mounts. This blower is driven by a 230-volt, 50/60-
cycle, 3-phase motor. Dual belts and variable dual-
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FFig. 3—Front view of transmitter with cabinet
dours, to control bays, open.
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Fig. 5 —Rear view of transmitter with cabinet doors open

sheave pulleys allow changes to be made in blower speed
to accommadate 50/60-cvele operation from sea level
up to §,000-feet altitude. Air from the blower is used to
cool the tubes in the hf amplifier stages and other parts
of the transmitter. The cooling air enters through a 12-
inch high hood on the top of the left-hand bav, and is
exhausted through a flue at the top of the ri[;'ht-hand
bay. The hood contains a dust filter and the combina-
tion reduces the air-intake noise quite noticeably. If de-
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sired, the intake hood and exhaust flue may be con-
nected to an external duct system. This reduces the air
noise still further by a noticeable amount.

A pressure-controlled switch associatet with hi am-
plifier 5 compartment prevents filament voltage from
being present on the final amplifier stages whenever the
air pressure is below a predetermined value.

The transmitter is equipped with key interlocks so
that access to the inside of the transmitter through the
two middle front doors, the four rear doors, or the meter
compartment door on the top cannot be obtained until
the main power switch has been thrown and locked in
the off position. The general objective is to prevent ex-
posure of parts at potentials higher than 150 volts. The
right and left front doors may be opened at any time
since thev onlv give access to operating controls. The
kev interlocked doors and some of the interior shielded
compartment doors are equipped with additional pro-
tection in the form of electric door switches. An inter-
locked test switch permits power to be restored to the
modulators and other low-voltage units with the cabinet
doors open.

In ordler to insure adjusting only those potentiometers
on the servo panel that are associated with a specific
frequency, a magnetically held mask is available which
may be placed over the desired row to outline the ends
of the potentiometer shafts.

PERFORMANCE

In general, multichannel transmitters are required to
meet more rigid transmission performance requirements
than are single-channel transmitters. Some of the con-
siderations involved in meeting requirements for multi-
channel transmitters are discussed in a companion
paper, entitled “Amplifiers for Multichannel Single-Side-
band Radio Transmitters.” The methods for obtaining
high standards of performance described in that paper
have been applied in the design of this transmitter and
rather extensive measurements have been made on one
model. The results give some indication of the expected
performance. The following characteristics will be dis-
cussed :

1. Signal-to distortion ratio.

2. Speech-to-intermodulation noise ratio.

3. Adjacent-band radiation.

4. Linearity.

The signal-to-distortion ratio was measured using the
two-tone method. Fig. 6 shows the curves obtained
from measurements made with the load control “out.”
The third-order, fifth-order, and seventh-order distor-
tion curves are plotted against the relative input tone.
In obtaining data of this nature in a high-frequency
radio transmitter where the bandwidth is small com-
pared to the operating frequency only odd-order modu-
lation products need be considered because even-order
products produce noise which lies far outside the band
of the system. From Fig. 6 it is apparent that the third-
order distortion is the highest, and thercfore is taken as
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Fig. 6—Tone-to-distortion ratios plotted
against input tone amplitude.

a measure of the signal-to-distortion ratio. It may be
noted that at the peak output of 4 kw the signal-to-dis-
tortion ratio is about 36.5 db.

The speech-to-intermodulation noise curve is shown
in Fig. 7. These data are plotted against the transmitter
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Fig. 7—Measured speech-to-intermodulation noise ratios plotted
against transmitter vu output per channel

vu output per channel for conditions of load control
“in” and load control “out.” These curves indicate that
the load control prevents excessive intermodulation as
the transmitter output per channel increases. They also
show that the transmitter can be operated at an output
of 56.7 vu per channel when using the load control and
produce no more interchannel modulation neise than
when operating at 55-vu output per channel without
load control. It is evident, then, that the load control al-
lows transmitter to be operated at 1.7 vu greater output
per channel on basis of interchannel modulation noise.

The present crowded condition of the high-frequency
spectrum in which transmitters of this type operate de-
mands that the adjacent-band radiation should be kept
to a minimum to reduce possibilities of interference.
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Fig. 8—Adjacent-band radiation plotted as a function of frequency
measured from the center of the transmission hand.,

Measurements of the adjacent-band radiation® were
made both with the load control “in” and with the load
control “out.” The results are shown in Fig. 8, where the
adjacent-band radiation is plotted as a function of fre-
quency measured from the center of the transmission
band. The ratios were obtained by measuring the speech
amplitude in a 2.7-ke transmitter band and relating it to
the amplitude of modulation noise in a 2.7-ke receiver
band centered at the frequency indicated. The data
show that with the load control “in” the adjacent-band
radiation is about 1 to 2 db lower than with the Joad
control “out.” It may he noted that the transmitter out-
put per speech channel with the load control “in” is 1.7
vu greater than with the load control “out.” This sup-

¢ N. Lund, “Methods of measuring adjacent-band radiation from
radio transmitters,” Proc. I.R.E., vol. 39, pp. 653-656; June, 1951,

RELATIVE INPUT IN -C?ECIBE-LGS
Fig. 9 Linearitv curve,
ports the observation made in regard to Fig. 7, and
shows that the advantage of the toad control is also
about 1.7 vu in transmitter output per channel on the
basis of equal adjacent-band radiation.

Fig. 9 shows the lincarity curve. The over-all input-
output characteristic is shown using speech loading with
the load control “out.” This curve shows the relation.
ship between the transmitter vu output and the relative
input in decibels. 1t will be noted curve is linear up toan
output of about 57 vu where it begins to fall off slightlh

The model of this radio transmitter was installed at
the Lawrenceville, N. J. overseas radio station, operated
by the American Telephone and Telegraph Company
in December, 1949, Tt has been used for the transmission
of four independent 250 2,750-cvcle speech channels in
regular overseas serviee,

Amplifiers for Multichannel Single-Sideband
Radio Transmitters*

N. LUNDY, ASSOCIATE, IRE, C. F. P. ROSEY, seNior MEMBER, IRE, AND .. (. YOUNGHT,
SENIOR MEMBER, IRE

Summary—Considerations are given for designing high-fre-
quency amplifiers whose performance will meet the high standards
required for amplifying multichannel signals. A relationship between
tone and speech data is presented to show how the tone rating of the
amplifier can be determined from the speech rating and interchannel
modulation noise requirements. Some of the factors which influence
distortion and some methods of reducing such distortion are also
discussed.
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N THE DESIGN of carrier telephone svstems, the

goal has been to carry as many channels as possible

over one pair of wires to reduce the cost of service
per channel. Similarly, large cconomies can be obtained
by multichannel operation of high-frequency  radio
systems. These economies result because the cost of
the additional equipment required in a transmitter and
receiver to obtain multichannel operation is far less than
the cost of individual transmitters, receivers, and an-
tennas. In addition, it is possible to place a greater
number of channels in a given frequency space when
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using multichannel transmitters rather than single-
channel systems. This is true because only one band is
required to take care of frequency instability of the
multichannel transmitter, whereas an equal bandwidth
is required for each single-channel transmitter. Some of
the early high-frequency single-sideband systems were
of the twin-channel type.! In those twin-channel sys-
tems, two 3-kc channels were transmitted over the same
radio transmitter with a 3-kc guard band between the
channels. This guard band was used to prevent the rela-
tively strong third-order modulation products, gen-
erated by one channel, from falling into the other
channel and causing excessive interference. In recent
vears the design objective has been to use all available
frequency space by placing additional channels in the
guard bands. Consequently, the third-order modulation
products which fall into adjacent channels must be
minimized. Any transmitter which is modulated by a
complex wave, such as a speech signal, will generate
some adjacent-band distortion products which may fall
into the channels of other services and cause interfer-
ence. Therefore, it is necessary that the transmitting
amplifier used in such a transmitter shall be capable of
amplifying the multiplex signal without generating
either excessive interchannel modulation noise or ex-
cessive adjacent-band radiation.

In the conventional single-sideband system the out-
put of the final modulator is at low amplitude and
contains some unwanted modulation products. This re-
quires that the high-frequency amplifier have high gain
to obtain the desired power output and have high se-
lectivity in order to suppress the unwanted modulation
products. In addition, the shielding of the amplifier
and the selectivity of its circuits must be adequate
from a harmonic radiation standpoint.

In order to obtain satisfactory and continuous opera-
tion of the long-distance overseas services, it is often
necessary to change the transmitter {requency three or
four times during a day over a frequency range of four
to one. These frequency changes should be made as
rapidly as possible so as to make the greatest amount of
circuit time available. Therefore, it must be possible to
set rapidly and accurately the tuning of the high-
frequency circuits so as to obtain the same high stand-
ards of distortion and gain stability for all operating
frequencies.

For single-sideband transmitters, it has been con-
venient to rate the transmitting amplifier in terms of the
maximum envelope peak-power output that can be pro-
duced without generating excessive distortion. This
maximum envelope peak-power has been defined as the
peak-power output that results when the transmitter is
loaded with two equal tones such that the third-order
distortion is a definite number of db (usually 25) below
the amplitude of one of the two tones. From a radio-
transmission standpoint, a more significant rating is the

I'A. A. Oswald, “A short-wave single sideband radio telephone
system,” Proc. I.R.E., vol. 26, pp. 1431-1454; December, 1938.
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equivalent vu output of the transmitter per channel,
which is defined as the reading of a vu meter at the
audio input increased by the gain between that point
and the single-sideband transmitter output. The gain
is taken as the maximum value which can be used with-
out generating excessive interference to channels either
internal or external to the transmitted band. The vu
rating is more significant than the tone rating because
it is the equivalent vu output of the transmitter which
determines how effectivelv the signal will overcome
noise and interference at the distant radio receiver.
The designer, then, is given the required vu output per
channel and number of channels to be transmitted.

However, before the designer can select the proper
tube complement for the amplifier, he needs to deter-
mine an equivalent tone rating for the amplifier. This
is necessary because power tubes are usually rated on
the basis of tone output. Therefore, the designer needs
to know the correlation between tone rating and speech
vu rating for the particular number of channels to be
used. Such a relation has been determined empirically,
and the method for determining it will be presented.

It will be assumed that a radio transmitter is to be
designed to have certain characteristics. The particular
specifications of the system that must be known before
solution of the- problem can begin are (1) number of
channels and frequency arrangement of the channels,
(2) permissible maximum interchannel cross talk and
adjacent-band radiation, and (3) the desired radio
transmitter output in vu per channel.

CORRELATION OF TONE AND SPEECH TESTS

The problem of correlating the tone and speech op-
eration of a radio transmitter is somewhat similar to
the problem of correlating the amplitude of the modula-
tion products generated by tones with the interchan-
nel modulation noise generated by speech in carrier
telephone systems. This problem” in carrier systems
has received considerable attention. For amplifiers used
in such systems, load rating and modulation require-
ments are handled scparately.?® It is assumed that the
amplifier uses a large amount of negative feedback, and
consequently, shows low modulation below the over-
load point and high values of modulation above the
overload point. The load rating is then established on
the basis of input-amplitude distribution; that is, the
amplifier is loaded so that the maximum amplitudes for
the combined channel distribution will exceed the over-
load point for only a small percentage of the time.
Modulation requirements are then established sep-
arately for amplitudes which do not exceed the over-
load point.

Telephone carrier systems have many channels with
unregulated speech volume on each channel, so that a

2 B. D. Holbrook and J. T. Dixon, “Load rating theory for multi-
channel amplifiers,” Bell Sys. Tech. Jour.; October, 1939.

3 W. R. Bennett, “Cross-modulation requirements on multi-chan-
nel amplifiers below overload,” Bell Sys Tech. Jour.; October, 1940.
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considerable allowance in load rating must be made to
take care of the large range of talking volumes on cach
channel. Since these carrier systems use feedback ampli-
fiers operated well below overload, the modulation
requirements can be fairly well approximated by assum-
ing that only sccond- and third-order products are im-
portant.® A high-frequency radio system, using a small
number of channels, differs from a carrier system in that
the speech volume input is controlled, that is, main-
tained on the several channels at a predetermined level.
Low levels extremely susceptible to interchannel modu-
lation noise are thus avoided, and the transmitter may
be operated near the overload point. One other differ-
ence between the radio transmitter and the carrier
amplifier is that the modulation products are generated
in a class B amplifier of the radio transmitter, where
at low amplitudes, the magnitudes of the modulation
products do not change rapidly with input amplitude:
while the modulation products generated in the class
A carrier amplifier vary as the exponent of the order
of modulation product. That is, the class A carrier
amplifier input-output characteristic may be approx-
imated by a simple power serics using constant co-
efficients, but a similar analysis for the class I3 ampli-
fier as usually operated is more involved.

In general, interchannel modulation noise is thought
of as resulting from the harmonics of single frequencies
or the beating of two or more discrete frequencies in
the speech band. In a system using a high-frequency
transmitter where the bandwidth is small compared to
the operating frequency, only odd-order modulation
products of two or more frequencies need be consid-
cred. The even-order products and the products in-
volving only a single frequency produce roise which
lies far outside the pass band of the amplifier.

A correlation between tone and speech measure-
ments based on experimental data for three types of
single-sideband transmitters has been obtained. This
correlation shows that there is a fairly definite relation
between two-tone third-order distortion measurements
and modulation noise measurements where the modu-
lation noise is the result of third-order modulatjon
between speech frequencies. The results are plotted in
such a manner that it is possible to answer the following
design question for a new single-sideband system. If the
speech-to-modulation noise ratio for the new system is
to be X decibels, what should the corresponding tone-
to-distortion ratio be for that system?

Interchannel modulation noise data have been ob-
tained for two-, three-, and four-channel svstems when
using three different single-sideband reduced carrier
radio transmitters. In each of these systems the speech
bands were 2,500 cps wide with 500-cps bands separat-
ing the specch bands. The reduced carrier was trans-
mitted at an amplitude of 26 db below the rated en-
velope peak-power output and was placed at the center
of the over-all band. For the three- and four-channel
systems the maximum interchannel modulation noise
was found on the channels adjacent to the carrier, and

this modulation noise was mainly the result of third-
order modulation products. The interchannel modula-
tion noise data were obtained as speech-to-modulation
noise ratios for cach channel combination. For cach
channel combination, @ series of measurements was
made for different input speech amphtudes, These
speech measurements for cach transmitter were then
compared with the two-tone  third-order  distortion
measurements for that transmitter. All the tone and
speech data have been plotted in Fig. 1 using certain
factors relating the transmitter speech input in vu and
the transmitter tone input in dbm. These factors for
the three different channel combinations are
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Fig. 1—Combined plot of measared two-tone third-order distortion
ratios and speech-to-maodulation noise ratios for three different
types of transmitters.

These data show, for example, that in a four-channel
system, if the tone mput is numerically 6 db greater
than the speech in vu, the speech-to-modulation noise
ratio will be related to the tone-to-distortion ratio hy
the curve plotted in Fig. 1. The data plotted in Fig. 1
have been obtained for three different transmitters
having widelv different distortion characteristics. The
measured third -order distortion characteristies for these
transmitters is shown in Fig. 2. Transnntter A had an
envelope peak-power rating of 7.5 kw and incorporated
radio-frequency feedback. Two curves are shown for
this transmitter one with 20 db of negative feedback
and one with no feedback. Transmitter B had an en-
velope peak-power rating of 4 kw and had the negative
feedback inherent to g grounded-grid final amplifier
stage. Transmitter C had an envelope peak-power rat-
ing of 2 kw and used no feedback. The two-tone curves
for transmitters I3 and C show some sharp variations
from a smooth curve. These variations are usually the
results of the distortion Product generated jn one part




1952

of the amplifier partially cancelling or adding to the
distortion product generated in another part of the
amplifier. With tone input, it would be expected that
this cancellation or addition process would occur at a
particular amplitude of the cyclic input wave. \When
speech is applied, the input amplitudes of the com-
ponent speech frequencies have a fairly large range of
values, and the cancellation cffect takes place over only
a small range of amplitudes. For component amplitudes
slightly greater or less than the critical amplitude, the
modulation noise is much higher than the cancellation
value and the effect of low-amplitude components is
minimized. Therefore, when interpreted for speech, the
two-tone distortion curves are graphically smoothed as
shown by the dotted curves in Fig. 2. It is the smoothed
data which are used to obtain the relationship between
speech and tonc measurements as shown in Fig. 1.
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with input amplitude for three different types of transmitters.

By using Fig. 1 the tone power output and two-tone
distortion requirement for the amplifier can be estab-
lished. For example, if it is required to have a speech-
to-modulation noise ratio of 35 db in a four-channel
system, Fig. 1 shows that the two-tone third-order dis-
tortion ratio should be 27 db when each of the two
tones is 6 db greater than the speech output in vu. If
the required speech output from the transmitter is 54
vu per channel, then the corresponding single-tone out-
put of the transmitter should be 60 dbm, and the
envelope peak-power should be 66 dbm when the two-
tone distortion ratio is 27 db.

I'he correlation gives a method for determining what
the tone rating of the transmitter should be in order
to obtain a certain speech-to-modulation noise ratio
in the channel nearest the center of the transmitted
band. In some cases it may be desirable to design for
a certain speech-to-modulation noise in a channel just
outside the transmitted band. In a four-channel system
occupying a 12-k¢ band, it has been found that the
modulation noise in the next 3-kc channel just outside
the transmitted band is normally about 4 db less than
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the modulation noise in a channel adjacent to the car-
rier which is at the center of the transmitted band.

AuTtoMATIC [.oaAD CONTROL

Normally, each telephone channel in a multiplex sys-
tem is husy for only a small percentage of time. This
means that all four channels will be busy at the same
time for an even smaller percentage of time. These facts
suggest that it would be advantageous to use some de-
vice which causes the transmitter to be loaded to its
peak capacity regardless of the number of channels
that are husv. Such a device, which is termed an auto-
matic load control, can be used to give an average in-
crease in speech power output. This device is essentially
a backward acting automatic volume control with the
time constants so adjusted that there is little clipping
of the speech signals. The attack time constant of the
device is about 2 milliseconds so that the transmitter
amplifier will not be overloaded for any appreciable
length of time. The recovery time constant is about
100 millisecon'ds so that there is little distortion of the
speech syllables. A biased rectifier is used to rectify
a sample of the radio-frequency envelope at the output
of the amplifier. The control voltage so obtained is used
to control the gain of a low-level amplifier stage. Meas-
urements on a-system using this device indicate that
the transmitter output can be increased by about 1.5
vu in a four-channel system without increasing the ad-
jacent-band radiation.* These results were obtained
when each channel was loaded with speech for about
50 per cent of the time. If the duty cycle for each chan-
nel is less, the advantage of the load control will be
greater. This load-control device is also effective in pre-
venting accidental overload of the transmitter, and also
tends to reduce the bad effects of variations in the
transmitter gain.

CAuUsES OF 1)ISTORTION AND 1S REDUCTION

After determining the tone-to-distortion ratio and
tone power output required, power amplifier tubes ca-
pable of meeting these requirements can be selected. It
would be desirable to select tubes for the driver stages
so that these stages would not contribute to the over-
all distortion of the amplifier. In practice this is uneco-
nomical, and a compromise must be made to keep the
size of the driver stage within reasonable limits.

A method of reducing distortion is to use radio-fre-
quency feedback between the output stage and some
preceding stage. Experimental feedback amplifiers
having power outputs up to 150 kw have been built
and tested in the laboratory to evaluate the advantages
of feedback. These experiments showed that substantial
distortion recduction can be obtained when the trans-
mitter output volume is below the usual rating of the
transmitter, but that these advantages rapidly disap-
pear as the output volume approaches this rating. This

=t Performance data for this device as used in the Western Electric
I'ype LD-12 Transmitter is given in a companion paper by I..

Klenk, A. J. Munn and J. Nedelka, “A multichannel single-sideband
radio transmitter,” I’roc. |.R.E., vol. 40, pp. 783-790; this issue.
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together with the added complexity of over-all radio-
frequency feedback, has made its use appear unwar-
ranted for the type of application discussed here.

A typical third-order two-tone distortion character-
istic for a complete amplifier is shown in Fig. 3. This
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Fig. 3-—Typical two-tone third-order distortion characteristic
for a transmitter amplifier.

characteristic shows that the distortion has a sharp null
or cancellation at point 4 which corresponds to a power
output of about 3 db less than the rated envelope peak
power. Also this characteristic shows that the distortion
is relatively constant in the B region which corre-
sponds to a power output of about 6 to 10 db less than
rated peak output. For still lower power output the
distortion gradually decreases.

A typical dynamic characteristic for the same ampli-
fier, exaggerated for illustrative purposes, is shown in
Fig. 4. This characteristic is a plot of the input to the
amplifier against the output of the final stage. For very
small inputs in the region 4 the amplifier is operating
class A, and for higher inputs in this region the opera-
tion is class AB. The curvature of the dvnamic char-
acteristic is concave upward in region 4, and such curva-
ture is typical of a class A or AB amplifier. The amount
of curvature in this region is small so that the distortion
is relatively small as shown in the region to the left of
B in Fig. 3. At point X the final stage begins to draw
grid current and the amplifier begins to operate as a
class B amplifier. As soon as the final stage draws grid
current, an additional load is placed on the driver
stage, and, as scen on the dynamic characteristic, this
prevents the output from increasing proportionately as
fast as the input. When the grid of a typical power
tube is driven positive, there is a region where the grid
current becomes constant or actually may decrease and
then increase again. This effect is known to be caused
by secondary emission from the grid. In this region C
on the dynamic characteristic, the grid of the final stage
is not loading the driver stage as heavily as in the region
B, and consequently the dvnamic characteristic tends
to straighten out again. In region D the dvnamic char-
acteristic is again concave upward because the plate
current-grid voltage characteristic of the final ampli-
fier has this curvature and is the controlling factor on
distortion. Region E represents an overload condition
and shows a leveling off which is the result of the peak

plate voltage approaching the value of the de plate
supply voltage for the output stage.

The dynamic characteristic shown in Fig. 4 may be
used to ;'xpl:lin the shape of the two-tone third-order
distortion curve shown in Fig. 3. The amount of dis-
tortion generated when operating up to any particular
point on the dvnamic characteristic is roughly propor-
tional to the maximum distance between the dvnamic
and a straight line joining that point to the origin, For
low amplitudes in region A of Fig. 4 the departure from
linearity is small so that the distortion is also small. As
the amplitude is increased, the departure from linearity
increases until at point 17 the departure is a maximum.
Operating up to point 11" then corresponds to region B
shown in Fig. 3. As the amplitude is increased bevond
point IV, the departure from lincarity decreases until
at point ¥, the departure is a minimum. Operating up
to this point Y on the dynamic characteristic then cor-
responds to the null in the distortion curve at point A4
in Fig. 3. When the amplitude is increased beyond
point ¥, the departure from lincarity increases again
and the distortion increases.

It may be noted that the cancellation effect is the
result of a change in curvature of the dynamic charac
teristic, and this change in curvature is a result of grid
current drawn by the final amplifier stage. This can-
cellation effect normally docs not occur in a class A
amplifier because the dvnamic characteristic does not
have such a point of inflection. For a class A amplifier
the distortion increases steadily with input and usually
follows a simple law,

OUTPUT e

INPUT =
Fig. 4+ Typical dynamic characteristic for
transmitter amplitier.

In region C of the dynamic characteristic shown in
Fig. 4, it is noted that seccondary emission has a tend-
ency to straighten out the dynamic characteristic and
thereby give lower distortion. Therefore, tubes which
show no secondary emission would give more distortion
for the same driving power. Consequently, tubes which
do show some secondary emission effect are preferred
for the power amplificr.

From the above discussion it is seen that the manner
in which the dynamic characteristic for one stage adds
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to another may cither increase or decrease the oy er-all
distortion. In a multistage amplifier such effects can be
quite complex if many stages are operated near over-
load. 1t is usually desirable that not more than the final
two-stages contribute appreciably to the over-all dis.
tortion. The following general guides have been found
useful in designing amplihers for low-distortion output:

1. Operate as many stages class A as cconomically
feasible.

2. Where grid current is drawn, calculate the funda-
mental component under full drive conditions and
shunt the grid with a swamping resistor such that
the current supplied to this resistor by the previ-
ous stage is at least 10 times that due to the fun-
damental component of the grid current.

3. Where tubes are operated other than class A,
select a bias so that under full drive conditions
plate current will flow through at least 220 degrees
of the cvele. Self bias, either in whole or in part,
should not be used for stages operated other than
class .

4. Select the value of impedance presented to the

plate of the final stage so that under full drive

conditions the radio-frequency voltage developed
at the plate will be 75 to 80 per cent of the de
plate voltage. Therefore, the efficiency under such

peak drive conditions will be of the order of 60

per cent.

5. Select any stage of the amplificr as a reference.
Preceding stage which drives it should be of suth
cient size that at least a 3-db margin above full
drive requirements can be obtained without undue
distortion contribution from driving stage.

o. Plate, screen, and bias supplies for those stages

other than class A should have excellent regulation

characteristics. The impedance of such supplies to
the audio-frequency currents gencrated in grid
circuits or class 13 plate circuits should be kept
low. Under two-tone full-load test conditions, the
audio voltage developed across such impedances
should be less than 2 per cent of the de voltage at
audio frequencies above 100 cycles. \t the resonant

frequency of the rectifier filters, usually about 35

cveles, the audio voltage should be less than 10

per cent.

I'he shielding of the radio-frequency circuits and

the filtering of the power-supply circuits should be

designed so that the spurious feedback will not

affect the voltage at any grid by more than 10

per cent at any operating frequency.

8. In general, it is the feedback path within the tube
itself which determines what values of stable gain
can be obtained. In the majority of cases, using
present-day tetrodes, a gain of 15 to 20 db per
stage can be realized with satisfactory stability.
The gain per stage for higher power stages where
grids are driven positive is rarely in excess of 12
db on account of the power which must be wasted
in grid swamping resistors to minimize distortion.
In the case of grounded-grid amplifiers the gain is
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even less than this, but the power is not wasted
since it appears in plate circuit of driver stage.

CIRCUIT ARRANGEMENTS

\fter selecting a tube complement which will meet
the power output and distortion requirements, the de-
signer may consider some of the other requirements of
the amplifier. These requirements may be outlined as
tfollows.

Frequency Range

In general, about a 6-to-1 frequency range will be
specified, and this will be within the limits of 3 to 30
mc; for example, a 4-to-23 mc range. The tuning facih-
ties must be such that the transmitter can be tuned
quickly and accurately for optimum operation into a
wide range of antenna impedances at any frequency in
this range.

Selectivity

Since the output of the modulator contains, in addi-
tion to the sideband to be amplified, the other sideband
and a conversion frequency, the tuned circuits in the
amplifier must be sclective enough to reject the un-
wanted frequencies to a satisfactory degree. \n over-
all check is required to verify that the spurious fre-
quency radiation is well below cither the F.C.C. or the
customers’ requirements

Gain

In order to obtain low values of distortion in the
final modulator of the transmitter, it is necessary to
operate the modulator at low signal amplitude. The
output of such a modulator may be of the order of a
tenth mw when the amplifier is delivering its peak
envelope power. If, for example, the amplifier is to de-
liver 4-kw output, the required gain is of the order of
76 db. Obviously, the amplifier must consist of a num-
ber of stages with good shielding between the low- and
high-level portions of the amplifier circuits.

Power Frequency Noise

Uawanted modulation of the single sideband or car-
rier by power-supply frequencies is classed as noise. The
sum total of these products should be at least 45 db
less than the peak capacity of the amplifier. It is prefer-
able that they be 50 db less. In some high-power ampli-
fiers, it may be necessary to quarter phase the filament
circuits to meet this requirement.

For a specific amplifier, there is probably no particu-
lar circuit arrangement which can be defended as being
optimum. In the past, balanced or push-pull circuits
have been widely used. This type of circuit has advan-
tages where triode amplifier tubes are utilized, inas-
much as bridge neutralization can be employed and
made effective over a wide frequency range with rela-
tively minor adjustment of neutralization over the
range. Since the load connected to the output of the
amplifier is usually balanced, a simple circuit can be
used to couple the load to the power output tubes of
the amplifier. In addition, when high powers are in-
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volved, some of the heavy current blocking capacitors
used for single-sided circuits are eliminated in the push-
pull type of circuit. However, the push-pull circuit re-
quires more tuning clements and in general costs more,
Furthermore, the circuit clements require rather precise
control to obtain a high degree of symmetry, and the
tubes must be sclected to have reasonably well-matched
characteristics. IHarmonic suppression in the bridge-
neutralized push-pull amplifier is sometimes inadequate
because a center ground, which would be desirable from
a harmonic suppression standpoint, must be omitted to
keep the amplifier in stable balance.

Tube developments in recent years, particularly as
regards moderately high-power tetrodes and high-trans-
conductance high-frequency triodes, have made possible
the construction of multistage high-gain amplitiers of
substantial power output requiring no neutralization.
The general scheme is to utilize tetrodes throughout or
else a grounded-grid triode as a final output stage and
incorporate a large enough tetrode in the preceding
stage to drive it, smaller tetrodes being used as pre-
liminary stages. The elimination of the neutralization
problem practically nullifies the major advantage pos-
sessed by a push-pull circuit, hence single-sided circuits
are generally employed in present-day practice, The
principal disadvantage of a single-sided circuit is the
necessity for converting the output of the final stage
into a balanced form for connection to the balanced
antenna system. lowever, the problem of providing
such a conversion circuit is relatively minor as regards
cost or technical difficulty.

For amplifiers which have a power rating of 20 to 60
kw, it has been necessary to use triodes since high-power
tetrodes have not been available® In this case, a bridge-
neutralized, single-stage amplifier may fit the particular
circumstances most cconomically, particularly if the
driving power available is insufficient to excite a
grounded-grid type of amplifier. Sufficient neutraliza-
tion must be provided so as to prevent gain variations
which will cause poor distortion characteristics. Experi-
ence shows that a variation in gain of plus or minus one
db can usually be tolerated when working with a triode
amplifier which affords 7 to 12 db of power gain. The
degree of neutralization usually must be such that not
more than S-per cent variation in input voltage results
when the output circuit is detuned or decoupled suf-
ficiently to produce a 50-per cent change in radio-fre-
quency output voltage.

From a circuit standpoint, single-side circuits present
three distinct advantages when compared with push-
pull circuits. First, they require fewer circuit clements,
which minimizes costs. Secondly, single-side circuits
present fewer circuit paths by which parasitic oscilla-
tions may occur. Third, harmonic suppression can be
achieved with simpler circuits

Regardless of the type of circuit employed, the inter-

§C. F. P. Rose, “A 60-kilowatt high-frequency  transoceanic-
radiotelephone amplifier,” Proc. L.R.E., vol. 33, pp. 657-602; Octo-
ber, 1945.
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stage tuning and antenna coupling facilities incor-
porated into the amplifier design should be such that
cach tube operates over the same portion of its char-
acteristic at all frequencies in the operating range of the
amplifier. This means that under any particular condi-
tion, the plate-load resistance and the successive grid
load impedance are constant with frequency, and there-
fore the gain is independent of frequency,

No special difficulty is encountered in arranging con-
ventional types of interstage circuits to achieve this
constancy of gain per stage. Obviously, the inductors or
capacitors of the circuit or both must be variable over
a wide range of values to be tunable over a 6-10-1
frequency range. Inductive coupling does not lend itself
well for this application of constant gain per stage and
ordinarily has no compensating advantage to warrant

1ts use.
Prati AND Grip SureLy RECTIFIERS

The plate and grid currents drawn by single-sidehand
class B amplifiers contain audio-frequency components,
These audio currents flowing through the rectifier filter
impedance develop audio voltages which cause the
amplifier output signal to be distorted. Ideally, the im-
pedance of the rectifier supply system should be zero
to these currents over the entire audio scale. In actual
practice, it is feasible to keep this impedance low over
most of the frequeney range, but it is necessary to tol
crate an increase in impedance at the frequency where
the inductive and ¢ apacitive clements of the smoothing
filter antircsonate. Filters designed to antiresonate in
the region of 35 cveles have heen found satisfacton
since this is well above the range of syllabic frequency
(0-20) and below most of the difference frequencies as-
sociated with speech. To minimize the impedance over
a wide range it is necessary to make the capacitive
element large and the inductjve clement small. The
power rating of the plate rectifier should be such that it
can carry continuously the plate current which flow-s
when the normal signals are applied to the transmitter
Also, the rectifier should be capable of carrving over-
load currents for short periods during which test tones
are applied to the transmitter,

CONCLUSIONS

Considerations involved in designing high-frequency
amplifiers which will meet the high standards required
for amplifying multichanne] signals have been given.
A relationship between tone and speech data has been
presented to show how the tone rating of the amplificr
can be determined from the speech rating and inter-
channel modulation noise requirements. Some of the
factors which influence distortion and methods of re-
ducing such distortion have been presented. The advan-
tages and limitations of halaneed and unbalanced am-
plifier circuits have been discussed, and it is concluded
that unbalanced circuits are preferred for low- and
medium-power amplifiers; for some high-; ower ampli-
fiers, a balanced circuit may have an advantage.
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Design of Modulation Equipment for Modern
Single-Sideband Transmitters”

A. E. KERWIENT, SENIOR MEMBER, IRE

Summary—This paper deals with considerations that go into the
design of modulation equipment for a single-sideband radiotele-
phone transmitter in which filters are used for sideband suppression.
Balance requirements, frequency stability, the choice of intermediate
frequencies, and methods of avoiding transmission of spurious fre-

quencies are among the factors which are discussed.
N

A sideband radio-telephone transmitter is the part

in which the single-sideband signal is gener-
ated and placed in its proper frequency relationship
to the assigned carrier frequency. Previous authors have
given this part of the equipment various names, such
as “exciter,” “generator,” or “drive,” as distinguished
from the part of the transmitter the chief function of
which is to amplify the power. Its design is usually not
independent of the amplifier design, however, and the
sclectivity and gain of the amplifier stages are factors
of considerable importance in the design of a single-
sideband gencerator.

I'wo fundamental methods for deriving a single-side-
band signal are known. In both of these the sidebands

re produced by modulating the amplitude of a carrier
with the signal. In one, the elimination of one sideband
is accomplished by filtering. This more common method
has been in use for about thirty years since its first
pplication in carrier telephone systems.

I'he sccond method of generation, which was invented
by Hartlev,! depends on phase cancellation for the
¢limination of one ‘sideband, and has been referred to
's the “phase rotation method™ or as the “halanced-
sideband svstem.” A\ typical form of the generator
uses two balanced modulators which have common
sources of carrier and signal input, but which are ar-
ranged so that the carrier and signal voltages are sup-
plicd to one modulator 90 degrees displaced in phase
from the carrier and signal voltages of the other modu-
lator. \s a result, in the combined modulator outputs,
one sideband is cancelled. The use of balanced modula-
tors serves to suppress the carrier.

I'his latter method is somewhat newer and has heen
usedl relatively little, largely because it suffers the dis-
advantages which are characteristic of any balancing
device involving active elements. There are problems
in obtaining, and still greater problems in maintaining,

INTRODUCTION
INNPORTANT PART of the modern single-

* Decimal classification: R355.8 X R148.16, Original manuscript
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March 3, 1952,

t Bell Telephone Laboratories, Inc., Deal, N. J.

1.V.L.Hartley US.PatentNo.1.666,206;granted April17,1928.

2(). ;. Villard, Jr., “A high-level single-sideband transmitter,”

Proc. RE., vol. 36, pp. 1419-1126; November, 1918

\. H. Reeves, “The single sideband svstem applied to short-wave
:cl«-ph‘n;)c links,” Jour. IEE (London), vol. 73, pp. 245 280, Septem-
ser, 1933,

the high degree of balance which would be required for
satisfactory suppression of the unwanted sideband. 1t
is attractive because, theoretically, it offers the possi
bility of generating a single sideband directly at the
final frequency. In this case, however, the preservation
of exact phase and amplitude balance of the modulator
outputs hecomes especially difticult in a transmitter
whose operating frequency must be changed rapidly
from one to another of several frequency assignments.

The degree of sideband suppression which may be ob-
tained in practice by the balanced-sideband method is
far less than can be achieved with filters. The balanced-
sideband method involves power-consuming and ex-
pendable tubes, and components requiring adjustment
and maintenance. Filters, on the other hand, give a
higher degree of selectivity and greater stability of per-
formance, yet are passive networks which need no
attention. 1t is believed, therefore, that for high stand-
ards of performance and quality of parts, a single-
sideband generator incorporating balancing methods
will not be less expensive than one using filters.

For these reasons, the conventional filter method has
heen used in all of the designs of transmitting equip-
ment for Bell System overseas radiotelephone service.
Only this method will be treated in the following para-
graphs.

Before undertaking a detailed analysis of the indi-
vidual problems and requirements of the various modu-
lators and filters involved in a typical system, it seems
advisable to review the way that an over-all system
works. For this purpose, the frequency block schematic
shown in Fig. 1 will be used. This was drawn for a
modern transmitter which transmits two independent
sidehands arranged symmetrically with respect to the
final carrier. Each of these sidebands occupies a space
between 0.1 and 6 kc measured from the carrier fre-
quency. By means of suitable terminal equipment
which is not included as a part of the transmitter, each
of these bands may be subdivided into two specch
channels, each approximately 2,500 cycles wide, or they
may carry speech inversion or privacy as well as multi-
plex-tone telegraph circuits.

For illustration, the signal entering the Group A in
put is shown to consist of two speech bands, Al and A2,
lying in a band of frequencies from 0.1 to 6 kc. Similarly,
the Group 13 input consists of another group of two
speech bands, designated B1 and 132, which occupy a
sitnilar band of frequencies. These input frequencies
modulate a 100-ke carrier which is supplied to both low-
frequency modulators from a crystal oscillator. As a
result of the modulation, each modulator produces
double-sideband output with greatly reduced carrier,
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as shown by the blocks on the spectral diagrams, These
outputs are filtered by paired erystal filters having
conjugate characteristics. Thus, the output of Low-Ire-
quency Modulator 1 Carrying Group A is passed
through a filter which transmits only frequencies lyving
above 100.1 ke and not greater than 106 ke, At the same
time, the outpurt of Low-Irequeney Modulator 2 Carry-
ing Group B is passed through a filter which transmits
only frequencies below 99.9 ke and not lower than 94
kc. The outputs of the filters are then combined through
a hybrid and yield a signal in whose spectrum the blocks
Al and A2 from Group A lic above the carrier and the
blocks B1 and B2 from Group B lic below the carrier. At
this point in the svstem, the carrier which had been bal-
anced to a very low amplitude in the modulators is re-
supplied at a desired value, cither 10 or 20 db below
reference amplitude.
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Fig. 1- Frequency block schematic of a modern
single-sideband generator.

By virtue of the crystal filters and the high ratio of
carrier-to-signal used in the modulators, the signal at
this point is clean, i.e., free of unwanted sideband and
extra products. It occupies a band of frequencies 12 ke
wide centered at 100 kc.

The next modulation step translates this group of
sidebands to a medium frequency, using a conversion

|
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frequency of 2,700 ke, The output of the second modu-
lator,  Medium-IFrequeney Modulator, contains  the
2,700-ke conversion trequency at an amplitude, which is
reduced because of balance, and a sideband centered
100 ke above the conversion trequencey, with carrier
at 2,800 ke and another sideband 100 ke helow (he
conversion frequency with carrier at 2,600 ke, The up-
per sideband is selected by a series of clectric itters
for transmission. Fxamination of the spectrum of this
sideband shows that it consists of the blocks 132, 131,
AL and A2 occupving a 12-ke band centered on the
carrier frequencey, which is now 2,800 ke, By conseryva-
tive operation of the modulator and by adequate filter-
ing, this group of sidebands can also he made elean and
free of spurious and extra-hand products. This signal is
now ready for the inal modulation.

In the frequeney block diagram that we have been
following, the fimal modulator (High-I'requency Nody
ltor) is shown simply as a means for combining the sig-
nal group centered at 2,800 ke with a high frequency in
the range 6.8 10 20.2 me. The exact conversion frequency
to be used depends on the frequeney which is assigned
to the tinal carrier. In the output of the High-I'requency
Modulator, the conversion frequency appears at an
amplitude which has heen reduced by balance. T'wao side
hands of this modulation also appear, one centered at
afrequency 2.8 me above the conversion frequency and
one centered at a frequency 2.8 me helow the conversion
frequency. Fither of these mav he transmitted by sim-
ply tuning the circuits of the following amplifier stage«
to its centered carrier. But it will be observed that the
lower sideband is inverted with respect to the upper
sideband. In other words, A1 appears below the carrier
in the lower sideband group, whereas it appears above
the carrier in the upper sideband group.

This makes it necessary for the distant receiver to
know which sideband is being transmitted in order to
be able to route the intelligence in each band to its
proper destination. T'he casiest rule to follow would be
always to transmit the same sideband, cither upper or
lower, but there are cconomies to be gained both at the
transmitter and at the receiver by changing from one
sideband to the other in order 1o reduce the range of
conversion frequency required for the final modulator.

The convention wis established in earlier transmit-
ters' that for all radiated frequencies Tess than 10 mi
the carrier will appear in the output spectrum above the
sidebands of the Group A input, and that for frequencies
of 10 mc or above, the carrier will appear below the
Group A sidebands, This rule is now observed widely,
and therefore any transmitter which s designed 1o
operate in svstems where correspondence with various
.re(‘ei\'crs is required should be designed and operated
In accordance with the ruje. Observance of the rule is
effected simply by transmitting the Jower sideband of
the final modulation for carrier frequencies below 10 me

‘ A,":\, Oswald, "\ short-wave single-sideband radiotelephone
system,” Proc. I.R.E., vo!, 20, pp. 1431 1455; December, 1938,




1952

and by transmitting the upper sideband at 10 mc and
above.

In recent years more attention has been given to the
problem of keeping spurious modulation products from
appearing in or near the sideband frequencies which are
transmitted. Many spurious products result from the
final modulation process, and their frequencies are easily
predicted although their amplitudes depend on the order
of the product as well as on the operating characteris-
tics of the modulator. A\ strong, undesired product
which falls close to a desired sideband can be avoided,
sometimes by transmitting the other sideband. Thus,
in order to dodge spurious frequencies it was found that
10 mc is not the best frequency at which to change over
from onc sideband to another. Instead, a higher fre-
quency such as 18 mc was found to be better. A discus-
sion of spurious products and methods used to avoid
them will be given later in this paper.

Nothing in the convention cited above dictates which
sideband is to be transmitted. The rule merely defines
the relation between groups and the carrier which must
exist in the output. In a case where the opposite side-
band is chosen, this relation can be re-established by
simplt interchanging the input lines coming into the
transmitter Such an interchange facility has been built

to 1 recent transmitter design, and is used when the

irrier frequency lies between 10 and 18 mc.

CHOICE OF INTERMEDIATE {"REQUENCIES

In general, sideband selection must be accomplished
1 frequencies where suitable filters can be built eco-
Ul In an earlier paper,* a description was given
of a svstem which used 125 ke for the first conversion
requency of the transmitter and 100 kc for the cor-
responding demodulation in the receiver. This choice
ol trequendies required two independent designs of the
crvstal filters. In all later systems, 100 ke has been used
in both the transmitter and the receiver to permit econ-
omies which naturally result when the same filters are
nsed in hoth places. This has heen carried still further
by building into the common filter only the selectivity
needed ar the transmitter. Additional selectivity for the
then obtained by adding a single filter
having a 12-ke pass band

nom

receiver s

[ he choice of the second intermediate frequency and
the conversion frequency for the second modulator
Should be made with eonsideration of the selectivity of
the final frequeney amplifier circuits. Ordinarily, the
over all selectivity of these circuits is not the same at all
parts of the frequency range. The way that it varies with
frequency depends on a number of factors. It is not
necessarily a function of the Q of the coils or condensers
be deliberately loaded
with shunt resistance. The most probable trend is for

clectivity to he greatest at the lowest frequeney because

use the circuits are usually

of the added capacitance used in tuning to low frequen-
cies and the increase of circuit losses at high frequencies.
At the highest assigned frequeney (fy), the selectivity
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should be sufficient to suppress the conversion fre-
quency which differs from the desired sideband by the
intermediate signal frequency (f.). The rcquirement
depends on the ratio f./fa. \t the lowest assigned fre-
quency (f), the closest unwanted component is the
intermediate signal frequency itself, (f..). Therefore, the
selectivity needed at this frequency depends on the
ratio (fi—fw)/f1. These two selectivity requirements may
be adjusted by selection of the intermediate frequency
to be in proportion to the over-all selectivity figures of
the circuit, Q» and Q.. This gives a relation

Qe = fn) _ Qufm
fi i

from which the optimum value of intermediate fre-
quency may be obtained:

I _
So+ (QW/O0)1

On the basis of this formula, if uniform selectivity is
assumed and the frequency range is taken as 4 to 23 mc,
the “optimum?” intermediate frequency is found to be
3.4 mc. If the trend of selectivity were such as to make it
better at lower frequencies, then a higher value of fn,
would be oltained. Actually, there are a number of
other factors to be considered in making the choice.
For one, if there is to be a tie-in of the second conversion
frequency with the first through a series of frequency
multipliers or dividers, then the two frequencies will
need to be multiples of each other, and that will affect
the choice. Also, in order to use the same filters in the
receiver, it is necessary to give consideration to the re-
ceiver problems. Furthermore, it will be seen from later
considerations that the choice of the value of f, also
affects the frequency distribution of spurious modula-
tion products, and is thus important in maintaining dis-
crimination against these.

In the svstem which was described using the block
schematic, Fig. 1, the frequency (f.) was 2.8 mc. Later
a chart of spurious products will be shown. [t will be
found by those who choonse to work it out that if the
value 3.4 mc, which was obtained from the formula
above, were uscd there would have to he changes else-
where to avoid unwanted products in the output.

Sm

LowW-FREQUENCY NODULATORS

An earlier transmitter* used vacuum tubes in a bal
anced circuit for the first modulator. A trimmer con-
denser was supplied to compensate for tube capacitance
differences and adifferential sereen bias adjustment to
compensate for incquality of transconductance. In
spite of these adjustment possibilities, it has been dif-
ficult to maintain a balance in this first stage where the
carrier suppression is effected. ‘T'his is the common fault
of tube modulators.

In earrier telephone service, where tube modulators
were employed carlier, the copper oxide varistor has
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been found to possess a stability which makes it superior
to tubes in balanced-modulator circuits. The reader is
referred to a paper which gives an excellent discussion
of “Copper Oxide Modulators in Carrier Telephone Sys-
tems.”® The similarity hetween radio-telephone and car-
rier-telephone systems in respect to methods of single-
sideband generation makes it natural to adopt copper
oxide varistors for usc in the first modulation stage of a
modern transmitter. Consideration must be given, how-
ever, to the fact that a varistor modulator introduces a
loss in the signal path, while a tube modulator may in-
troduce a gain. Stability, however, is worth this price,
and the gain may be made up by amplification elsewhere,

The first modulators of the generator svstem shown
in I'ig. 1 arc of the ring type in which cach arm of the
ring contains 16 copper-oxide discs connected in serics
parallel. By this mecans the average characteristics
which result for cach arm may be very well matched
and a good balance (about 45 db) results.

In order to ascertain the degree of balance required
for the copper-oxide modulators, the example given in
IFig. 2 will be considered. This is a simplified circuit of a
balanced, ring-type modulator on which the applied

£ outeut(Vo)

;J;u'r (v) g

- ——

) =)

—~=CARRIER (V) — -~
| |

Fig. 2—Simplified circuit of a varistor-type low-frequency maodulator,

signal voltage (17,) and carrier voltage (17) have been
indicated. In order to maintain a satisfactory ratio of
signal-to-distortion in the output voltage (1%) of such a
modulator, it has been found necessary to keep the
ratio of carrier voltage to signal voltage (17./17) high.
In other words, the percentage modulation must e low.
On each arm of the ring, this ratio is 217,/ V. Tor a
signal-to-distortion ratio of about 50 db, this ratio
should have a value of about 15. Across the output
terminals the voltage of cach sideband appearing in
Vo will he lower than the signal applied, (17). This
“loss” in the modulator is assumed to be 6 db, which
means that the sideband voltage is 17/2. From this
figure we can establish a requirement on the degree of
balance required to keep the carrier leak at a satisfac-
torily low value. The carrier will later be resupplied at
an amplitude 20 db below the sideband reference ampli-
tude. In order that the carrier leak will have a negligible
cffect in determining this amplitude, the leak should be
about 40 db helow reference. Thus, if the reference s
17,/2 as found, the carrier leak voltage must bhe not
more than 17,/200.

$ R. S. Caruthers, “Copper oxide madulators in carrier telephone
systems,” Bell. Sys. Tech. Jour., vol. XVIII, pp- 315-338; April, 1939,
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The degree of balanee against carrier iS.Il()l‘lll(l”) ,
stated as the power ratio of the applied carrier to the
carrier leak, and is expressed in dbo I the carrier voltage
source sces an impedance Zgin the varistor, and carrier
leak appears as part of 15 across an impedance 7, the |

degree of halance may he expressed as

li'll]lp'll'd
balance 10 logy,

louk
14X 10V,
10 Jogy, [ vz, .

Using hgures found in a recent design, this gives o
requirement on bhalanee of 71 db. Fyven with the st
tistical balance obtained by use of multiple element
varistors and great care in the manufacture of coils,
this figure cannot be obtained without adjustment. o
this rcason the ground point is made adjustable 1y
means of a small potentiometer in series at the center
of the output coil as shown in Fig, 2. Because of the
stability of copper-oxide varistors, the halance, onee
adjusted, holds for long periods without readjustment. -

Mepres- axn HiGn-FREQU ENCY
MoODULATORS

In recent years, varistors of germanium have been
found to have characteristics which make them usciul
as high-frequency modulators. In balanced  circuits,
their stability has been found to he greater than that of
the best tubes, with the result that a usceful degree of
balance can be established and maintained over long
periods of time. This is a valuable aid in the suppression
of unwanted modulation products.

Two modulator circuit arrangements, which hayve
been used successfully with germanium varistors in the
second or third modulation stages of single-sideband
transmitters, are shown in Figs, 3 and 4. Thesc are
adaptations of two of the eircuit types which are de
scribed and amalvzed in the paper on copper-onide
maodulators which has already heen cited. 8 Both are
balanced and have the same broperties in regard to
suppression of certain classes of modulation products at
the output. Under conditions of perfect balance, only
odd multiples of the signal frequency o are involved in
the expression for the frequencies of products which
are impressed on the output hlter. This is indicated by
the subscript of #,, which therefore assumes only the
values 1,3, 5, 7, and so on. The conversion frequency ¢,
however, is involved in all of 1ts multiples m, where m
may assume any integral value, or mayv be zero. 1t can
be seen that the output will contain the signal frequency
v which must be filtered off, hut will not contain the har-
monic 2y because w, has only odd values. Also, the
output will not contain the conversion frequency ¢ be-
cause # may not he zero. Thus, the conversion frequency
and the signal harmonic, hoth important products, are
suppressed by the balance. The sclectivity requirements
of the output filter are simply that it should pass the
desired sideband and suppress all other components
which are delivered to its input terminals.
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Operation of these modulator circuits is also depend-
ent on the impedances which the filters introduce into
the modulator circuit. For example, in lig. 3 the input
and output filters are seen to be effectively in parallel.

ouTPUT PROOUCTS *
(mc £ngv)
]

oo ] ‘\ - —a

SIGNAL INPUT “al | outPur l‘ R

NPUT (V) FILTER Lo EteR Ty

- | |
— I

C L
00 .
M MAY HAVE ANY
INTEGRAL VALUE
CONVERSION OR MAY BE ZERO.

FREQUENCY | Ny MAY HAVE ANY QOD
! wPuT (C) 4 INTEGRAL VALUE

Fig. 3 Simplited circuit of a parallel-type, varistor modulator
for high frequencies.

To assure deliverance of the incoming signal energy to
the varistors and not to the load, the input filter should
mateh the varistor impedance and the output filter
should appear as a high shunt impedance to the signal
frequency ©. FFollowing the same line of reasoning, at the
desired sideband frequency (¢ 2 ), the impedance of the
output tilter should match the varistor impedance while
the input tilter should appear as a high shunt impedance.

By similar reasoning, the requirements for the hlters
in the contiguration of Fig. 4 will be seen to he different.

mC * NV
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Fre. 4 Sumplitied circuit of a series-typeovanstor el ulator

for high frequencies.

Here the filters are effectively in series instead of shunt.
I'herefore, the input filter impedance again must match
the impedance of the varistors at input frequencies, but
the output filter is in series, and must therefore present
low impedance to input frequencies. In the same way,
the output filter impedance must match the impedance
of the varistors at the output frequencies, but the im-
pedance of the input filter must be low at these fre-
quencies. A\ failure to satisfy these impedance require-
ments can result in transmission loss, the loss being
dependent in the usual way on the degree of mismatch
and the amount of encrgy absorbed in an unwanted
manner or diverted into wrong channels. The over-all
loss measured in terms of the decibel difference between
signal input energy and sideband output energy is
termed “conversion loss.” Using a modulator of the type
shown in Fig. 4, conversion losses ranging from 6 to 11
db have been measured in the range from 4 to 23 mc.
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SpuRIOUS MODULATION PRODUCTS

[et us consider once more a high-frequency modulator
of the type shown in Fig. 4. When a conversion fre-
quency ¢ is combined with a signal frequency v, the
output contains a whole series of frequencies symbolized
by the formula (mc%nev), where m may take on any
integral value including zero while the subscript o is
used to show that #, is restricted to odd integers. If the
frequency sources supplying the modulator were per-
fect, these would be the only sidebands present, but the
conversion frequency source in practice may contain
harmonics and/or subharmonics in considerable
strength. This is illustrated in Fig. 4, where the conver-
sion frequency is seen to be obtained from a tuned trans-
former in the output of a harmonic generator stage. The
tuned circuit is not likely to have a Q better than 50
because of the loading introduced by the modulator.
“This means that if the second harmonic is being selected
the attenuation of the fundamental will only be about
37 b while the attenuation of third harmonic will be
only about 32 db. From an analysis which was made of
the current of a tvpical harmonic generator tube, the
fundamental was observed to be only 4 db stronger than
the second harmonic, while the third harmonic was 10
db weaker than the second harmonic. \ccording to
these figures then, the energy supplied to the modu-
lator at the desired sccond harmonic would be only
about 33 db greater than the undesired fundamental
cnergy and 42 db greater than the undesired third
harmonic encrgy. Therefore, sidebands of these two
spurious conversion frequencies w ill also appear. In the
case of the fundamental, the frequency is ¢/2, while in
the case of the third harmonic, the frequency is 3¢/2.
So, products whose frequencies are [(mc/2) £ nv] and
[(3me/2) £ ne] must also be considered unless the out-
put filter of the modulator will give enough additional
filtering to make these products tolerably weak.

In practice, it is well to chart all the significant prod-
ucts to determine where thev will fall in the spectrum.
Then by carefully choosing the point where the change-
over is made from lower to upper sideband and by
being careful also of the cffect of harmonics and sub-
harmonics of the conversion frequency, it is possible to
keep the significant products outside of the band of
transmission which is defined by the discrimination of
the amplifier circuits.

The transmission band of an amplifier depends greatly
on the number of tuned circuits which are effective in
the transmission path as well as on the selectivity of the
individual tuned circuits. In the case of a transmitter of
onlv four channels, the amplifier bandwidth is likely to
he at least ten times the bandwidth occupied by the
transmitted signal. Measurements on a transmitter of
recent design indicated a bandwidth in the amplifier as
great as 0.5 mc at some frequencies. This means that
unwanted products must be kept from appearing within
this band unless they are of negligible amplitude.
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The chart shown in Fig. 5 applies to a recent trans-
mitter in which the signal frequency v is 2.8 me. The
chart is plotted with output frequency of the final car-
rier as abscissa. The vertical scale is also frequency in
megacycles, and on it are plotted all of the significant
frequencies, spurious or desired, which may exist for
cach output carrier frequency. The desired output is
plotted as a 45-degree straight line designated (c—v)
at the lower frequencies where lower sideband is used
and designated (c+v) at the higher frequencies where
upper sideband is used. The conversion frequency ¢ is
also plotted as a 45-degree line which is displaced 2.8
mc upward in the region below 18-me output, and a
second line which is displaced 2.8 me downward for
output frequencies, above 18 mc.
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Fig. 5—Chart of spurious and desired frequencies in the output
of a high-frequency modulator.

Output frequencies below 10 me are relatively free
from spurious frequencies except for harmonics of the
signal input v. The second harmonic 2y is seen to coin-
cide with the desired sideband at 5.6 mc, and the third
harmonic 3v coincides at 8.4 mc. In these regions, then,
these harmonics will appear as spurious frequencies.
They must be kept low enough in amplitude so that
they will not cause harmful interference. The second
harmonic is reduced by the balance of the modulator,
and this balance is therefore important. The third har-
monic is not reduced hy balance, and can be maintained
at a low amplitude only by care in the operation of the
modulator to keep the conversion frequency amplitude
great compared with the signal,

Above 10 mc and below 18 mec the lower sideband is
still being used, but the conversion supply is now the
second harmonic of the crystal. Therefore, the funda-
mental of the crystal as well as its third harmonic con-
tribute sidebands such as (c/24v), (c/2+3v), (3c/2
—3v), and (3¢/2—5v). The first of these is the most
fearsome because its amplitude, according to the es-
timate made earlier in this paper, is likely to be only

33 db lower than the desired sideband. It lies closest
to the transmitted sideband at the output frequency 10
mc, where it is seen to be only 0.8 me away. The others
are successively weaker in the order named because
they involve higher multiples of v. If the product 3y is
tolerable, as it must be to avoid trouble near 8.4 mec, -
then (¢/243v) will probably be still weaker because it
is a higher-order product. Nevertheless, conflict with
this product is completely avoided by changing to
upper sideband at 18 me before the line (¢/24 3v) inter-
sects the line (c—v).

Above 18 me, the desired sideband is (c+2) which is
again the 45-degree line. Products which fall nearby
are scen to bhe (3¢/2—v), (3¢/2—3v), and (c/24 59).
Conflict with the first was avoided by use of lower side-
band below 18 me. Conflict with the second will have
to be tolerated near the frequeney which is obtained
from the equation

3¢/2—-3v=c+
or

c=8v=22.4mc
whence

¢+ v=252mc.

By the reasoning that was applied for the product
(3¢/24 3v) alittle carlier in this discussion, it is helicved
that this product can also he tolerated; but if measure-
ments or experience show it to be troublesome at 252
mc, it will have 6 be dodged. This could be done by
turning to the use of the third harmonic for the supph
of conversion frequency. The same is true of the prod-
uct (¢/245v).

Most of the worry about harmonics and subharmonics
in the conversion frequency supply could be relieved
by adding an amplifier stage hetween the harmonic gen-
erator and modulator. This would provide the addi-
tional discrimination of another tuned circuit, but it
has the disadvantage of being just one more circuit to
tune cach time the frequency of the transmitter js
changed.

TESTING FOR SprRriovs Ocrruts

Even after a careful design in which spurious outputs
have been charted and avoided by the best means
known. a test will be desired to prove that those which
must be transmitted are really of insignificant magni-
tude. From the chart and the discussion given above, it
appears that there are certain points at which the lines
representing spurious products would, if extended, in-
tersect the line representing the desired sideband. The
frequencies at which they make the nearest approach to
the line of the desired output sideband are points at
which a measurement of the spurious output should be
made. In general, the crossover points correspond to odd
harmonics of the signal input to the final modulator.

Even harmonics would also he found if the modulator
balance were inadequate.
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FREQUENCY STABILITY

In the modulation system which has been described
in this paper, three separate quartz-controlled oscilla-
tors were employed. The over-all frequency stability
obtainable in this way will now be discussed.

The maximum over-all frequency departure contains
the effects of deviations in all three oscillator frequen-
cies. If fi. f2. and f; are the conversion frequencies ob-
tained from the three oscillators, and #, f2 and t; are the
tolerance factors of the quartz plates of the three oscilla-
tors, then the maximum frequency departure of the
output carrier is

W + taf2 + t3fs

max frequency departure = — — -
output carrier freq

Studies have shown that this departure figure is
greatest at the lowest transmitted carrier frequency.
Assuming fi =100 kc, f2=2.7 mc, and f3=6.8 mc, while
t;=0.007 per cent, t,=0.001 per cent and t3=0.001 per
cent, and letting the final carrier frequency be 4 mic, we
find that
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74 27+ 68
max departure = ———— —
4 X 10°

or = (.00255 per cent.

= 25.5 X 10°*

Obviously, it is the high-frequency oscillator whose
stability is the most important because it contributes
most of the departure. The improvement to be gained
by greater stability of the first oscillator is small.

CoNCLUSION

It can be seen from the foregoing discussion that the
design of single-sideband generators involves a great
many considerations. The existing practices and the
receivers in the ficld must be considered. The availabil-
ity of component parts and the economic factors in the
design of such things as varistors, filters, and trans-
formers affect the choice of circuits and the details of
fitting them into a system. Experience over many years,
by a great number of people, has had immeasurable in-
fluence on the present art. The author wishes to express
his appreciation to numerous collcagues who have con-
tributed to the collection of ideas presented here.

Single-Sideband Transmission by Envelope
Flimination and Restoration”
LEONARD R. KAHN{, MEMBER, IRE

Summary—A new type of single-sideband transmitter is de-
scribed which does not require the use of linear radio-frequency
amplifiers. Amplification is accomplished by a process in which the
phase-modulation component of the single-sideband wave is ampli-
fied by means of Class-C amplifiers, and the amplitude envelope is
restored at the final amplifier. Experimental results show performance
equal to or better than conventional linear radio-frequency amplifier
practices. The over-all efficiency is approximately the same as that
of a double-sideband amplitude-modulated transmitter. This system
is especially suitable for high-power operation.

INTRODUCTION

1HIS PAPER DISCUSSES a new method of
1[ amplifying single-sideband signals and other

forms of hybrid modulated waves.! ‘The power
and spectrum cfficiency of single-sideband transmission
is well known, and the reader has many fine papers?? at
his disposal. The main problem associated with single-
sideband operation is the complexity and cost of the
equipment involved.

* Decimal classification: R423.5. Original manuscript reccived by
the Institute, August 31, 1951; revised manuscript reccived, January
16, 1952. This work was done while the author was employed by RCA
Communications, Inc., New York, N, Y.

t Croshy Laboratories, Inc., Mincola, N. Y.

' A hybrid modulated wave has both amplitude and angular ve-
locity modulation components, Examples of hybrid modulated waves
are: carrier-suppressed-double-sideband, single-sideband, vestigial
sideband, and quadrature-modulated.

1 A, H, Reeves, “Single-sideband system applied to short” wave
telephone links,” Jour. TEE (l.ondon), vol. 73, pp. 245-279; Sep-
tember, 1933.

1 F. A Polkinghorn and N. F. Schlaack, “A single-sideband short
wave system for transatlantic telephony,” P’roc. LLR.E., vol. 23,
pp. 7101-718; July, 1935.

The conventional system generates the desired single-
sideband wave at very low power levels (a few watts)
and amplifies this wave in a series of cascaded linear rf
amplifiers. Linear rf amplifiers have comparatively low
cfficiency and are critical in adjustment. Due to their
low efficiency, the cost of these transmitters is quite
high.

Another characteristic of the conventional system is
that each additional amplifier introduces its own dis-
tortion and attendant spurious output. Therefore, the
higher the power output desired, the more difficult it is
to maintain low spurious output.

There have been a few alternate systems proposed?®*
which do not require linear radio-frequency amplificrs.
These systems, however, require wide-band phase-rota-
tion networks. The system to be proposed is a different
approach to the problem.

The advantages of the proposed system are:

(a) High efficiency is obtained (comparable with
standard double-sideband amplitude-modulation
transmitters).

(h) Conventional telephone transmitters can be used
for single-sideband operation. Auxiliary equipment
and its installation are relatively inexpensive.

(c) Distortion and its accompanying spurious fre-

"« ;:)E. S. Purington, U. S. Patent No. 1,994,048; filed September 6,
230.

_ *0. G. Villard, Jr., “Composite amplitude and phase modula
tion,” Electronics, vol. 21, pp. 86-89; November, 1948.
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quency generation is independent of the trans-
mitted power level. This is so hecause linear radio-
frequency amplifiers are not required; therefore,
the difficulty of maintaining low spurious output is
not multiplied by each additional stage.

Before describing the new system, it may prove help-
ful to examine the structure of a single-sideband wave
as shown on Fig. 1.

Fig. 1(a) shows a spectrum figure of a single-sideband
wave having equal carrier and sideband amplitudes,
The upper sideband is shown selected in this figure and
it represents a signal frequency of 600 cycles.

Fig. 1(b) is the vector representation of the single-
sideband wave shown in Fig. 1(a). The carrier frequency
is the reference vector. The sideband revolves past the
reference vector at a velocity equal to the tonal fre-
quency of the signal. The resultant of the two frequency
components varies both in amplitude and angular veloc-
ity. Therefore, a single-sideband wave has both amplitude-
and phase-modulation components.

Fig. 1(c) shows the amplitude-modulation envelope
of the wave. This envelope is identical with the wave
shape derived from a full-wave resistance-loaded recti-
fier when fed a sine wave.

Figs. 1(a), 1(b), and 1(c) would also he obtained if a
suppressed carrier single-sideband signal, modulated by
two equal tones, was considered.
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Fig. 1—(a) Spectrum diagram ot single-sideband wave. (b) Revolving
vector representation of single-sideband wave. (¢) Eunvelope
waveform of single-sideband wave.

Basic CoNCEPTS OF SysTEM
The steps of the proposed system are:

(a) A portion of the single-sideband wave to be ampli-
fied is limited, thereby producing a pure phase-
modulation signal.

(b) This phase-modulated wave is amplified to the
desired output level by efficient, noncritical Class-
C amplifiers.

(¢) A portion of the original single-sideband wave am-
plitude envelope is detected and the resultant
audio-frequency wave is amplified.

(1) The amplified detected, amplitude-modulated
component remodulates the amplified phase-mod-
ulation component, resulting in an amplified copy
of the original single-sideband wave.
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IMig. 2 is a simplihed block diagram which will be used
to describe the fundamentals of this system, Waveforms
at various points in the diagram are given in order to
make this explanation more casily understood. et us
consider the case where two equal amplitude tones are

fed to the input of the “single-sideband generator”® and -

the carrier is suppressed. The “single-sideband gener-
ator” produces a low-power (a few watts), single-side-
band signal identical with the wave shown in Figs.
1(a), 1(), and 1(c). This signal is represented at point a
by a wave shape having an envelope corresponding to a
full-wave reetified sine wave. This low-power single-
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Fig. 2 Simplined Dlock diagram of system.

sideband signal is fed to the “limiter.” The “limiter” re-
moves the amplitude-modulation component from the
wave, so that the output is a pure phasce-modulated
wave. This phase-modulated signal can be convenienth
amplified by the highly efficient “class-(° amplifier.”
The “class-C amplifier” provides the phase-modulated
driving power for the “modulated stage.”

The amplitude-modulation component is detected
and isolated from the phase-modulation component In
the “AN detector.” The output of the “\\ detector”
corresponds to the envelope wave shape of the single-
sideband wave at point a; therefore, the wave shape
at point d is the same as a full-wave rectified sine wave.
This audio-frequency wave is amplified by the “af
amplifier.” The “modulator” modulates the phase-mod
ulated signal in the “modulated stage.” Hence, the en-
velope wave shape of the signal at point g is the same as
the envelope wave shape at point a. Furthermore, the
phase-modulation component at point gis identical with
the phase-modulation component at point . If time
relationships between the phase- and amplitude-maodu-
lation components are broperly maintained, the signal
at point g will be 3 pure, high-power, single-sideband
wave.

PracTICAL 1M BODIMENT OF SysTEM
Fig. 3 shows a possible working system. The addi-
tional blocks indicate circuitry required to produce a
practical system from the theoretical system in Fig. 2.

. ® The following phrases in quotes refer to blocks of the referenced
diagram,
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The blocks marked “xtal osc” and “mixer” are used to
change the frequency of the “ssb generator” into any re-
quired output frequency. Mixers should be carefully
designed to maintain low intermodulation distortion.

XTAL
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Fig. 3—D’ractical block diagram of system.

The “phase equalizer” is required to equalize the time
delayv between the phase-modulation channel and the
amplitude-modulation channel. WWhen the “phase equal-
izer™ is correctly adjusted, the amplitude-modulation
ind the phase-modulation components retain the orig-
inal phase relationship of the single-sideband wave.

I he “output level control” is required in transmitting
variable average amplitude signals. Since frequency-
shifted, frequency-division multiplex signals are of con-
stant amplitude, the “output level-control” circuit is not
requirerd.
average amplitude and the “output level control” will be
required in this form of transmission. The “output level
control” mayv be a series of de amplifiers which control
one of the electrode voltages of the “modulated stage.”

There is, however, a different approach to this vari-
able average amplitude problem which does not require
the “output level control.” This system would trans-
form « single-sideband voice wave into a constant aver-
age amplitude wave, by varyving the amount of suppres-
ion of the carrier. During silent periods the transmitter
would produce large carrier levels. A squelch-operated
carricr channel could be used in the receiving system to
tike advantage of these large-carrier level periods. In
this manner, improved afc and ave operation may be
obtained, and the entire receiver can be made less sus-
ceptible to jamming and other forms of interference.

ITowever, voice waves are not of constant

MODULATOR REQUIREMENTS

In order to maintain good spurious-radiation sup-
pression, it is necessary that the “modulator” used have
certaun qualities, The appendix shows a method for de-
termnning the madulator requirements. Two answers to
the problem are: For 35 db or more spurious-radiation
suppression, the modulator must have sufficient high-
frequency response to amplify the third harmonic of
the difference bhetween the highest-frequency and low-
est-frequency  appreciable energy  signals; for 25-db
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spurious-output suppression, only the second harmonic
is required.

EXPERIMENTAL RESULTS

The quality of a single-sideband signal is dependent
upon the amount of spurious output. The specification
which is used by many companies is based on the ampli-
tude of the third-order intermodulation distortion com-
ponent. The ordinary test procedure is to feed two equal
amplitude test tones into the transmitter, and then
measure the amplitude of the spurious component
2fi—f» (third-order intermodulation product). The
amplitude of this spurious component should be at least
25 db below one of the signal tones after the composite
signal is detected in a lincar detector.

Experiments were conducted at the Rocky PPoint
Transmitter Laboratory, RCA Laboratories Division,
with a one-kw telephone transmitter. A 2.5-kw peak-
power single-sideband wave was produced utilizing the
proposed system. The undesired sideband was reduced
to 25 db below the desired test signal. These results
meet current industry standards. A\t times, better than
30 db of spurious-radiation suppression were measured;
and it appears that by careful design 35 db can be ob-
tained. No negative feedback was used in these tests,
and further improvement is possible by adding this
expedient.
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APPENDIX

This analvsis will attempt to answer the following
questions: (1) What are the power relationships of the
svstem? (2) What is the frequency response requirement
of the modulator for a specificd allowable spurious out-
put?

In order to answer these questions, the severe case of a
single-sideband, carrier-suppressed lransmilter with ltwo
equal amplitude tones applied will be considered. The
analvsis will be based upon the fact that the AM enve-
lope of this wave has a full-wave rectified sine-wave
formm.

Power Relationships

Consider that this two-tone carrier-suppressed single
sideband wave has a peak voltage of 215 and that it is
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applied to a load resistance R. The peak power is 4/52/R.
Single-sideband transmitters are rated according to
their peak-power output.

The power corresponding to average amplitude of the
wave is 1.62 [52/R or (2/m)2X4L2/R. This average
value is the same as the amount of dec power obtained
from a full-wave rectifier in the analogous case. If the
amplitude modulation were removed from the single-
sideband wave, this would be the power remaining.
Thus, it is the power in the phase-modulation compo-
nent of the single-sideband wave. e ratio of peak power
lo average amplitude power (phase-modulation component)
is 4/1.62 or 2.47. In comparison, a 100-per cent modu-
lated amplitude-modulation wave has a ratio of 4. 1f o
2-kw peak-power single-sideband signal is desired, the
radio-frequency stages of the transmitter must supply
810 watts of phase-modulated power.

The total or effective power is the sum of the power in
the phase-modulation and amplitude-modulation com-
ponents. In the analogous case of a rectified sine wave,
the dc power is equivalent to the phase modulation, and
the ripple currents represent the amplitude modulation
of the single-sideband wave. The effective power is
(0.707)2X4E?/R or 2I:2/R watts. This is the power that
a load resistor R would be required to dissipate.

The total or effective power is 2E?/R, and the average
amplitude derived from the radio-frequency section of
the transmitter is 1.62 E2/R. Therefore, the difference
power of 0.38 £2/R must be supplied by the amplitude
modulator. The ratio of peak power to amplitude-modula-
tion component power is 4/.38 or 10.5. For a 2-kw peak-
power single-sideband transmitter, the modulator must
supply 190 watts of power to the output signal.

Modulator Frequency Requirements

To determine approximately the frequency-response
requirements of the amplitude modulator, use will be
made of the Fourier series expansion of the envelope
wave shape of the single-sideband signal. Tabulation will
be given of the power in each amplitude-modulation
component harmonic. The amount of power in all the
higher amplitude-madulation component frequencies
that are bevond the response of the modulator will be
totalled. Most of this power represents the spurious
content of the signal.

If this “above modnlator response power” figure is
used as a rating of spurious output, an approximate
rating on the pessimistic side will be obtained. The rat-
ing is pessimistic because a portion of this power is allo-
cated to the desired output component instead of to the
spurious output. Furthermore, the amount of “above
modulator response power” is divided between a num-
ber of spurious components, whereas present ratings
specify the power in a single spurious component. The
situation is analogous to the measuring of total har-
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monic distortion when a specification calls for a certain
maximum second-harmonic distortion higure.

The following equation is the expansion of the en-
velope of a two-tone carrier suppressed single-sideband
signal:

e = 0.636(1 + 0.667 cos Wt — 0.133 cos 2117t
+ 0.057 cos 3t — 0.032 cos 411 - - - ),

where Wis 27 times the difference frequencey of the two
applied tones.

Realizing that the unit de term (average amplitude
value) is equivalent to the phase-modulation component
of the wave, and that 1the cos Wt term gives the peak
value of the fundamental amplitude-modulation com-
ponent in the above equation, the following table can
be constructed (in which a 2-kw peak single-sidehand
signal is considered),

The first column is a function of the fidelity of the
amplitude-modulation path and of the separation of the
two tones being transmitted. For example, an amplitude
modulator equalized for phase and amplitude up 1o
15 ke will respond to the fifth harmonic of a 3-ke tone
separation.

The second and third columns were caleulated In
summating the power in the harmonics that were too
high in frequency for the modulator to pass. Since maost
of this “above modulator response power” would have
been used to neutralize the spurious signals, it is evident
that this column gives the maximum possible total
spurious-power output.

Power Due 1o All Harmonics Aboy e

. . A R Response
Highest Harmonic Todulator Response

Maodulator Equalized For DB Roljliivc o

Absolute
Power PM Component

cos 0Wt (dc) PM component 190 watls - 6.3db
cos It 9.16 * —18.9 ¢
cos 2t 1.94 « -26.2 ¢

cos 3Wt 0.61 « —~31.2 «
cos 41t 0.20 « —36.0 ¢
cos St 0.04 ¢ —42.0 ¢
cos 61Vt

The chart gives a somewhat pessimistic figure for
spurious amplitude as has heen previously pointed out.

Because practical modulators do not faithfully re-
produce f{requencies up to a certain point and then
reject all higher frequencies, it becomes a very difficult
problem to determine the spurious content of the signal.
If it is necessary to calculate the exact spurious content,
the designer must know the phase
acteristics of the transmitter
With this information, he

and amplitude char-
and associated equalizers.
can work out graphicallv or
analytically the sideband distribution of the phase-
modulation component, and then vectorially add the
sideband distribution caused by the reinsertion of the
amplitude-modulation component.®

. 2=
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Dircect-Reading Frequency Measuring Equipment
for the Range of 30 CPS to 30 MC”

L. R. M. VOS DE WAELf{

Summary—A description is given of a direct-reading frequency-
measuring equipment which enables precise frequency measure-
ments between 30 cps and 30 mc to be carried out in one second.

The measuring device itself consists of an electronic counter
ranging from 30 cps - 1 m¢, an instrument giving multiples of 1 mc in
the range from 1 <29 mc and a combining part. The whole has only
one knob, namely, that for choosing the desired multiple of 1 mc.

The result of a measurement is indicated on the electronic coun-
ter and on the knob.

When taking a series of measurements, the results are printed
on a normal page printer, one measurement every two seconds. If
desired, a continuous recording instrument may be used for the
registration of every two out of the six figures of electronic counter.

The accuracy when making a measurement in one second equals
the precision of the second impulse derived from the frequency
standard (107 to 10-?) plus or minus 1 ¢ps.

To enable measurements on far-off telephone or telegraph trans-
mitters to be made, the equipment is completed with a receiver,
ranging from 5+ 30 mec. In this case the accuracy is somewhat less.
The maximum deviation is, however, always below plur or minus
5 ¢ps.

I. INTRODUCTION
A. Some General Points of View
7 | VHE NUMBER OF radio telephony and telegra-

phy transmitters has very strongly increased dur-
ing the last decade, owing to the great extension
of the trafhe.

The conscquence of this increase is that cach trans:
mitter must work as precisely as possible «in the fre-
quencies assigned to it and that the tolerances
permissible for deviation from the nominal value have
regularly been diminished in agreement with the other
countrics. In order to ascertain that a transmitter is
working in the frequency assigned to it, frequency-
measuring cquipment is needed, adapted to measure
quickly, in a simple manner, and with great precision,
the frequencies in which the transmitters work. Such
measuring cquipment is also needed (e.g., in a radio
laboratory) for the precise determination of the fre-
quency of generators.

Most frequency-measuring equipment is hased on
the principle of mixing the harmonics of a standard
frequency with the unknown frequency. Fig. 1 shows
a block diagram of a usual arrangement. .\ standard
frequency of 100 ke synchronizes a multivibrator on
10 ke. The frequency spectrum thus generated, consist-
ing of multiples of 10 ke, is supplied to a modulator,
together with the frequeney to he measured. The har-

* Decimal elassification: R213.1. Original manuscript received
by the Tuatitute, July 20, 1951 revised manuscript received, Feb-
ruary 29, 1952,

f Radio Laboratory of the Netherlands Postal and Telecom-
munications Services, 's-Gravenhage, Netherlands.

monic of 10 ke, which is nearest to the unknown fre-
quency, forms a difference frequency lower than § kc
in the modulator.
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Fig. 1—Block diagram of a usual frequency measuring device.

This frequency is measured with a precisely cali-
brated voice-frequency generator by adjusting the
latter, by means of a beat indicator, to zero beats with
regard to the above-mentioned difference frequency.
The unknown frequency is then cqual to 10¢ times the
number of order of the 10-kc harmonic used, increased
or decreased (according as this harmonic lies below or
above the frequency to be measured) by the frequency
indicated by the voice-frequency generator. By some-
what altering the frequency to be measured, it can be
ascertained whether the harmonic of the 10 kc is above
or below the frequency to be measured.

If one wishes to measure the frequency of 2 trans-
mitter instead of that of a generator, it is necessary to
use a receiver. When telegraphy transmitters are being
measured, some difficulties occur, especially if there is
fading. These difficulties can be solved by using a so-
called “take-over generator.” This is a local oscillator
whose frequency is equalized as precisely as possible to
the frequency of the transmitter to be measured, after
which the frequency of this take-over genecrator is
determined by the frequency meter in the manner
described. The extent to which the frequency of the
take-over generator can he equalized to that of the
transmitter has a direct influence on the measuring pre-
cision to be reached.

FFor the measuring range of, for example, § to 30 mc,
the frequency range of the take-over generator is some-
times limited to the range of 1 to 2 mc, in which case an
harmonic of the take-over generator is equalized to the
transmitter frequency. This has the advantage that,
to determine the frequency of the take-over generator,
the necessary number of order of the harmonic of the
10-ke standard frequency need not be very high. On the
other hand, the number of order of the take-over gencra-
tor harmonic that has been used must be known.

The measuring method described allows for several
variants and refinements by which the measuring pre-
cision may be augmented. In general, this involves a
greater number of control and adjustment knobs. I'or a
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correct interpretation of the various possibilities, well-
trained personnel is required.

B. Objections to the Indicated Measuring Method

The objections to the measuring method described
above follow:

L. When determining the number of order of the 10-
ke standard-frequency harmonic that has been used,
mistakes may be made (e.g., because the calibration of
the local generator identifying the number of order of
the 10-ke harmonic used is no longer valid, or because
the anxiliary caleulations are in error), especially if the
frequency to be measured is not approximately known
and ahigh number of order of the harmonic is necessary,

2. To obtain precise measurements the calibration of
the voice-frequency generator must be checked regu-
iarly by means of the harmonics of a low standard fre-
quency.

3. For the ultimate determination of the frequency, a
few, though simple, computations must be made; the
result cannot be read immediately.

4. With telegraphy transmitters especially, and if
there is deep fading, it is difficult wo adjust the take-over
generator precisely to the transmitter frequency. This
hecomes even more difticult if the transmitter fre-
quency is not constant. The precision to be reached is
directly intluenced by this.

5.\ comparatively great number of knobs must be
adjusted and regulated when a measurement is being
made.

C. Requirements for New Measuring Equipment

In designing new frcqucnc_\'-nu-asuriﬁg cquipment,
the following requirements should be met:

1. A measuring range of about 30 cps to 30 me.

2. A measuring precision equal to the precision of the
used frequency standard +35 ¢ps or better.

3. Direct readability of results without auxiliary com-
putations; preferably, it must be possible to print
these results on paper.

4. Avoidance, as much as possible, of any: equivocality
when the measuring equipment is being adjusted.

5. Simpheity in operation, with as few control and ad-
justment knobs as possible.

6. Great measuring velocity, so that in a short time a
great number of measurements can be made with great
precision.

1. PRINCIPLES OF THE MEASURING [SQUIPMENT

I'requencies up to 1 me are measured by means of an
clectronic decimal counter, which directly indicates
every sinusoidal frequency of about 20 ¢ps to 1 mc with
a precision equal to that of the second impulses derived
from the frequency standard (i.e., 107 to 1078, depend-
ing on the precision of the frequency standard used and
method of derivation of the second impulses) +1 cps.

OF THE TR July

The measurement with the decimal counter lasts
only 1 second. The mecasuring, therefore, is not only
effected very rapidly, bhut morcover a “momentary”
frequency is obtained. .

To obtain a correct measurement when measuring
transmitters, the frequency of the take-over generator
need be equal to the transmitter frequency only for a
short time. This is important if the reception is weak or
disturbed. If the measurement lasts 10 seconds, the
precision of the decimal counter becomes +0.1 ¢ps
instead of +1 cps. Frequencies higher than 1 mc are
transformed to a frequency lower than 1 me. To effect
this, standard frequencies being a multiple of 1 mc
are required. They are obtained with the aid of an

“harmonic sclector.”
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Fig. 2—Block diagram of the complete frequency
measuring equipment.

With regard to the required cquipment, a distinction
should be made between the measuring of the fre-
quency of a local generator (e.g., in a laboratory) and
the measuring of the frequency of transmitters (c.g.,
in a frequency-measuring or control center). In the lat-
ter case, the frequency -mcasuring cquipment, consisting
of a harmonic selector, a frcqucncy transformer, and a
decimal counter, must he supplemented with a receiver.
This receiver also determines the measurement preci-
sion that can be reached. A block diagram of the com-
plete measuring equipment is given in Fig. 2.
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The equipment consists of

1. the harmonic sclector to obtain harmonics of 1 mc
to be chosen arbitrarily, up to and including the 29th
harmonic, starting from a standard frequency of 100 ke;

2. the frequency transformer in which the frequency
to be measured is transformed to less than 1 me by the
aid of the nearest multiple of 1 me obtained from the
harmonic sclector;

3. the decimal counter from which the frequeney to
be measured is read directly;

1. the receiver with take-over gencerator.

A. The IHarmonic Selector

A 100-ke standard frequency is multiplied by ten n
two stages (3X2) to 1 me. After this, the sinusoidal
1-m¢ voltage is converted into short impulses having a
repetition frequency of 1 mc. These impulses contain
A1l harmonics that are multiples of 1 mc. The desired
harmonic is selected with a circuit according to the
method of double modulation, henceforth called “har-
monic selector.”

In this case, no adjustable filters are needed, but
onlyv a narrow band filter, though at a rather high fre-
quency . This filter is heneeforth called “selection filter.”
Al harmonics up to and including the 29th can be
“elec tedd by means of one knob without the range being
changed.

The following indications are used:

repetition frequency of the impulse, derived from
the frequency standard;
central frequency of the selection filter; .
I = nf, =desired frequency, n being the number of
order of the harmonic;
2 highest desired harmonic;
frequency to which the scarch oscillator is ad-
justed.

In the first modulator (Fig. 2) the harmonic spectrum
o1 the 1-me impulses is mixed with the voltage of an
adjustable oscillator, called “scarch oscillator,” which
is adjusted to the frequency f,=F+fo. A transformed
frequency spectrum is therefore formed of which only
the frequency fois passed by the selection filter next to
the first modulator. In the second modulator the same
frequency fg of the search oscillator is mixed with the
frequency fo from the selection filter. After this second
modulator comes a low pass filter whose cutoff frequency
lies hetween fo and Foae Mter passing this filter, the
desired harmonic can then be taken off.

I he central frequency fo of the selection filter, and
conscquently the frequency range of the search oscilla-
tor. were chosen in such a manner that they are above
the highest desired frequency Frax, $0 as to ensure that
all the remaining intermodulation products, except the
required frequency F, shall lie above £ These inter-
modulation products can be stopped by a simple low
pass filter. Morcover, the lowest range of the search

1'os de Wael: Frequency-Measuring Iiquipment for 30 CPS to 30 MC
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oscillator is higher than the frequency fo. 1t is clear
that there can be no difficultics with the image fre-
quency of the scarch oscillator, f,=F—fo, because it
falls outside the range of this oscillator.

Furthermore, the central frequency fo of the selection
filter was chosen at such a frequency that it was not a
multiple of the impulse repetition frequency; otherwise,
the harmonic of the impulse frequency, which is equal
to fo, will always lie in the pass band, independent
of the frequency formed in the first modulator. More-
over, the pulse width was chosen in such a manner that
the amplitudes of the harmonics of which the frequen-
cies are nearest to the pass band of the sclection filter
are minimum.

On the one hand, the bandwidth of the selection filter
must be as large as possible, thus facilitating the ad-
justment of the scarch oscillator. On the other hand, the
frequencies from the frequency spectrum after the first
modulator that are nearest to fo (which frequencies dif-
fer from fo by multiples of the impulse frequency’)
must alrcady be sufficiently attenuated (viz., 50 or 60
db). In this connection, the possible deviation of the
search oscillator from its nominal value, which reduces
the permissible bandwidth, has also to be considered.

With the measuring equipment described here,
f.=1 mc. The lighest required frequency is the 29th,
so that Foax=29 mc. The pass band of the narrow
sclection filter was chosen in such a manner as to make
fo=32.5 mc. The frequency range of the scarch oscil-
lator then ranges from 32.54+1=33.5 mc to 32.5429
=61.5 mc. This can be cffected by using only one range.
The cutoff frequency of the low pass filter is about
30 mec.

For example, supposing one wishes F=14 mc; the
scarch oscillator must then be adjusted to f, =14432.5
=46.5 mc. At the input of the first modulator there is
now found ... 13; 14: 15; ... mc, together with 406.5
me. Consequently, after the first modulator, we find
at the input of the sclection filter 16.5+(...13; 14;
15;...) mc= ...33.5; 32.5; 31.5;..
59.5; 60.5; 61.5 ...

Of this frequency spectrum the sclection filter only
passcs the frequency 32.5 me, so that at the input of the
second modulator we find 32.5 mc and 46.5 me.

Thus we have after the seccond modulator 46.5 +32.5
mec=14 me and 79 me. Consequently, after the low

.mc and ...

mc.

pass filter, only the 14-me sinusoidal voltage to be found,
is left.

Owing to the double modulation, a deviation from
the nominal value of the frequency f, of the search os-
cillator (in the above example 46.5 me) does not intlu-
ence the precision of the frequency ultimately obtained.
Such a deviation miay be cansed by inaccurate adjust
ment of the search oscillator, or by changes in tempera-
ture. The frequeney obtained remains always exactly
harmonic with regard to the fundamental standard fre-
quency. Only the amplitade may change owing to the
fact that the frequency generated in the first modula
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tor does not come to lie in the center of the pass hand of
the sclection filter.

The adjustment of this generator, which ranges from
33.5 to 61.5 muc, is therefore not at all critical. Conse-
quently, its scale could be calibrated dircetly from 1 to
29 me. By applying a variable condenser of great capac-
ity and having circular plates in series with a small fixed
capacity, a fairly linear course has heen obtained over
180° of the scale.

So with one knob, the adjustment of which is not
critical, every frequency that is a multiple of 1 me,
lying between 1 and 29 mc, can be chosen. Every fre-
quency thus obtained then has the same precision as
the standard frequency used.

The sclection filter at 32.5 ke consists of three ampli-
fying stages having, in total, four circuits adjusted to
32.5mec. Toreduce the attenuation, the grid is connected
every time to a tap of the coil.
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Fig. 3-—Attenuation curve of selection filter 32.5 mcs.

Fig. 3 gives the attenuation curve of the filter; the
bandwidth between the points of 3-db attenuation is
100 kc. When the frequency differs 0.5 mc from the
central frequency fo, the attenuation is about 45 db.

The low pass filter after the second modulator con-
sists of four constant k sections and one derived section.
It has a symmetrical input and output, adapted to a
screened cable. The attenuation at 32 mc is about 45
db. Morcover, a wide-bhand amplifier for the range of
1 to 30 mc is added for use in laboratories. A 0.5-volt
voltage at 80 ohms is available at the output. This wide-
band amplifier as such is not required for the measuring
apparatus proper.

B. The Frequency Transformer

To the frequency transformer are supplied the fre-
quency to be measured and the nearest 1-mc harmonic,
so that the difference frequency is lower than 1 mc and
can be measured by the decimal counter. The modulator
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is followed by a low pass hilter having a cutoff frequency
of 1 mc. This filter stops the remaining intermodulation
products.

An output meter after the low pass filter indicates
when a difference frequeney smaller than 1 mc is gen-
crated. When turning the tuning knob of the scarch os-
cillator, this output meter shows two deflections of the
needle for every unknown frequency, viz., one for the
nearest harmonic of the 1-mc imipulses lower than the
unknown frequency, and one for the next harmonic
which is consequently higher. Also, if the frequeney
to be measured is not known approximately, it is very
casy to determine between which two consecutive har-
monics of the 1 me it is situated. For this purpose only
one knob need be turned.,

It the unknown frequency is nearly a whole multiple
of 1. me, three consecntive positions of the search oscil-
lator cause a deflection of the needle of the output
meter. As a matter of fact, there are then three different
frequencies which pass the low pass filter (viz., suc-
cessively, 1° a frequency somewhat lower than 1 me,
2° a very low frequency, and 3° a frequency somewhat
higher than 1 me). All these three frequencies can be
measured by the decimal counter. The value of the un-
known frequency follows unequivocally from the result
so that this special case does not cause any difficulties
cither. Preferably, that nearest harmonic s chasen
which is lower than the frequency to be measured, he-
cause then the indication of the decimal counter can be
added to the chosen harmonic. If the higher harmonic
is chosen, the complement of the decimal counter indi-
cation must he taken.

A difheulty occurs, however, if the unknown fre-
quency is between 1 and 2 me. In that case, 1 mc must
be added in the frequency transformer. In addition to
the desired difference frequency, there are then also
gencrated the sum frequency, the unknown frequency,
and the above-mentioned 1 me, Besides the sum fre-
quency, the last two mentioned frequencies must also
be stopped by the 1-mec low pass filter.

This cannot be effected by reducing the cutoff fre-
quency of this filter to less than 1 me, The reason for
this is that frequencies approximately equal to a mul-
tiple of 1 me, and whose difference frequency after fre-
quency transformation can therefore be nearly 1 me,
would also be stopped, and it would not be possible to
measure them. Therefore, the modulator was effected as
a balance modulator, the frequency to be measured and
the chosen harmonic from the harmonic selector both
being supplied in balance and the anodes of the two
modulator tubes heing connected in parallel before the
output circuit. The suppression of the above-mentioned,
undesired frequencies remains, howcver, partly insuf-
ficient. That is why, for the time being, for the measur-
ing range of 1 toabout 1.4 mc, the second harmonic of
the 1-mc impulses cqual to 2 mc is taken, the comple-
ment of the indication of the decimal counter having,
thercfore, to be considered.
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A few other solutions of this problem are being in-
vestigated in order to remove this “aesthetic fault.”
The measuring precision, however, is not reduced by it.

In the meantime, it has proved possible to extend
the range of the type of counter used here to about 1.5
mec. So one possible solution of the problem is to meas-
ure the frequencies up to about 1.5 mc with the counter
itself. 1f the harmonic selector is used for measuring
frequencies higher than 1.5 mc only, there are no diffi-
culties whatever, and it is nowhere necessary to use the
complement of the value indicated by the decimal
counter.

C. The Decimal Counter with Auxiliary Equipment

The electronic decimal counter is an extension of a
usual type;! it measures any sinusoidal frequency of
about 30 cps to 1 mc, and indicates the result in decimal
numbers directly on meters.

The incoming sinusoidal wave form is transformed
into pulses, and the number of these pulses passed

Furthermore, a number of relays has been included
in the arrangement, which make it possible to print the
measuring result indicated by the decimal counter in
figures on paper by means of a normal page printer. The
measurement with the decimal counter itself lasts ex-
actly one second. In the next second the printing of the
result of the measurement is commenced. One measure-
ment can be effected every two seconds. In this way, in
a short time the frequency variation of a generator can
be measured with the precision of the second impulse
derived from the standard frequency %1 cps.

Fig. 4 gives a record of a frequency measurement of
a standard signal oscillator. The frequency was about
16.9 mc. The knob of the search oscillator of the har-
monic selector was set on 16 mc (so the search oscillator
was tuned to 32.54+16=48.5 mc). After the frequency
transformer, on the input of the decimal counter, ap-
peared a frequency less than 1 mc, which was measured
by the decimal counter. The first measurement gave 16
mc+912,394 cps.

912,304 912,395 912,393 912,393 912,396 912,399 912,401 912,402 912,402 912,401 123,976
912302 912,100 912,405 912,396 912,394 912,304 012,395 912,395 912,393 912,398 123,972
912'303 912,393 912,393 912,302 912,390 912,392 912)393 912,394 912,393 912,393 123,926
012303 012,301 912,393 912,392 912,392 912,301 912,394 912,303 912,391 912,390 123,926
012'395 912,307 912,396 912,307 912,396 912,394 912,403 912,401 912,397 912,392 123,968
16.05 14/01
912,353 912,353 912,352 912,351 912,351 912,351 912,349 912,347 912,347 912,348 123,502
012'316 912,316 912,345 912,345 912,34 912,346 012,347 912,347 912,349 912,350 123,465
912340 912,350 912,330 912,349 912,319 912,347 012,347 912,346 912,346 912,347 123,480
012)350 912,351 912,350 912,350 912,340 912,349 012,349 912,351 912,351 912,353 123,503
912'352 912,352 912,352 912,351 912,350 912,348 912,347 912,337 912,345 912,344 123,488
16.10 14/01
912,318 912,318 912,317 912,318 912,318 912,316 912,316 912,315 912,316 912,314 123,166
012’310 912,319 912,317 912,317 912,317 912,317 912,316 912)315 912,314 912,314 123,165
012,312 912,312 912,312 912,312 912,312 912,313 912,308 912,305 912,303 912,300 123,089
012/200 912,297 912,207 912,295 912,294 912,204 912,29 912,296 912,296 912,296 122,958
012,205 912,295 912,204 912,294 912,294 912,293 012,290 912,290 912,290 912,289 122,924
16.15 14/01

Fig. +—\ith a page printer printed results of frequency measurements of a standard signal oscillator.

through the counter in a given time, usually one second,
is measured. The pulse-forming circuit is switched on
and off by a start and a stop circuit, each consisting of a
trigger pair, which circuits are interconnected in such a
wav that, after the counter has been reset to zero, the
stop trigger can be actuated only after the start trigger
has been triggered by an incoming start impulse. So the
inputs of start and stop triggers can be paralleled
and fed by the same second impulses. [f start and stop
pulses are separated by 10 seconds, the measuring ac-
curacy is raised by a factor 10, provided the frequency to
be measured remains constant during this time interval.

The output of a (primary) frequency standard is
transformed into short pulses and the second impulses
are selected by means of gate circuits. The precision of
the second impulses thus depends on the stability
and the leading edge of the impulses only. The accuracy
is of the order of +0.1 psce or better. Details will be
published later.

1S, S. West, “An electronic decimal counter and chronometer,”
Elec. Eng., vol. 19, pp. 3-6; January; and pp. 58-61; February, 1947.

Each line contains the results of ten measurements
made. The eleventh number is the sum of the foregoing
ten measurements, which sum is calculated simultane-
ously with a special relay circuit. As six digits only are
available, the first digit of the sum, in our case figure 9,
is omitted. This sum immediately gives the mean of ten
measurements. In many cases, one has to deal with this
sum only, which simplifies the arithmetic to be done af-
terwards. This equipment was originally developed for
measurements of time signals and other purposes, but
it is now used for frequency measurements too.

As a measurement is effected in 2 seconds, a very
great number of measurements is obtained when the
frequency of an oscillator is measured for a long time.
To restrict the number of measurements, and thereby
the work of interpreting them afterwards, without im-
pairing the accuracy unduly, the equipment may be
extended with a device to print automatically and at
our own discretion a series with a fixed number of lines
(e.g., 2, 5, or 10 lines each with ten measurements), the
time of interval between these series being chosen at
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will (e.g., 5, 10, 15, 30, or 60 minutes). The series are
separated by a number of open lines. Moreover, time
and date are printed after each series (e.g., in Fig. 4 the
first series was printed at 1605 o'clock on the 14th of
January). Unattended measurements can then be made
(c.g., during the night), the results being printed on a
sheet of paper.

Moreover, there is another possibility. Of a long series
of measurements, made on the same generator or trans-
mitter, two figures of the measured frequency, to be
chosen at will, e.g., the last two, or any other desired
pair, can be registered by means of a sclf-recording
meter. In this way a graph of the frequency course is
directly obtained,

D. The Measuring Receiver

IFor the measuring of the frequency of transmitters, a
receiver is requisite. In the case of telegraphy transmit-
ters, and in general, with fast and deep fading, the signal
of the transmitter is very hard to measure with the re-
quired precision. Therefore, a so-called “take-over gen-
crator” is used, i.e., a local generator whose frequency
is equalized to that of the transmitter, the frequency of
the “take-over generator” thereafter being measured in
the manner described,

In the following description we confine ourselves to
the 5- to 3¢-me frequency range. In this range we find
most of the intercontinental radio circuits, and here the
cquipment must meet the severest requirements.

FFundamentally, the receiver corresponds with the
latest commereial traffic receiver developed by the Ra-
dio Laboratory of the Netherlands Postal and Telecom-
munications Services.? Since the receiver is now destined
for the measuring of frequencies, some alterations were
effected so as to obtain the required measuring precision

The first medium frequency is at 1,500 ke, So the fre-
quency of the first oscillator is 1,500 ke higher or lower
than the transmitter frequency, but the higher fre-
queney has heen chosen. The first oscillator now also
serves as “take-over generator” whose frequency s
measured as described. The transmitter frequency s
then 1,500 ke lower. In addition, by the measuring pre-
cision of the frequency meter itself, the precision with
which the frequency of the transmitter can be measured
i1s also determined by the deviation of the frequency of
the first oscillator mayv have from the correct frequency,
Viz., transmitter frequency 41,300 ke,

The first oscillator is provided with an automatic fre-
quency control, the frequency deviations thus remaining
less than about 5 cps. It is possible to narrow down this
range even further, hut a greater measuring precision is
not required in the 5- to 30-me range.

In order to increase the stability, the first oscillator
is, morcover, placed in a simple thermostat, circuit and

2 C.T. F. Van Der Wijck, “Een moderne telegrafic-ontvanger” (A
modern telegraph receiver), Tijdschr. Ned, Radiogenoot., pt. X1V,
nr. 2, pp. 28-40; NMarch, 1919,
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tube being placed in an alumininm box, surrounded by 4
sccond aluminium box, and separated from the first by
an air layer of 1-cni thickness. There is no metal connec-
tion between inner and outer box. The temperature is
regulated with a Fenwal switeh, placed in an aluminium
block, attached to the wall inside the inner box. The
temperature is held constant within about + 1°C,

The second medium frequeney is 100 ke, so that the
sccond intermodulation frequeney has heen chosen at
1,600 ke The Latter is derived from the 100-ke standard
frequency, so that the second intermodulation frequency
cannot create any measurement faults,

The automatic frequeneyv-control circuit consists of a
very narrow ervstal hand nlter at 100 ke with 4 hand
width of about 4 35 eps, {ollowed by a repeater, a ling-
iter, and a diseriminator. The control voltage energizes
the tension coil of a4 Ferraris motor whose avis Is cou-
pled, via a cogwheel retardation, with a little variable
condenser which is shunted parallel to the tuning con-
denser of the first oscillator. The regulation is effective
in telephone transmitters both with or without sup-
pressed carrier wave as in telegraph transmitters which
are keved in the carrier wave itself (so-called “on-off”
keving), or transmitters which operate with “frequency
shift.”

For further particulars regarding the receiver refer
ence is made to the article quoted above.

The output of the narrow crystal filter at 100 ke is
likewise connected with the horizontal plates of 4 cath-
ode-ray oscillograph, whereas the vertical plates are
connected to a4 100-ke standard frequency. Since the
sccond  intermodulation frequency has been derived
from the frequency stindard, a stationary Lissajous
pattern (ellipse) is a clear indication that the frequency
of the firstoscillator (at the same time “take-over gener
ator”)  precisely cquals  the  transmitter frequency
+ 1,500 ke I the pattern is not stationary, it is an indj-
cation as to the frequency deviation that remains after
automatic regulation has been carried out.,

In case the automatic-frequency regulation cannot
work properly, for example at weak reception, the first
oscillator can be manually adjusted as well s possible
by means of the cathode-ray nsri”ng\r.’lph.

For a precise measuring, the first oscilliator need be
tuned correctly for a short pertod only, since the meas-
urement with the decimal counter lasts only 1 second.
Obviously, the adjustment without automatic control
is more difficult. It takes Mmore time, particularly if a
number of consecutive measurements of the same trans-
mitter are required, and he receiver must often he
regulated afresh.

To determine, among other things, the name and
country of origin of , transmitter, the signal after the
second medium frequency at 100 ke is detected (for
telephony) or mixed with an auxiliary frequency of 99
ke (for telegraphv). A diseriminator for the rvcvl;riml of
frequency-shify telegraph signals has also been built in,
and provision has heen made so that the shift can be
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measured with the counter. Reception of single-sideband
transmitters is also possible. The audible telegraph sig-
nals can also be translated into Morse signs or printed
characters by means of a recorder or a printer.

The frequency ultimately measured is that of the
“take-over generator,” which is 1,500 kc higher than the
frequency to be measured. This difference, which is a
constant for every measurement, can be accounted for
quite simply in the circuit arrangements, so that the real
frequency of the transmitter is shown on the decimal
counter, or is printed on a page printer. Consequently,
auxiliary computations are not requisite.

I11. CoxcLusION

In Fig. 5 the complete frequency-measuring equip-
ment is illustrated. In the left bay is the decimal counter
with the relav switching equipment. The center bay
contains the harmonic selector, the frequency trans-
former, and the wide-band repeater. The large tuning
scale is the search oscillator scale calibrated in mc. In
this bay there are some vacant panels. The 5- to 30-mc
measuring receiver has been fitted in the third bay.
Since the latter is likewise used for various other lab-
oratory purposes, it is more bulky and it has more
knobs than are required for the frequency-measuring
device proper.
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The described frequency-measuring equipment has
been developed and constructed by the Radio Labora-
tory staff of the Netherlands Postal and Telecom-
munications Services. With reference to developing the

L eoev st we e,

Fig. S—Front view of complete frequency-measuring equipment.

equipment, the following persons should be particularly
mentioned: Mr. J. G. Coster for the harmonic selector
and frequency transformer, Mr. C. J. Sanders for the
decimal counter with auxiliary switching equipment,
and Mr. P. J. Hooymans for the measuring receiver.

A Wide-Range Oscillator in the Range from 8,000
. to 15,000 MC”

R. W. WILMARTHY, MEMBER, IRE AND J. L. MOLLT, ASSOCIATE, IRE

Summary—A retarding field oscillator which tunes over the range
from 8,000 to 15,000 mc is described. Energy is taken from the tube
by allowing the repeller, which is part of the resonant circuit, to
radiate into a waveguide, Results for both inductive and capacitive
tuning are discussed. With capacitive tuning, the efficiency of the
oscillator is between 2 and 4 per cent over the entire range, with
maximum efficiency occurring near the highest frequency.

INTRODUCTION

N THE CONSTRUCTION of resonant cavities for
I[ oscillators at high frequencies, it is sometimes neces-

sarv to insulate part of the cavity from the rest of
the cavity for static voltages, and at the same time
to provide an rf short at the point of static insulation.
This requirement dictates the use of a noncontacting
f short. Satisfactory noncontacting rf shorts can be
designed to operate over a wide frequency range if the
requirement of static insulation does not dictate too
great spacings at the point of noncontacting rf short.

* Decimal classification: R355.912. Original manuscript received
by the Institute, September 17, 1951; revised manuscript received,
February 20, 1952. The research described in this paper and in refer-
ences 1 and 2 was sponsored by the Air Matériel Command, Wright-

’atterson Air Force Base, Dayton, Ohio.
{ Ohio State University, Columbus, Ohio.

An example of a tube in which this problem is a
primary consideration is the retarding field oscillator
reported by Heil and Ebers.! An outline of this tube is
shown in Fig. 1. The resonator is tuned by moving the
repeller parallel to its axis of symmetry, thus changing
the capacitive loading of the cavity. At the long wave-
length end of operation, the repeller is close to the
resonator nose. The oscillator works in a manner very
similar to a reflex klystron in that the electrons receive
velocity variations in the part of the trajectory near
the nose and drift in a region relatively free of ac fields.
The electrons are collected at the resonator nose on
their return through the ac fields. The transit time is
adjusted by adjusting the repeller voltage. At the short
wavelength end of the range, the repeller is pulled away
from the resonator nose and the electrons move in
relatively uniform ac and dc fields. If the transit time is
properly adjusted, the beam will have a negative con-
ductance. Ebers has shown? that if } cycle of the transit

1 0. Heil and J. J. Ebers, “A new wide range high frequency
oscillator,” ’roc. I.R.E., vol. 38, pp. 645-650; June, 1950.

2 ], J. Ebers, “Retarding field oscillators,” I’roc. [.R.E., vol. 40,
pp. 138-146; February, 1952.
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is considered to be used for bunching, § cycle drifting,
and } cycle for working, the operation of the oscillator
is analogous to reflex klystron operation.

|
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Fig. 1—Heil-Ebers tube.

In the oscillator of Fig. 1, the repeller is an integral
part of the resonant cavity, and since there is a dc
voltage between the repeller and the rest of the cavity,
a noncontacting rf short is necessary. In the original
tube this was obtained by using a capacitive by-pass in

;=
7
“~WAVEGUIDE

CAVITY I

~REPELLER

Fig. 2—Capacitjvely tuned retarding field oscillator
with waveguide output.
combination with a lossy line. Subsequent experience
has shown that this resulted in a great loss of power in
the noncontacting short.

July|

In the oscillators described in this article, a non-
contacting imperfect short is used in which energy is
allowed to leak past the point of desired short to the
useful load. The repeller forms the center conductor of
a short coaxial line, the outer conductor being part of
the cavity block. The center conductor (repeller) is
used to excite a waveguide,

The oscillator in Iig. 2 uses this type of output to
couple energy into the load. In this arrangement, we
must provide a noncontacting rf short at the far side of
the waveguide to prevent energy from going on up the
repeller mechanism. The rf currents are much smaller
in the waveguide than in the cavity, and a simple
capacitive by-pass as shown in Fig. 2 is sufficient. The
oscillator tunes over the entire range with no holes.
(Tuning is accomplished, as in the tube in Fig. 1, by
moving the repeller.) The section of low-impedance
coaxial line between the cavity and the waveguide
matches the impedance of the load to the tube.

The method of coupling energy from the reflex oscil-
lator which we have described above is adapted to an
inductively tuned tube in Fig. 3. The repeller is fixed
in position, being held at the far side of the wave-
guide. Tuning is accomplished by moving the slug
parallel to its axis of symmetry. The low-impedance
section of line formed by the slug as inner conductor,
and the cavity block as outer conductor, match the
load impedance to the oscillator. Some design consid-
crations and test results for both the capactively tuned
tube and the inductively tuned tube are described in a
later section.

Fig. 3—1 nductively tuned retarding field oscillator
with waveguide output,

CAPACITIVELY TuNED OsciLLaTOR

Experimental models of the oscillator shown in Fig. 2
have tuned satisfactorily from 2- to 4-cm wavelength. A
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representative tuning curve is shown in Fig. 4. There
| were no holes in the power output curve, but the power
output varies by a factor of about 2 to 1 across the
tuning range. The tube tunes very rapidly at wave-
. lengths above 3.6 cm because of the nature of capacitive
tuning. The tuning range is limited at the high-fre-
quency end when the repeller is pulled so far away from
the cavity nose that the electron stream is not refocused
back onto the cavity nose. At the low-frequency end, the
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Fig. 4 —Tuning curve for capacitively tuned retarding
field oscillator.

limitation is the danger of shorting the repeller against
the cavity nose. The useful range, however, is limited
by the fact that the rate of tuning increases at low fre-
quencies.

The performance of the tube was studied with beam
aperture and repeller geometry as variables. The opera-
tion changed slowly with change in beam aperture, with
maximum output over the tuning range occurring at
0.021-inch diameter aperture. This aperture is a com-
promise between the interception of current and
coupling to the beam. The resonator intercepts ap-
proximately 10 per cent of the cathode current with this
size aperture. The performance dropped off very rapidly
when the hole in the repeller was increased heyond
0.030-inch diameter. It is believed that this was due to
the failure of the electron stream to be properly re-
focused back onto the nose. Repeller hole diameters of
less than 0.040 inch did not greatly affect the efficiency
of operation of the tube, but did increase the rate of
tuning of the oscillator at long wavelength.

‘The requirement of wide tuning range dictates the
sharp angle of the resonator nose. Thisisa disadvantage
from the standpoint of heat dissipation. lHowever, ex-
periments show that this sharp angle is not necessiry
for efficient operation of the tube.

» Wilmarth and Moll: Oscillator in the 8,000 to 15,000 MC Range
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Power output versus wavelength is shown in Fig. 5
for beam aperture of 0.021-inch diameter and repeller
hole of 0.040-inch diameter. The dashed curve shows the
variation of repeller voltage for optimum power output
at each wavelength. The simple matching section, con-
sisting of the short section of coaxial line, matches the
oscillator to the waveguide sufficiently well over the
entire tuning range. This is shown in the representative
Ricke diagram of Fig. 6 (see following page). The sec-
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Fig. 5—Repeller characteristic and power output curve for
capacitively tuned retarding field oscillator.

tion of line is a quarter wavelength long at the short
wavelength end of the range. The R G 52U waveguide
which this coaxial line feeds is shorted at a distance of
1 cm. from the coaxial line. This is a quarter wavelength
in the middle of the range. The other end of the wave-
guide goes to a mica output window.

INnpucTIVELY TUNED TUBE

Fig. 3 shows a relatively primitive adaptation of the
waveguide output oscillator to inductive tuning. The
tuning slug is moved by a rod which moves inside the
repeller and is connected to the tuning slug through a
slot in the repeller. The repeller itself does not move.
This tube oscillated over a range from 2 to 4 cny. The
wavelength varies almost linearly with the position of
the tuning slug as shown in Fig. 7. As yet, we have been
unable to get the inductively tuned tube to oscillate
as uniformly and efficiently as the capacitively tuned
oscillator over a very wide range. ‘This is due to the fact
that we have not studied this type of tuning extensively
on account of the more difficult mechanical problems
involved.

Fig. 8 shows two geometries which result in efficient
oscillator operation. The sharp angle is used for wide-
range, capacitively tuned oscillators. 1f the tube were
inductively tuned, the flat nozzle and flat repeller could
be used. This would allow for greater heat dissipation
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Fig. 6—Typical Rieke diagram for reflex oscillator with waveguide output. The diagram was made at a center wavele
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at the nozzle. Inductive tuning has the
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ngth of 2.25 c¢m.

intrinsic prop-

erty that the wavelength changes at a slower rate with
respect to position of tuner than in the case of ca-
pacitive tuning. If there are no losses in the tuner, the
shunt resistance of the cavity is higher throughout the
range. Since the repeller doces not move, the electron

The gun design used in all of the tests deseribed in

- 9. This gun was developed
from o gun designed by 1eit for use in power kly-

Fig. 7—Tuning curve for inductively tuned retarding ficld oscillator  strons. ! The geometry of the focusing elements of the
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Fig. 8 —Electrode geometries which result in efficient oscillation
in retarding tield oscillators.
new gun design is the same as in the original, with the
exception that the projection on the beam-forming
clectrode is removed. This increases the spacingsbetween
gun elements. With this modification, the critical di-
mensions of the new design are scaled down by a factor
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Fig. 9—Electron-gun design for demountable tubes.

of 5 from the original. No difference in the performance
of the tube, or gun, could be detected as a result of the
change in the beam-forming electrode. In the design as
shown in Fig. 9, the details are assembled into the anode
shell and are held in place by the mica retainer. The
parts are properly aligned only after the cathode is up
to temperature because of the differences in the co-
efficient of expansion. This gun design has the particular
advantage that the parts are easily salvageable—an
important consideration in experimental work on a de-

? mountable tube.
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\Vith a 0.120-inch aperture, the original gun would
deliver 140-ma beam current at 1,000-volts potential.
All of the cathode current is focused through the aper-
ture. According to linear scaling theory, the voltages
and current relations should remain constant regardless
of the scale to which the gun is built. Unfortunately,
however, cathode activity and the difficulty of fabrica-
tion of the gun parts become limitations.

In the scaled gun, the cathode area is 0.18 cm?. The
current density is increased from the cathode surface
to the minimum cross section of the beam by a factor
of approximately 60. The first gun was built as nearly
as possible to the exact scale of the original gun. Over
96 per cent of the cathode current was focused through a
0.024-inch aperture. For an opening of 0.0183 inch it
was found that 80 per cent of the cathode current was
focused into the beam. At 1,200 volts the beam current
was 120 ma and the cathode current was 150 ma.

CONCLUSIONS AND RECOMMENDATIONS

Inductive tuning offers what appear to be intrinsic
advantages over capacitive tuning. These advantages
have not been realized in the retarding field oscillator
as vet. The problems to be solved hefore this type of
tuning can be used to an advantage are the mechanical
problems of moving the tuner and maintaining proper
spacings in the tube. In addition to the mechanical
problems of tuning, there is the electrical problem of
maintaining the proper loaded shunt resistance, or
loaded Q throughout the tuning range.

In addition to the problems of developing an in-
ductively tuned tube, there is the question of extending
the operating range of the oscillators to higher frequen-
cies. Fxperiments indicate that the 0.020-inch diameter
aperture is working at the limit of its frequency cap-
ability, at wavelengths of 2 cm. Thus, to go to higher
frequencies would require a smaller aperture or higher
voltage.

Another possibility is to use a gridded aperture and
smaller beam voltages. No attempt has been made thus
far to investigate this type of coupling to the beam.

With present techniques and knowledge, a wide-
range-tunable retarding field oscillator has been pro-
duced to cover the range of wavelengths from ap-
proximately 2.2 to 4 cm. Maximum over-all efficiencies
are of the order of 4 per cent and efficiencies of 2 per
cent are maintained over the tuning range.
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A High-Voltage, Cold-Cathode Rectifier”

E. G. LINDERY, seNior MEMBER, L.R.E., J. H. COLEMANY, ASSOCIATE, LR.L., AND . G. APGARY®

Summary—A new cold-cathode, high-voltage rectifier is de-
scribed. Both theory and extensive experimental data are included.
The operation of the tube is based upon an improved type of electron
trapping similar to that occurring in a cylindrical magnetron in the
cutoff condition, but augmented because of the use of end plates on
the cathode. Mercury vapor is used, which at normal operating tem-
peratures, provides a gas at a pressure of from 103 to 10~? mm of
Hg. Because of this low pressure and the small dimensions of the
tube, ionization is inhibited when the cathode is positive, and high-
peak inverse voltages are possible. However, when the anode is
positive, the improved electron trapping results in conduction in
spite of the low pressure and small dimensions.

Experimentally, this rectifier has been operated up to 40-kv peak
inverse voltage. Life tests at 30-kv peak inverse voltage and a cur-
rent of 0.4 ma, at 60 cps, have run to 3,000 hours. Satisfactory opera-
tion has been obtained over a temperature range from 20 to 80 de-
grees C. The upper frequency limit lies between 120 and 240 keps.

This tube appears to offer, for the first time, a practical cold-
cathode rectifier for output voltages up to 14 kv and currents up to
one ma, Its advantages are particularly valuable in the case of
voltage-multiplier rectifier circuits, since high-voltage insulated
cathode-heater transformer windings are not necessary.

I. INTRODUCTION

HIS ARTICLE deals with a cold-cathode, high-

voltage, rectifier tube, which was developed as a

part of a project on electron-trapping devices.
The general principle of electron trapping is herein dis-
cussed, as involved in the operation of this rectifier. It
is a type of trapping which is produced by the combined
action of electric and magnetic fields, and is similar to
that which occurs in a cylindrical magnetron. It results
in an electrical discharge resembling @ glow discharge,
but differing in that a magnetic field is required to main-
tain it.

The history of gas discharges in electric and magnetic
fields goes back to 1898, when such a discharge was ob-
served by Phillips.":2 On that occasion, Phillips, had
reduced the pressure in a vessel sufficiently low to extin-
guish a glow discharge between two electrodes, and
then switched on a magnetic field along the axis of the
two electrodes. A luminous ring was observed to form
between the electrodes and the glass wall, as indicated
in Fig. 1(A). This glow was interpreted by Strutt? in
1913 as being caused by ionization of the gas in the ves-
sel, by negative ions following long paths, on going
transverse to the magnetic field, from the two center
electrodes to the glass wall, which had been charged
positive by the previous discharge. To check this ex-

* Decimal classification: R337. Original manuscript received by
the lnzstitute, June 25, 1951; revised manuscript received, February
4, 1952.

t Radio Corporation of America, RCA Laboratories Division,
Princeton, N. J.

} Formerly with RCA Laboratories Division; now with the Ra-
diation Research Corporation, West Palm Beach, Fla.

! C. E. S. Phillips, Proc. Roy. Soc. A., vol, 64, p. 172; 1898.

2 C. E. S. Phillips, Phil. Trans. (London), vol. 197A, p. 135; 1901.

3 R. ]J. Strutt, Proc. Roy. Soc. A., vol. 89A, p. 68; 1913.

planation, Strutt placed a cvlindrical electrode close to®
the inside of the glass wall and concentric with the
center clectrodes. \When this outer electrode was held
at certain positive potentials, a discharge was main-
tained, with appropriate magnetic field strengths, he-
tween this clectrode and the center electrodes, which
were at ground potential. A conducting  cvlindrical
jacket over the two center electrodes, as shown in Fig.
1(B), gave the same result. The effect was investigated
later by several other workers,* and was applied as a
rectifier by Bush and Smith.®
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Fig. 1—(A) and (B), carly types of tubes; (C) typical
cutoff characteristics.

Bush and Smith used the structure of Strutt, shown
in Fig. 1(B), with a magnetic field adjusted too low for
conduction when the outer cylinder was positive, but
sufficiently high for conduction when it was negative.
These characteristics are illustrated in Fig. 1(C). The
difference in magnetic field required by the different
polarities was explained on (he basis of Hull's® mag-
netron equations as being caused by the smaller mag-
netic field required for cutoff in the external-cathode
magnetron compared to the same structure operating
as an internal-cathode magnetron. This design was

¢ M. Wehrli, Ann. der Phys., vol. 69, p. 289; 1922.

¢ V. Bush and C. G. Smith, Proc. LLR.E. vol. 10 41; 1922,
*A.W. Hull, Phys. Rev., vol. 18, p. 31: 1921 » Pr 415 1922
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found to have appreciable back current above a few
thousand volts, and was replaced by the thermionic
gas rectifier, which was more reliable with the same in-
verse voltage rating. An application of the effect, which
is still in use, was made by Penning’:® as an ionization
gauge.

Penning was first to make an analysis of the known
cutoff curves (Fig. 1(C)) by applying Hull's equations
to the case of electrons originating throughout the space
between the electrodes. Using this procedure, he cal-
culated the ranges of voltages and magnetic fields under
which electrons could pick up enough energy for ioniza-
tion. These calculations qualitatively fit the observed
data of cutoff. No attempt was made to determine time-
variable characteristics, either theoretically or experi-
mentally. After the cutoff analysis, Penning used the
structure of Strutt? (Fig. 1(I3) without the center sleeve)
as a pressure gauge. Some further use® of the effect was
made in 1946 by pulsing the magnetic field to obtain
conduction in radar modulator circuits.

11. ThrorY OF OPERATION

The formulation of a complete theory of the opera-
tion of this rectifier has not as yet been carried out be-
cause of mathematical difficulties in meeting the exact
boundary conditions. For example, the electron paths
are dependent upon complicated electric and magnetic
field distributions, upon space charge, and upon colli-

)

Fig. 2

Electrode structure and electron-path data.

sions with molecules and ions. However, a quite useful
idea of the operation of this type of tube can be gained
from a simplified theory in which the exact structure is
replaced by one of more amenable geometry. This has
been done in the following discussion, Although the re-
sults do not admit of a quantitative check by experi-
ment on all points, vet the qualitative agreement is
good. The theory has heen very helpful in the under-
standing and development of the tube.

'] ; V. Penning, Physica, vol. 3, p. 873; 1036,
s 1. M. Penning, Physica, vol. 4, p. 71; 1937,

' R.E. B, Makinson, J. M. Somerville, K. R. Makinson, and
P. ‘Thonemann, Jour. Appl. Phys., vol. 17, p. 567 1946,
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The electrode geometry of the tube is shown sche-
matically in Fig. 2(A), and in detail in Figs. 3 and 4. The
tube consists of a spool-shaped cathode K, and a ring-
shaped anode 4, immersed in an axial magnetic field H.
For the purpose of analysis, this structure is here re-

TR, W b

s o 10 !

Fig. 3—Tube components and completed tube with magnet.

placed by the concentric cylinder arrangement shown in
Fig. 2(13).

Electrons leaving cathode K (IFFig. 2(B)) travel in
radial paths to anode 4 in the absence of a magnetic
field. However, if a field is present, the paths become
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Fig. 4—Scale drawing.
curved, and at a eritical field, the curvature is so great

that they fail to reach the anode and return toward the
cathode. The same is true of clectrons originating at
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any point in the interlectrode space, providing that the
magnetic field is sufficiently large. Referring to Fig.
2(C), an electron originating at P, a distance ry, from the
center, will traverse a path such as shown, for fields
such that II>H..

Fom Ttull's® magnetron theory, /7, is given by

/8mV, R
IIC = /‘/ )
[4 R2 S r]"’

(1

where the quantities are defined in Fig. 2(C). This will
now be modified by introducing an expression for 1%
Normally, in a concentric evlinder arrangement, the
potential varies logarithmically between the cylinders;
however, in the presént case, because of the cathode end
plates, and the ring-shaped anode, this potential varia-
tion hecomes more linear. Hence it will be assumed that

R —n

Vo=V —ro-.
R — 7,

v
|
|
-
|
1

Heo 3}

n/r

Fig. 5—Cutoff fields for electrons originating in the inter-
electrode space.
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Using this expression, and also letting the cutoff field
for ri=rq be I, yiclds

ro\° l r0>
1 "-<l+k‘>< R
S
1 <l+ 71>'<l B "1>
R R
This result is plotted in Fig. 5, for the case where
ro/R=0.25. This graph shows that if [I,=1l., all clec-
trons originating between the cathode surface, r/R
=0.25, and the surface, ri/R =0.45, are cut off and fail
to reach the anode, as shown in Fig, 6(\), where the
cross-hatched area represents the region of origin of all
cutoff electrons. H [1.=211,, the cutoff region extends
from the cathode to about r=0.92R, as shown in Iig.
6(13). An electron originating at r =0.92R will just graze
the anode, as shown at a. An clectron originating in

Fig. 6—Typical orbits with coaxial cylinders.

the central region (r ~R/2) will have an orbit such as
shown at b.

The orbits of Fig. 6 are those of the simple cylindrical
arrangement of Fig. 2(B). In the structure of Fig. 2(A)
they become more complicated in that motion in the
axial direction also occurs.

In Fig. 7 side views of the tube are included. The case
where the electron originates in the equatorial plane is
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ishown at A. Here the orbit is planar, and has alrcady
been shown in Fig. 6. If the clectron originates off the
equatorial plane, it will have an axial component of
motion. This will be oscillatory, back and forth through
the equatorial plane, since the electron will be attracted
by the anode and repelled by the end plates. This oscil-
latory motion will be accompanied by a curvilinear
azimuthal motion, as shown in I'ig. 7(B).

o-|| ® o-|| o
| ‘ [
(A) ; ifoh
| | i
A
%\ | @ o ©
| ' I
(8) : (D)
| | |
\ l

Fig. 7 Typical electron orbits,

] hee <ituation is significantly different when the anode
is negative. The equatorial electrons then move as
shown in Fig. 7(Cy; the nonequatorial electrons moyve
in short spiral paths to the end plates, where they are
collected, as shown at 1),

I hiewe orbits illustrate the principle of “electron trap-
ping.”
7(13), the electrons are unable to reach any electrode,
I he magnetie field curves their paths in such a way that

I or example, in the orbits of Figs. 7(A) and

no electrons reach the anode. The cathode exerts a re-
pelling effect sinee its potential is negative with respect
to the point of origin of the electrons, except for the
itself.
Henee, substantially all eleetrons are trapped. They re-

simall fraction which originate at the cathode
main in the interelectrode space until disturbances, such
as collisions, deflect them into new paths, and eventually
to the anode.

When the anode is negative, this trapping effect is
greathv reduced, The paths are then as shown in Iigs
7(C) and 7(D). The equatorial electrons are trapped,

o as at (C), hut the nonequatorial ones, which actually
constitute almost the entire number, move in short
paths directly to the cathode end plates, as shown at D,
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Hence, when the anode is positive, there is a pro-
nounced trapping effect so that a high density of long-
path electrons is built up; whereas if the anode is nega-
tive, the electrons are quickly removed, the density is
low, and the path length short. These conditions greatly
affect the conduction through the tube, and are respon-
sible for its rectifying action.

The relation of the trapping cffect to conduction may
be explained by use of the Townsend theory of conduc-
tion in gases.'® Brietly, this theory assumes that elec-
trons emitted from the cathode build up an clectron
avalanche by a process of cumulative ionization. Posi-
tive ions, formed in this process, return to the cathode
and cause new clectrons to be emitted. This is a
feedback phenomenon. Under proper conditions the
fecedback may be large cnough so that a continuous,
self-sustaining discharge is formed.

The current ¢ in a Townsend discharge is related to
the primary current 7o at the cathode by the relation

i €**
m=—s=

’ 3
1 e y(c‘” - 1) ( )

where « is the average number of clectrons, or ions,
formed per centimeter of path per clectron, v is the
number of clectrens emitted from the cathode per posi-
tive ion striking its surface, and x is the electron-path
length between cathode and anode. It is evident that for
certain values of ax and v, m will be infinite. This cor-
responds to the onset of a sclf-sustaining discharge. The
quantity m is plotted as a function of ax and v in Fig.
8(\).

IFrom this figure it is seen that, for example, at point
P, a self-sustaining discharge will not occur. This point
might correspond to the present rectifier with anode
negative since x is then small. However, if the anode is
positive, electron trapping occurs, and x becomes large,
corresponding to point Py A self-sustaining discharge
will then start since conditions such that the
houndary m = = is crossed. The tube will act as a recti-
ficr whenever Py and Py are on opposite sides of this
boundary.

It is clear that the shape of the orbit, especially its
tength, affects the value of x. The orbit also affects the
value of . This may be scen from Fig. 8(B), which
shows a typical orbit of a trapped clectron. Assuming
that the initial velocity of the electron is negligible, the
maximum energy that it may have in the illustrated
orbit is A Ve. .\ necessary condition for the formation of
a discharge is that AV exceed the ionization potential.
The amount of this excess is determined by the value
of a required to satisfy the Townsend condition and
yvield a value of m= =».

are

As before, assuming a lincar potential distribution be-
tween cathode and anode, the following relations are
valid:

] D). Cobine, “Gascons Conductors,” M wraw-11ill Book Co.,
Inc., New York, N. Y., p. 156 and following; 1941,
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Fig. 8—Illustrating criteria for initiation of discharge.

K, R. Spange'nberg, “Vacuum Tubes,” McGraw-Hill Book Co.,
Inc., New York, N. Y., p. 116 and following; 1948.
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For magnetic fields greater than those given by (7)
the loops of the orbit would be too small, so that AV
would not exceed the ionization potential. Therefore, a
discharge would not occur. Hence, it may be said that
I1 controls the value of a hecause if 11 exceeds the value.
given (7) the number of ionizations per electron per
centimeter will be small, ie., a will be small.

The quantity v is determined in an important man-
ner by the voltage, since this controls the energy with
which the positive ions strike the cathode. Below several
hundred volts, ¥ is too small to permit a sclf-sustaining
discharge.

From the foregoing discussion three regions may be
outlined wherein a self-sustaining discharge cannot oc-
cur. These are as stated on the following page:

ez
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Fig. 9—Composition of cutoff curve.
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1. The region below cutoff, where H is less than the
value given by (1). Here no long paths are possible, and
hence x is too small.

2. A region of small 1", where ¥ is too small, since the
cathode is bombarded by ions of insufficient energy.

3. A region where the magnetic field is too high, so
that the path loops are too small to permit the electrons
to gain enough energy for efficient ionization. Thus, a is
too small.

These three regions are shown in Figs. 9(A), (B), and
(C), and are combined in Fig. 9(D)) to show the com-
plete characteristic. Experimental curves of this type
will be discussed later, and it will be seen that there is
fair agreement with the above theory.

A somewhat more complete theoretical discussion will
be given in a forthcoming paper on this tube in the
Proceedings of the National Electronics Conference for
1951.12

111. DETERMINATION OF RECTIFICATION CRITERIA

To make a preliminary study of various electrode
geometries a tube was constructed as shown in Fig.
10(D). Separate leads were brought out from the end
plates, inner evlinder, ic, and outer cvlinder, oc, and
their potential varied. A summary of the results ob-
tained is given in Table 1.

TABLE 1
ELECTRODE CONNECTIONS FOR TUBE ofF F1G. 10

. Inner Outer S
ULs: cylinder cylinder End-plate ¢, ction
no. . . potential
potential potential

1 Ground Positive Ground Yes

2 Positive Ground Ground Yes

3 Positive Positive Ground Yes

4 Positive Ground Positive No

5 Ground Positive Positive No

4] Ground Ground Positive No

All combinations of electrode polarities were tried. 1t
was found that Tests Nos. 1, 2, and 3 showed conduction
in the normal manner; whereas Tests Nos. 4, 5, and 6
showed no conduction under any magnetic field, up to
the flashover voltage point. These tests indicate that
anv of the structures of arrangements nos. 1, 2, and 3
will rectify. Arrangement no. 4 is the reversal of poten-
tials on no. 1, 4 the reversal of 2, and 6 the reversal of 3.
A sketch of structures based on these arrangements is
shown in Fig. 10(A), (B), and (C), with the c¢lectrode
representing the cathode indicated as K. The letters
\, B, and € represent arrangements nos. 1, 2, and 3,
respectively,

Theoe tests indicated that the structure used in the
present rectifier withstood higher inverse voltages than
the rectitier of Bush and Smith® because of the presence

g of the end plates. Also, these tests showed that the

2 G, Linder, |. H. Coleman, and E. G, Apgar, “A high-voltage
clectron-trap rectiter,” Proc. NEC (Chicago); 1951,
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structure of Strutt,? as used in a vacuum gage by Pen-
ning,® would rectify as in Fig. 10(B). The structure of
Fig. 10(A) had not been tried previously as a rectifier.
Tests were then made to determine the relative merits
of the three structures.

In these tests, separate tubes were built, and tests
were made at 60 cps. Structure 10(C) was consistently
inferior in inverse voltage insulation to the other two.
Thus it was decided to explore the various geometries

of 10(A) and 10(B), as a practical rectifier.
j(

(C)

™ "

cmceen

(8)

END PLATES

..........

[Tutalntiztnnniitul s

(D)

Fig. 10—Electro.le geometries surveyed.

IV. DC CHARACTERISTICS

Two types of dc characteristics, magnetic-cutoff and
current-voltage, were taken for different geometries.
Three geometrical dimensions were varied, anode radius
(R), cathode radius (7o), and end-plate separation (D),
indicated in Fig. 10(A). The structure of Iig. 10(13) was
treated as the limiting case of IFig. 10(A) with zero 7o,

A. Magnetic Cutoff

A range of anode radii, (R) from one inch to 3/32 inch,
was used to determine the general variation in cutoff
with geometry. Two anode radii (R), 3/16 and 3/32,
were then selected in the practical range for a rectifier
and their cathode radii (79), and the end-plate separa-
tion varied.

For the 3/16 inch R, D was made in three dimensions,
} inch, § inch, and } inch. For each D the ro was made
1 inch, v% inch, and Y inch, giving a total of nine varia-
tions. Typical curves are plotted in Fig. 11. The tube
with no center pin (r7o=0) is included. The large differ-
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ence between curves 1 and 2 is caused by the cathode
radius approaching that of the anode. As is scen from
(1), I1. increases rapidly as ro( =r,) approaches R,
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taken with a fixed magnetic field and by noting the volt-

age at which current first began to flow. The sloping

lower sections were taken with a fixed voltage and by

noting the start of conduction as the magnetic field was -

increased,
The cutoff ficld at 1,000 volts is plotted in 1Kig, 12 for

the series of tubes with different anode radii and small
cathode radii. As the minimum magnetic ficld oceurs
near the 1,000-volt point, for all tubes in this scries,
this curve, including the extrapolated dashed sections,
serves as i guide in predicting the operating magnetic
ficld for anv desired anode radius. The relationship
shown here represents that of (1), for R>>r and ry = r,.

To check the effect of cathode radius for a particular
anode radius, the magnetic field was calculated from (1)
and plotted as a function of rq in Fig. 13, for the two R,
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Fig. 13— Cutoff field versus cathode radiu-~,

3/16 inch and 3/32 inch. It is scen that the tubes with
the widest end-plate separation (D) approach closest to
the theorctical curve. The experimental values are
higher than the theoretical, probably hecause electrons
originating in the interelectrode space, as well as at the
cathode, must be cut off. Sce Fig. 5 and its discussion.
Again these curves can he used to predict the minimum
magnetic ficld for a particular 7,

July

vertical sections of these curves were
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Fig. 14—Anode current versus anode voltage.
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B. Current-Voltage

T'he anode current was measured at constant mag-
netic ficld as a function of voltage across the tube for
currents up to 100 microamps. Higher currents were
not used in these dc tests because of temperature
changes arising from the increased power input. Typical
results are shown in Fig. 14. It is seen that below 20
microamperes there is an unstable region. Between 20
and 100 microamperes the voltage drop varies but
slightly with current.

V. AC CHARACTERISTICS
The rectification efficiency at different frequencices is
affected by two factors: starting time for conduction
on the positive cycle; and deionization time, which may
leact to conduction on the negative cycle.

A. Starting Time

The time required for the residual charges in the
interclectrode space to build up to a steady discharge
by cumulative ionization after the anode voltage is
applied is termed the “starting time.” The experi-
mental results are shown in Fig. 15, where the starting
time is plotted as a function of the magnetic field for
difierent voltage amplitudes of an applied square pulse.
The time was measured by an oscilloscope across a 200-
ohm resistance iir series with the tube.

B. Deionization Time

T'he second factor, deionization time, was found to be
the predominant one in frequency limitation. .\ tube
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Fig. 15—Starting time.




826 PROCEEDINGS OF TIIE I.R.E.

with one-half-inch R operated satisfactorily at 90 ke
with ncon gas at 10-3%-mm Ilg pressure, but gave no dc
output with mercury vapor at the same pressure. Cal-
culations of ambipolar diffusion rates showed the posi-
tive-ion current would decrease to 1/e of the initial value
in 0.6 microsecond for neon, but would take 11,6 micro-
seconds with mercury vapor. At 90 ke, this diffusion
time for mercury is long compared to the duration (of 6
microseconds) of the positive half cycele, resulting in
positive ions remaining in the interelectrode space on
the negative half cyele. As the decay time varies with
the square of the electrode spacing, calculations showed
that for R equal to 3/16 inch the characteristic time
should be reduced to 2 microscconds. A tube based on
these calculations gave satisfactory operation at 90 ke.

C. Frequency Characteristics

To determine the rectification efficiency and the
regulation characteristics as functions of frequency, the
tubes were tested at 60 cps, 60 kcps, 120 keps, and 240
kcps. The results for 60 cps are shown in Iig. 16, to-
gether with similar data for the 1B3-GT thermionic
vacuum rectifier for comparison. A tube having slightly
convex end plates is also included. As the frequency in-
creases, the internal voltage drop, for all tubes, increases
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Fig. 16—Single-tube rectifier data at 60 cps.

slightly. The 120 kcps data are shown in Fig. 17. The
60 keps results are intermediate between these and the
60 cps data, while the 240 keps results show an output
of about 7.5 kv for no current, dropping to 4 kv at one
ma. However, the 240 kcps tests showed erratic per-
formance. Some tubes did not conduct at all except with

July

excessive magnetic ficlds. This frequency appears to lie
beyond the limit for satisfactory operation for this par-
ticular design of rectifier.
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Fig. 17 Single-tube rectifier data at 117 kcps.

The variation of the cutoff characteristic with fre-
quency is shown in I'ig. 18 (sce following page). It is
seen that as frequeney increases the voltage required to
initiate conduction also increases. For example, at
I1'=2,000 gauss, the starting voltage is about 500 volts
higher at 200 keps than at 60 cps. This difference is of
the same magnitude as the increase in tube drop when
this tube is uscd as a rectifier at these same frequencies.

VI. TEMPERATURE CHARAC TERISTICS AND Prak
INVERSE VoLTAGE

The use of saturated mercury vapor in this rectifier
imposes both low- and high-temperature limits. When
the temperature is reduced below room temperature,
conduction requires a higher magnetic field because of a
shift of the cutoff curves upward along the magnetic
axis. For example, the minimum magnetic field for curve
2 of Fig 11 rises to 1,000 gauss at Odegrees (', whereas
it is 600 gauss at 20 degrees (.

When used in a half-wave rectifier circuit at 60 cps,
the output voltage decreases as the temperature falls
below 20 degrees C, rlcvrcnsing by about 25 per cent at
0 degrees C. However, between 20 and 75 degrees C (the
highest tried) the output voltage is substantially con-
stant.

As the temperature rises, the inverse breakdown volt-
age is reduced because of the increase in mercury-vapor
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pressure. A plot of the peak inverse voltage as a function LRkl

of temperature (and pressure) is shown in Fig. 19 for
two geometries. The larger tube shown in curve 2 breaks
down at lower voltages in accordance with Paschen’s
law.

No inverse breakdown voltage data were taken with 20000 +——
dc voltages above 25 kv. However, tubes were operated
at 60 cps with inverse breakdown voltages up to about
40 kv.

13000}
VII. Lire TEsTS

Extensive life tests have not been made because of
lack of sufficient time. However, a life up to 3,000 hours
has been obtained with operation at 11-kv output and
0.4 ma of current. At an output of 14 kv and 0.4 ma, a
tube currently under test has operated 900 hours with
no evidence of deterioration.

In early models of the tube, cathode sputtering se-
verely limited life. The low gas pressure used in this type
of tube, coupled with the high voltage, permits high- sood
cnergy positive ion bombardment of the cathode re-
sulting in rapid cathode sputtering. This caused the
walls of the tube to become coated with metal, and led
to eventual breakdown of insulation. In tests of a series

100008

BREAKDOWN VOLTAGE

of materials, both graphite and tantalum were found to 1000
. o s 0 95 100 105 o
have low sputtering rates. Tantalum was eventually TEMPERATURE (°C)
s used for the cathode center pin since graphite did, after oee e e o

about 1,000 hours, form a carbon desposit on the walls

. . Fig. 19—Inverse breakdown voltage as a function of tem-
which flaked off and caused flashovers in the tube. k o . g '

perature and mercury vapor pressure.
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Gas cleanup also was a serious limitation in carly
tests. Gases such as ncon, argon, helium, and xenon
lasted less than an hour or so. These were quickly
abandoned in favor of saturated mercury vapor.

VI DouBLER AND TRIPLER APPLICATIONS

The advantages of a cold-cathode, high-voltage recti-
fier such as the present tube are especially evident in
the case of voltage multiplier rectifier circuits. Valu-
able simplification of the circuit results since heater
transformer windings with high-voltage insulation are
no longer required.

Data obtained with a voltage-doubling rectifier are
plotted in Iig. 20. A\ curve with 1B3-GT tubes is in-
cluded for comparison. The peak input voltage was 10
kv for both tubes.

Similar data were taken for a tripler circuit. With a
peak input voltage of 10 kv, an output of 28 kv was oh-
tained at zero current, dropping to 22 kv at 0.7 ma.
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Piezoelectric Transducers for Ultrasonic Delay Lines”
H. N. BEVERIDGET, ASSOCIATE, IRE, AND W. W, KEITH{

Summary—The over-all frequency response and loss of the trans-
ducers of a delay line are derived from Roth’s equivalent circuit. The
transient response of a delay line is computed from an equivalent
transmission-line circuit. The bandwidths and transient responses
measured on practical delay lines are given for comparison with
theoretical values.

INTRODUCTION
LTRASONIC DELAY LINES are useful tor the
dynamic storage of wide-band intelligence in
applications such as the high-specd memory of
a digital computer! and the canceller of a moving target
indicator.? The following discussion involves the theory
of the piezoclectric transducer as used in delay lines,
or similar ultrasonic devices, where the acoustic loading
is much greater than for high-Q crystals in frequency
stabilizing circuits or narrow-band filters. In most cases
the electromechanical coupling is small, allowing simpli-
fying approximations to be made with respect to the
interaction of electrical circuitry on acoustic frequency
response. The resulting expressions for the acoustic
_* Decimal classification: R265x R117.19, Original manuscript re-
ceived by the Institute, May 20, 1951; revised manuscript received,
March 10, 1952,
t Raytheon Mfg. Co., Newton, Mass.
1 C.F. West and J. E. DeTurk, “A digital computer for scien-
tific applications,” Proc. L.LR.E,, vol. 36, pp. 1452-1460; December,
1948.

?L.. N. Ridenour, “Radar System ILnginecering,” McGraw-ITill
Book Co., New York, N.Y., pp. 626-679; 1948,

steady-state and transient responses are independent of
all factors except normalized acoustic loading.

Onty the longitudinal mode of vibration in thickness
is considered in this analvsis. hut the
tic frequency and transient responses of a transducer
operating in the shear

normalized acous-

mode is the same as for the
longitudinal mode due to identical boundary condition~
when shear eroup velocities and
are substituted in

acoustic impedances
place ot the corresponding longitu
dinal values. Identical transmitting and receiving trans
ducers are assumed. Ior purposes of analvsis, the load
ing media at the transducer faces are assumed to extend
to infinity; hence, retlections in the media are neglected
In practice, the attenuation of the media usually is suf-
ficient to minimize the effect of reflections.

IExcept where otherwise indic ated, the
mks system of units is used.

rationalized

Lo STEADY-STATE ANaLysis
Steady-state analvsis of the piczoelectrie transducer
is based on an cquivalent circuit derived from funda-
mental physical equations by Dro W, Roth.® His circuit
is valid for all conditions of loading, and perfectly gen-
eral expressions result from its use. The general expres-

}W. Roth, “Piczoclectric transducers,” Proc. 1L.R.E., vol. 37
pp. 750-758; July, 1949, e B RS

.
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sions are involved, however, and cannot be made
independent of crystal dimensions and external circuit
constants unless simplifying approximations are valid.

Transmitting Transducer

Medium 1 of acoustic impedance z, is arbitrarily
designated as the transmission medium, and medium 2
of acoustic impedance 2; is designated as the transducer
backing material. In this analyvsis the acoustic imped-
ances are assumed to be resistive and independent of
frequency. \ssuming a zero impedance source Ej for
e'ectrical drive, the equivalent circuit is solved by
straightforward network analysis for the volume ve-
locity Az, in mesh 1 using (30) and (34), page 757 of
footnote reference 3.

—153
-
e BN ok S ¢
- [((14‘5‘2) cos 6r+j(14¢182) sin d :l
JuC g1 cos 6m— 14 j{a sin ér
. 1 cos 6m— 14 j¢1 sin o7
+ 9 o [1+ ) . . 5 )
w*C,t cos ér— 14 j{2 sin or

where C, is the piezoelectric capacity, Cg is the electro-
static capacity of the active areca A of the transducer,
z is the acoustic impedance of the transducer crystal
( =pc), and where

B 21
1= — (2a)
2
and
22
g’z = — (2}))
z
The normalized frequency 8 is given by
w
d=—= i (3)
wo fo

where fo is the frequency of fundamental resonance of
the transducer. Using the relation that?

) 7ACg @)
o K:‘Zwo’
it can be shown that, if
7"(§'x + '§2)
> 1.0, 3
1K? )

the left-hand term of the denominator in (1) is much
greater than the right-hand term, and

—FECrpA [
2C,

cos ém— 14 ¢, sin om

. (0)
(f14¢2) cos 6+ j(14¢5¢0) sin 57r:| (

Av;"’

The electromechanical coupling cocfhicient K is a di-

mensionless constant of the transducer erystal. For X-

cut quartz, K=20.1; hence, (6) is valid for most delay
p lines.

¢ Equation (4) is derived from (29) and (31), thid., page 757, using
the relation that z=pc,
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At fundamental resonance, §=1, and
—2ECeA

Avy, = SET (7

ch(g-l + {2)

Normalizing Av; with respect to A,
Ay §,+§2{ cos ér — 1472 sin ér \ )

Avy, 2 (&14¢2) cos dr+j(14£182) sin 61rf '

which is the normalized volume-velocity. When the
magnitude or phase angle of (8) is plotted against nor-
malized frequency for various loading conditions, the
resulting family of universal response curves is inde-
pendent of crystal constants, crystal dimensions, and
circuit constants.

The normalized volume-velocity is a periodic function
of frequency, having a magnitude of unity at funda-
mental resonance and at odd harmonics (8=1, 3, 5,
and so on), and a magnitude of zero at zero frequency
and at even harmonics (§=0, 2, 4, etc.). The magnitude
response curve is symmetrical about the resonant fre-
quencies. For certain loading conditions, two equal
peaks greater than unity are symmetrically located
about the resonant frequencies.

The transmitting transducer is frequently driven
from the plate of a pentode tube using an inductance
I which tunes the transducer capacity Ce and stray
capacity Cs to the fundamental resonant frequency and
a suitable damping resistance R in parallel with L for
the appropriate electrical bandwidth. In practical cases
the loading due to the radiation resistance of the trans-
ducer may be neglected; hence, the input impedance is
the reactance of Cg, and the input voltage Ej of the

transducer is

Es=gne, 21, 9
where Z 1 is the impedance of the tuned circuit, gn is the
transconductance, and e, is the grid voltage. When
driven by a tube, the frequency response of the trans-
dncer is the product of the acoustic response given by
(8) and the response of the tuned circuit of R, L, Cu,
and Cs in parallel. Since the frequency response and
bandwidth of a parallel resonant circuit are well known,
it is convenient to deal with the acoustic response and
the response of the circuitry separately.

Since z is resistive, the acoustic power W) radiated
into the transmission medium is proportional to the
square of volume-velocity magnitude. It follows that,
for the normalized power,

W,
W,

where Aw/Av,, is given by (8) for a zero impedance
source.” Shown in Fig. 1 is the acoustic power response
over the fundamental mode for X-cut quartz crystals
and mercury as the transmission medium ({3 =1.29),
with several values of backing impedance. The “acoustic

Av; g

Av.o

(10)

$ Equation (10) gives the same results as (15) in the following:
1. B. Huntington, A. G. Emslie, and V. W. Hughes, “Ultrasonic
delay lines 1,” Jour. Frank. Inst., vol. 245, page 10; January, 1948.
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Fractional hall-power and 0.707-power acoustic hand-
widths Af/f as functions of loading are shown in Figs, |
2 and 3 for sy mmetrical loading and air backing, respec-

power response” is a plot of (10) versus normalized fre
quency. This equation nay be solved for the acoustic
power bandwidth Af at a fractional power level W/ 1,

=h.
. . 14 : |
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Fig. 1—Power response for mercury (¢ =1.29). Fig. 3—Fractional bandwidths for air backing (£2x00)
tively, Tt should be noted double-peaking does not occur
for symmetrical loading. Tor air backing, the fractional
bandwidth between peaks and height of peaks in 1e

sponse as functions of loading are shown in Fig. 4.

Of importance in delay line design are the special
cases of symmetrical loading (§;=¢.=¢) and air back-
ing (£:220). By virtue of the erystal being a half-wave

T
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- ) . . 4 Fig. 4 - Bandwidth and height of peaks for air backing (£2=0).
Fig. 2 — Fractional bandwidths for symmetrical loading (¢ =8 =¢2).

in thick lecti f | For X-cut quartz transducers, and mercury as the
i thickness at resonance, reflection o incident ener v transmission medium (& 29 e g e . -
at the transducers can be reduced by a backing nlill(‘l‘igill widths are shown in | i(;;.l 5 (llszfl)l;l(?:::)!li’ l(l:fl:‘1),'::1]],,1':&’;,:1“
having the same acoustic impedanee as the transmission material impedance. ‘
medium. When reflections are unimportant, however,
lower losses result if the transducers are backed by air.
In mercury delay lines a metal plate not in intimate The over-all frequeney response and attenuation of a
contact with the transducers is used as a backing for  delay line are functions of the transducers, their cir-
mechanical support. The air trapped in surface irregu-  cuitry, and propagation effects such as the ultrasonice
larities of the backing plate destrovs the acoustic con- absorption in the transmission medinm and losses due ’
tact, approximating the conditions for air backing. to beam spreading. I’ropagation effects are neglected

Over-All Delay Line Response
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n the following analysis because of their wide variation
vith the type of transmitting material, with path length,
ind path configuration.®7-8 If for a given delay line the
yropagation losses arc known as a function of fre-

7| sineLE DOUBLE -
PEAKS
at |
fo
5 1 | | | i
[o] ) 10 1.5 20 25 30 35
. (0
Fig. 5—Fractional bandwidths for mercury ({,=1.29)

quency, the absolute over-all attenuation can be found
from the P’rinciple of Superposition.

1. Frequency Response: A parallel circuit of L, Cg, and
R usually is connected to the electrical terminals of the
receiving transducer, as ir the case of the transmitting
transducer. Assuming identical transmitting and re-
ceiving circuit parameters and constant volume ve-
locity incident on the receiving transducer, it can be
shown by means of the Reciprocity Theorem that the
normalized output voltage of the receiving transducer
is identical to the normalized volume velocity radiated
by the transmitting transducer.

In consequence of volume velocity on the receiving
transducer being proportional to volume velocity radi-
ated by the transmitting transducer, the over-all fre-
quency response of the delay line is the square of the
product of (8) and the response of the parallel resonant
circuit of R, L, Cgand Cg. The magnitude of the acous-
tic response is identical to the normalized power given
by (10). Therefore, all curves relating to the acoustic
power response, bandwidth, or peaks of one transducer
mayv be converted to the over-all frequency response,
bandwidth, or peaks of the delay line in voltage, except
for the cffects of the driving and receiving circuits, by
substituting IZ for W. The frequency response of the
transducer’s circuitry is well known and can be com-
puted separately.

2. Transducer Loss: Because of the low coefficient of
electromechanical coupling in piezoclectric transducers,
the transducer loss at fundamental resonance accounts

¢ [1. BB. Huntington, “On ultrasonic propagation through mer-

.(i‘g?é in tubes,” Jour. Acous. Soc. Amer., vol. 20, pp. 421-132; July,
7 W. Roth, “Scattering of Ultrasonic Radiation in Polycrystalline
Metals,” Research Laboratory of Electronics, M.I.'T., Technical Re-
port No. 52; November 26, 1947,
* D. L. Arenberg, “Ultrasonic Solid Delay l.ines,” Jour. Acous.
Soc. Amer., vol. 20, pp, 1-26; January, 1948.
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for a substantial part of the delay line attenuation. In
accordance with the commonly accepted method of
measurement, the transducer loss is defined as the ratio
of the voltage Er at the electrical terminals of the
transmitting transducer to the voltage Egr at the elec-
trical terminals of the receiving transducer with
propagation losses assumed to be negligible. The output
voltage of the receiving transducer Eg is found by solv-
ing Roth’s circuit with the proper connections made for
the receiving case. A parallel circuit of L, Cs, and R is
connected to the electrical terminals, and a volume-
velocity generator Awg is connected across z/A in
mesh 1. Solving for Egr at resonance,

2RC
Ep= — Avp— Ei'xr .
Cp(g-l + §-2)

Awvg can be found by applying Thevenin’s Theorem at
the receiving end of the transmission medium. Looking
back toward the transmitting transducer (assumed to
be at infinity), an acoustic impedance z,/A4 in shunt
with a volume velocity generator 2 A, is seen, where
Awv,, is the volume-velocity radiated by the trans-
mitting transducer and is given by (7), where E; is re-
placed by Er. Hence,

(11)

—4ErCgA
2C (51 + §2)

Substituting (4) and (12) in (11) and solving for the
transucer loss,

A IR =

(12)

E 2
Fr _ w6t $)* (13)
Er 8K*1wCeR i
In the case of circular, X-cut quartz crystals,
Cez = 7.28 d*fy micromicrofarads, (14)

where d is the diameter of the active area of the crystal
in inches, and f, is the fundamental resonant frequency
in megacycles.

[I, TRANSIENT ANALYSIS

In relatively narrow-band applications the over-all
transient response of a memory device is chiefly deter-
mined by the amplifier used with the delay line. In the
high-speed memory of a large scale computer, however,
the transient response of the delay line is the ultimate
limitation on digital storage capacity and is therefore
an important consideration in the logical design. The
acoustic transient response of the delay line, neglecting
propagation effects and the response of the transducers’
circuitry, is developed in the following analysis.

Roth's circuit has served as a basis for the develop-
ment of the steady-state theory of the piezoelectric
transcducer as presented above, hut, for obvious reasons,
it is not suitable for direct application to the transient
analysis. The procedure adopted here is to devise an
electrical transmission-line circuit having a steady-state
response identical to that of the transducer in the ap-
proximate case and having a transient response which
can be calculated in a straightforward manner, More-
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over, the transmission-line circuit presents a clear physi-
cal picture of the mechanism involved in both the
steady-state and the transient operation of the trans-
ducer.

Fquivalent Circuit

The equivalent transmission-line circuit, which has a
steady-state response identical 1o the acoustic response
of a piczoclectric transducer in the approximate case, is
shown in Fig. 6. Heavy lines indicate ideal uniform
transmission-line sections of characteristic impedances
Z, Zy, and Z,, where the central section Z, of length /, is
analogous to the transducing crystal and scctions Z,
and Zz are analogous to the acoustic loading media at

he faces of the transducer. For purposes of analvsis,
sections Zy and Zy are assumed to extend to inlinits .

,JZ:.?Z_) + (Z - Zg)é pwlle (Z + Z-_))( :
- e"“”C(Z'"' + ZZ] + leg + ZZ_)) + e""‘”‘(Z"’

I o=

w

£

Z, oz 2 Z,
— 2 -—
X ————
Fig. 6 —Equivalent transmission-line circuit.

Terminals 3 are analogous to the electrical terminals
of the transducer formed by the conducting coatings on
its faces. By analogy with the low electromechanical
coupling in a transducer, the coupling resistances R,
are assumed to be much greater than the characteristic
impedance Z of the center section. Conscequently, the
shunting effect of R, on the transmission-line imped-
ances is neglected in setting up the boundary conditions.

1. Steady-State Response: Assuming — for the trans-
mitting case —a sinusoidal constant-voltage generator
E; connected to terminals 3 of the equivalent circuit,
traveling waves are seen to be set up in the transmis-
sion lines: waves of voltage Ee“7/ct and current
Iie’“*/t propagating to the left in Z), waves of voltage
677wz and current Tpe~77/<2 propagating to the right
in Zz, waves of voltage E e 7“7/c and current I e—ivzle
propagating to the right in Z, and waves of voltage
E_e*7/c and current I_e/“='« propagating to the left in
Z, where the time factor %! is implicit in the amplitude
coefficients. ‘The velocities of propagation are ¢, ¢, and
¢2 in the corresponding sections.

Since R>Z, the current I, flowing in R. is as-
sumed to be independent of impedances Z, and Z,.
Taking boundary 1 as the origin (x=0), and applving
Kirchoft's laws at the boundaries:

=T+ 1_+1,
[+£—iwl/c + J_eiwlle + 131

(15a)
(15b)

sz—jul/cz -
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L=+ I, (16a)
Fpeiotler = [ e € 4 [_ewtle, (16)
In general, for a positively traveling wave,

L, =17, (17a)

and for a negatively traveling wave,
.= —-1Z (17h)

Therefore (16) may he written

Nz, =Z(I, — 1), (18a)
Inemiwtegy, = Z([emivtle — [ eiwlle), (18b)

Iquations (15) and (18) arc simultancous equations in
four unknowns (/y, Io, I, I ), which may be solved (or
11 by means of Cramer's Rule

L, (19)
ZZ] + Z]Z-_) — AAQ}
Using the relations
e = cos 0 + jsin 8, (20a)
€% = cos § — Jsin 0; (201
and rearranging,
wl ) wl
T4, [(‘05( > -1+ jio sin< >:|
¢ ¢
I, = - - ' (21)
) ' wl ) o wl
(1 + 2 (‘HS< >+ J(1 4 ¢12) sin < )
c ¢
where
- Z ,2
- 22a
<1 7 (224)
5 ’ 2}
g2 = 7 (22b)
At fundamental resonance
po
= -—, 23
2 (23)
where Ao is the wavelength at resonance; henee,
wl
- = ém, (24)
¢
and
215
I, = 2 (25)
$1 4 ¢
Normalizing I, with respect to I,
I (f1+§'2)j €os o — 14, sin o }
R : - -> . (26
I, 2 '(f]"*‘fz) cos 67r+j(1+3"l§'2) sin ér )

Since Zy is resistive, the normalized voltage Fi/FE,, is
identical to (26). 1t is clear from the identity of (26)
with (8) that the normalized output voltage or current
of the transmission-tine circuit is identical to the nor-
malized volume velocity radiated by a transmitting

l
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transducer or to the normalized output voltage of a re-
ceiving transducer for constant received volume velocity.
For fundamental resonance at the same frequency, the
time delay T4 of electromagnetic energy through Z is
identical to the time delay of acoustic energy through
the transducer.

Since the steady-state responses are identical, it fol-
lows that the transient responses are the same. The
transient solution of the transmission-line circuit is read-
ilv established by well-known methods.?

2. Impulse Response: The following analysis assumes
an impulse driving source—a generator of a voltage
pulse e; of zero width occurring at zero time—connected
to terminals 3 of the transmission-line circuit. Using the
notation that e = I f(T), where the function f(7) =1 for
time t=T, and f(T) =0fort>T or t<T, it follows that
e;=E; f(0). In the simplest case of symmetrical loading
when {1={2=1, as shown in Fig. 7, voltage pulses of
equal amplitude and opposite polarity are developed at
boundaries 1 and 2 at ¢ =0. Arbitrarily assume that the
pulse at boundary 1 is positive. A positive pulse (a) then
propagates to the left of boundary 1 at velocity ¢, and
a positive pulse (b) propagates to the right of boundary
1 at velocity ¢. .\ negative pulse (¢) simultaneously
propagates to the left of boundary 2 at velocity ¢, and
a negative pulse (d) propagates to the right of boundary
2 at velocity ¢a.

AT t:0: 1 2

zZ, 1Lz Z,

AT'-lzi. I 2

T

AT 1Ty | 2

- L - (b) (d)
() o Le
Y

RESULTING TRANSIENT IN Z, |

- Ty -

Fig. 7- Transient analysis when {i={2=1.

The pulses transmitted into Z; are of interest. At
t = T4, pulse (2) will have reached a position —x(=¢,1%)
in Zy, pulse (b) will have passed into Z; with no reflection
at boundary 2, and pulse (¢) will have passed into Z,
with no reflection at boundary 1. Therefore, the voltage
wave propagated by Z, is a positive pulse followed by a
negative pulse of the same amplitude which is delayed
by T'a. In impulse notation the wave at boundary 1 is

Ly f(0) — Ep f(Ta).

* See, for example, S. Ramo and J. R. Whinnery, “Fields and
Waves in Modern Radio,” John Wiley and Sons, Inc., New York,
N. Y., pp. 22-32; 1944.
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In general, the pulses initially developed at the bound-
aries are unequal due to nonsymmetrical loading, and
multiple reflections occur in Z due to mismatches at the
boundaries. Change of polarity on reflection also occurs
for certain loading conditions.

For a traveling wave in Z incident on boundary 1 or
2,

Zi—7Z 1-05

a; = = - , (27a)
Ziv+7Z 0 1+ 4
and
1— ¢
g = ———— 27b
’ 14+ ¢ il

where a, the reflection coefficient, is the ratio of reflected
voltage to incident voltage. The transmission coefficient
B, the ratio of voltage transmitted to voltage in the inci-
dent wave, is given by

2Z, 2

== ' 28
= T nt (282)

and

8y = 2
P41

At t=0, the voltages E; and E, are developed at
boundaries 1 and 2 by the current I f(0) due to the im-
pulse generator. Hence,

(28b)

zz iz
7 = Iy (29a)
Z+2Z 2
and
—17Z —1Z
5y = o 282 (29b)

Following the same procedure as in the case of sym-
metrical loading, but taking into account the losses on
transmission and reflection at the boundaries, the gen-
eral expression for the voltage wave e at boundary 1
may be written:

e = Elf(o) + 611':2](Td) + aZBll':lf(ZTd)
+ a10081Fof (3T 0) + anas?BiErf(4Ta) - - -,
where the terms represent impulses spaced by time T'a.

Evaluating E. in (30a) by means of (29b) and nor-
malizing with respect to the initial pulse voltage i,

(30a)

;l = f(”) - 62f(Td) + azﬁlf(ZTrl) - alagﬁzf(STd)

+ 01‘12261f(4Td) )

which is the impulse response of one transducer.

(30b)

Over-All Transient Response for Delay Lines

1. Theoretical Transient Response: It has heen shown
that the transient response of output voltage for a re-
ceiving transducer with an impulse of volume velocity
incident on interface 1 is identical to (30b). In a delay
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line driven by an impulse generator, the wave incident
on the receiving transducer is a train of pulses generated
by the transmitting transducer, as given by (30b). Fach
incident pulse produces at the output a train of voltage
pulses spaced by 7% and proportional to the amplitude
and polarity of the incident pulse. Addition of the pulse
trains in the proper time relationship gives the over-all
impulse response of the delay line exclusive of circuitry
and of propagation effects. IF'or identical transducers,
corresponding pulses in the trains are coincident in time
due to identical delay times in hoth transducers. Addi-
tion of coincident pulses gives the normalized over-all
response

e . S—
b J(0) = 2B:f(Ta) + (2a:8, + BAF(2T)
- -2-0232(01 + ﬁljf(-gTd)
+ ;12(2010231 ']‘ 2‘1_1/3‘2E +_‘12731Tf(47‘—d)
— 2aia%(es + 28))/(5T) - - - ,
where the terms under a bar represent a composite

pulse, the pulses being spaced by Tu Fewest pulses re-
sult when & =1, giving

(31)

; = J(0) = 2(T)) + f(2T+), (32)

which is independent of ¢,.10 Theoretically, if the trans-
ducers were backed by a medium which matched the
transducer acoustic impedance, optimum transient re-
sponse would result for any transmission medium be-
tween the transducers. I'urthermore, the reflection of
incident waves at the transducers would be minimized.
It should be noted from (13), however, that in this
instance the transducer loss is proportional to ({;41)2/¢,,
which is large when ¢, is small.

The response of the delay line to any applied wave-
form can be found by applying the Principle of Super-
position. The method is to assume that the applied
wave results from the addition of a large number of
impulses of the proper amplitude, polarity, and position
in time. Equation (31) gives the response of each im-
pulse, and the sum of all the responses in the proper
time and amplitude relations is the response to the ap-
plied wave. When the number of impulses is infinite, the
superposition integral results.

2. Measured Transient Responses and Steady-State
Bandwidths: The following measurements of over-all
transient response used a 0.02-microsecond input pulse
to approximate an impulse. The output of the delay
line was viewed on a wide-band video amplifier and
synchroscope. Input and output impedances of the delay
line were 50 ohms. Propagation effects were minimized
by a short path length, all the measurements on mer-
cury utilizing a 2-inch diameter path two inches in
length. X-cut quartz crystals were used as transducers
in all measurements. The following over-all fractional

1° This is in agreement with the steady-state response, which is
independent of ¢, when {s=1; hence, the curve for $fi=1in Fig. 1
corresponds to optimum transient response for any {;.
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bandwidths were measured on the same delay lines using
rf pulse techniques.

The fundamental resonant frequencics of the trans-
ducers were in the range of 6.5 to 10 mc. Unfortunately,
cut-off of the video amplifier at 18 mc limited the pass
band to the fundamental mode of the transducers, re-
sulting in the 0.02-microsecond input pulse being re-
shaped as alternations of the fundamental resonant fre-
quency at the output.

MEASURED

| J [\
/N [ 1] jl 1
IR N
4L; ’ \//
(b) U (d) AL
Fig. 8 —Theoretical and measured transicent responses.

Shown in Fig. 8(a) are the theoretical and measured
transient responses for a mercury delay line with mer-
cury backed transducers (£1=%2=1.29). Higher order
pulses of low amy litude are neglected in this curve and
in the following curves for theoretical transient re-
sponse.

The transient response of a mercury delay line with
air-backed transducers (steel backing plates) is given in
Fig. 8(b) () =1.29, {2220). The measured 3-db band-
width was 0.62: in comparison, the theoretical band-
width is 0.76 (Fig. 5).

The transient response of a mercury delay line with
lead backings in_intimate contact with the transducers
is shown in I7ig. 8(c) (=129, ¢, = 1.58). The measured
3-db bandwidth was 0.93; the theoretical bandwidth is
1.1.

A steel delay line, made from a gauge block £ inch in
diameter and one inch in length, with air-backed trans-
ducers, gave the transient response shown in Fig. 8(d)
(£1=2.83, {2220). In both the measured and theoretical
responses, higher order pulses of decreasing amplitude
follow the eleven pulses shown. The measured band-
width between peaks was 0.93, and the peaks were 4
db greater than the response at resonance. Theoreti-
cally, the bandwidth between peaks is 0.91, and the
peaks are 7 db greater than the response at resonance
(Fig. 4).

From a comparison of the transient measurements
with calculated values it is concluded that the agree-
ment is not exact, but that the theory exhibits the cor-
rect trends with sufficient accuracy for most engineering
problems. In general, the measured bandwidths are less
than the theoretical bandwidths, and the transducer loss
measured at resonance is 3 to 6 db greater than the
theoretical transducer loss from (13) and (14).
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The theory assumes ideal loading conditions which
are only approximated in practice. In the case of the
mercury delay line with air-backed crystals, for ex-
ample, the steel backing plates apparently reflect a small
acoustic load to the back faces of the crystals, which ac-
counts for the measured bandwidth being less than, and
the transducer loss being higher than, the theoretical
values as can be seen from I'ig. 5 and (13).

Although exact numerical values do not result from
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the theory as presented above, it should be clear that
the theory is fundamentally correct and is of practical
importance in the design of ultrasonic delay lines.
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Note on Safe Resonator Current of Piezoelectric
Elements®
E. J. POST}

Summary—An unambiguous quotation of crystal data is proposed
combined with some numerical values of much-used quartz cuts. The
aim is to prevent a misunderstanding which sometimes exists about
maximum electrical loading of piezoelectric elements.

N THE APRIL ISSUE of Electronics (1951) E. A.
]:[ Gerber! emphasized that the ratio of amplitude of
crystal vibration and current in the lead wires de-
pends strongly on the operating conditions of thecrys-
tal. To prevent ambiguity in quoting data for maximum
cryvstal current, the limiting data for crystal performance
could be given in terms of optimum current in the me-
chanical branch of the crystal two-terminal.? The ficti-
tious (piezo-electric) current in the mechanical branch
is directly proportional to the amplitude of vibration,
and may be identified with the current in the lead wires
in almost any case of a crystal operating in its series
resonance.
A dimensional analysis shows that for uniformly vi-
brating, fully plated crystals the piezoelectric current
can be written as

I=C¥;

¥ is a function depending upon the geometrical dimen-
sions of the crystal and its mode of vibration only,
whereas Cis a constant depending on physical and tech-
nical quantities characteristic for the crystal cut in
question. In Table I particulars about Candy are given
for computing the optimum current in the mechanical
branch of some quartz cuts.

Appropriate use of the table prevents crystal break-
age due to electrical overloading. This statement is
based on about three years of practical application in
the Post Office Laboratory in the Hague in Holland.

* Decimal classification: R214.211. Original manuscript received
Pylt‘hsezlnstitute, June 23, 1951; revised manuscript received, January
9, 1952.

+ Radio Laboratory of the Netherlands Postal and Telecommuni-
cations Services, 's-Gravenhage, Netherlands.

L. A. Gerber, “Amplitude of vibration in piezoelectric crystals,”
Electronics, vol. 24, p. 143; April, 1951,

1 A more elaborate form of this note was published in Dutch as an
appendix to a paper on oscillator design (Post and Pit, PTT Bedrijf,
vol. 111, p. 39; May, 1950). The material on oscillator design was
published in English (Proc. 1.R.E., vol. 39, pp. 169-174; February,
1951). Details covered in Gerber's paper have been deleted.

TABLE 1

ForMULA FOR QPTIMUM CURRENT IN MECHANICAL BRANCH OF
RECTANGULAR PLATES

In =.C\Iz(l, 1.;r, ) (mA)

l=length w=width ¢ = thickness of resonator
Mode of
vibration v, w, 1) A ¢ = Remarks
and cut ‘ (mm) [ (m.A.mm™)
Thickness wi/t Ar, C=0.12
Ar, Br, X Br, C=0.12 ‘
X, C=04 [
Longitudinal ‘ w X cut 5°
X bar, Gr C=0.55
Gr I<w
Gr cut, [
C=0.30 |
Face shear .‘ w : Cr, C=0.25
Cr, Dr l | Dr,C=0.15 | w=1
Face shear i ! | €=0.25 | I>w?
Hr '
Flexure wt/l C=0.3 No center electrode
Curie strip of C=0.6 center electrode
X bars l

A direct computation of optimum piezoelectric cur-
rent based on tensile strength of the material may be
found in Cady’s “Piezoelectricity.” More information
about rupture strain of quartz for different orientations
is needed to extend the derivation to other crystal cuts.
Moreover, one has to take into account the additional
stresses due to interfering modes disturbing the uniform
vibration pattern in thickness vibrators, and for par-
tially plated crystals one has to take into account the
decreased area of the electrode surface. I'or overtone
excitation of thickness vibrators it is worthwhile to point
out that some further analysis shows that C is unaf-
fected by the order of the overtone.

No doubt some figures for C are susceptible to correc-
tion by those who have more experimental data avail-
able. The principle aim of this note is to provide a fair
working basis for safe crystal-oscillator performance.

1 E. J. Post, Apfl. Sci. Res., vol. B1, p. 420, 1050,

¢ W.'G. Cady, “Piczoclectricity,” McGraw-Hill Book Co., Inc.,
New York, N. Y., p. 324; 1946.
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An Experimental Study of Low-Power CW
. %
Magnetrons Having Few Segments
E. B. CALLICK?Y, SENIOR MEMBER, IRE

Summary—It is shown that, apart from having intrinsically lower
efficiency, two- and four-segment magnetrons differ very little in
characteristics from multisegment types if the ratio of cathode-to-
anode diameter is the same in each case. High efficiency, comparable
under some conditions to that of multisegment magnetrons, can be
obtained from tubes having few segments when the cathode is rela-
tively much smaller. This results in a number of observable differ-
ences between the behavior of the two types, notably a variation of
efficiency with diameter in two- and four-segment tubes, which is
accompanied by nonconformity to the voltage scaling laws.

1. INTRODUCTION

T HAS BEEN SHOWN! that an approximate value
I[ for the theoretical maximum efficiency of a magne-

tron may be derived from the assumption that all
electrons arriving at the anode do so tangentially with
an angular velocity equal to that of the rotating rf
field, and that the energy of the electrons returning to
the cathode may be neglected. Then

Im ( Wr, )2/ .
eV,
2 ”n

w is the rf angular velocity

A the corresponding wavelength
n the mode number

V the anode voltage

IT the magnetic field

where

and
ra the anode radius.

By substituting for 17 the threshold voltage 177 de-
rived by Hartree and Bunemann and introducing the
Hull cutoff voltage V7., this may be written

I\t i 17272
=[G -G
I Vr
which, by manipulation and introduction of the reduced?

* Decimal classification: R355.912.1. Original manuscript re-
ceived by the Institute, July 20, 1951; revised manuscript received,
February 18, 1952.

t . O. Box 165, Benjamin Franklin Sta., Washington, D. C.

'\W. E. Willshaw, L. Rushforth, A. G. Stainby, R. Latham,
A. \V. Balls and A. H. King, “The high power pulsed magnetron;
development and design for radar applications,” Jour. IEE (Lon-
don), vol. 93, no. 5, pp. 991, 992; 1946. See also K. Posthumus,
“Oscillations in a split anode magnetron,” Wireless Eng., vol. 12, PP
126-132; March, 1935. Reference to this work is made by Spangen-
berg in “Vacuum Tubes,” McGraw-Hill Book Co., Inc., New York,
N. Y., pp. 654-660; 1948,

2 In their original form, as derived by Hartree and Bunemann,
the reduced variables do not include the mode number n. Those in
common use today, which take # into account, are due to Slater, See.
for example, G. B. Collins “Microwave Magnetrons,” Radiation
Laboratory Series No. 6, McGraw-Hill Book Co., Inc., New York,
N.Y, pp. 414-417; 1948,

values of operating magnetic field (/1/Hy) and applied
voltage (17/ V), gives

1
= 1 —
7 211
, -1
11,
or
1o
n= 'y !
where
ra\* m
['o = (' ) '(2#262 - )
nA ¢
ra\2
= <~—> (10,1 X 10%)
nA
and

1 e 1
Hy = - <—~——>
r.? m drc

nA <1 — )
ra2

1
=—-(21.4 X 10%)
nA

if 7¢, the cathode radius, is small compared to 7,.

Comparisons of the predicted and measured values of
efficiency of both two- and four-segment magnetrons
have been made by Herriger and Hiilster,? showing that
the mecasured efficiency is never greater than about one
half the predicted maximum value, A comparison® of
available data on multisegment magnetrons of the kind
commonly used in radar systems showed that whereas
with I7/II, around 3 the measured efficiency, like that
of the types examined by Herriger and Hiilster, is about
one half of the theoretical maximum value, it rises to
within 5§ to 10 per cent of that value when I7/11, is
equal to §.

It will be shown here that efficiencies greater than
those found by Herriger and Hiilster may be obtained
from two- and four-segment magnetrons by the proper
choice of geometry and operating conditions, that the
difference in efficiency so obtained can be simply and
directly related to differences in tube dimensions, and
that under certain conditions the efficiency of two- and

3F. He’r'riger and F. Iilster, “Dje Schwingungen der Magnet-
feldrolgren, Hochfreq. und Elektroa - Band 49, p. 129, April, 1937,
. K. R. Spangenberg, “V'acuum Tubes,” McGraw-Hill Pub-
lishing Co., New York, N. Y., pp. 665-667; 1948
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four-segment magnetrons is comparable if not almost
equal to that of multisegment types. High efficiency
can be obtained from tubes having few segments only
if the cathode is relatively much smaller than that in
multisegment magnetrons. The experimental work to be
described has related this difference to differences in the
characteristics of the two types, and in particular to a
considerable variation of efficiency with diameter in
two- and four-segment magnetrons, which is shown to
he accompanied by nonconformity to the “yoltage-scal-
ing” laws. 1t has also shown that when the relative size
of the cathode is greater than that giving maximum ef-
ficiency in magnetrons having few segments, and is the
same for these and multisegment tubes, there is little
if any fundamental difference between the characteris-
tics of the two types. They differ significantly only in
that the magnetrons with fewer segments have in-
trinsically lower efficiency.

2. EXPERIMENTAL RESULTS

Two-Segment Magnetrons

Fig. 1 shows the relation between efficiency, anode
current, field, and frequency. With I and f fixed, n and
I, are inversely proportional over most of the range of
current in which oscillation is maintained.

Da = 3MM. ta = MM
De = O4MM  APPROX.
80 ~ o
~— >
\\\\
-~ \\\\ o
e . fe o s
- \\‘\ =L
60—\‘\ It \‘\\\

b vl
o

Fig. 1—Efficiency of a two-segment magnetron as a function of
anode current and magnetic field.
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Near the lower limit of oscillation, there is a charac-
teristic “tail” or rise in efficiency with current as il-
lustrated at “a.” This was found in nearly all the tubes
examined, but to varying degree, so that it may pass
unnoticed, particularly when r,is small. Large tubes, on
the other hand, may give a rise in efficiency with cur-
rent over a large part of the operating range, and inter-
mediate sizes show the tail as a region of constant
efficiency at the low current end of the mode. At the
high current limit there may be either an abrupt cessa-
tion of oscillation or a falling off in efficiency as il-
lustrated at “b.” In both cases, approach to the upper
mode boundary is characterized by no increase or, al-
ternatively, a fall in current as the anode voltage is in-
creased, even though the primary emission available
from the cathode is many times the oscillating current
at any part of the mode.

If the loading is set ta give maximum efficiency at
low values of II/H,, and then H/Il, is increased, there
is an abrupt change in the n/I, characteristic at some
particular value of H/II,, as illustrated by the broken
curve “X” of Fig. 1. The efficiency no longer shows in-
verse proportionality to anode current, but appears to
be sensibly independent of it. A slight reduction in
loading restores the inverse relationship, the value of
Nmin being then roughly the same as the efficiency pre-
viously obtained over the whole range of operating
current.

Changes in the relative dimensions of the gaps and
the interaction space displace the lower and upper
mode boundaries in the same direction, and affect the
incidence of tail. A tube with narrow gaps ( <r4/5) will
oscillate at lower current and show little backlash at
the lower mode boundary and more tail than a similar
one with relatively large gaps (about 7,/2), which will
jump into oscillation at a higher minimum current,
have considerable backlash, and little if any tail. At
the upper mode boundary, tubes with narrow gaps drop
abruptly out of oscillation at lower current and there-
fore give less maximum power output than those having
wide gaps. The efficiency and operating current in the
central linear part of the curve are not greatly affected
by gap width.

At any fixed frequency, as II is increased above a
critical value for a particular tube, the mode boundaries
move very close together, the average current in the
mode remains constant or falls, and the measured values
of efficiency show little or no increase. \When I exceeds
another critical value slightly higher than the first,
some tubes show a rapid decrease in operating current
and measured efficiency with increasing I, and in some
extreme cases cannot be made to oscillate at all. The
fall off may be minimized or possibly eliminated by the
presence of a minute trace of gas, or by an increase in
temperature of the cathode, even though the emission
available at the lower temperature is several times the
oscillating current. It is particularly sensitive to changes
in cathode radius, even though this is small compared to
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the diameter of the interaction space. Control by the
cathode is a function of size only, and not of any in-
crease in available emission that may be a result of an
increase in radius, which raises the critical value o H,
and will, in most cases, eliminate the falling-off effect or
the refusal to oscillate above some critical field. In one
particular experiment, by a change in radius from
roughly 7,/10 to /5, normal operation was obtained
from a tube which had previously failed to oscillate at
all except at very low field. Similar, but not so marked
effects may be obtained by off-centering a small cath-
ode.
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Fig. 2—Efficiency of a number of two-segment magnetrons as a
function of reduced magnetic field, showing effect of changing
anode diameter,

Fig. 2 shows a family of curves of efficiency against
a reduced magnetic field for tubes of different anode di-
ameter, together with a curve taken from the Herriger
and Hiilster paper: 7max is the measured maximum ef-
ficiency; 7, the efficiency at very low current, obtained
by extrapolating curves like those of Fig. 1 to I,=0.
The former, 7max, shows little or no increase above some
critical value of 7I/1I, that depends upon anode diam-
eter, but 7o shows a steady but diminishing increase
with fT/H, over the whole range of measurement. For
fixed values of H/H,, there is a small but definite in-
crease of 7me With frequency; but for convenience in
comparison, a single curve is drawn to represent the
relation between nm. and H/H,. %0 was found to be
entirely independent of frequency and anode diameter.

When H/H, is less than 5, one obtains the empirical
relationship

NMmax = 0.42D,'2-95 B 9,

July

where D, is in mm, and it is assumed that the leveling off
of 9mex above the critical value of II/II, has not taken
place. The value of II/ll, at which leveling off in 9.,
occurs may also be related to the anode diameter by the

approximate empirical formula
(H/Ho): = 30/D,.

Both formulas give good agreement with the results of
our experiments, but do not fit those obtained by Iler-

riger and Hiilster.

Four-Segment Magnetrons

When curves of efticiency against current of four-seg-
ment tubes were first examined, it appeared that apart
from a fall in efficiency near the mode boundaries, the
efficiency was sensibly constant over the whole of the
operating range. ('loser examination of curves taken on
a number of tubes and measurements made with load-
ing slightly lighter than that found to give maximum ef-
ficiency near the low-current-mode boundary showed,
however, that the curves for four-segment tubes are not
fundamentally different from those for two-segment
types. The curves consist, in general, of an extended re-
gion of constant efficiency near the low-current-mode
boundary, corresponding to the “tail” in the two-seg-
ment characteristic, and a region of linearly decreasing
efficiency near the upper limit. As the loading is in
creased, the curve is flattened out and 7 appears to be
almost independent of I,. A similar effect can be pro-
duced by heavy loading of two-segment types. It is char
acteristic of the four-segment tubes that however they
are loaded, the measured values of Nmax and 7n,,;. differ
less than those of two-segment types. The effect of
changes in loading and gap dimensions is similar but not
so pronounced as in two-segment types. The fall-off ef-
fects in high magnetic fields are affected by changes in
cathode diameter in a similar way.

Fig. 3 shows a set of threc families of curves of ef-
ficiency against a reduced magnetic field for magnetrons
of three different sizes. Above a critical frequency for
each size of tube, which decreases as the anode diameter
increases, the curves of n,,,, closely resemble those of
two-segment magnetrons of similar size, except that ef-
ficiency is always higher at the same values of I7/If,
and the leveling off in efficiency occurs at higher values
of Nmax and I1/11, for the four-segment types. As the fre-
quency is reduced, the curves of Mmax versus I/ H, show
a broad peak at values of II/IIy which increase as the
anode diameter decrcases. The peak becomes more pro-
nounced until a critical frequency is reached, when no
further changes are observed.

In Fig. 4, curves of fmay taken from Fig. 3 and the
curve of 59 are shown for comparison with the curve of
theoretical maximum efficiency, an averaged curve for
multisegment magnetrons, and a curve given by lHer-
riger and Hiilster for a magnetron having D, =10 mm.
As in the case of two-segment magnetrons, the larger
tubes are more efficient when I/, is low but show a
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limiting value of 7max lower than that of the smaller
tubes, and 7, is independent of diameter and frequency.

If 7max is read from the upper branches and H/Ho is
less than 5, efficiency is given by the approximate em-
pirical expression

Mmax = 0.4D,!%-n0 B 7o,

where D, is in mm. This is almost the same formula as
that obtained for two-segment tubes. The efficiency in
the lower branches of the curves of 7max is independent
of diameter and is approximately equal to 270/3. The
values of H/H,,after which no great increase in efficiency
is obtained in the lower family of curves, are related by
the approximate formula

(H/Ho): = 40/D,,
and the position of the peaks in the upper branches by
(H/HO)p = 30/D¢,

which is the same formula as that obtained for the lev-
eling-off point in two-segment types.

Herriger and Hiilster, attribute the trough in their
n versus I1/Ho curve to an unfavorable spatial relation-
ship between the RF gaps and the loops in the electron
paths from cathode to anode. No sign of such a trough
was found during our measurements of the efficiency of
the 3-, 4-, and 6-mm tubes. The 6-mm tube was made to
give a characteristic somewhat similar to the Herriger
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Fig. 3—Efhiciency of a number of four-segment magnetrons as a
function of reduced magnetic field, showing effect of changing
anode diameter and frequency.

and Hiilster curve by deliberately undercoupling the
load when the curve “Z” of Fig. 3 was obtained. The
tube then generated a large amount of second harmonic
in the region of the depression in fmax. This could be
eliminated, and the normal characteristic obtained, by
an increase in loading too small to affect the measured

values of efficiency at low values of H/H,. This genera-
tion of harmonics was found in all the tubes examined
if the loading was not properly adjusted, being more
pronounced in the larger types. It therefore seems pos-
sible that the trough in the Herriger and Hiilster curve
might be explained by an effect of this kind.
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Fig. 4—Efficiency of four-segment magnetrons as a function of re-
duced magnetic field compared with the theoretical maximum
efficiency and that of multisegment types.

The Relation between Anode Diameter and Efficiency

Having seen that magnetrons having few segments
and relatively small cathodes show considerable varia-
tion of efficiency with anode diameter, one asks whether
this is associated with a corresponding variation in some
other electrical characteristic, for it seems improbable
that efficiency should be affected by changes of dimen-
sion alone. It may be argued that if I,’, the oscillating
current per unit length of tube, increases with anode
diameter less rapidly than the applied voltage V, condi-
tions are more favorable to electron bunching and spoke
formation in the larger tubes; so their efficiency should
be higher. If the ratio V,/I,’ varies with anode diam-
eter, one cannot apply to magnetrons having few seg-
ments the voltage scaling laws applicable to multiseg-
ment types, whose efficiency is generally assumed to be
independent of anode diameter.

For two-segment magnetrons, direct comparison
measurements of the minimum and maximum operating
current were made at selected fixed frequencies in the
range 150 to 300 mc with the magnetic field chosen to
make II/1I, vary in steps from 2 to 10. Interpretation of
the results was complicated by the effect of gap dimen-
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sions, waste current, and minor irregularities in con-
struction; but it was concluded that:

(a) For low values of I1/11,, where Nmax 18 roughly
proportionalto D,'2, V,is morencarly proportional
to D% than to D2 I'or higher values, where the
levelling off in efficiency takes place, V, is ap-
proximately proportional to D2

(b) 7n', the minimum oscillating current per unit
length of tube, is roughly the samie for all tubes at
a given value of I1/H,.

(c) The maximum value of oscillating current per unit
length is roughly proportional to the diameter.,

Thus there appears to be at least an empirical connec-
tion between gmax and the ratio V,/1.’; for when 11/11,
is less than 5, and .y is proportional to D,'2, so also is
the corresponding value of V,/1,.’.

For four-segment magnetrons, direct-comparison
measurements were limited to values of 11/1I, between
3 and 8. Interpretation of data was complicated in the
same way as for two-segment types, and also by the abil-
ity of the four-segment tubes to operate anywhere in the
region bounded by the upper and lower curves of I'ig. 4.
Even so, there is evidence to show that:

(a) V, is proportional to D,? to within the limits of
measurement.

(b) When II/1I, is less than 5, and the tubes are op-
erating on the lower branches of the efficiency
curves, I is roughly proportional to D2, and so
to V. Under these conditions, fm.x varies very
little with anode diameter.

(c) When II/I1yis greater than 5, 1.’ increases more
rapidly than Dg? and V,. Under these conditions,
the larger tubes have lower efficiency.

(d) If comparisons are made between tubes operating
on the upper branches of the curves, or between
one on the upper and one on the lower, the rela-
tion of I, to Dg, and so to V,, is modified in a way
that is compatible with the initial assumption
that efficiency is in some way proportional to
Vol Iy

The measured characteristics of four-segment magne-
trons are therefore intermediate between those of two-
scgment and mmnltisegment types. Operating on the
lower branches of the curves, their efficiency is sensibly
independent of anode diameter, and they conform to the
voltage scaling laws that are applied to multisegment
tubes. On the upper branches, they show the lack of
proportionality of 17, and 1.,/ to D, and the variation of
efficiency with diameter that is characteristic of two-
segment magnetrons. In this connection, the agreement
between the empirical formulas for (I1/115): for two-seg-
ment tubes and (I1/11,), for four-segment magnetrons
may be more than coincidence.

The Effect of Changes in Cathode-to-Anode Ratio

The two types have one great difference in geometry
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if high efficiency isobtained from cach—the relative sizes
of cathode and anode. In multisegment tubes, D, is
roughly equal to or greater than 1),/2, whercas the
cathodes in our tubes were relatively much smaller, D,
heing never more than Dg/5. One therefore asks whether
this could account for the difference in characteristics,

Iig. 5 shows a family of curves for a 6-mm tube with
various sizes of cathode. Similar results were obtained
from a 3-mm tube, and from the two sets of observations
it was concluded that when D, is roughly equal to or
greater than D,/4 efficiency is not significantly depend-
ent on anode diameter. Under these conditions there is
no peak in the efficiency curves and the tubes conform to
the scaling kuws. They differ from multisegment magne-
trons onlv in having itrinsicallv lower efficiency.
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Fig. 5—Efficiency of a four-segment magnetron as a function of

reduced magnetic field, showing effect of increasing cathode
diameter.

The disappearance of the peaks in 9. as the cathode
diameter is increased suggests that the upper branches
of Fig. 4 may correspond to the peak and trough in the
Herriger and 1liilster curve for their 10-mm tube, par-
ticularly if they used a filamentary cathode and so ob-
tained a cathode-to-anode ratio very much lower than

the § of the 3-, 4-, and 6-mm types used in the experi-
ments described above.

3. SUMMARY OF EXPERIMENTAL RESULTS

It has been shown that efficiency comparable with
that of multisegment magnetrons can be obtained from
two- and four-segment types by suitable choice of geom-
ctry and operating conditions. For high efficiency, the
cathodes are relatively much smaller in the tubes having

e ol
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few segments, which show a variation of efficiency with
anode diameter.

This variation is accompanied by a corresponding
variation in the ratio of applied voltage to the current
per unit length of tube, so that tubes of this kind do not

" conform to the voltage scaling laws that are commonly
applied to multisegment types. In other respects, nota-
bly the restriction of the range of oscillating current as
the magnetic field is increased and the rise in efficiency
with current near the low-current boundary, the behav-
ior of two- and four-segment magnetrons closely resem-
bles that of multisegment tvpes, as does that of the
four-segment tubes in the apparently small variation of
efficiency with operating current.

Finally, it has been shown that the differences in the
measured characteristics of multisegment magnetrons
and of those having few segments can be related to the
difference in the relative size of the cathode that is nec-
essary if both types are to give their maximum possible
efficiency. When the cathode-to-anode ratiois compara-
ble for the two types, tubes having few segments have

" intrinsically lower efficiency, but their characteristics
show no fundamental dissimilarity to those of multiseg-
ment magnetrons.

4. COMMENT

It has been suggested that a relatively small cathode
gives high efficiency because electrons that might other-
wise dissipate their energy in back-bombardment of the
cathode can pass through the center of the interaction
space and give up cheir energy to the rf fields during a
subsequent traverse to the anode. llowever, experi-
ments made during this study have shown that six-seg-
ment magnetrons with small cathodes either fail to
oscillate at all, or will oscillate only with low values of
reduced magnetic field and then give very low efficiency.
The same effect was also found in four-segment tubes,
though not so marked. In both cases it could be elimi-
nated by an increase in cathode diameter, or by equiv-
alent off-centering of a small cathode.

An alternative explanation of the role of the cathode
in determining magnetron characteristics assumes that
too small a cathode will prevent build-up of a stable elec-
tron spoke system, because this would result in regions
near the cathode having a space-charge density exceeding
that which the fields therein could maintain in equilib-
rium. Thus for easy starting and efficient operation in
the normal magnetron mode, a tube of given size re-
quires a particular minimum size of cathode. As the
number of segments is increased, penetration of the rl
fields into the interaction space will decrease, and so the
minimum size of cathode will increase. By reason of the
greater bunching and possibly higher operating current
density, one would also expect an increase with increas-
ing field and applied voltage, or alternatively, a drop

s out of oscillation above some critical field dependent
upon cathode-to-anode ratio Off-centering a small cath-
ode will move it into a region of higher fields, and so per-

Callick: Low-Power CIV Magnelrons

841

mit build-up of oscillation, even though efficiency would
probably be lower than that obtained with a larger ax-
ially mounted cathode. The results of our experiments
agree with all these conclusions.

If the cathode-to-anode ratio is greater than the per-
missible minimum, space-charge defocusing and collec-
tion of electrons before they give up their energy to the
of fields will be more pronounced in magnetrons having
few segments, and so their efficiency should be lower
than that of multisegment types.® This effect will be-
come more marked as the cathode-to-anode ratio is
increased. If the reduced magnetic field and applied volit-
age are increased, the higher operating current density
and greater degree of bunching will accentuate these
effects. One would therefore expect the difference in ef-
ficiency of the two types to increase with both D./D,
and I{/IH,. Experimentally this is so.

If the cathode is too small for operation in the normal
magnetron mode, the tubes can oscillate only in the
“minimum voltage” regime® described by Willshaw and
Robertshaw, in which the fields near the cathode have
no part in the mechanism of oscillation. Using a block
with a large number of segments, they have found that
with the low cathode-to-anode ratio required for effi-
cient operation in the minimum voltage regime, the
normal magnetron mode of operation is suppressed. An
increase in cathode diameter permits the tube to operate
either in the minimum voltage regime or in the normal
mode with low values of reduced field. A further in-
crease results in suppression of the minimum voltage
mode and extension of the normal magnetron mode to
higher values of reduced magnetic field. This effect of
changing cathode-to-anode ratio is much the same as
that which has been found in our experiments with two-.
four-, and six-segment magnetrons. Operation in the
minimum voltage regime is limited to values of I1/H,
around 1.5. Under these conditions the power output
from the magnetrons used in our experiments would be
too small to be measured by our apparatus. However,
some of the four-segment tubes, but none of the two-
segment ones, gave some indication of operation in the
minimum voltage regime. Curves of efficiency against a
reduced magnetic field, such as those of Figs. 3 and 4,
should theoretically pass through zero efficiency at
I{/H,=1; and in the case of two-segment magnetrons,
the experimental curves do likewise, apart from a slight
falling away near the origin of the curves, which can be
attributed to an imperfect cutoff characteristic. Some
four-segment tubes, however, gave curves of efficiency
which fell away from these curves and would, if extra-
polated, have passed through zero efficiency at I1/H,be-

5 Slater’s rule cannot be applied to magnetrons having four seg-
ments or less, for it gives r.=0. Experimentally, the optimum
cathode-to-anode ratio for two- and four-segment tubes is between
1:10 and 1:8. For six-segment tubes the rule gives r./r,=1/5. Ex
p}t]:.rimentally, the optimum value is found to he somewhat higher than
this.

¢\W. E. Willshaw and R. G. Robertshaw, “The hehaviour of
multiple circuit magnetrons in the neighbourhood of the critical
anode voltage,” Proc. Phys. Soc., vol. 63, p. 41; January, 1950.
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tween 1.5 and 2. At the same time, measured efficiencies
of a few per cent were obtained at these values of re-
duced magnetic field. In some extreme cases, when very
small cathodes were used, operation was limited to val-
ues of IT/H, below 2, when only by careful adjustment
of field and applied voltage could a measurable efficiency
be obtained.

5. CONCLUSION

Experiment has shown that there are no fundamental
differences between the characteristics of multisegment
magnetrons and those of tubes having few segments.
Observed differences in their behavior have been related
to the difference in the ratio of cathode-to-anode diam-
eter which is necessary if maximum efficiency is to be
obtained from each type.

It appears that for all magnetrons the cathode-to-
anode ratio must exceed a certain minimum if oscilla-
tion is to be in the normal mode. It must not exceed a
certain maximum if high efficiency is required. Both
minimum and maximum increase with the number of
segments.

The effect of variations in cathode-to-anode ratio has
been explained in terms of the maximum permissible
space-charge density necar the cathode and of space-
charge defocusing of the rotating electron cloud. But
this explanation is purely qualitative and deals only in
very general terms with the phenomena involved. It
must be concluded that the exact role of cathode in de-
termining magnetron characteristics is still a matter for
speculation.

6. ACKNOWLEDGMENT

This paper is published by permission of the Ad-
miralty. The experimental work which it describes was
carried out at the Services Electronics Research Labora-
tory. The author wishes to record his appreciation of the
help of F. A. Howe who constructed most of the experi-
mental tubes and assisted in the measurement of their
characteristics.

APPENDIX

Details of the Experimental Method

The construction of some typical tubes used in the ex-
periments here reviewed is illustrated in Fig. 6. The
interaction space is enclosed by a comparatively massive
copper anode which permitted operation of the tubes
without overheating or other adverse effects at high
values of reduced field. In nearly all tubes the length of
the anode was roughly twice the diameter of the inter-
action space, and in no case was it less than one and a
quarter times the diameter. The width of the gaps be-
tween the segments in both two- and four-segment types
was approximately one fifth of the internal diameter of
the anodes. Earlier experiments had indicated that the
size and position of cathode end-discs had little effect on
efficiency, and therefore no end-discs were incorporated,
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except those formed by the flanges of the eyelets into
which the ends of the cathodes were anchored. The avail-
able primary emission was usually several times the
oscillating current, even when operating with the maxi-
mum permissible power input.
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Fig. 6—Construction of two typical experimental tubes.
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To avoid as far as possible any freak results due to
some undiscovered imperfection or peculiarity of any
one tube, measurements, with one or two exceptions,
were made on two or more samples of cach type. At the
beginning of each set of measurements, the tube being
tested was checked for cutoff characteristic and aligned
in the field to give maximum efficiency at some conven-
ient field strength. In general, the alignment found to
give highest efficiency also gave the best cutoff char-
acteristic. A few tubes, however, showed a small but
definite increase in efficiency when given a few degrees
displacement from the optimum alignment for cutoff.
Power output was measured by visual comparison of the
brilliance of the rf load lamp with that of a similar lamp
placed next to it and operated from a variable dc supply.
In general, positioning of the load lamp with respect to
the shorting bar was not critically dependent on mag-
netic field, a minor readjustment being required only
when the field was set to valyes much higher than that
for which the optimum position was selected. The load
ansi comparison lamps were selected to have the same
resistance when cold and to have similarly shaped fila-
ments. Measurements of power output by three differ-
ent observers gave general agreement to within 5 per
cent of the measured power, as did substitution of one
load lamp by another of a different kind, thus indicating
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that the accuracy of measurement was high enough for
reliable and self-consistent results to be obtained. This
was confirmed by the close agreement between measure-
ments repeated at considerable time intervals. Measure-
- ment of the loaded and unloaded Q’s of the rf circuit
indicated that the circuit efficiency was of the order 95
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per cent or greater, so that the efficiency as measured
was taken as the electronic efficiency of the tube being
tested. No correction was made for anode input power
dissipated in back bombardment of the cathode, which,
over most of the range of measurement, appeared to be
an insignificant fraction of the total input.

Heater-Voltage Compensation for Alternating-
Current Amplifiers’

N. W. BROTENT, ASSOCIATE MEMBER, IRE

Summary—By the use of a direct-current feedback network
which minimizes variations in plate current, the output of a radio-
frequency amplifier can be made to be independent of heater-voltage
fAuctuations. Under- or over-compensation may be obtained by choice
of circuit components to meet individual requirements. The design
procedure for this network is indicated, and the experimental results
for a compensated 30-m¢ broad-band intermediate-frequency am-
plifier are shown.

INTRODUCTION
*ll I[E.\TER-\'OLTAGE variations cause changes in

the characteristics of vacuum tubes, with a re-

sultant deterioration of gain stability. Methods
of reducing and eliminating this troublesome effect have
been devised for electrometer circuits!? and direct-cur-
rent amplifiers,3#:® but little has been done to compen-
sate for these changes in alternating-current amplifiers,
especially at high {requencies. In high-gain applica-
tions where gain stability is of any consequence some
method of controlling heater voltage or compensating
for changes in heater voltage must be used. Since the
change in output of a high-gain amplifier may be several
times the change in heater voltage, methods of obtaining
sufficient heater-voltage control become increasingly
difficult as greater gain stability is required. Seeger®
has shown that large cathode and screen-grid resistors
greatly improve the stability of tube types 6AKS and
6AGS5. In this paper a feedback network (Fig. 1) for

* Decimal classification: R363.1. Original manuscript received
by the Institute, June 27, 1951; revised manuscript received, Feb-
ruary 25, 1952.

f Radio and Electrical Eng. Div., National Research Council,
Ottawa, Canada.

L F. E. O'Meara, “Circuits and tubes for ultra-sensitive electrom-
eters, Rev. Sci. Inst., vol. 22, pp. 106-108; February, 1951.

> J. J. Dowling and C. O'Ceallaigh, “The balancing of valve
circuits,” Phil. Mag., vol. 20, pp. 532-542; September, 1935.

3 A. G. Bousquet, “Random emission compensation,” Gen. Rad.
Exper.; May, 1944,

¢ G. E. Valley, Jr., and H. Wallman, “Vacuum Tube Amplifiers,”
McGraw-Hill Book Co., Inc., New York, N. Y., M.LT. Radiation
Laboratories Series No. 18, pp. 458—467; 1948.

s J. M. Sowerby, “Reducing drift in d-c amplifiers,” Wireless
lI;Vorldg,‘sxbol. LVI, pp. 293-295; August, 1950; and pp. 350-352; Octo-

er, 1 3

¢ C. I.. Seeger, “Notes on the Design of Extra-terrestrial Radio

Noise Receivers,” URSI Convention, Washington, D.C.; April, 1950.

stabilizing tube characteristics and completely com-
pensating for heater-voltage changes is described, and
the experimental results for a 30-mc compensated am-
plifier and a conventional 30-mc amplifier are shown for
purposes of comparison.

B+

Fig. 1—Basic circuit for heater-voltage compensation.

GENERAL

For a tube operated under space-charge conditions,
variations of the cathode temperature vary the average
initial electron velocity, resulting in a change of plate
current. Since transconductance is approximately pro-
portional to the plate current,” a change in heater volt-
age results in a change in transconductance. Con-
versely—any method of preventing plate current from
changing will stabilize the transconductance. The cir-
cuit shown in Fig. 1 operates on the above principle.
Any tendency for plate and screen-grid current to
change is counteracted by a change of bias voltage

applied to the grid by the feedback network R., Ru,
and R,.

7 For some of the factors affecting this relationship, see: (a) J=
Deketh, “Fundamentals of Radio Valve Techniques,” Book I, N. V.
Philips Gloeilampenfabrieken, Eindhoven, pp. 431-444; 1949. (b) W.
Raudorf, “Change of mutual conductance with frequency,” Wireless
Eng., vol. 26, pp. 331-337; October, 1949.
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THEORY AND DESIGN FORMULAS

For purposes of solution it is postulated that the
cathode potential variations (due to heater-voltage
changes) can be represented in the cathode lead as a
generator, e;, of zero internal impedance. It is as-
sumed that the effect of the suppressor-grid is negligi-
ble and that the change in plate current due to heater
voltage variations will have negligible effect on the
screen-grid current. \We may then set up the equivalent
plate and screen-grid circuits, as shown in Fig. 1. From
the equivalent plate circuit, we have

iﬂ(Rl +r,4+ R) = ¢ — Keyr — M2p€y, (1)

where e, e, are functions of ¢, and wa, is the screen-
grid to plate-amplification factor.

The right-hand side of this equation must be zero in
order that plate current be independent of ¢, T'hus

e = peg + papeys. (2)

We may solve for ey, ¢ from the equivalent screen-
grid circuit by taking loop currents I, and I,

Il(Rq + Ry + 7e0 + Rk) - [2(Rk + f.g) = €5 — M12€41
— I(Re + eo) + I(Ri + T+ R,p) = — e + mize g

[1(Rk + R,) - Isz = €r + €41, (3)
Solving,
a
1 — —
B
€t = — ¢ e 4)
1+ pe z
B
and,
R,,(R, + Rbl) (1 + ,“12)
€y2 = € — I ’ (5)
B a
1+ K1z —
B
where

a = R,,(Re + R;) + R«(R, + Ru)

B = R.(Ru+ Ry + Ri + 7.,) + (Ry + Ru)(Ri + Teg).

The conditions for i, =0 may be obtained by substitut-

ing (4) and (3) into (2);

Rio(Ro + Ru)
p 8

e

Equation (6) may be expanded and, in most practical
cases, simplified into
Rbl[rul(l + l-‘) - Ru/(/"‘-’p - ')l

- Ry[]\)'”(/" + M2, — M1 — 1) E f,y(l + 'u)]

+ rlﬂRlll(l + /-‘) = (). (7)

= M2p (1+ H12)

1+}1|
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Since the amplification factors and the screen-grid
resistance 7,, become fixed when the operating poten-
tials are chosen, (7) becomes a function of Ry, R,, and
R If R, is determined, values of Ry and K, that satis-
fy (7) may be chosen.

The following procedure may be followed if it is de-
sirable to employ a common voltage source for the
plate and screen-grid circuits:

(a) The grid bias I, the screen-cathode voltage
[y, and the plate-cathode voltage I, are chosen. The
characteristics of the tube operated under these condi-
tions are determined. FFor the average 6AKS, with
= —2v, I,.=110v, and E,=180v, the amplifica-
tion factors u, pye, and up, were found to be 2,300, 26.0,
and 88.8, respectively. The plate and sereen-grid cur-
rents [, and I,;, were 7.0 and 2.5 ma, and the internal
screen-grid resistance was approximately 19 k.

(b) Neglecting the bleeder current, R,, is calculated
from the approximate formula

TR+ E, — E,,
e ’
I,

80 (8)
and is approximately 39 k for the 6AKS operated
under the above conditions.

(c) K, and Ry are chosen from (7). Substituting the
above values into (7), we have

Ry — 1.20R, 4+ 0.04 = 0, )

which is plotted in IFig. 2.
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Fig. 2—Plot of Ry ~1.20 Rg+0.04=0.

One megohm and 820,000 ohms were selected for
Ry and R, in this experimental circuit. It can be scen
that this is in the region of over-compensation, but it was
desirable to use standard values as far as possible. If




NN

1952

R, and Ry are made smaller, bleeder current must be
taken into consideration in step (2). It may be neces-
sary to determine the correct values of resistors by a
series of successive approximations.

(d) The cathode resistance that will provide the cor-
rect grid bias is given by

E; Rau+ R,
—_— 1

Eﬂ‘-’Ra
TR I Ry

¢ (10)
where i is the total cathode current. For the above
conditions Rx was 9,600 ohms.

EXPERIMENTAL RESULTS

FFig. 3 shows the average change in transconductance
with heater voltage for the 6.\K5 tube. Component
values as developed in the example above were used
in the compensating circuit of Fig. 1.
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Fig. 3—Average transconductance versus heater-voltage
characteristics for the 6AKS35.

Characteristics of individual tubes varied as much as
+15 per cent from the average values, resulting in some
tubes showing either under- or over-compensation when
tested in the circuit of Fig. 1. Approximately half of the
tubes tested showed excellent compensation, while
about 10 per cent had such extreme changes in trans-
conductance with heater voltage that they were un-
acceptable for highly stable amplifiers. In every case
compensation decreased the change in transconduct-
ance with heater-voltage changes.

It is possible to obtain under- or over-compensation
by a suitable choice of the circuit resistors. In a multi-
stage amplificr, over-compensation may be applied to
a single stage to counteract the changes in the remain-
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ing stages. If complete compensation of a single stage is
required, the sircuit components may be adjusted to
give compensation for any tube; however, in practice it
may be easier to select a tube which nearly conforms to
the average amplification factors.

Where several stages are compensated, as in a multi-
stage amplifier, the over-compensation that may occur
in one stage may be counteracted by the under-com-
pensation of one of the remaining stages. As a conse-
quence of this probable distribution, the over-all heater-
voltage compensation may be several times better than
that of one stage; and there will be less stringent re-
quirements on the uniformity of tube characteristics.
The values of the resistors in the compensating network
may be altered, or the supply voltage may be changed
slightly to achieve the best compensation.
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Fig. 4—Percentage change in output voltage versus heater voltage
for two 30-mc intermediate-frequency amplifiers, identical in
gain, bandwidth, and noise figure.

Fig. 4 is a comparison between two 30-mc inter-
mediate-frequency amplifiers of the feedback-pair type.
They had a bandwidth of 10 mc, a gain of 125 db, and
nearly equal noise figures. The compensated amplifier
employed the dc network of Fig. 1 in each of the ten
stages. FFor a heater-voltage change of +1 per cent from
6.3 volts, the output of the uncompensated amplifier
changed by +3 per cent, while the output of the com-
pensated amplifier changed by only —0.05 per cent.
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Design of Optimum Buried-Conductor RF

Ground

FRANK R.

Summary—From the design equations developed, a radial-
conductor ground system may be constructed which will provide
maximum power radiated per dollar of over-all cost. The fundamental
equations are particularly applicable to any installation operating in
the frequency range below 1,000 ke. A radial-conductor ground
system based on the design parameters here presented will assure
low-frequency antenna efficiencies of 50 per cent or better as com-
pared to efficiencies of 25 per cent or less usually encountered in
similar antennas without such a ground system.

A technique for achieving optimum design of radial-conductor
ground systems was developed. Curves were prepared which facili-
tate the determination of optimum spacing and length of the ground
radials. A typical computation is included.

INTRODUCTION
]'l' IS AN ACCEPTLED FACT that transmitting an-

tennas operating in the frequency range below 1,000

kc are in most cases rather ineflicient radiators. The
greatest single factor leading to this inefficiency is usu-
ally the ground system. With few exceptions! (see list of
references), rules jor ground-system design are empirical
and based on results from existing installations.

‘The problem of obtaining optimum design in a radial-
conductor ground system lies in attaining maximum
power radiated per dollar of over-all cost. The design of
such a system is analogous to determining optimum
conductor size by Kelvin’s [.aw.? The method offered
here is more involved, but provides a precise and defini-
tive procedure for the design of an op-timum ground
system for any antenna installation, provided the soil
conductivity is accurately known. Both calculations and
measurements indicate that the use of such properly de-
signed radial-conductor ground systems should lead to
antenna-radiation efficiencies of 50 per cent or more
compared to the 25 per cent or less now tolerated.

In the following text, the step-by-step analytical pro-
cedures are explained, and a tvpical problem is solved
in detail. Appendix I contains a derivation of the admit-
tance of a single conductor in the svstem, a factor re-
quired in the analvsis.

THEOkY OF DESIGN

Optimum design of the ground svstem, when the de-

* Decimal classification: R126 X R320.3. Original manuscript re-
ceived by the Institute, September 10, 1951; revised manuscript
received, February 25, 1952. This report covers work to October 30,
1950.

t Development Division, 1J. S, Navy Electronics Laboratory, San
Diego, Calif.

V' H. E. Girhing and G. . Brown, “General considerations of
tower antennas for broadcast use,” I’roc. I.R.E., vol. 23, pp. 311-
356; April, 1935 and G. II. Brown, R. F. Lewis, and J. Epstein,
“Ground systems as a factor in antenna efficiency,” Proc. I.R.E.,
vol. 25, pp. 753-787; June, 1937,

? “Standard Handbook for Electrical Engineers,” McGraw-Hill
Book Co., Inc., New York, N. Y., 6th ed., p. 1488; 1933.
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sign of the antenna and the transmitter is fixed, is ac-
comphshed when the total annual expense of such a
ground system is at a minimum. The annual expense
includes amortization cost of copper and its installation,
plus the cost of the power dissipated in the ground. Oy
timum design, therefore, requires investigation of proper
spacing of conductors in any area over which the total
ground-system current density remains reasonably in
dependent of the ground conductivity.

Copper costs are determined by wire diameter and
conductor spacing, Wire diameter is dictated by prac-
tical considerations. Assume a wire of radius a, costing,
when placed a safe distance under the surface, K, dol
lars per meter-year. Then the vearly cost per square
meter is K,/d, where d is the space between wires nicas
ured in meters.

The second factor in the annual expense is the cost of
the power dissipated in the ground. This cost is deter
mined by adding the amortization cost of the station,
exclusive of the ground system, to the annual operating
costs of the station, dividing the sum by the mecan an-
tenna input power in watts and multiplying by the
watts dissipated per square meter, w, with a conductor
spacing d. T'his cost term obviously increases with in-
creased spacing of conductors. The total annual cost
per meter, Ky, to be minimized by varying d then becomes

» Kl
K= —+4 K,w, (1)
d
in which
Co+C
Ko = - =, (2)
W

where C, is the annual amortization cost of the station
exclusive of the ground system, Cy is the annual operat-
ing cost of the station, and W is the average input power
to the antenna in watts.

The power dissipated per square meter of ground sur-
face is given by the real part of | J2| Z, in which J is the
total current flowing across a square meter of area and
Z is the impedance of a square meter. Since the current
divides between the embedded conductors and the sur-
rounding soil, it is casier to work with admittances.
Thus the loss, w, is expressed as the real part of IJ’I /Y,
in which Y is the sum of V,, the characteristic admit-
tance of the soil, and ¥, the admittance of the grid of
wires on the surface of the meter square, which will be
almost purely susceptive,
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The characteristic admittance of the soil, V,, is given
by?
jo
P A

w
V, =

In the notation employed,

u is the permeability of the soil,

o is the conductivity of the soil,

¢ is the dielectric constant of the soil,
w is 27 times the frequency, f, and
jis equal to v/—1.

In the case of a low frequency installation, any rea-
sonable soil conductivity makes (o/w)>e and the ad-
mittance becomes

A S Sat YL IR 1/____
Y, = t/ o = NG 1/‘.’# (1-37) 4Wﬁ‘mhos.

The grid susceptance to uniformly distributed excita-
" tion will be designated Y,, and is a function of the spac-
ing, d, and radius, a, of the conductors.

It is shown analytically in Appendix I, and has been
confirmed experimentally * that for d<one wavelength,
\, the admittance of soil covered by a grid assumes a
simple form, given by

Y=Y.+7,
Itis further shown in Appendix I that

1
Y, = — j —————— mhos.

Sfud log, —
2ma
T'hus the total admittance of the soil and grid becomes

V=V.4+ 7, ~( ')1/" ]
- ] A .7 47"]#

mhos.

d
Sud log, —
2ma

Recalling that the power dissipated per square meter,
w watts, is equal to the real part of | J2| /¥, we obtain

g
9 l /‘/41[[;1
o o 1
anfu <1/ anfn
(3)

This analytical expression relating watts lost per square
meter and the grid spacing, d, permits expression of an-

— watts/meter?.

f;.ul l()g. -
2ma

3 S, A. Schelkunoff, “Electromagnetic Waves,” D. Van Nostrand
and Co., Inc., New York, N. Y., p. 243; 1943.

«F. R. Abbott, “Standard Radial Ground Systems for LF and
MF Monopole Transmitting Antennas,” Navy Electronics Labora-
tory Report 219; February 9, 1951.
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nual cost of power lost, wK, and finally the total annual
cost associated with one square meter of ground surface,
in terms of the grid spacing, d.

In cases where the frequency is high and/or the soil
conductivity is low, the dielectric constant, ¢, is no
longer unimportant compared to o /w. In these cases, the
admittance of the soil is given by

€« a0
Y. = /‘/— — ] —
B wu
which can be expressed as
Y,=U+jV.

The power dissipated into the ground, w, then becomes
the real part of

U+jV—3j 7
fud log, —
2ma

|72l U

w=—

- =% (4)
U4 (v —

d
Sfud log, —
2ra

DETERMINATION OF OPTIMUM N UMBER OF
RapiaL CONDUCTORS

In the region where the ground system is effectve, the
final quantity in the denominator of (3) is dominant,
and the expression for power dissipated into the ground
reduces to

721 4/ (o ~)
v drfu g 0g°21ra

=3 d
zI_]zldz ‘/fﬁ_‘ilog‘z_._.
4w 2ra

Because log, (d/2ma) varies slowly with changing val-
ues of d, the yearly cost of power lost in the ground may
be expressed as

)

'IUKz =~ (;]dz,
in which
/aj:!l"‘é
Cy = (|72 4/ =—logs )I\' 6
' <I I /‘/ 47 = 27a ! ©)
The total cost, K, then becomes
K, = Cd* + K,/d dollars per year. (7

Differentiating (7) with respect to d, and setting the de-
rivative equal to zero to obtain a minimum, leads to

Kl K]
20d —— =0, or Cid?=—--
d?

2d ®)
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Substituting the expression for C; from (6) gives

T3 -
(1711 P LY 2o
so that
Bogr - ut (10)
27a 26| o 1 ‘g f3ud
4
Let

K,  yecarly cost of one meter of buried conductor
K,

a =
cost of one watt year of rf power

By assuming nonferromagnetic ground, the evalua-
tion of

ud (47 X 10 °7)3
24/ — =2 1/ =
" 4 4

reduces (10) to

7.9 X 107

e ) d 2.38 X 108 X «
0 —_—= -
. | 2| Vap®

2ma

where £y, a function of wire diameter and conductor
spacing, becomes the optimum-spacing parameter.

Just as (3) leads to (11) defining the optimum-spac-
ing parameter where the carth conductivity is relatively
good, (4) leads to a value of i for the case where both
terms in the complex admittance of the soil are impor-
tant. In this case,

= I, (11)

d 0.09%
Fi = d%logp? — =

2ra | J2|url
103E

]02 g{;

(12)

SE=ssi E=Eeree——r—
= e e o G e = e ) C— e - ; v

w

O

w

~ Q
10-1 2
E Z

%
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}ggﬁzfl : = === =SSl % = =SS TEE

- J, = RADIAL CURRENT DENSITY IN AMPERES PER
l, = BASE CURRENT TO ANTENNA

h/A = HEIGHT OF ANTENNA IN WAVELENGTHS

July

If the dielectric character of the sotl hecomes dom-
inant,
0.09%4a

. 3
[J2] 1\ S

1"1

In mks units, the ground-surface current is numeri-
cally equal to the ficld of magnetic intensity, 11, just
above the surface. If the antenna system is energized,
11 may be established by afield-strength meter, and the
spacing at any point may be determined by evaluat-
ing F.

FFor simple vertical radiators, the surface current
density, J, can be calculated as a function of the radial
distance from the base of the antenna.?

Yl 1

Iy ro.
27 sin Bh
)N

(e % — e~ cos Bh),

(14)

where

B is the propagation constant, 27 /X,
p is the distance from the top of the antenna, and
r is the distance from the base of the antenna.

Fig. 1 presents computed® values of ()\I _/l )/1o versus
the distance, r,/\, enabling the rapid evaluation of sur-
face current density, | J|, as a function of antenna base
current, Joand antenna height, i/,

Specihication of the most appropriate values for cur-
rent density, J, ground conductivity, ¢, frequency, f,
and the annual-cost ratio, a, enables evaluation of the
right-hand side of (11), designated by Fy.

8 Sine-wave current distribution is assnmed.

== === :
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Fig. 1—Phase and density of radial ground current.
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Curve | of Fig. 2 gives optimum spacing, d, as a func-

ion of the parameter Fi, using No. 8 awg wire (diam-
ster equals 0.00325 meter) as conductor size.
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Fig. 2—Optimum and terminal spacing of buried conductors.

Having determined from Fig. 2 the appropriate con-
duc tor spacing at several distances, 7, the desirable num-
ber of radials at any distance is given by

2rr
v 7 optimum number of radial conductors. (15)
7]

'sually the number remains substantially constant
and permits sclection of a fixed number for the system.

The application of infinite parallel-wire grid theory to
the foregoing problern leads to valid results only when
the optimum number of radial conductors is large
cnough that the angle between adjacent conductors is
small, and the clectrical length of the conductors in the
soil exeeeds one wavelength. The latter condition can
Le violated in the case of a ground system for a low-
power, very low-frequency installation if soil conduc-
tivity is eatremely poor. Such cases are unusual, and
generally require special consideration,

DLTERMINATION OF OpTIMUM LENGTH OF
Rapian CoNDUCTORS

Consider the second term in the denominator of (3),

/‘/ T n 1
drfu d
fud log, 5

w4

As previously stated, the final quantity is dominant
in the region where the radials are essential. However,
prescribing the total number of radials automatically

¥ determines a radial distance past which an increase in
the spacing, d, makes the firgt term become the larger.
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Since the optimum spacing increases very rapidly be-
vond this point, it becomes unimportant to continue the
radials farther.

The proper length for the N radials is then obtained
when

/4rfu

ag

t
— = 16
Sfud:log, v 1/ ) (16)

where d, is the terminal spacing.
Rewriting (16) and changing the logarithm base gives
d 2.36

d?log? — = = F,, 17
=SEEe 2xa Suo i (7

in which F; becomes the length parameter.
Where no ferromagnetic material is present,

u = 4r X 1077,
and
d, 1.88 X 108
d?log? — = ——— = F,. (18)
2ma fo

Curve II of Fig. 2, which is a plot of d. versus 2.36
/fuo, defines the terminal spacing for a conductor of No.
8 awg wire. Since d =2mr/N, the value of r at d =d. gives
the length of the radial conductors. Thus,

d
7’;=N'—‘)

o (19)

which is the recommended length of the ground system.

For the case where earth conductivity is relatively
good (e3> we), the approximate cquality, ¥,=Y,, leads
to a value of the recommended length parameter given
by

d 0.188] I
l'.z = d‘Z lllgloz J—' = — / e H (20)
2ra flu? we — jo|
and again, if the conductivity may be neglected
(0 <we), the length parameter reduces to

0.188
f*V ke

O

F,

21

Powiik Loss IN AN OprTiMUM RADIAL
(GROUND SYSTEM

The integrated power loss, P, in a radial ground sys-
tem as derived from (5) can he expressed by

p f“flfzo\/ L B ia Y I d
SJe J Ty [ 3 (10)] e ~1\17;}'1"1""

(22)

in which r; is the effective radius of the transmission
line exciting the antenna. Curves of the quantity in the
brackets have been prepared
heights, and are available.

for various

antenna
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A simpler approximation for the power absorbed in
the soil, from the antenna to the extremity of an opti-
mum ground system, is casily derivable from (8), which
states that, with an optimum system, the annual cost of
power dissipated in the ground is one-half the annual
cost of the buried copper. Since the annual cost for
buried copper is K\Nr,, the annual cost for power dis-
sipated is

Kleg
PK, = — dollars,
or
aNr;
P = watts, (23)

APPLICATION OF THEORY TO A
SPECIFIC INSTALLATION

Assume a broadcast station operating at 600 ke
(A =500 meters) with a power of one kw. The antenna
is a monopole 125 meters, or onc-quarter wavelength
high, whose radiation resistance is 40 ohms; the ground
conductivity is 0.002 mho per meter; and the base cur-
rent, Iq,is v/1,000/40, or 5 amperes. T"he cost of one watt
year of rf power, K,, is one dollar, and the amortization
cost of one meter of buried No. 8 copper wire is 0.01 dol-
lar. The cost ratio, a, is then 0.01. Evaluating the opti-
mum-length parameter gives

1.88 X 108

1.88 X 10
fo 6 X105 X 2 X 1072

= e

= 1.566 X 103

From curve Il of Fig. 2, the terminal spacing, d,, is
found to be 12.5 meters. From curve [ of I%ig. 2, the
spacing parameter, Fy, is then found to be 1.86X10".
‘The expression
2.38 X108 X a

| 72| Ve

l=

can now be solved for | J?|.

2.38X108x10"?

[ ) = —————— — ____—6.15%10;
1.86X10%X +/0.002X (6 X 108)3
| J| = 2.48X10~% \mperes per meter,
and
RAR
= 0.248. (24)
I

Entering Fig. 1 with this value shows that r/\ is 0.64,
from which r is determined to be 0.64 X500 or 320 me-
ters. This imniediately gives the optimum number of
radials as

PROCEEDINGS OF TIHE 1.R.[.
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It is apparent from the analysis, in which the number
of radials, N, is treated as a continuous dependent vari-
able function of current density, that no specific number
can be a precise optimum number over any great radial
distance. Thus, the optimum number at several radii
must be calculated, and, from inspection of the values,
engineering judgment used to specify a number reason-
ably close to the optimum at all radial distances.

In order to illustrate this process, the optimum num-
ber at approximately two-thirds the terminal distance,
or 200 meters, is calculated helow.

At r=200, r/A=0.4. I'rom Fig. 1, this gives a value
for | J|N/Ig of 0.396, from which | J| is determined to
be 3.96 X103, and | J?| =1.57 X107%,

Now by substituting values in (11), the spacing pa-
rameter, I, 1s evaluated.

2.38 X 108 X 2 X 102

> = 7.29 X 103,
1.57 X 1078 X 2.08 X 107

Curvel of Vig. 2 gives a value for optimum spacing, d,
of 9.4 meters, from which

27 X 200
= ———— = 134 radijals.
9.4

s

The optimum number of radials may be computed for
several other distances, and the results set down in tabu-
lar form: :

r 50 100 150 200 250 300 320
N 70 102 119 134 145 157 161

IFrom this table, 145 is selected as being a convenient
and reasonable number of radials for the system. The
12.5-meter terminal spacing now defines the terminal
length as 290 meters.

The power dissipated in the derived system as given
by (23) becomes

aNr,

R ]

2

P=

where a=0.01, N =145, and r, = 290 meters, from which
P is found to bhe 210 watts.

ArrENDIX |
Calculation of the Inductance of a Wire Grid®

Assume an infinite grid of perfectiy conducting wires.
Let E equal the rms longitudinal impressed electric ficld
at the surface of a conductor.

Let d equal the spacing between wires (assumed
<KN\), a equal the radius of the wires (assumed «d), and
A equal the wavelength of radiation.

¢ W. Wessel, “Passage of electric waves through wire gratings”
(in German), Hochfreq. und Elektroak., vol. 54, pg. 62—6‘)?5’3521%5(
1939. An alternate derivation is given by G. G. MacFarlane, “Surface
impedance of an infinite parallel-wire ‘grid at oblique angles of in-
cidence,” Jour. IEE (L.ondon), vol. 93, pt. 111A pp. 1523-1527;
October, 1947, ' '
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On the surface of each wire a field, E, is produced by
the current in the wires.

et J, be the surface current density on a conductor.

Then I equals the total current in any wire (equal to
2raJ.). Furthermore, let u equal the permeability of the
medium, € equal the dielectric constant of the medium,
w equal 27 times the frequency, f, v equal the propaga-
tion constant of the medium = \/jou(c+jwe), A4 equal
the magnetic vector potential due to a total current, I,
per wire, and j equal v/ ~1.

The inductance per unit length of a wire is defined as

E longitudinal field

L = — = -
ol  2x(frequency)(current per wire)

In mks units, E =jwpA, and

nmow 0 2% e—yB
A= Z f f .], dzad¢,
n=—x - 7 0

47R

the summation being carried over all the wires.

\Ve are concerned only with the value of E on the sur-
face of a conductor. The value of R for the wire consid-
ered becomes, as shown in Fig. 3,

add

d¢

Fig. 3—Co-ordinate system for wire.

R, = /2% + (2a sin 1/2¢)?

2r
I = f J.ade.
0
For all other wires,

R, = V/2? + nd?,

and

and the current,

2r
I = f Jade,
4 0

is considered to flow along the axis of the conductor. For
simplicity, let ¥ =¢/2; then we have for E,
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. ) > Te—7 (z+4a° sin? ¥)}
E=J_“’£[f f e T T
Ir —wdo (22 + 4a?sin? )12
n=w g w® [e—-,(.’+n’d’)i
2 - ———dz:l. 25)
+ E o (z2 + n2d2)l/2 (

Consider the expression

@ e-~7(:z+n2)l
Pe [
o @4 )

Let \/(z%/4%)+1=cosh L.
Then z/9 =sinh ¢, and dz=7 cosh tdt. For z= =, l= =,
and the integral becomes

o«
F= f e ook 1,
--®

As shown by Watson,? this is equal to the Hankel func-
tion, jrlI™ (j4m). Thus we have
Jou

E="— 1[f jHoM (2jva sin y)dy
0

™

+ j2r 2 Ho“)(]")’”d)] . (26)
n=1

‘T'o evaluate the first term of (26), we recall that 7T, (2)
= Jo(2) +jNo(z), where J, is a Bessel function of zero
order and Ny is a Weber function of zero order. Since we
are concerned with cases where Ij‘yal «1, we may write,
Jo(z)=1, and No(z)=(2/m)(log. 2+ C—log, 2), where C

is Euler’s constant, 0.5772. Let C=logck. Then

2 kz

No(z) == — log. 7 .
m™

We have for the first term in (26),

j f Ho™M(2jya sin )dy
0

4 2'
= jf [1 + “ log. (jyka sin ¢] dy
0 T

= jl= + 2j log. jyka — 2j log. 2]
Jrke

= jr — 2 log, 27)

To evaluate the second term in (26), we again express
I in parts as IV (z) = Jo(z)+jNo(z). It has been
shown by von Ignatowsky®? that for d <A

w —1 1
Jo(jnyd) = — — —
E ol] ) ~d 2

7G. N. Watson, “Bessel Functions,” Cambridge University
’ress, Cambridge, England, 2nd. ed., p. 180, eq. (10); 1944.

* W. Von Ignatowsky, “Reihen mit Zylinderfunktionen nach dem
Vielfachen des Argumentes,” Archiv der Math. und Phys., series 3,
vol. 23, pp. 193-220; 1914,

* W. Von Ignatowsky, “Zur Theorie der Gitter,” Ann. der Phys.,
series 4, vol. 44, pp. 369-436; 1914.
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and
= -1 jykd
2 No(jnyd) = — log. ——
| T 4r
so that
- . (-7 1
2j7 3" HoW(juyd) = 2jr <— - —)
na] 'yd 2
kd
L log.].y ] . (28)
™ ™
Substituting (27) and (28) in (26), we obtain
wut [ j 2 d )
E=—(~— i — log, — 1},
2 <'yd+]27r o
or
1 _ d
E = J(——no+1fﬂdlog¢—>, (29)
2 2ra

in which J=1/d is the current in a strip of unit width,
no= —jwu/vy is the characteristic impedance of the me-
dia, and f=w/27 is the excitation frequency. The
first term, — (I,/2d), lcads to the energy absorbed by
the space on either side of the grid when the excitation
field, E, is applied to the grid alone. The admittance, V,
of a unit area of grid and surrounding media in parallel
becomes the sum of their individual admittances. Thus
1 1 1

Vy=—e--Gy— =

d
fud lOg, 2—

ma mTa

in which Y, is the soil admittance.

AppENDIX 11
Glossary of Symbols'®

a Radius. in meters, of wirc used in grid.

C. Annual amortization cost of the station. exclusive
of ground systemn.

Cv Annual operating cost of the station.

C, Parameter defined by (6).

d Spacing between buried conductors in meters.

«, Terminal spacing of conductors in meters.

Fy Optimum spacing parameter defined by (11).

19 Meter-kilogram-~econd units are used.
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F, Length parameter defined by (17).
f Frequency of incident rf encrgy in cps.

II Field of magnetic intensity in ampere-turns per

meter. ‘ ‘
Height of monopole antenna, or cquivalent height

of top-loaded monopole, in meters.

i

-~

I, Current at base of antenna in amperes.

J Ground-svstem current density in amperes per
meter.

j V-1

K. Total annual cost for one meter of ground svstem.
K, Annual cost of one meter of buried copper.
K, Cost of amortization and operation in dollars per
watt vear.

N Optimum number of radials.

P Integrated power loss in the ground syvstem.

r Radial distance from base of antenna in meters.
re Optimum length of radials in meters.

U The real part of the admittance of the soil.

1" The imaginary part of the admittance of the soil.
1" Mean input power to the antenna in watts.

w Power dissipated per square meter in the ground

in watts.

" Admittance of one square meter of ground surface
in mhos.
Admittance of buried grid of wires in mhos.
Characteristic admittance of the soil in mhos.
Characteristic impedance of the soil in ohms.
Ratio of annual cost of one meter of buried con-
ductor to cost of one watt vear of rf power.
Propagation constant = 2=\,
Dielectric constant of the soil in farads per meter.
Wavelength of exciting rf energy in meters.
Permeabiility of the soil in henrvs per meter.
Equal to 47 X107 for nonferromagnetic ground.
Distance from top of antenna in meters.

Conductivity of the soil in mhos per meter.
w 27f.

—t bt
Nare
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The Absorption Gain and Back-Scattering Cross
Section of the Cylindrical Antenna’

S. H. DIKEf, SENIOR MEMBER, IRE AND D. D. KING], MEMBER, IRE

Summary—The method of Hallén as modified by King and
Middleton is applied to the case of the receiving dipole antenna
whose axis is parallel to the electric vector of a far-zone field. First-
srder formulas are given for gain and broadside back-scattering
sross section. Measured values of broadside gain and of broadside
pack-scattering cross section for both unloaded and matched-loaded
dipoles are compared with the theory.

I. INTRODUCTION
Tl I I’ TO the present time, the study of the dipole

k antenna has consisted primarily of the theoretical
and experimental determination of the current
distribution and the input impedance. The remainder
of the antenna properties consisting of absorption or
_transmitting gain, scattering gain, effective length, and
absorption and scattering cross sections have received
less attention.

In this paper, formulas are developed, using the
method of Hallén! as modified by King and Middle-
ton.2* for the power gain and back-scattering cross
section of the cvlindrical dipole antenna. The theoretical
expressions obtained for the above quantities are com-
pared with measured values of absorption gain and of
back-scattering cross section for both shorted and
matched-loaded dipole receiving antennas. Both the
experimental results and the detailed calculations from
the theory are limited to the values in the plane per-
pendicular to the axis of the dipole at its center. Sig-
nificant differences exist between theory and experiment.
However, the discrepancies may be logically ascribed
to specific limitations in both the theoretical and ex-
perimental techniques.

[I. THE GENERAL FORMULAS

1t can be shown by the use of the reciprocity theorem
and the bilateral quality of mutual impedance between
two antennas that the absorption gain of a receiving
antenna is equal to its transmitting gain.*® In other

* Decimal classification: R326.611. Original manuscript received
by the Institute, July 20, 1951; revised manuscript received, Febh-
ruary 28, 1952.

f Formerly, Radiation Laboratory, Johns Hopkins University,
Baltimore, Md.; now, Research Dept., Sandia Corp., Alburuerque,
N. M.

1 Radiation Laboratory, Johns Hopkins University, Baltimore,

d.

1 E. Hallén, Nova Acta Upsala, Royal Soc. Sciences, vol. 11, pp.
1-1%; November, 1938.

2 R, King and ). Middleton, “The cylindrical antenna: a com-
parison of theories,” Quart. Appl. Math., vol. 3, pp. 302-335; January
1946

3 . Middleton and R. King, “The thin cylindrical antenna: a
comparison of theories,” Jour. Appl. Phys., vol. 17, pp. 273-284;

v April, 1946,

¢S, Silver, “Microwave Antenna Theory and Design,” McGraw-
Hill Book Co., Inc., New York, N. Y., chap. 2; 1919.

s {. Aharoni, “Antennae,” Oxford University I’ress, London, p.
205; 1946.

words the radiation and reception patterns of a given
antenna are equal.

Using the notation of Schelkunoff,$ the power gain
of a linear antenna is given by

G = 4rd/W, (1)

where for an antenna of length 2k located along the z
axis, with its center at the origin of the usual spherical
co-ordinate system,

g- 2
¢=§|N,|, ¢ = 120n, (2)
h
Ng = — sin 0f 1(z)eB 08 8z, (3)
—h
and W, the total power radiated, is
W = 21rf & sin 648, 4)
- [}
or
W = 4| 7o[*Ra. (5)

R, is the radiation resistance, and is defined as the real
part of the ratio of the terminal voltage, Vo, to the
terminal current, Io. Substitution of (5) in (1) gives

8rd,

Gi= ——r -
‘ Rall‘ol2

(6)

If P is the power scattered back toward the source per
unit solid angle, then the back-scattering cross section,
o, is defined as

o = 4nP/S. (7
The incident power density is
S = |E|*/28, (8)

where ¢ =+/p/e=120m ohms and E is the electric field.
This allows (7) to be expressed in terms of the incident
and scattered fields, £; and F,, and the range R;

o = 4nR?| L |*/ | E:|

9

Since the field radiated by a lincar antenna at a great
distance R is given by

—JBs

47R

E=

Noe'“iﬂﬂ'

(10)

where 8 =2m/\ and the time factor is omitted, the back-
scattering cross section may he written as

. *S. Schelkunoff, “Electromagnetic Waves,” D. Van Nostrand
Co., New York, N. Y., p. 335 {f; 1943.
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o = 8aidg/ | Ei |2 (11)

The symbol &g signifies that the current distribution
along a receiving antenna is to be used in the formula
for . The symbol @, in (6) denotes that the trans-
mitting current distribution is involved. In general,
these two distributions are not the same even for
matched loads.

Insofar as the load is concerned, a receiving antenna
acts like a generator, and the equivalent circuit of Fig.
1 applies. The equivalent generator impedance is the

IO

2,

(V)

Fig. 1—Equivalent circuit of receiving antenna.

2.

input impedance of the antenna, Z,, when it is driven
as a transmitter.” The voltage, V,, of the generator is
proportional to the incident field. The factor of propor-
tionality, d, is called the effective length of the antenna.

V,=dE. (12)
The effective length of a dipole is
d=_N0/101 (13)

where the currents involved are those on the same
antenna when driven as a transmitter.?

It has been shown?® that the total terminal current
may be written as

Io = Iee — Iy, (14)

where Iog is the current due to the external field at the
center of an unloaded antenna, and I,, is the terminal
current in a driven antenna with the voltage V' main-
tained at its terminals. The voltage V. is given in
terms of the external field by

Vi =IwZlZ1/(Za+ ZL). (15)

By the principle of superposition, (14) is true not
only at the center of the antenna but also at any point
z on the antenna.'® Thus the total current distribution
on a receiving antenna is

I.(2) = Ieg(z) — I.(2).

[t must be emphasized that the circuit of Fig. 1 is
valid only for absorption of power by the load. The

(16)

7 C. Bouwkamp, “Hallén’s theory for a straight perfectly con-
ducting wire, used as a transmitting or receiving aerial,” Physica,
vol. 9, p. 609; July, 1942,

* E. Jordan, “Electromagnetic Waves and Radiating Systems,”
Prentice-Hall, Inc., New York, N. Y., p. 335; 1950,

* R. King, H. Mimno, and A. Wing, “Transmission Lines, An-
tennas, and Wave Guides,” McGraw-Hill Book Co., Inc., New York,
N. Y., p. 163; 1945.

2 R. King and C. Harrison, “The receiving antenna,” Proc.
I.R.E,, vol. 32, pp. 18-34; January, 1944.
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power dissipated in the internal impedance of the equiva-
lent generator has no direct relation to the energy reradi-
ated by the antenna and in general cannot be used in
discussing the scattering cross section.* The current dis-
tribution of (16) must be used in calculating the scat-
tering propertics of a receiving antenna.

1. T CUrRRENT DISTRIBUTIONS

The discussion in the previous section indicates that
the determination of any of the properties of an antenna
requires a knowledge of the current distribution along
the antenna. In the classical theory of antennas, the
assumption is made that the distribution of current is
sinusoidal. The gains of dipole antennas usually given
in standard texts are subject to this restriction. The
sinusoidal distribution is correct for an indefinitely thin,
perfectly conducting lincar radiator. In recent vears
various attempts have been made to solve the current-
distribution problem for antennas of finite cross section.
The method of Hallén forms the basis for the present
calculations. [lallén’s integral cquation for the trans-
mitting distribution of current in the absence of an
external field is

A
f I(s)r—te—#ds
—h
—j4r
§

1
[Cl cos Bz + 7 Vo sin B’ z,:,, a7

where

(18)

zis a point on the dipole axis, —h<z<h, sisa point on
the surface of the dipole, —k<s=<#h, and ¢ is the dipole
radius. Vo is the potential of a generator of negligible
thickness at 2=0. The constant C, is determined from
the condition that

I(th) =0. (19)

The integral equation involving the current in an
unloaded receiving antenna which is immersed in a
field, E;, parallel to the dipole axis, is

k ] —j4r
f I(s)r~le=ifrds = —g_— [C) cos Bz + E:/8]. (20)

A
The general solution of this equation is the superposition

of two solutions,

I(z) = I(—=2) (21a)

and
I(z) = — I(—3). (21b)

The first or symmetrical solution gives a current which
is unidirectional through the center so that a potential
difference is established across the load. The anti-

11 S, Schelkunoff, op. cit., p. 142.
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symmetrical solution (21b), on the other hand, calls for
zero current at the center. If one is interested in the
voltage across the load, only the symmetrical solution
need be considered. But in the determination of scat-
tered fields where the current at all points is of interest,
both solutions must be included. lHowever, for the
special case in which the receiving antenna is placed
parallel to the incident field, the antisymmetrical cur-
rent vanishes, and the total current is given by the
symmetrical solution alone.'® IFurthermore, in the meas-
urements to be described, the antenna is placed over an
image plane. By the principle of images, only the sym-
metrical current distribution can exist.

The first-order solution of (17), given by King and
Middleton, is?

T(2) = j2=Vof (2) (¥ Hl2) 7Y, (22)
where
fo(2) = f+'(2) + jf."(z) = b1 cos Bz — by sin B z|
— C(z) sin Bh + S(z, cos Bk, (23)
by = [2¢ + E(h)) sin Bh — S(h), (24a)
by = [2¢¢ + E(h)] cos B — C(hy, (24b)
iy, = Hy + Iy = [y + E(h)] cos B — C(h), (25)
h
C(z) = f r ! cos Bs e Pds, (26)
-h
h
S(z) = f r1sin 8! s| e Pds, (27)
—h
13
E(z) = rle— 187 s, (28)
-—h

The functions of (26), (27), and (28) are solved in
footnote reference 2. These functions depend upon the
thickness of the dipole. It is customary to designate
this thickness parameter by €, where

2h

@ =2log,— -
a

(29)

The expansion parameter, Y., of King and Middleton
is dcfined as

(| C(0) sin Bk — S(0) cos Bh | (sin Bh)™Y,

‘l Bh = 7/2

= )N
Ve I"C(h - 2) sin gh — .S'(h - 744) cos Bk,

i Bh = n/2.

(30)

T'he first-order solution for the current is considered
here because higher-order solutions involve functions
which cannot be evaluated by ordinary methods.?

Similarly, the first-order solution of (20) for the cur-
rent on an unloaded receiving antenna i8

 jAmEfr(z)
B

(31)

lg(z
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where
fe(z) = f&'(2) + jfe"'(2) = 2, cos Bz + E(z) cos Bk
— C(2) + C(h) — cos Bh[2¢, + E(B)], (32)
i, =i+ jH,"’
=, cos Bk + E(h) cos Bk — C(h), (33)

and where Ig(z) is used to denote the current in an
unloaded receiving antenna.

By arguments analogous to those used by King and
Middleton, the expansion parameter ¥, is found to be

B {|C(O) — E(0) cos Bh| (1 — cos )=, B S =
" 4]co + EO |, B2 m
FFor BhK1, Y, =0—1.

(34)

1V. CALCULATION OF BROADSIDE ABSORPTION
OR TRANSMITTING GAIN
The computation of gain first requires the calculation
of ®,. From (2) and (22) the value of ®, for the broad-
side case (6 =90 degrees) is

72| Vol?| go(h) |?
H
gy | Hy|?

y =

(35)

where

g+(h) = g.'(h) + jg.""(h) = f hfu(Z)dZ- (36)

Substitution of (35) into (6) gives the broadsidc gain as
NP0
WiRa| Ha|?

The function Bg.(k) is found to be'?

Bg.(k) = 4, — 22+ 2 Cin 28k + 25 Si 2Bk
+ cos Bh(2Q — 4 + 2 Cin 28k — Cin 4Bk
— 4 Cin Bk + 2j Si 2Bh — j Si 48k
— j4 Si Bh) + sin Bh(Si 48k — j Cin 4Bk). (38)

(37

For the first-order theory,

2/ Ra=(2m)~ | 1 |9 H2"1,/(0) = IS, ()] (39)

Substituting this in (36) gives the first-order gain as
G = 4t | Bea(h) [PLH"1/(0) — MO (40)

Equation (40) is plotted in Fig. 2.
If the antenna is very thin, — =, then (37) reduces
to

Ge = 4(1 — cos Bk)?[sin 28k(Si 48h — 2 Si 28hk)
— cos 28k Cin 48k + 4 cos? Bk Cin 28h]-1.

Za

(41)

These values of G, are the same as those obtained by
assuming a sinusoidal current distribution, and are the

. 2 | —cos! s gint
11 Cin (x) f dt; Si(x) = f dt.
[ ] ! [) !
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values generally given in standard texts for center-fed
dipoles.' They are, of course, valid only for the indefi-
nitely thin dipole.

Note that the curves of Fig. 2 do not approach G,
=1.5 as fh—0. The relation for G, in the limit of very
short Bk becomes independent of 8k, but does remain a
function of Q. This is a questionable result and may be
ascribed to the particular choice of y,.

40 T T T T T T T
- ".\
35l fo
B / \\ ABSORPTION GAIN
g FIRST ORDER THEORY
- / —rT— o —
ol —— n:2s ]
B Iy 2R | T P noas ]
i N a0

b O I

1 1

L
) 2 3 4 5 6 7

o

Fig. 2—Broadside absorption gain. First-order theory.

V. CALCULATION OF THE BROADSIDE BACK-
ScATTERING CROSS SECTION

The back-scattering cross section was given by (11).
The evaluation of ®g in this relation requires the current
distribution given by (16). From (31) and (22), the
current distribution is given by

I.(2) jz”[w" Ja(2) VL/()] (42)
o(2) = — — —— fu(2) |.
¢ Lo, T g’

Using (15), this becomes

B j4rE; Jj2r
M) = g, [f”(z) Wl

YAYAS
m fE(O)fv(Z):I . (43)

¥ R. King, H. Mimno, and A. Wing, op. cit., pp. 180-187.
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Thus, from (2) with (3), for the broadside case,

bp = | E: [22002 | 11 [) | ga(h) — BZ fa(0)go(R) |2 (44)
where

ge(h) = f Su(2)dz, (45)

B = j2r(§ydly)™" = 2r(Ily" + jI)(5ve| 2 [ (46)

Z,-_—‘ Rc+]X¢=ZLZa/(ZL+Za) (47)
FFrom (11) and (44),
o/t = | Bge(h) — BZ fr(0)Bg.(h) l"'(”"/’r"'l 3. (48)

It is evident from (48) that the hack-scattering cross
section depends upon the antenna-load impedance. For
the unloaded receiving antenna, Z.=7;=0, and for
this case,

o/N = | Bge(h) [Px~N, 2| I [ Z1 = 0. )
For the match-loaded case (Zp=7,*),
Z,=R,=|Z.|"/2R.. (50)

Using the result of (39) for Z, in (4%), the first-order
formula becomes
11" + j”2')f£(”)ﬁgv(h) ‘ :

g
- () — - :
N = | Peeth) 2(11,77,/0) — 115'f,7(0) ]|

w2 2 = Z.x (51)
The function Bge(#) is found to be
Bge(h) = sin Bh(4), — 22 + Bh Si 48k — 4 log 2
+ 2 Cin 28k + Cin 48k — jBh Cin 184
+ j Si 4Bk + j2 Si 28h) + cos Bh[281(2 ~ 2y,
+ 2log 2) — Bh Cin 48k — 284k Cin 28k
— 2'sin 26k + Si 48k — jB Si 184k
— j2Bh Si 28h — j2 cos 28h + j2
— j Cin 484]. (52)

The broadside back-scattering cross section for Z, =0
and Zp,=2.* is plotted in Figs. 3 and 4 for several
values of €.

The curves for ¢/A? with matched load do not ap-
proach the value 9/167=0.179 as Bh—0. The same
difficulty with the expansion parameters occurs here as
in the case of absorption gain.

VI. EXPERIMENTAL MEASUREMENTS

Measurements were made of relative absorption gain
as a function of Bk by mounting a dipole on an image
plane and measuring the relative power absorbed in a
matched load. The frequency used was 3,000 mc and a
block diagram of the experimental equipment is shown
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Fig. 3—Broadside back-scattering cross section of unloaded dipole.
First-order theory.

BACK-BCATTERING CROSS-SECTION J
FOR 2,427

22

20f FIRST ORDER THEORY J

R

an
o = 2 T . 3 ® 7

- L)

) DR CE———

Fig. 4 —Broadside back-scattering cross section of dipole with
matched load. First-order theory.
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in Fig. 5. The image plane was eight by twelve feet in

size and was made from 3/16-inch aluminum sheet.
The location of the dipole on the image plane was

determined after making measurements of the standing
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OIE0LE RECEIVER HORM
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| emvstac eavstay [ cousLen
- J T —
] i 1
fweT a0 Fﬁv saceang) [
Tireasa | | reecasa Tunen
AMP ANO wELTER P AMD METER
¢ J [AMERAHONELTE o -
£
f 1 [ 3000 mc
' ATTEMUATON | cemgmaron
L llar7a ILISVIN‘
1 -
[ cavire i-ooo~ sovant |

| mavewgten | wave cenenaton)
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Fig. 5—Block diagram of measuring system.

waves on the plane. These measurements were made
with a surface probe. Fig. 6 shows the result of one run
down the center line of the plane in the region from 130
to 230 cm from the radiating horn aperture. The region
around 180 cm was further explored with two different
probe lengths and found to be reasonably uniform in
amplitude and phase. The dipole was accordingly
mounted at 183.5 cm from the radiating aperture D
(D?/A =102 cm).

————— 71— — 7T

at o
°
z %N.
= ~
«
¥
3
g
w
>
F
-
F 2
| =
STANOING WAVE PATTERN ON A
) PORTION OF THE IMAGE PLANE E
—eamads
(11
¢+ +OISTANCE FROM HORN IN CM
o a2 1 ;- 4 e pr——— A 1 i
130 140 30 160 70 180 190 200 20 220 30

Fig. 6—Standing-wave pattern along center line of the image plane.

T'he scattering receiver horn was adjusted in location
so that the power received in the absence of the scatter-
ing dipole was minimized, and yet the power received
from a very short scatterer was easily readable. In the
absence of the dipole to be measured the power in the
scattering receiver was more than 10 db below that re-
ceived from the shortest dipole length measured. It was
also confirmed that the presence or absence of the scat-
tering horn did not perceptibly alter the power absorbed
by the dipole.

e
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Fig. 8—Broadside absorption gain of 0.080-inch diameter dipole.
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Fig. 9—Broadside back-scattering cross section of unloaded
0.010-inch diameter dipole.

The antenna was matched with a triple-stub tuner
capable of developing a vswr as high as 100 at 3,000 mc.
As the antenna becomes short, its impedance becomes
more reactive with a decreasing resistive component.
For short antenna lengths, a match cannot be obtained
because of the high vswr required of the tuner. The
combination of mismatch and ohmic losses in the system
causes the experimental data for G, and ¢/A? to tend
rapidly toward zero as length becomes less than about
Bh=1.

Two different dipole diameters were measured and
theoretical curves were computed for each size. These
curves were required since Q is not constant as Bk is
varied at constant diameter. The experimental results
are shown in Figs. 7 and 8. In ecach case the experi-
mental data were normalized to equal the theory at
Bh=3. The theoretical gain for short lengths due to a
loss resistance of 5 ohms is shown as the dashed line in
Fig. 7. From both sets of experimental results there
appears to be rather conclusive evidence that the
“bulge” in the theoretical gain curves helow Bi =3 does
not exist in actuality. One would, of course, expect
closer agreement between theorv and experiment for
the smaller diameter wire, and this is evident from the
two figures.

The back-scattering cross section as measured for the
two diameters for both zero (shorted) and matched loads
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Fig. 11 —Broadside back-scattering cross section of 0.010-inch

¥
diameter dipole with matched load.

g. 10—RBroadside back-ccattering cross section of unloaded
0.080-inch diameter dipole.

is compared with theory in Figs. 9 to 12, The data indi-

2 4
cate that this is an antenna parameter which is ex- N
tremelyv sensitive to prediction by present theory. .. '
VI CONCLUSION
Various ditficultics have become apparent in the o

King-Middleton type of first-order solution of the ]

Iallén integral equation. These are particularly appar- 6 ©

ent in the scattering problem. In order to illustrate the 00 i

sensitivity of the back-scattering cross section to dipole o - ’

radius, Fig. 13 compares the first-order theoretical re- o, .o, . )

sults using the methods of previous authors. In the Py . e |

figure arc presented the results using ¥, the ¢, of King | ]

and Middleton; the expansion parameter of Gray;! the / .

simple expansion parameter, Q, of Hallén; and also the v ) J j

results of Van \leck, et ai.'® These are plotted for o |

=10, and mav be compared at the longer lengths with / oF oB0: DIMETER DIpoLE FOR |

the experimental results of Fig. 10 since, for the 0.080- 6 y LA -

inch diameter dipole, the value of © varies from 10 at | .. .._...Z':ilu‘l'l?" e 1

Bh=3r/2 to 10.78 at Bh=7. It is interesting to note ‘r . (ADJUSTEO TO EQUAL THEORY —

that the results of Van Vleck compare most favorably r / ’ S 1
e -
+ // 4

1 M. Gray, “A modification of Hallén's solution of the antenna T ! 19"
problem,” Jour. Appl. Phys., vol. 15, pp. 1-65; January, 1944, o 0 g g — = L L L

15§, Van Vleck, F. Bloch, and M. Hamermesh, “Theory of radar
# reflection from wires or thin metallic strips,” Jour. Appl. Phys., vol.
18, p. 274; March, 1947.

Fig. 12—Broadside back-scattering cross section of 0.080-inch
diameter dipole with matched load.
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Fig. 13—Broadside back-scattering cross section of unloaded dipole.
A comparison of several solutions for @ =10.

with these experimental values. Fig. 14 compares the
first-order gain using the ¥, of King and Middleton with
that obtained when ¥, is used as the expansion parame-
ter. In the latter case, the bulge near k=2 is not ob-
tained.

Thus it is seen that the differences between theory
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and experiment are drastically influenced by the choice
of the expansion paramcter in a first-order theorv. A
discussion of some of the difficultics is presented clse-
where. !

. '¢S. H. Dike, “Difficulties with present solutions of the Hallén
integral equation,” Quart. A ppl. Math. (to be published).

CORRECTION

H. C. Hurley, S. R. Anderson, and H. F. Keary, co-
authors of the paper, “The Civil Aeronautics Admin-
istration VHF Omnirange,” which appeared on pages
1506-1520 of the December, 1951 issue of the PROCEED-
INGS OF THE I.R.E., have requested that the editors pub-
lish the following corrections:

Interchange E,' and E,! in Fig. 13 (a), page 1513.

Interchange Evar and Eggr in the first and third
lines under the section entitled “Phase Comparison

Methods,” page 1513.




1952

PROCEEDINGS OF THE IL.R.E.

861

Single- and Multi-Iris Resonant Structures’
IRVING REINGOLDft, JOHN L. CARTERY}, aNp KENTON GAROFT{, ASSOCIATE, IRE

Summary—An experimental investigation has been made of the
characteristics of single- and multi-iris rectangular structures of
various dimensions in a thin diaphragm which is placed transversely
across a rectangular, standard S-band waveguide. The irises (or
windows) are parallel (o the ‘‘a” dimension of the waveguide, and
varied in position along the ‘‘b” dimension of the waveguide. Meas-
ured values of resonant frequency, bandpass and Q, and the correla-
tion between single- and double-iris structures are presented as a
function of the position of the iris in the diaphragm. Data are also
presenied for other parameters of interest, such as the impedance.
Itis shown that the Q of a single iris of fixed dimensions in the center
of a thin diaphragm can be appreciably increased by moving it closer
to the wide waveguide wall. In addition, a low-Q multi-iris structure
can be realized in which the Q of each iris is comparatively high.

I. INTRODUCTION

T 1S A WELL-KNOWN FACT that various sized
I[ and shaped openings in a transverse diaphragm in

a waveguide may be chosen so that they are reso-
nant at a particular frequency, with practically all of
the energy incident on the diaphragm being transmitted.
However, comparatively little information is available
on the effect of varving the position of a rectangular
window in a thin diaphragm along the “L” dimension
of a waveguide. As far as the authors of this paper can
ascertain, no information is available concerning the
characteristics of multi-iris structures or the relation-
ship between single- and multi-iris structures in a thin
diaphragm. 1t is the objective of this paper to present
experimental data concerning  the characteristics of
single- and multi-iris structures in a thin diaphragm,
their behavior as a function of position in the dia-
phragm, and the correlation between the single- and
double-iris structures.

11. TEST PROCEDURE AND MEASUREMENTS

Data are presented for diaphragms with rectangular
windows of three separate dimensions: 2.111 inches
%0.075 inch X0.050 inch, 2.113 inches X0.100 inch
%0.050 inch, and 2.119 inches X0.150 inch X0.050 inch,
Since it was desired to have a common starting point
for all of the data presented, each case of a single iris
in the center of the diaphragm was designed for the
same resonant frequency.

The diaphragm was placed in the waveguide perpen-
dicular to the direction of propagation. Measurements
for the single-window cases were made for windows
which varied in position along the “b” dimension of the
waveguide. Measurements for the double-window cases

* Decimal classification: R118.1. Original manuscript received by
the Institute, July 17, 1951; revised manuscript received, February
15, 1952,

t Signal Corps Fngineering Laboratories, Fort Monmouth, N. J.

were made for windows which were equidistant from
the center of the diaphragm and varied in position along
the “b” dimension of the waveguide. The larger dimen-
sion of the rectangular window is parallel to the “a”
dimension of the waveguide in all cases. Spacing from
the center line of the diaphragm, which is also the
center line of the waveguide, to the center line of the
window is the variable against which the data are pre-
sented. (See Fig. 1.)
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Fig. 1—(a) Single-iris diaphragm. (b) Double-iris diaphragm,

\easurements were made in a conventional manner,
using a klystron signal source, calibrated attenuators, a
waveguide slotted line, and a matched load.

The band pass, Af, is arbitrarily chosen as the differ-
ence in frequency between the voltage standing-wave
ratio values of 1.4 on either side of the resonant fre-
quency, fo. Q is calculated from the relationship,

o- (7)) L

L
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where 7 is the voltage standing-wave ratio. Equation (1)
i8 derived from the relationships for the parameters of
a resonant clement such as an iris in a thin diaphragm,
as given in volume 14 of the Radiation Laboratory
Series.!

The insertion loss of the various structures measured
was spot checked throughout the tests. Impedance data
as a function of frequency are presented for one single-
iris and one double-iris structure. The characteristics of
one triple-iris structure were explored, and its resonant
frequency, band pass, and Q determined. The behavior
of two double-iris structures separated by Ag/4 in the
waveguide, and of three double-iris structures, cach sep-
arated by Ag/4, was also determined. Proper precautions
were taken to minimize the inherent sources of error in
the series of measurements performed.
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inches X0.075 inch X0.050 inch. Curve B, iris dimensions =2.113
inches X0.100 inch X0.050 inch. Curve C, iris dimensions =2.119
inches X0.150 inch X 0.050 inch.

111, ResvLTs

The curves shown in Fig. 2 indicate the relationships
between the resonant frequency and band pass as a
function of the position in the diaphragm of a single
iris. As expected, the band pass increases as the iris
width is increased. 1t will be noted that in each case
the resonant frequency decreases as the iris spacing
from the center of the guide increases. Note, also, that
for any one particular iris the band pass decreases with
increasing iris spacing from the center of the guide.

! Smullin and Montgomery, “Microwave Duplexers,” Rad. Lab
Series, McGraw-Hill Book Co., Inc., New York, N. Y..vol. 14, p. 73:
1948.
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This increase, which is linear for the narrowest iris,
departs from linearity as the iris width is increased, the
point of departure moving closer to the center of the
wavegnide with increasing iris width, This phenomenon
is also observed i g, 3, where Qs shown as a function
of the position of the iris in the diaphragm,
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Curve B3, iris dimensions =2.113 inches X0.100 inch X0.050 inch.
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The curves shown in Fig. 4 indicate the relationship
between the resonant frequency and band pass as a
function of position in the diaphragm of the double
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iris. In each case, the resonant frequency increases to a
maximum value at some intermediate value of the iris
spacing from the center of the guide and then drops
off as this spacing is increased further. The band pass
_ also rises to a peak value for an intermediate value of the
iris spacing from the center of the guide and then de-
creases with a further increase in the spacing. Note,
also, that the resonant frequency is greater than for the
corresponding single-iris cases. Curves for Q as a func-
tion of the position in the diaphragm of the double iris
are shown in Fig. 5. As a consequence of the behavior
of the resonant frequency and band pass, Q reaches a
minimum value at an intermediate value of the spacing
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Fig. S—Qas a function of position of a double iris in a thin diaphragm.
Curve A, iris dimensions =2.111 inches X0.075 inch X0.050 inch.
Curve B, iris dimensions =2.113 inches X 0.100 inch % 0.050 inch.
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from the center of the waveguide to the center of the
iris, the minimum moving closer to the center of the
guide as the iris width is increased. Note, also, that the
total deviation in Q decreases as the iris width is in-
creased.

Fig. 6 indicates the correlation between Q for the
single-iris cases and Q for the corresponding double-iris
cases as a function of the iris position in the diaphragm.
The Q-ratio curves for each iris dimension vary slightly
for small spacings between the center of the guide and
the center of the iris, but these curves diverge as this
spacing is increased.

A typical plot of frequency versus vswr for onesingle-
iris and the corresponding double-iris diaphragm is
shown in Fig. 7. These curves are characteristic of the
frequency versus vswr relationship for a shunt resonant
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Fig. 7—Typical frequency versus vswr curves for single- and double-
iris structures. Iris dimensions =2.113 inches X0.100 inch X 0.050
inch. Spacing from & of waveguide to & of iris =0.220 inch.

element, that is, a resultant curve where the vswr rises
smoothly on either side of resonance as the frequency
deviation from resonance is increased.

Impedance data for the single-iris and double-iris
diaphragms discussed above are shown on an expanded-
scale Smith chart in Fig. 8. Here again the resultant
curves are characteristic of that of a shunt resonant
clement: that is, a reactive component of opposite sign
exists on ecither side of resonance and diminishes stead-
ily as the resonant frequency is approached until, at
resonance, the impedance is purely resistive.

The band pass for two double-iris structures and
three double-iris structures in which the spacing be-
tween elements is A\g/4, is characteristic of the behavior
of multi-element structures separated by approximately
a quarter guide wavelength; that is, the band pass in-
creases as the number of elements increases.? The curve
for the two-element case has one minimum, and the
curve for the three-element case has two minima.

* Ibid., p. 73.

e
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Fig. 8—Expanded Smith chart showing impedance as a function” of frequency for the resonant structures of Fig. 7.

The insertion loss of the various resonant structures
was negligible in all cases, being in the order of 0.1-
0.2 db.

An examination of the data for the single- and
double-iris diaphragms would lead one to predict that
triple-iris structures would have larger band-pass char-
acteristics and consequently a lower Q than single- or
double-iris structures. The characteristics of the one
triple-irisdiaphragminvestigated, which hadoncirisin the
center of the diaphragm and the other two spaced sym-
metrically above and below the center of the diaphragm,
are as follows: resonant frequency = 2,920 mc; band pass
=1,050 mc; and 0=0.46. The values obtained, there-
fore, verify the predicted increase in band pass and
decrcase in Q.

IV. DiscussioN oF TiHE REsSULTs

An important factor involved in the behavior of the
resonant iris is the proximity effect of the waveguide
wall as the irises are moved further away from the
center of the waveguide. Since the data are presented
as a function of the spacing from the center of the iris

to the center of the waveguide, this effect will first be-
come apparent for the wider iris. This will explain, at
least qualitatively, the departure from linearity of the
band pass and Q curves for the wider single irises, and
the fact that this point of departure is first evident in
the diaphragms with the widest iris. Similarly, the slope
of the resonant-frequency curve for, the single-iris «i-
aphragm is steepest for the widest iris, an indication
again that the proximity effect of the waveguide wall
becomes an important factor in the behavior of the
iris as the iris is moved further away from the center
of the waveguide.

In the case of the double-iris diaphragm several
effects arc present. The two irises appear to act like a
single iris of twice the width for the closest spacing he-
tween the irises, since for cach size iris the ratio of the
Q of the single iris to the Q of the corresponding double
iris is very close to two. As the spacing is increased, a
coupling effect is introduced which results in lowering
the Q to some minimum value. The proximity effect of
the waveguide wall appears to be the predominant
factor as the iris separation is increased. The portion of
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the Q curves over which this effect is apparent is quite
similar in appearance to the curves for the single-iris
diaphragms. It will be noted that the ratio of the Q
curves are similar to each other for each size iris when
the irises are close to the center of the waveguide. The
ratio changes rapidly, however, as the spacing between
the irises increases and the irises begin to approach the
waveguide wall.

The magnitude of the etfect of using multiresonant
elements is best illustrated by the triple iris. The Q
of the two off-center irises individually is 3.25, while
their combined Q is cqual to 1.02. The center iris alone
has a Q of 2.4. The combination of all three irises into a
triple iris results in a Q of 0.46. It should be noted that
the band pass (vswr=1.4) associated with this Q is
approximately 80 per cent of the recommended band
pass of the standard S-band waveguide.?

3 Moreno, “Microwave Transmission Design Data,” McGraw-
Hill Book Co., Inc., New York, N. Y., p. 128; 1948.

On the Excitation
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V. CONCLUSIONS

The investigation discussed in this paper has shown
that the Q of an iris of fixed dimensions in the center of
a thin diaphragm placed transversely in a waveguide
can be appreciably increased by moving it closer to the
wider waveguide wall. In addition, a low-Q multi-iris
structure can be realized in which the Q of each iris is
comparatively high. The resonant structures described
can be used as filter elements of desired characteristics
by judiciously positioning and dimensioning the irises.

Experimental evidence has been presented which
shows that the double-iris diaphragm behaves in a
manner similar to a single-resonant structure. Q for
both the single- and multi-iris structures varies
smoothly as a function of the position of the iris in the
diaphragm. Therefore, it should be possible to describe
this phenomenon by the evaluation of the proper equiv-
alent circuit. To date, however, efforts in this direction
have not been successful.

of Surface Waves”

GEORG GOUBAUf, ASSOCIATE, IRE

Summary—1It is shown that surface waves are actually contained
in complete solutions of excitation problems of cylindrical surface
waveguides. The total field can be divided into surface waves and a
supplementary field; these field components satisfy certain orthog-
onality relations between each other. The amplitude of a surface wave
which is excited by a dipole or any other power source can be deter-
mined without solving the entire excitation problem.

I NTRODUCTION

—

VUREACE WAVES are waves which are guided by
b and along an interface of two different media with-
out losing energy by radiation. The physical reality
of such waves (particularly the Uller-Zenneck wave!
and Sommerfeld's single wire wave?) has been questioned
frequently. The fact that such waves are solutions of
Maszwell's equations is not, a priori, a proof for their
existence. Such solutions may have the meaning of
asvmptotic solutions and describe the fickd infinitely re-
mote from the power source where the field intensity
approaches zero,

The two-wire, or Lecher wave has been commonly
aceepted as real since it can be casily established by
experiments. Actually it is much more complicated from
the theoretical point of view than, for example, Som-
merfeld’s wave. It onlv exists if hoth conductors have

* PDecimal classification: R118. Original manuscript received by
the Institute, July 19, 1951; revised manuscript received, March 13,
1952. Presented, 1951 IRE National Convention.

1 Signal Corps Engineering Laboratorices, Fort Monmouth, N. J.

VIO AL Stratton, “Electromagnetic Theory,” MeGraw-TEI Book
Co., Inc., New York, p. 584; 1941

2 [bid., pp. 527-531.

infinite conductivity or if they are of identical struc-
ture.? If a two-wire line section is excited by a concen-
trated power source acting at one end the measured field
is in very good agreement with the field of a Lecher
wave. If a similar experiment is made with a single wire,
for instance by exciting it in the middle, the result is
quite different. The field shows no indication of Som-
merfeld’s wire wave. From such an experiment one
might conclude that the single-conductor wave is non-
existent. The explanation, however, is that the guided
wave is overshadowed by the supplementary field, a
field component which is required in order to preserve
the continuity of the total field in the vicinity of the
power source and at the ends of the wire.

Altbough surface waves other than the two-wire wave
have been established by experiments,? still missing is a
general theoretical proof of their existence. (For the sin-
gle conductor wave this proof has bheen recently given
by T. E. Roberts® who treated the excitation problem of
a wire with modified surface.) It is the object of this pa-

3Shown by A. Meyerhoff, Signal Corps Engineering Labora-
tory Technical Memorandum M-1376, the two-wire line should
actually be considered as system of two coupled single wires.

(4 C. H. Chandler, “An Investigation of Dielectric Rod as Wave-
guide,” Jour. Appl. Phys., vol. 20, p. 1188; December, 1949. G.
(;pulmu, “Surface Waves and Their Application to Transmission
Lines,” Ibid., vol. 21, p. 1119; November, 1950; “Single Conductor
?(l)lgt;ace Wave Transmission Line,” Proc. IRE, vol. 39, p. 619; June

8 T. E. Roberts, Jr., “Currents Induced on an Infinitely Long
Wire by a Slice Generator,” and, “Properties of A Single-Wire Line,”
[ec.hmcgl Report Nos. 129 and 134, Cruft Laboratory, Harvard
University, Cambridge, Mass.; May 2, 1951 and November 1, 1952

e
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per to present such proof and to show that the supple-
mentary fields and the surface waves are mathemati-
cally separable by means of orthogonality relations
which are also valid in the case of closed waveguides.
The amplitude of a surface wave which is exeited by a
given power source can be caleulated without solving
the entire excitation problem. From the analysis it will
become obvious that there is no fundamental difference
between the excitation problem of an ordinary two-wire
line and that of any other open waveguide,

RELATIONS BETWEEN SURFACE WA VES

Assuming there are two or more possible solutions of
Maxwell’s equations describing surface waves, as for in-
stance in the case of diclectric rods, there exist the fol-
lowing relations between the field components of any
two of these waves:

f (Esy X Hg)ndf = f (Esu X Hs)ndf = 0, (1)
F o F

where Is, Il sy and FEg, s, are the fields of these waves
and # is a unit vector normal to the surface of integra-
tion. The integration is performed over the entire arca
of a plane perpendicular to the guide. The relations are
well-known for closed waveguides, and they are valid
also for open waveguides.t They can be casily derived by
means of the reciprocity theorem.

RELATIONS BETWEEN SUKFACE \WWAVES AND
SUPPLEMENTARY FIELDS FOR |.OSSLESS
WAVEGUIDES

We consider first a lossless surface waveguide of un-
limited length excited by an electric dipole as shown in
Fig. 1. Provided one or more surface waves are excited,
they represent the asymptotic solution of the problem

! ]
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Fig. 1 —Excitation of a surface waveguide by a dipole.

since their amplitudes remain constant along the line,
while the amplitude of the radiating field decreases. The
total field Er, I1; can be written in the form:

-_ — -_ —
>0 Er =3 ay Esy + Eg Iy = 3. ay Hsy + H
Y Y

(2)
— —
> a, s, + Hp.
Y

— —

2<0; Er =D ayEsy+ Ex Iy
Y

¢ R. Adler, “Waves on inhomogeneous cylindrical structures,”
Proc. IRE, vol. 40, pp. 339-348; March, 1952,
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Lig,, gy and Ig,, I s, are the field components of sur-
face waves of unit amplitude traveling in the positive
and negative z-direction (7., and :1-7, the corresponding
amplitude factors. Eg, [Ig is the supplementary field.
The summation is performed over all the surface waves.

The total field and the unit surface waves are solu-
tions of Maxwell's ecquations, Therefore they satisfy the
reciprocity relations

= =
f (i X Iy — Fo X Hz)ndf = 0. (3)
F

nis the unit vector normal to the surface of integration.
The integral shall be taken over the surface of the space
between the two cross planes Fy and Fy with the ex “p-
tion of a small sphere Fj inclosing the dipole. The inte
gral over the cylindrical part of the surface, which is
located at infinity, vanishes since the field of the surface
wave decreases in the radial dircction exponentially or
with 1/72 (in the case of a two-wire line).

If I2r and Il are expressed in terms of the surface
waves and the radiating ficld according to (2) and if
the orthogonality relations (1) are observed, the re-
ciprocity integrals over Fy and Fo hecome

= =
f (ILT X Ils,. —_ I':s,. X Il'r)lldf
Py

(—_; <

— — £ = —
= d, [ (IS;‘ X IISI‘ - Ii-ﬁ‘u X IISI‘)”(]./
Jp,

< —

+ | (ke X Hsu — Fs, X Hndf
Jp, (4a)
< =
f (l‘:1 X II,Q,. - ES,. X Il7) 71(]'[‘
¥y
— i —— _(_—v_; o oy —
= —aq, / (Esu X sy — Es, X Hs)ndf
l- I-‘!
= =
—f (l'.n X Ils,. - l':s,. X II/{)H(If. (-“))
Fy

The transverse field components ol the unit surface
waves can be written in the form:

— —

Eg, -t = Fe—1he g Hsyt = [, e ¢

¢ ) (= 5
Es -t = Eetirey Hg, t = — Hetihey

with I, IT, being transverse vectors. {is a unit vector in
any transverse direction. The subscript w on the propa-
gation constant k is omitted. Thus (4a) and (4b) with
the upper arrows hecome

-
f (Ondf = = 2a, | (Eu X I1)ndf
Fy Lg}

. f (Er X .+ E. X Hiersndf (62)
Fy .
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f (yndf = | (Ex X I, + E, X Hg)e*ndf,  (6b)
Fa

Fa

and with the lower arrows:

: f ( yndf = f (Ex X I, — E, X Hp)ehondf  (7a)
C Fy

Fy
( YndS 2upu f (I, X 1 )ndf
F Jre

— f Fp X I, — E, X Hye andf. (7b)
v

If the position of one of the cross planes, say Fi is
changed, the reciprocity integrals over F, and Fj are
unchanged. Therefore we obtain from (6a):

e f (FEr X I, + E, X Hg)ndf = constant, (8a)

lpl

and from (7a)

* e ”“"»f (Er X I, — E. X Hpyndf = constant. (8b)
Fy
Since we consider a lossless guide, & is real. If the posi-
tion of Fy, approaches z, =+ =, Ep, IIz approach zero.
[herefore the constants in (8a) and (8b) are zero. The
~ame pertains to the integrals over Fa. Thus,

' (Fop X I )ndf = f(E, X Hpyndf =0 (9)
S F
for any cross plane on either side of the dipole.

The reciprocity integral which is taken over the
<phere surrounding the dipole can be evaluated easily:’

«— <«
f (Fy X 1Ty — Fsy X Hr)yndf

— jwPEs, (electric dipole)

(10)

=
iwlM s, (magnetic dipole)
Where P is the moment of an electric dipole and M the

= =
moment of 2 magnetic dipole, Eg, and IIg, are the field
components of the unit waves in the direction of the
dipoles.

‘I'hus, all parts of the reciprocity integral (3) are
evaluated. With (6), (7), (9) and (10) substituted in
(3) we obtain the amplitudes a, of the surface waves
excited in bhoth directions.

5 =1
= jwPLg, = JwMlIlg,
a, = — or a, =+ 11
2N g 2N L
with
N f(l’)u X 11,)ndf. (12)
Jr

Vis the power of a unit surface wave if £, and [1, are
defined as real quantities.

e

The relations (11) do not contain the radiating field.
‘I'herefore the amplitudes of the surface waves excited
by a dipole or any given power source can be deter-
mined without solving the entirc excitation problem.
Furthermore, (11) shows that surface waves are actu-
ally excited by an electric or magnetic dipole provided
the unit waves have the proper field component in the
direction of the dipole.

WavEGUIDE WiITH LLOSsES

If the losses are taken into account, the preceding
considerations must bhe revised since A is now complex
and e and e~ approach infinite values at z=+ =
and z= — o respectively. Thus, we cannot conclude
that the constant in (8a) is zero. Instead of (9) we ob-
tain then

eihn (E, X Hpyndf

i

= constant (13a)

ef""f (Er X H)ndf
Fy

and correspondingly,

e“f"”f (Er X I )ndf e iha (E, X Hp)ndf
F.

Jr,
= constant. (13b)

If we consider waveguides for which the conductivity
is not essential for the existence of the surface wave, for
instance in the case of a two-wire line or a single-wire
line having a dielectric coat, the field distribution close
to the dipole will be practically the same whether the
Jine has losses or not—provided the dipole is not so far
removed from the line that at its location the field dis-
tribution of the surface waves is noticeably modified.
Therefore the amplitudes of the excited surface waves
are essentially the same as in the lossless case, and given
by (11). From this it follows that the orthogonality
relations (9) between the radiating ficld and the surface
waves remain valid.

The situation is different in the case of Sommerfeld’s
wire wave, since this wave exists only by reason of the
finite conductivity, and the field structure depends to
a high degree on the conductivity. If we consider the
total field, Er, Hr and subtract from this field surface
waves going in both directions, each of which has an
amplitude as given by equation (1 1), then the remainder
of the field satisfies the orthogonality relations with the
surface waves [equation (9)]. Therefore it is reasonable
to consider the amplitudes of the surface waves given by
cquation (11) as the true amplitudes and the remainder
as the supplementary field. This does not mean that
these amplitudes of the surface waves actually could be
measured since we know from experience they are over-
shadowed by the radiating field. However, if we consider
a power source which would excite Sommerfeld’s wave
only, i.c., a layer of properly distributed dipoles, and if
we then calculate the amplitude of this wave, using
equation (11) for cach individual dipole, we obtain the
correct result.
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It should e mentioned that in the case of lossy wave-
guides, particularly in the case of Sommerfeld's wave,
the total energy delivered by the power source is not the
sum of the power propagated by the surface waves and
the power radiated by the supplementary field, since
both fields are —if dissipation is present—not orthog-
onal with regard to power considerations.

EXaMPLES

A lossless single conductor guide with a diclectric
coating is excited by a concentrated voltage source
(Iig. 2). The voltage source is represented by a mag-
netic current ring around the wire producing a voltage

F l/MAGNETIC CURRENT RING

3.4,
Tz ////?;7;// 77773
-~al, -v2 we @l ..

£:=0

Fig. 2— Excitation of a single conductor guide by a

concentrated voltage source.

step from — /2 at the left side of the ring to +17/2 on
the right side. In this case there is only one surface wave
existing, provided the dielectric layer is small compared
with the wavelength. According to the procedure out-
lined before we exclude the power source by a snugly
fitting surface F3 and evaluate the reciprocity integral
for this surface. 1f we c.:;prcssg_hc unit surface waves in

terms of their currents /s and I in the wire we obtain

— - P
f (Br X s — Ex X Hpndf = — VT (18)
g
— -
We define the unit waves so that at 2=0, Is=1,=15.

The integral in (14) replaces the integral which bLefore
was taken over the sphere surrounding the dipole. Thus
we obtain with (11) the amplitudes of the surface waves
excited by the voltage source:

-“\'
[ Is[?

— — I’
als = (lls

with Zg = (13)

+S

where the amplitudes are expressed in terms of the cur-
rents of the unit waves atz=0. Vis the power of a unit
wave; Zs can be called the characteristic impedance of
the guide.

This result may appear obvious if the two halves of
the line, the one to the left and the one to the right of
the power source are considered as two transmission
lines which arc connected in series with the voltage
source. But we must remember that the definition of the
characteristic impedance in (15) is arbitrary and pur-
posely chosen so that this simple result is obtained.
Usually the impedance is defined as the ratio of the
transverse clectric and magnetic ficld components. Us-

OF THE ILR.E. July
ing this definition the result is different. 1t shall be
noticed that the current determined by equation (15) i
not the total current delivered by the voltage source,
The total input impedance of the line consists of two
impedances acting in parallel: one (2Z5) representing
the surface waves and the other one representing the
supplementary field. The Latter one is unknown. It con-
tains a positive resistive component due to the radiation
loss. In order to have little radiation loss a power source
ol large extension is required,

As another example a two-wire line is considered in
Fig. 3. First let the line be excited by a voltage source

acting on one wire only (Fig. 3a). The voltage source is

|'77777770 2222 Z 22T TA
- z:0 Alg »—=

an
1/
SELIESI IS I IS IS IS BIIIIIIITI IS I IS BT OIS IS OITLEIITIELI IS

(b)

ZLLS IS B GGIIIITIS G IIITIIIETEIITITIEOITIIIEIIIII IS0
(1)
1

Excitation of a two-wire line,

Fig. 3

represented again hy o magnetic current. Il we assume
no losses, the only 1vpe of existing surface wave is the
ordinary two-wire or Lecher wave., The result is the
same as in the preceding example. Besides the Lecher
wave, a considerable radiating field is excited, The char-
acteristic impedance defined by N/Ig? is here identical
with the impedance defined by the ratio of the trans.
verse fickd components. If the losses are considered or if
the wires have a diclectric coating, the problem becomes
more complicated since in addition to the Lecher watve
a wave like that on a single conductor is possible, and
this wave also is excited. Moreover, there are waves of
the Hondros type” present, but these
censequence,

If the power source is split into two halves which act
on both wires but in opposite directions (Fig. 3b), the
amplitude of the Lecher wave is the same as before
However, since the supplementary ficlds for both power
sources have the same structure hut opposite direction,
they almost cancel. Therefore onty 4 small radiation
will remain due to the displacement of the two ficlds.
This compensation of the radiating ficld is the reason
why a two-wire line can be excited cticientty with a
concentrated power source provided the excitation 1s
symmetrical.  All other surface waveguides requires
launching devices of comparatively large extension in
order to avoid excessive radiation loss

are of no practical

7 D. Hondros, Ann. der Phys., vol. 30, p. 905: 1909,
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Errors in a Microwave Rotary
Phase Shifter*

An interesting microwave phase shifter,
making use of two fixed quarter-wave plates
with a rotatable half-wave plate between
them, was described in a paper by Fox
(see Fig. 1).! Such a device is useful in the
laboratory since the phase shift indegrees
equals twice the mechanical angle of rota-
tion of the half-wave plate in degrees. The
deviation from linearity of phase shift versus
rotation depends on the deviation from cor-
rect positioning of the two fixed plates and
the errors in phase shift of the individual
plates. Some time ago M. A. Mever? showed,
in an anpublished calculation, that small de-
viations in the design of the phase-shifter
components could be tolerated since the
deviation from linearity depended only to
the second order on the variations in the
dielectric plates. This fact was thought of suf-
licient interest to warrant being brought to
the attention of PROCEEDINGS readers.

The proof of the above assertion may be
demonstrated in several ways, Perhaps the
most svstematic are the use of complex
vectors 1o represent the magnitude and
phase of the electric field and the use of a
different x-¥ co-ordinate system in each
section with the x axis always parallel to the

Yo

4 right

parllcul.nr plate, as shown in the figure. The
field in each section may be resolved into
linear x and y components and a relationship
between ontput and input established. This
was essentially the method used by Meyer.

A qualitative physical proof may be
based on a consideration of circularly polar-
ized waves. When operating perfectly, the
first quarter-wave plate converts verticil
linear to right-hand circular polarization.
The half-wave plate converts this to left
hand, whose phase is determined by the
angle of rotation. Finally, the second quar-

* Received by the Institute, October 11, 1951.

tA. Gardner Fox. “An adjustable wave-guide
phase changer.” Proc. I.R.E., vol. 35, pp. 1489-1498;
December, 1947,

t Formerly of the Research Laboratory of Elec-
tronics, M.1.T,

ter-wave plate converts left-hand circular
back to vertical linear polarization. If the
plates or their aligniments are not perfect, a
small amount of circularly polarized energy
of wrong sense will be generated. Thus, the
first-order effect of errors will be to produce
a cross-polarized component in the output
which, if absorbed by a horizontal resistance
card, will not affect linearity of phase shift.

Consider the second quarter-wave plate
first. Incident upon it is mainly a left-hand
circular, and also a small right-hand com-
ponent due to imperfections. The left hand
is converted mainly into linear vertical
(whose phase is certainly determined by the
phase of the left-hand circular), plus a small
amount of horizontal which is absorbed in a
resistance card. The small right-hand com-
ponent is converted mainly to horizontal,
which is also absorbed, and a fractional

left hand 7

hand

n
Rel. phase shift 8, /1

Fig. 1—Rotary phase shifter, schematic.

amount of vertical. This fractional amount
of a small quantity is of second order. Thus,
at the second quarter-wave plate, only the
left-hand-circular component contributes,
to the first order, to the vertically polarized
output signal.

A similar argument may be carried
through for the first plate. A large amount
of right-hand plus a small left-hand circalar
component is produced by this plate. The
large amount of right hand is largely con-
verted to left hand in passing through the
half-wave plate; the fraction of this signal
that is converted to right hand is discarded,
as seen in the preceding paragraph. The
small left-hand component from the first
plate is converted through half-wave plate

Rel. phase shift,

mainly to right hand, which also does not
contribute, in first order, to final output.

It remains merely to be shown, there-
fore, that the phase of the left-hand circular
output of the half-wave plate with respect to
a fixed-phase right-hand circular input is a
linear function of the angle of rotation. From
symmetry considerations the incident right-
hand circularly polarized wave looks the
same to the half-wave plate for any angle of
rotation and thus the output will be the same
when referred to a set of axes moving with
the plate. The transformation of the refer-
ence phase from the moving axes to a fixed
set of axes introduces exactly the linear
dependence of phase on rotation. (Thus, if
the quarter-wave plates are perfect, an im-
perfect half-wave plate will not affect the
linearity of the phase shifter at all, but will
only cause a loss in power because of the

Yo Ye

Yo

//
b
Eyo

Rel, phase shift
0, ="/,

setting up of a cross-polarized componcnt)

For purposes of olrtmnmg a quanutauve
L\ﬂlll[)l(.‘ only errors in phase shift and in
positioning of the quarter-wave plates were
assumed. For cise of calculation, the errors
were assumed to occur in the following way:

==t =r/4—¢ L1
O=0=r/2—5 6=r—-25 &K1
Then, letting ¢ =¢2—¢s= — (p1—¢2), an ex-

pression for the oulput voltage divided by
the input voltage is

En

Yyt

= cos 2¢ cos § ¢ 2be~%Y

+ e~%8[cos 2¢(1 — cos 2¢ cos 5)
— 2 cos?y sin? b
+ j cos? ¢ sin 25 sin 2¢].

Note the phase of the first term varies

linearly with ¢ and the second term contains

only exprcssmns of second order in e and é.

A numerical calculation for §=5° ¢=1°

shows that the maximum deviation from
lincarity is less than 0.75 degrees.

ALAN |. SIMMONS

Naval Research Laboratory

Washington 25, D. C.

L
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meimber of the pre
radar Ofhicer’s Train-
ing School at Cruft
Laboratory, Harvard
University. During 1945 he was a rescarch
associate at Cruft Laboratory. Iu 1946 he
was appointed rescarch fellow in electronics
and in 1947 assistant professor of applied
physics in Harvard Uniy ersity.

In 1948 Dr. King was appointed as-
sociate professor of physics in the Institute
for Co-operative Rescarch of the Johns
Hopkins Universite, and in 1950 assistant
director of the Radiation Laboratory.

Dr. King is 2 member of Sigma Ni and
the American PPhysical Society.

D. D. Kixg

o,
oge

L. M. Klenk (M'41-8)M"43), a native of
Kearny, N. J., was born on February 19,
1907, He was graduated from Newark Col-
lege of Fngincering
with a B.S. degree in
1929, That year he
joined  Bell  Tele-
phone  Laboratories,
where, until World
War Il his time was
devoted to the de-
sign and installation
of short-wave radio
transmitters used for
. OVerseas communica-

LML Keesk tion  and  high-fre-

quency short-hop
communication equipment. During the war
he designed radar and counter-measure
cquipment for the government.

Since 1945, Mr. Klenk has been engaged
in the mechanic il design of an overseas radio
transmitter.

Nean Lund (V43) was born in Madison,
Wis., on May 13 1912, He was grady-
ated in 1935 from (he University of \Wiscon-
~in, where he re-
ceived a B.S. degree
in 2K, After a year
of post-graduate
study at the Uni-
versity, and a brief
period as a radio con-
sultant, he joined the
staff of Bell Tele-
phone  Laboratories.

lle first worked
on the development
and testing of single-
sideband  radio re

NEAN LLUND

ceivers. From 1941 43, he was concerned
with circuit development of loran, radar and
other equipment used by the military. In
recent vears he has worked on the measure
ment of interchanuel moduolation noise from
multiplex single sideband transmitters, and
on the measurement of extra-band radiation
from multiplex single sideband radio trans
mitters,

Mr. Lund s a member of the American
Institute of Llectrical Lngineers, Phi Eta
Sigma, and ta Kappa Nu.

03
oo

L. G Linder (A0 SMN49) was born in
1902 in Waltham, Mass. e received  the
B.AL degree from the University of lowa in
1925, and the M.S
degree in 1927,

Dr. Linder was an
mstructor in physics
at the State Univer-
sity  of  lowa  from
1925 to 1927; an in-
structor at California
Institute of Technol
ogy from 1027 1o
1028; and a Detroit

l.dison  Fellow  at
E. G. LiNpER Cornell University
from 1928 1o 1932,

where he received the PhoD. degree in 193]

Dr. Linder was employed in the Re
search Division of the RCA Vietor Company
from 1932 10 1935 and the RCA Manufa -
turing Company, RCN Victor Division,
from 1935 to 1942, .\t present he is with the
RCA Laboratories at Princeton, N J.

Dr. Linder is a member of the American
Physical Socicty,

°,
D

John L. Moll (\'51) was born on Decem-
ber 21, 1921, in Wauscon, Ohio. e receiy ed
the B. Sc. degree in engincering physics in
December, 1943 from
the Ohto State Uni-
versity.

Mr. Moll worked
at the Radio Corpo-
ration  of  America
during the years 1944
and 1945, Ile was
employed as a gradu-
ate assistant in the
mathematics depart-
ment at Ohio State
University from Qc-
tober 1945 until June
1948. Since 1948 he has been an instructor in
the clectrical engineering department, as
well as a research associate for the Ohio
State University Research Foundation.

Mr. Moll is a member of Sigma Ni and
the American Mathematical Society.

Joux L. MoLL

®,
D)

Ao I Munn (A41) was born in Belfast,
Ireland,®on March 9, 1908. As a boy of 10,
he came to the United States and at 15 went

to work at Bell Telephone Laboratories
In 1936 he received a B.S. degree in elec
tnical  engieering  from  Cooper  Unijon
and i 1941 a BI- ),
degree  from New
York University

Mr. Munn  first
learned  instrument
and tool making at
the Laboratories, and
for a few years con
ducted rescarch on
telephone  voice re-
cording.  From  the
carly thirties up to
the present, howeyver,
he  has been <
cerned principallv with the clectromechanic al
design of radiotelephone receivers and trans
mitters, except during World War 1, when
he had special military assignments

Mro Munn is 4 member of Fta Kappa
Nu.

Vo) Maxss

o,
!

Joseph Nedelka was born in Bohemia o
November 13, 1905; he came to the Unired
States siv months later with his famih

1937 he recened

- ol desree  fron

Brooklyn  Poly tecl
nic Institute

Mr. Nedelka
joined Western |l
tric Company '~ I iy,
neering Department
now known as Bel
Telephone  Labora
tories, in 1922, W\ hil
in the drafting
partment, he took .«
technical assistant’s
course provided by the company. He was en
gaged in systems engineering and drafting
until 1940 when he worked on the de ign
of radar equipment. After World War 11, he
cngaged in the design of overseas radio
telephone work, and is currently occupicd
with the design of television tegminal and
coaxial carrier equipment,

J. Nvoreka

o,
D]

Evert J. Post was born in Rotterd.am,
Netherlands, on Octobe 20, 1914, He re
ceived the degree of Physical Engineer from
the Delft Institute of
Fechnology,

In 1946 Mr. Post
joined  the Central
Laboratory  of  the
Netherlands  Postal
and Telecommunica
tons Services at The
Hague where he has
been primarily con-
cerined with the de
velopment of quartz
crystals  and  oscil-
lators.

Evert J. Posr
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Irving Reingold was born in Newark,
N. J., on November 13, 1921, He received
the degree of B.S. in mechanical engineering
in 1942, and the pro-
fessional  engineers’
degree in 1949, hoth
from the Newark Col-
lege of Fungineering.
He has also done
graduate  work in
electronics at the
Brooklyn  Polytech-
nic Institute.

From 1943 until
1945 he was an elec-
tronics  manufactur-
ing cngineer in the
Electronic-Tube Section of the Westinghouse
Electric Company, Bloomfield, N. J.

From 1943 until 1951, Mr. Reingold was
a project engineer in the Radar Scction of
the Watson Laboratories, Air Materiel Com-
mand. Red Bank, N. J., where he was en-
gaged in the development and application of
microwave radar-systems transmission-line
and antenna components,

He joined the FThermionics Branch of the
Signal Corps Engineering l.aboratories at
Fort Monmouth, N, J., in 1951, a~ a project
engineer engaged in the development  of
microwave duplexer. Mr. Reingold is a
licened professional engineer in the State
of New Jersey

IrvING REINGOLD

CharlesE. I Rose (N'22 M40 SM'43)
was born in Montclair, New Jer-ey, Septem-
ber 19, 1901, He entered the Radio Rescarch
Department of the
W\ estern Electric
Company in 1920, Te
was graduated as a
Student Aesistant in
1924, and  <ubse-
quently attended Co-
lumbia  University
Extension School
Since 1923, he has
served as a member
of the technical staff
of the Bell Telephone
Laboratories

Mr. Rose has been engaged in designing,
dev eloping, installing. and testing short-wave
transor eanie radio telephone transmitters for
the Bell System in New Jersey, Argenting,
and Cabfornie. During the war he was en
gaged 10 developing special electromc equip
ment used by the ULS government Tn 1944,
he was transferred from the Radio Research
Department to the Transmission Develop
ment Department where he is continaimg
circuit development work for radio gy stems

C F. P Ros

Edwin A. Speakman (A'43-M'44-5M"18)
received his B.S. degree in physics in 1931
from Haverford College, Haverford, Pa.,
where he was a
scholarship student.
From 1931 to 1934,
he was an instructor
in physics at Ilaver-
ford College and as
part of his graduate
study, invented a
photoelectric timing
system, the first us-
ing a light beam for
timing races auto-
matically and to ac-
curacy of 0.01 sec.

From 1934 to 1939 Mr. Speakman was a
radio engineer in the research laboratories
of the Philco Corporation, where he in-
vented the telescopic rod antenna which is
used on radio-equipped automobiles.

After serving as a physicist with the
Curtis Publishing Company for a brief
period in 1939, Mr. Speakman was ap-
pointed to the Naval Research Laboratory,
where he held the positions of assistant
superintendent of the Radio Division and
head of the Countermeasures Branch, from
1940 to 1949, receiving the Navy's Mefi-
torious Civilian Service Award in 1946 for
his rescarch on naval radar equipment. lle
also served as a civilian scientific expert on
several special Naval missions to the Medi-
terrancan and Pacific areas during the war.

Mr. Speakman joined the staff of the
Research and Development Board in May,
1949 as exccutive director of the Committee
on Electronics. He-ds a member of the Ameri-
can Physical Society and former member of
the 1. S, Civil Service Board of Examiners
for Scientitic and Technical personnel.

E. A. SPEAKMAN

Ludovicus R.M. Vos de Wacel was born
in Westervoort, the Netherlands, on July 21,
1905. He took his degree of clectrotechnical
engineer at the Tech-
nical  University  at
Delft in 1930, and
was appointed  an
engineer of the
P ‘ Netherlands  Postal

and [elecommunica-
tions Services in the
¥ same year.

FFor some years he
was engineer in
charge of the trans-
mitting  station  at
Kaootwijk, and was
also engaged there in development work on

[Lupoviers RUM.
Vos e WarL

CTRLE=TO

the first short wave ssb equipment for the
radio telephone channel with Bandung.

After World War 11 he was, for a short
time, in charge of the receiver station, and in
1947 he joined the Radio Laboratory at the
Ilague.

Mr. Vos de Wael was appointed chief
engineer in 1948 and is now engaged in re-
search work on frequency standards, auxili-
ary measuring equipment, and receiver de-
sign.

Robert W. Wilmarth (8'47-A'51-M'52)
was born on May 18,1922, in Yonkers, N. Y.
He received the BE.E. degree in 1919,
and the M.S. degree
in 1950 from Ohio
State University.
From 1940 to 1945,
Mr. Wilmarth was
engaged in the con-
struction of electron
tube at the Bell
Telephone Labora-
tories, Inc. During
the years of 1945 to
1950, he was em-
ployed on a part time
basis as a research as-
sociate at the Electron Tube Laboratory at
the Ohio State University.

Since April 1951, Mr. Wilmarth has been
a senior engineer in the vacuum tube group
at the Federal Telecommunications Labora-
tories, Inc. He is a member of Sigma Xi,
Tau Beta Pi, and Eta Kappa Nu.

-

A

R. W. WILMARTH

Laurence (5. Young (\'37, SM'48) is
4 mnative of DPittsburgh, Penn., where
he was born January 13, 1897. He was
graduated from Car
negie  Institute  of
Technology in 1919
with a B.S. degree
in K.

The following
vear he joined Bell
Telephone  Labora-
torics  and  for six
years worked on coil
design, In 1926 he
transferred 1o a radio
development  group,
where at first he was
engaged inantenna design, and later, high-
power radio  transmitter  design.  During
World War H, Mr. Young worked on high-
power amplifiers and, also, radar and other
equipment. At present he is studying short-

wave radio transmitters nsed in transoceanic
service

.. G. Youne
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NOMINATIONS 1953

At its May 7, 1953, meeting, the IRIS
Board of Dircctors received the recommend-
ations of the Nominations Committee and
the reports of the Regional Committees for
oflicers and dircctors for 1953, They are:
President, 1953: J. \W. McRae
Vice-President, 1953: S. R, Kantebet
Director-at-Large, 1933 1955 (two to be

elected): S. 1., Bailey, K. C. Black, B, I,

Shackelford, 1.. C. Van Ata

Regional Directors, 19531951 (one to he

elected in cach Region):

Region 2.—I°. . “4“(')", R. D, Chipp,
J. R, Ragazzini

Region 4—S. . Begun, 11. R, tHeghar,
C. AL Priest, B R, Teare, Jr.

Region 6.—M1. C. Scott, Jr., A AV, Strai-

ton

Region 8.—J. 1. Henderson, A, B, Oxley

According to Article V1, Section 1, of the
IR Constitution, nominations by petition
for any of the above offices may be made by
letter to the Board of Directors, setting
forth the name of the proposed candidatc
and the office for which it is desired he be
nominated. For acceptance, a letter of peti-
tion must reach the executive office hefore
twelve o’clock noon on August 14, 1952, and
shall be signed by at least 100 voting mem
bers qualified o vote for the office of the
candidate nominated,

Calendar of
COMING EVENTS

AIEE-IRE Telemetering Conference,
Los Angeles, Calif., August 26~27

1952 IRE Western Convention, Mu-
nicipal Auditorium, Long Beach, I
Calif., August 27-29

Cedar Rapids IRE Technical Confer-
| ence, Roosevelt Hotel, Cedar
| Rapids, Iowa, September 19-20

| National Electronics Conference,
| Sherman Hotel, Chicago, I,
September 29-October 1

IRE-RTMA Radio Fall Meeting,
Syracuse, N. Y., October 20-22

IRE-AIEE Computers Conference,
New York, N. Y., December 10-12

IRE-AIEE Meeting on High-Fre-
| quency Measurements, Washing- |
ton, D. C., January 14-16

Radar Weather Conference, MeGill
University,  Montreal, Canada,
Septeanber 15-17

Southwestern IRE Conference and

Electronics Show, Plaza Hotel,

l San Antonio, Tex., February 5-7

1953 IRE National Conference on
] Airborne Electronics, Dayton,
| Ohio, May 11-13
1953 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand
Central Palace, New York, N. Y.,
March 23-26

PROCEEDINGS OF T1HLE 1R

and Radio Notes

RADIO PROPAGATION DISTURBANCE
WARNINGS

On July 1, 1952, the National Burcan of
Standards started broadeasting new short
wave radio disturbance forecasts via the
NBS standard frequency broadeasting sta
tion WWV., The new service replaces the
radio disturbance warning notices that have
been transmitted by WAV since 1946, The
broadcasts tell users of radio transmission
pitths over the North Atlantic the condition
of the jonosphere at the time of the an
nouncement and communication conditions
to be expected for the nest 12 hours.

The NBS radio disturbance forecasts,
prepared four times daily, are transmitied
in Morse code twice cach hoar 19} and 49}
minutes past the hour —on WY standard
frequencies of 2.5, S, 10, 15, 20, and 25 e,
as was done prior 1o July 1. The notices
heretofore have included a letter indicating
present radio reception conditions, s be
fore, the letters used are “N,” “U,” and
W, signifying that radio propagation con
ditions are normal, unsettled, or disturbed,
respectively, The new notices also contain
a digit indicating the expected quality of
future reception. The dhgit is the lorecast of
expected quality of transmitting condition
on the NBS-CRI'L scale of 1 (impossible) to
9 (excellent).

RADIO ForECAs ScaLr

Digit Propagation  Letter
(Forecast) Condition (Current)
1 Impaossible W
2 Very 1'oor W
3 Poor W
4 I“air 1o Poor W
5 Fair U
6 Fair to Good N
7 (ood N
8 Very Good N
9 Excellent N

In addition, WA\ renders the following
services on standard radio frequencies of 2.5,
5,10, 15, 20, 25, 30, and 35 megacyeles; time
announcements at S-minute intervals by
voice and International Morse Code; stand-
ard time intervals of 1 second, and 1, 4, and 5
minutes; and standard audio frequencies of
40 cycles (the standard musical pitch A
above middle C) and 600 cycles.

The audio frequencies are interrupted at
precisely one minute before the hour and
are resumed precisely on the hour and each
five minutes thereafter. Code announce
ments are in Universal Time using the 24-
hour system beginning with 0000 at mid
night; voice announcements are in Eastern
Standard Time. The audio frequencies are
transmitted alternately: the 600-cyele tone
starts precisely on the hour and every 10
minutes thereafter, continuing for 4 minutes;
the 440-cvcle tone starts precisely five
minutes after the hour and every 10 minutes
thercafter, continuing for 4 minutes, Each
carrier frequency is modulated by a seconds
pulse which is heard as a faint tick; the pulse
at the beginning of the last second of each
minute is omitted.

July

Crbak Rarips Seerion 1o llonn

CONFERENCE,

The TR Section of Cedar Rapids will
sponsor a two day communications canfer
cnee, September 19220, 1952, at the Roose
velt Hotel, Cedar Rapids, Towa.

The conference will feature outstanding
speakers e the ficld of communications,
exhibits, plant inspections, and a hanqguet.
Nong the speakers assured for the confer
ence and ther topies are: 1L, V. Betloer,
president,  Associated  Universities, e
banquet speaker; 1. S, Coggeshall, general
trathe manager, Western Union Telegraph
Company, speaking on information theons
M. Gl Croshy, president, Croshy Tabora
tories, Inc., speaking on diversity reception
GO0 Hernick, chiet, State Departiment
Broadeast Plans and Development, speaking
on Voice of America operations; and, 1. M,
Craft, vice-president, Collins Radio Com
pany, speaking on equipment design trends,

Tiecnsicarn CoMMITTEE NOTILS

The Standards Connmittee met on \piril
10, MLV, Baldwin, Jr., wasacting Chairnia
i the absence of XL Gl Jensen, A G, Clavier
reported on the status of graphical symbol
for semiconductor devices, The matter had
been discussed at a meeting of the Svinbol:
Committee at which C. D, AMitchell, Cha
man of the Task Group on Graphical
Symbols for Semiconductor Devices, re
ported on the group's activities, The work
of the Task Group has been delaved for
somie time to prevent conflict between the
IRT and ASA drafts of proposed Stand.ards
Mostof the proposed standards coming from
the “Task Group have been adopted by the
ASA Subeommittee and incorporated in the
recent ASA draft, The Syinbols Committ e
feeling that the work st illwasincompleteasked
Mr. Mitchell to resume the work of his task
group. A meeting was planned, and the pre-
vious work will be revised and extended by
the task wroup with a view of offering a list
of symbols for the Standards Committee ap
proval. Mr. Clavier then proceeded to the
status of symbaols for computers stating that
W B. Callaway, Chairman of the Task
Group on Symbols for Functional Operation
of Control,  Computing  and Switching
Equipment, had reported on the work of his
Group at the last meeting of the Symbols
Commitee, Reviewing the purpose of fund
tional symbols as ditferentiated from stand
ard graphical svmbols, \r. Callaway told
the Symbols Committee that while the latter
show how devices, ~uch s relays, are con
unected, they do not show the operation
of the devices, \r Callaway  displaved
two sets of drawings utilizing functional
symbols and expressed the opinion  that
since there was an active demand  for
both systems, it might he advisible 1o stand
ardize on both. The Svmbols Committee
agreed that for the present it would be ad
visable to standardize only the basic svin
bols used in the two svstems and use these
systems as the “building blocks ™ for a future
complete standard. Mr, Callaway has agreed
torevive the task group and 1o try toget the

R
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telephone and computer people together in
this work. E. S. Seeley has offered his resig-
nation from the ASA Committee 224, and
it was proposed that W. M. Goodale be ap-
pointed IRE Representative and H. Olson
serve as his alternate. These appointments
are to be sent to the Executive Committee
for approval. The Committee reviewed the
scopes of the technical committees. The next
item on the agenda concerned the ASA
(Z57) defnition for “Flutter.” W. M.
Goodale pointed out at the March 20th
meeting that the dcfinition, previously ap-
proved by the Standards Committee, was at
variance with the Receiver definition ap-
proved at the February 14 meeting. H. E.
Rovs, IRE Representative on ASA 757, re-
viewed the work leading to approval of the
ASA definition which was originally pro-
posed and written by SMPTE. It was
agreed that Mr. Roys should be asked to in-
form ASA that the Standards Committee
will not withdraw its approval of the ASA
definition for “Flutter,” and that it has also
approved the Receivers definition. The com-
mittee then turned its attention to a further
consideration of the Proposed Standards
on Receivers: Definitions of Terms.

Under the Chairmanship of A, G. Fox,
the Antennas and Waveguides Committee
met on April 15. Detailed consideration of
the proposed Standard on Wave Propaga-
tion, 51 IRE 24.1 PS1 was given by the Com-
mittee. Comments and criticisms received
from members of the Committee were re-
viewed for the benefit of H. O. Peterson
representative of the Wave Propagation
Committee. The Committee agreed to revise
the two definitions of Q given in 51 IRE 2.
PS1. A discussion was given to Cymomotive
Force but the Committee was unable to
favor the use of such a term until more data
on the proposal could be obtained.

The Circuits Committee convened on
May 2, under the Chairmanship of C. H.
Page. The revised feedback definitions were
discussed, and it was decided that the basic
term of the feedback set is “feedback loop ”
Two members of the committee were asked
to submit definitions incorporating their
concepts of feedback. The use of “port” asa
general term for input or output access to a
network was discusserl. R M. Foster, W. A.
1.vnch, and 1. J. Carlin were asked to make
4 study of the advantages and ramifications
of the use of this term and to write an essay
on the subject to be circulated to all techni-
«al committee chairmen for their reaction.
The list of active circuit definitions of Sub-
committee 4.7 is finished, except for the feed-
back terms, and is to take the grand tour in
the fall.

On April 4, the Electron Devices Com-
mittee met under the Chairmanship of A. L.
Samuel. Chairman G. A, Espersen reported
that his Magnetron Subcommittee was writ-
ing definitions and methods of test for Q)
(ireuit efficiency, pulling figure, ctc. They
had proposed to collaboratc with the kly-
aron and traveling-wave task groups on
common methods of test but had difficulty
in arranging this. Chairman T. J. Henry of
the Small-Signal High-Vacuum Tubes Sub-
Committee reported that their only activity
was the task groups on klystron and travel-
ing-wave tubes, fo. M. Boone, reporting for
the combined task group on uhf defini-
tions, submitted some general definitions

Institute News and Radio Notes
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Executive Committee, IRE Syracuse Section, D. C. Pinkerton, Chairman of the Syracuse Section, presides

at a monthly meeting of the local section steering body.

(left to right) W. H. Hall, A. D. Haedecke. L. R. Fink,

D.'C. Pinkerton, J. W. Downie, R. A, Galbraith, and Samuel Seeley.

proposed by this group. Chairman H. L.
Thorson of the Gas Tubes Subcommittee
reported no present activity but suggested
that the development of the plasmatron
might require future activity. C. E. Fay
pointed out that T-R tubes had originally
been assigned to the POHV'T Subcommittee
but since most of these tubes contain gas,
they might be more appropriately in the
domain of the Gas Tube Subcommittee. The
Electron Devices Committee agreed to this
transfer and suggested that a task group of
the Gas Tube Subcommittce be formed to
deal with T-R tubes. The proposed Stand-
ards on Noise Measurements which were
reviewed and revised were approved, and the
secretary was instructed to transmit this
material and that of the Noise Definitions,
which were approved on January 18, 1952,
to the Standards Committee.

The Sound Recording and Reproducing
Committee met on April 23, under the
Chairmanship of H. E. Roys. Mr. Roys an-
nounced the new Chairman for 1952-1953,
A. W. Friend, and the new Vice Chairman
Lincoln Thompson. Dr. Friend announced
that A. P. G. Peterson had accepted tempo-
rary Chairmanship of the Subcornmittee on
Magnetic Recording. Lincoln Thompson will
continue as Chairman of the Mechanical
Recording Subcommittee and R. M. Fraser
as Chairman of the Optical Recording Sub-
committee. The Chairman announced that
the work of the Task Force on Definitions of
Magnetic Recording in Computer Work
would cease since a subcommittee of this
nature was being set up by the Electronic
Computers Committee. Likewise, the Task
Group on Symbols, 19.2.1, would be discon-
tinued. The Committee believes that the
tentative Standard on Methads of Measure-
ment of Noise in Sound Recording and Re-
producing Systems, prepared by the Sub-
committee on Magnetic Recording, is now
ready for submission to the Standards Com-
mittee. Lincoln Thompson reported that his
Subcommittee on Mechanical Recording was
preparing a draft on record calibrations and
may have something to submit to the Com-
mittee by the end of the year, CCIR is pre-
paring standards on disks and magnetic
recording for the international exchange of
program material. One of the big problems
i the standardization of recording repro-

ducing frequency response characteristics
for which a method of measurement is
needed. The Chairman pointed out that the
Magnetic and Mechanical Recording Sub-
committees could greatly benefit the U. S.
position by working on this problem.

Under the Chairmanship of W. J. Poch
the Video Techniques Committee met on
April 15. Stephen Doba, Jr. presented a re-
port on measurement of nonlinear character-
istics involved in a television system. It was
agreed that this report should be circulated
to Committee members and also to Sub-
committee members. A. J. Baracket re-
viewed the current activities of his Sub-
committee on Video Systems. Activities of
the Subcommittee on Video Transmission
were presented by Stephen Doba, Jr. and
J. L. Jones. R. L. Garman outlined the re-
sults of a recent meeting of his Subcommit-
tee on Video Utilization. A revised tutorial
paper prepared by L. D. Grignon is ready for
re-submission, with approval of the Video
Techniques Committee. Mr. Schade also has
been asked to prepare a paper in this series
with special emphasis on the cathode-ray
tube aspects on the recording problem. The
Comimittee reviewed definitions submitted
by the Receivers Committee and approved
Dy the Standards Committee.

Appointments to the Joint Technical Ad-
visory Committee for the two-year period,
July 1, 1952-June 30, 1954, were recently
approved. Beginning July I, 1952, the JTAC
will consist of the following members: Ralph
Bown, Chairman; A. V. Loughren, Vice
Chairmen; L.. V. Berkner; D. G. Fink; J. V.
L. llogan; D. D. Israel; I, J. Kaar; and P,
F. Siling. L. G. Cumming will serve as non-
member Secretary.

Rapar CONFERENCE SLATED

The Third Annual Radar Weather Con-
ference will be leld, September 15-17, 1952,
at McGill University, Montreal, Canada.
The conference will provide symposia on
radar meteorology and related studies, and
informal discussions of recent advances.

Those interested in participating should
communicate with the Committee for
1952 Radar Weather Conference, McGill
University, Montreal 2, Canada.

—
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Professional Group News

PROEISSIONAL GROUES COMMIT LI

DDy Israel has heen appointed Chair-
mat of - Professional Groups Committee
Subcommittee to evaluate an experimental
plan for the year 1952, for the administra-
tion and timancing of Professional Group
chapters, This Subeomimitiee will report on
September 1, 1952 and January 1, 1953, on
P'rofessional Group-Section relationship,

\ plin bs Deing formulated 1o offer
technical libraries in municipalities and in
technical schools @ minimune number of
Professional Groups” TRANSACTIONS it a1 flut
rate,

Aubto

I” X Byrnes and M. 1 Bradv are the
organizers of a Chapter of the Audio Group
in San Diego, Calif,

The Audio Group is planning 1o publish
the papers on Audio given at the 4ih South-
western IR Conference and Radio lngi-
neering show, May, 1952, in Houston, Tex.
The PGA-8 Traxsact1ons will be nuiled to
members of the Group in July,

ANIENNAS AND PROPAGA 1 TON

The  Proceedings of the URSIIRFE
Spring mecting April 21 24, 1952, Washing-
ton, . C, jointly sponsored by the An-
temnas and Propagation Group, will e pub-
lished in the Group’s TRANSACTIONS.

A planning commitiee recently met i
Washington, 1. C., to discuss the joint
Meeting on Radio-Meteoralogy 1o be held
in 1933, at Nustin, Tex. The Group on \n-
tennas and Propagation will be a sponsor 1o
the meeting.,

Circurt T'neory

Officers of the Circuit Theory Group
have been elected to serve for the term
July 1, 1952 10 July 1, 1953, They are:
Chairman, R, L. Dietzold; Vice-Chairman,
Co L Page; West Coast Chairman, D. 1.
Trautman; Secretary-Treasurer, \W. 11 Hug-
gins: Svmposium Committee, 1. J. Carlin
Chairman, W, L Huggins, C. H. Page; Sec-
tions Committee Chairman, 1. J. Gershon:
Papers Committee, W. N, Tuttle, Chairman,
J. L. Bower, C. H. Page, 1., Zadeh; New
Members of the Administrative Committee,
W HL Huggins, J. L. Barnes, HL . Carlin,

The Group in coujunction with its Los
Angeles Chapter will present a session on
broadband amplifiers and 4 session on gen-
eral advances in network theory at the 1RE
Western Convention. The Circuit Theory
Group has voted 10 assess its members $2.00
to enable them to publish the papers of these
sessions in the TRANSACTIONS of the Group,

Plans are also being made In the Cire uit
Theory Group to jointly sponsor the next
symposium on network svnthesis, with the
Polytechnic Institute of Brooklvn, Micro-
wave Research Institute, It is tentatively
planned to cover varying  parameter and
nonlinear circuit theory at the svmposium.

INDUSTRIAL ELECTRONICS

The Group on Industrial Electronics will
publish in its first TRANSACTIONS the pitpers
of the recent symposium on “Electronics and
Machines,” held in Chicago, 111
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ILECTRONIC CoMPUTERS

Proceedings of the Electronic Computer
Symposium “lngincering Tomorrow’s Com
puters,” held at the University of California,
Los Angeles, Calif., will be published and
distributed 1o members of the Electronic
Computers Group. Other persons desiring
a copy should send $2.00 to George Gour
rich, 12830 Parkyns Street, Los \ngeles 49,
Calif. “The Proccedings will inchide the
papers and transeriptions of the two panel
discussions on reliability and  germanium
hodies,

The Group is planning its sessions for the
joint IRE-ATEE Computers Conference,
December, 1952, New York, N, Y, Papers
of the Conference will be published in the
Group’s first TRANSACTIONS.

W. Buchholtz of the 113)M Engineering
Lahoratory, Poughkeepsic, N. Y., is the
new Chairman of the Publications Cominit-
tee.

MRBORNE LLLECTRONICS

The papers from the Nirborne Flec.
tronics Conference, May 1214, 1952, jn
Davton, Ohio, will be published in the
PGAE-4 TRANSACTIONS of the Group.

A local chapter of the Airborne Fled
tronics Group has been established in Balti
more, Md. Plins are being made to estallish
chapters in Syracuse, Philadelphia, \Wish-
ington, D. C., Kansas City, Dallas, and
other cities where there is sufficient interest.

COMMUNICALIONS

The recently formed Group on Com-
munications held a suceessful Svimposium
on, “Radio Telegraph Transmission Svs
tems,” at Brentwood, N. Y June 21, 1932,

Plans for a membership drive for the
Group are now under way.

LNGINEERING MANAGEMENT

The Group on Enginecring Management
is planning a symposium in conjunction with
the 6th Annual Conference on Administra-
tion of Research at the Georgia Institure of
Technology, September 8-10, 1952, Atlanta,
Ga. The Gronp is planning a second Syvm
posium to be held jointly with the National
Electronics Conference, October, 19582, in
Chicago, 1.

FLECTRON DEVICES

Papers from the technical sessions on
.lectron Devices, given at the Fall Meeting
of IRE-RTNLY, October, 1952, in Syracuse,
N.YL and the 1952 TR Western Conven-
tion in August, will be published in the first
TrANSACIIONS of this Group.,

VEHICULAR COMMUNICATIONS

Papers for the Fall meeting of the \ehic-
ular Communications Group should be sub-
mitted to the Chairman of the Papers Com-
mittee, A, A, MacDonald, Westinghouse
Electric Corp., 2519 Wilkens Ave , Balu-
more, Md. The time and place of the meet-
ing will be announced.

PGVC-2 TraNsactions will be mailed 10
members of the Group in July.

OtaLity CONtRoL

The Group on Quality Control has ap
pointed the following commitiees: Papers
and - Speakers Procurement Committee,
Papers Review Committee, Publication aned
Publicity Committee, Professional Relations
Committee, Meeting and Symposnin Com
mittee, Membership Committec, aml I
nance Committee,

The Group plans to publish in its firs
TRANSACTHIONS the papers on Quality Con
trol from the 1952 IRE National Conven
tions technical sessions and the Toront
IFall Meeting,

INFORMATION TrHEORY

\ symposiom on, “Applications of Com
munication Theory,” is being plamed for
the Fall of 1932 for the Information | heory
Group.

The Administrative Committee of the
Information Theory Group has been eleted
for the next three-vear term., They are: VL
I Diboro, Federal Communications 1.l
Nutley, N, J.; Meyer Leifer, Sy lvania 1 lec
tric Products Ine.,, Bavside, NUY.oand W
D, \White, Nirborue Instruments Labora
torv, Mincola, N, Y.

This group is planning their first public.
tion of TRANSACITONS in the near future,

Microwave EnrciroNics

J. Go MeCann of Chlifornia has been
clected o the Administratiy ¢ Committec
and Harald Schutz has been appotnted
Chairman of the Membership Committee of
the recently formed Microwave Electronics
Group,

New plans for the Group include con-
sideration of a Group chapter in Dayton
Ohio, und a one day symposinm in New
York City, during the middle of October, or
November, 1952, A, (. Beck has heen ap
pointed  chairman of the symposium, The
Group isalso considering the publication of .
NEWSLETIER and 2 TRANSACTIONS later
this year,

.

INSTRUMENTATION o

Over 1,000 persons attended the Sym
posium on Quality Electronic Components,
jointly sponsored by the Group on Instry
mentation, RTMA, and AEE, Mav §5-7,
1952, in Wadhington, D. (. Proceedings of
this mecting will he published by the middle
of July and can he obtained through the
Washington, D. C. uffice of RTTMA.

IRE Wesirry CoNvexToN

Eighteen technical sessions at the IRE
Western Convention and Electronics Show
will be sponsord by the following Profes-
sional Groups: \udio, Nirborne Electronios,
Antennas and Propagation, Broadeast and
Television Reccivers,  Broadeast Trans-
mission Systems, Cirenit Fheory, Electronic
Computers, Electron Devices, Information
Theory, Instrumentation, Radio Telemetry
and Remote Control,
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OvER 1,100 ATTEND ELECTRONIC
COMPONENTS SESSIONS

More than 1,100 engineers and technical
authorities participated in the second Sym-
posium on Progress in Quality Electronic
Components, sponsored by IRE, AIEE, and
RTMA, held May 5-7, 1932, in Washing
ton, . C. This
previous records. More than 10 technical
papers were presented
from government, industry
laboratories

I'he meeting was opened with a welcom

address by . Go Reid, Jr. chairman of
the Joint Symposium  Committee. Gler
MeDaniel, president of RENA, delivered
the kevnote address of the initial session,

Flectronics  Today Among other out

ttendance surpassed all

¢
and research

e ling s cakers nd <ubjects presented
were: J. .\, Milling, chairman of the Elec-
tronics Production Board, on “Electronics
the Defense Production Program™; Cap-
tin Rawson Bennett, USN, Bureau of
Ships, former dircctor of the Electronies
Production  Resources Agency on “Some
Factors in Today's Electronics Production™;
Licutenant  Colonel €. 1. Lindstrand,

USAF. FElectronics Production Resources

“uropean Electronic Com-

I lustry” 1. W. .G, Dummer,

I e e Research  Establish-

went, Lo 2 on “Electronic Com-
ponents in recat brntam

Copies of the addresses ng the

and onlyv general session have been

led  to RUMA  member-companies.

Copies of the complete proceedings includ-

ing technical papers, may be obtained from

RTAMA headquarters for $5.00 cach, when
the printing is completed in July
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IRE CONVENTION SYMPOSIUM

Symposium: T\’ Station Construction and Theater Conversion, sponsored by the Broadcast Transmission
Systems Group during the IRE National Convention in March. (left to right) J. G. Leitch. WCALU, Philadelphia;
Carlos Dodd, WFAXN-TV, Dallas, Tex.. Newland Smith. WOR-TV; i
NBC; Clure Owen. ABC; and (standing rear) R. F. Guy. NBC.

New IRE SEctrioN
FORMED IN HaMILTON, ONTARIO

I'he 1RE Board of Directors approved
establishment of the Hamilton, Ontario,
Canada, IRE Scction of Region 8 at its May
meeting. Formerly a Subsection of ‘Toronto,
Hamilton brings the total number of IRE
Sections to sixty-three.

Also, some changes were made in the
Subsection group. A Wichita Subsection of
the Kansas City Section (Region 5) was
established, and the Urbana Subsection of

the Chicago Section (Region §) was dis-
solved. The present total of Subsections is
fourteen.

Addition of a Student Branch, operated
juintly with the ATEE at Brown University,
brought the Student Branch total to one
hundied and eleven.

A list of IRE Sections and Subsections,
together with respective Chairmen and Sec-
retaries, appears in alternate issues of
Proceepings oF Tk [LR.E. This issue
contains a new amended list on pages 881
and 882.

IRE Professional Group on Audio

CHAIRMAN'S FINAL REPORT, 1951-1952

BENJAMIN B. BAUER, CHAIRMAN

The Professional Group on Audio hag been e
. The Final Report of its Chairman for 195
1 be interested in the progress of this Group and that other G

in this report — The Editor.

he  progre of the PRI
Audio during the past year ha
been threefold: (1) Tncrease in publications
nel wervices to memnbers: (2) Pre motion of
dividoal participation through active or
1241 of local chapters; (3) [ne rease m
the active membership, Fqually important,
ough less well publicized, has been the
the officers and

Professional

Croup «

tent energy expended by
| he Adininistrative Committee to estab
I Group policies and procedures in har
th the TRE objectives; to select and
1 capable conunittees 1o perform in
wind 1o

1ppo
weordance with these procedures
provide for contn el development and
growth of the PGA

Ainong the first actions evident to the

members was the issue of improved Nrws-

LETTERS, beginning with the July, 1951
issue, dressed in a distinctly “IRE” cover
page. Among the features in these NEws-
LETTERS have been the technical editorials
contributed especially for the Professional
Group on Audio by foremost scientists in
audio and acoustics. These editorials have
received the unqualified approval of PGA
members. Requests for republication of some
of them have already been granted by the
IRY 1o foreign publications.

A large share of the eredit for the success
of PGA publications goes to our Regional
foditors.  Jordan J. Baruch, our Eastern
Fditor and Chairman of the PGA Publica
tions Review Committee has contributed a
number of papers and hook reviews. Dan
Martin, Midwestern Fditor, and Vincent

xtremely active and has initiated a number of procedures of
1-1952 is here presented in the thought that the membership
roups may find material of interest to them

Salmon, Western LEditor, have contributed
immeasurably to sound publication policy,
and each has written excellent technical
editorials.

Our total volume of publications has fal-
len somewhat short of the more optimistic
expectations, initially because of lack of
funds, and subsequently because of diffi-
culties in procuring suitable material. Never-
theless, including the March issue of TrRAN
SACTIONS of the TRE-PGA (which has re
cently been merged with the NEWSLETTIR),
I’GA members will have received during the
year approximately 160 pages of material,
containing eight technical editorials and
nine technical papers. With the announce
ment of the new PGA republication pro-
cedure in the current issuc of TRANSACTIONS,

R
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it is expected that the amount of available
material will increase substantially during
the coming year.

This new republication procedure is
among the most important results of inten-
sive and cordial co-operative effort hetween
the Editorial Committee of the PGA and
the Lditor of the Institute and its Pko-
CEEDINGS. Briefly speaking, this procedure
wilt permit the PGA to make available for
republication in non-IRE technical journals
all articles not judged to contain subjects of
compelling interest to a wide segment of
IRIE membership; many of these pipers
contain important contributions along spe-
cialized lines of awdio technology. Mecha-
nism has been set up to provide Haison
between the authors of these papers and the
publishers to facilitate arrangements for re-
publication in technical and trade journals.
While we have not had adequate experience
with this procedure, initial reactions of all
the parties concerned have Leen favorable.

It is evident that the kevstone commit-
tees to implement this republication pro-
cedure are the Papers Procurement Com-
mittee under the chairmanship of leo L.
Beranek, and the Papers Study Committee,
under the Chairmanship of Hugh S. Knowles
since January, 1952. As a result of the
efforts of Dr. Beranck’s committee, some of
the papers presented at the IRIE Spring
Convention were transmitted to members
within two weeks after presentation, and a
repetition of this performance should be-
come routine matter in the future. Hugh
Knowles brings to the Papers Study Com-
mittee the degree of expertness, impartiality.,
and judgment which is the “sine-qua-non”
for this committee to make its recommenda-
tions valuable to the authors and to the
PROCEEDINGS OF THE I.R.E.

Another PGA sponsored activity has
been the presentation of recorded papers.
Andrew B. Jacobsen has been the leading
exponent of this idea, and the PGA is happy
to have espoused this activity. A recorded
paper procured by Mr. Jacobsen at the 1951
Fall West Coast IRIZ Meeting has already
been presented at the Seattle, Milwaukee,

PROCEEDINGS OF TIHE LRI

and Chicago PG Chapters, and in each
case it was extremely successful. PPlans were
made to record the technical audio sessions
at the 1952 IRE National Convention,
During the past year, program commit
tees of the Group have sponsored the audio
sessions at three national conventions, as fol-
lows: 1951 Chicago Electronics Conference,
Chairman, Benjamin B. Bauer; 1951 Radio
Fall Meeting in Canada, Chairman, Frank
Slaymaker; 1952 IRE National Convention
in New York, Chairman, W. S. B.chman.
PGA Chapters have been active in spon-
soring programs on andio among IRE Sec-
tions, the details of which have been pulli-
cized in past issues of the NEWSLETTER.
Another manifest activity has been a
concerted drive to sponsor the formation of
PGA Chapters, carried on by the Chapters
Committee under the Chairmanship of Stan
Almas. Intense correspondence has been
carried on with the sixty-odd IRE Sections
and Subsections in an effort to promote the
formation of chapters. At the present writ-
ing, the PGA has six known active chapiers
in Boston, Mass.; Chicago, 111.: Cincinnatj,
Ohio; Detroit, Mich.; Milwaukee, Wis.; and
Seattle, Wash. Several other Sections have
expressed interest in chapter formation.
During the past year we have acquired a
substantial active membership. Before the
billing of assessments, PGA listed approxi-
mately 1,000 names, Approximately 400 of
this number became active members at the
time the assessment was levied, and an addi-
tional 400 members joined between July,
1951 and January, 1952, giving us a total
active membership of approximately 800.
We believe that our membership will con-
tinue to grow at about the same rate for some
time to come, and that some of the presently
inactive members may become active as a
result of the continued efforts of the PGA
Membership Committee, under the Chair-
manship of A, M. Wiggins. Recently, ap-
proval was obtained to permit the enroll-
ment of Student Members, and we trust that
many of them will take this opportunity.
During the past year, a major task of the
Administrative Committee was to establish
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a sound fmancial policy. Last ycar, IRE
Headquarters contributed $1,000 in match-
ing funds to help pay direct costs of Group
operation, and we have heen advised that
this year $500 will bhe similarly contriButed,
Next year, the matching funds may be with
drawn altogether. The necessity of raising
funds by means other than increased assess-
ments scemed to be imminent, and several
means of raising additional revenue were
studied and submitted for the approval of
the Professional Groups Committee, From
this work has emerged the present Institu
tional Listing scheme, in which six firms are
already  participating, Promotion of Instj-
tutional Listings is administered by the
PG Ways and Means Committee, under
the chairmanship of John Hilliard.

To mention some additional tasks satis-
factorily completed: the  Administrative
Committee has developed the policy for
accepting “Situations Wanted” ads at a
nominal cost to members; several methods
were studied for prorating assessments of
members joining after the billing date, with
the final adoption of a system proposed by
the IRE Executive Secretary G. W, Bailey;
assent of Headquarters was obtained to act
as bursar for the Group, thus relieving the
Secretary-Treasurer of a major banking
chore; provisions were made for nominal ajd
to Sections wishing to form PG\ Chapters;
action has been initiated to increase the Ad-
ministrative. Committee from six to nine:
several written procedures for the transac-
tion of the business of the Group have been
prepared.

This report would not be complete with-
out recognition and appreciation of the ef-
fort of many friends and associates. We wish
to mention especially W. R. G. Baker,
George W, Bailey, L. G. Cumming, E. K.
Gannett, A. N. Goldsmith, and Miss Emily
Sirjane for their co-operation and counsel.
Last but not least, our sincerest thanks are
due to our Secretary, Miss Henelee Gold-
man of Shure Brothers, Inc., for herefficiency
in handling the incredible amounts of com-
position and correspondence arising from

our PG activities,

IRE People

Arnold A. Cohen (.\'42-M"47-S)\'51)
has been appointed director of telecomput-
ing systems development of Engineering Re-
search Associates, Inc., St. Paul, Minn. In
his new capacity, he will direct the develop-
ment of special purpose digital computers,
and the application of digital techniques to
control, instrumentation, and communica-
tions problems.

Dr. Cohen was born in 1914, in Min-
nesota, and received the B.I.E. degree in
1935, and the M.S. and Ph.D. degrees in
physics, in 1938 and 1947, respectively, from
the University of Minnesota.

Dr. Cohen was associated with RCA,
as an engineer in gas tube and phototube
development, from 1942-1946, at which time
he joined the Engineering Research \ssoci-
ates, Inc. With this company, he formerly
worked as a project engineer in high-speed

clectronic computing, magnetic recording,
and ultrasonics.

Dr. Cohen is a member of the Association
for Computing Machinery, Sigma Xi, Tau
Beta Pi, and Eta Kappa Nu.

Lewis E. Pett (M'52) has been appointed
western district manager for the television
transmitter division of the Allen B. Du
Mont Laboratories, Inc. Mr. Pett has been
with the Du Mont Laboratories since 1944,

Mr. Pett received the B.S. degree in
electrical engineering at Columbia Uni-
versity in 1924, and studied at Harvard for
two years, He has been associated with the
radio and TV industries since 1926.

Charles B. Raybuck (A"43) has been ap-
pointed chief engineer of Melpar, Inc,
Alexandria, \a.

Mr. Raybuck was
born in Chicago, 111.,
in 1917, and isa grad-
uate of the Armour
Institute of Chicago
and the University of
Maryland, where he
specialized in micro-
wave theory. From
1935-1941, he was
with the Belmont
Radio  Corporation
working on design of
. radio test equipment
and special projects, Before joining Melpar,
lnc., NMr, Ravbuck w as chief (\ngin(\cr of the
.\laryl.'md Electronies COIII[){III'\‘.

C. B. RayBuck

I ——
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Ivan S. Coggeshall (A'26-M"29-F'42) has
been promoted to director of planning of
Western U nion Telegraph Company's Inter-
national communica-
tions.

Dr.  Coggeshall
was born in Newport,
R. 1., in 1896, and at-
tended Worcester
Polytechnic  Insti-
tute, where he later
received an honorary
doctor of engineering
degrece. He was an
early wireless ama-
teur and a telegraph
operator with Postal
I'elegraph-Cable Company from 1912-1917,
when he joined the \Western Union Tele-
graph Company as an engineering appren-
tice, at Boston, Mass, Transferring to West-
ern Union’s New York headquarters in 1920,
Dr. Coggeshall has graduated to various
eaecutive positions since that time. In 1946,
he was made general traffic manager of the
~ubmarine cable system.

Dr. Coggeshall was on active duty with
the United States Navy during both World
Wars. In World War I1, he was the repre-
<entative for \Western Union on the cable
committee of the Board of War Communica-

and had active duty assignments
under the Director of Naval Communications
in Washington, D. C.

The Junior Past President of the Insti-

. Dr. Coggeshall has been active on
numerous IRE Committees. He also has
been closely associated in the communica-
tion dividion of the American Institute of
Ilectrical Engineers and is an AIEE fellow.

I. S. CoGGESHALL

o,
o

William G. Tuller (S'37-A’40-M’'45-
S)1"18) has been clected vice president in
charge of engineering of Melpar, Inc.,
Alexandria, Va. He
was formerly the di-
rector of engineering
of that company.

Dr. Tuller was
born on September 8,
1918, in Rutherford
N. J. From 1939-
1944, he was a staff
member of the elec-
trical engineering de-
partment of the Mas-
sachusetts Institute
of Technology, at-
tached to the ultra-high-frequency labora-
tory, and later became a member of the
radiation laboratory. From 1941-1947, he
worked for the Raytheon Manufacturing
Company as development engineer and con-
cuhtant. He received the Se.D. degree from
MIT in 1947, and has been with Melpar,
Inc. since that year.

Dr. Tuller is a member of the IRE
Srandards Committee, and Chairman of the
IRE Technical Committee on Inforimation
Theory and Modulation Systems. He is
chairman of the subpanel on packaged sub-
assemblies of the Research and Develop-
ment Board for the Armed Forces, and a
member of the Research and Development
Board I"anel on Components.

Dr, Tuller has been a contributor to the
Proceemyes and isa member of Sigina Xi.

\W. G. TULLER
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Sir Robert Watson-Watt (SM'46-F’47)
has accepted a directorship on the Board of
Canadian Aviation Electronics Ltd., and has
become a member of
their executive com-
mittee. Also,recently,
he was named top
consultant on radar

problems to Canada'’s
Defense Research
Board.

Sir Robert was
presented  £50,000,
this year, by Great
Britain's Royal Com-
mission on Awards to
Inventors for his con-
tribution to the development of radar. He is
the recipient of many other honors and
awards and has held many notable positions
with the British Government in the capacity
of scientific advisor and consultant.

SiR ROBERT
WATSON-\WATT

o,
oo

Arthur C. Weid (M’44), formerly chief
engineer of Melpar, Inc., has been named
executive assistant to the executive vice
president of Melpar,
Inc., Alexandria, Va.

Mr. Weid was
born in New York,
N. Y., in 1916, and
received the B.S. de-
gree in electrical en-
gineering from Ala-
bama  Polytechnic
Institute, and the
M.Sc. degree in phys-
ics from New York
University. He was
an instructor in phys-
ics in 1938-1939, and an instructor in mathe-
matics in 1939-1942, at the Alabama Poly-
technic Institute. During World War II,
Mr. Weid was a project engineer with the
Division of War Research of Columbia Uni-
versity. I1e also was a project engineer with
the Airborne Instruments Laboratory, spe-
cializing on uhf measurements and antenna
patterns, before he joined Melpar in 1947.

A. C. WEID

Ira Kamen (M'48) has been appointed
vice president of the manufacturing corpora-
tion division of the General Bronze Corpora-
tion. He will be re-
sponsible for organiz-
ing the industrial and

government sales
operations of that
company.

Mr Kamen was
born in New York
City and studied at
the New York Uni-
versity College of
Engineering and the
College of the City of
New York. He began
his career as a development engineer with
Dictograph Products. In 1941 he was a
project engineer with the Kurman Electric
Corporation, and then served as a supervisor
professional radio engincer with the United
States Navy Electronics Office. He also has
been associated with the Intra-Video Corpo-
ration as a general manager, and with RCA

Ira KaMEN
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directing the sales and engineering of RCA,
antenaplex systems.

Mr. Kamen is the author of three books
on television and technical articles.

o,
oo

Edmund G. Shower (A’'38-SM'46) has
been appointed head of the transistor di-
vision of the National Union Radio Corpo-
ration. Prior to his
recent assignment, he
served many years
with the Bell Tele-
phone laboratories,
where he was in
charge of transistor

production.
Mr. Shower was
born in 1903, in

Baltimore, AMd., and
received the B.E. de-
gree in electrical en-
gineering from Johns
Hopkins University, in 1925. Following this,
he did graduate work in physicsat Columbia.

On leave of absence froin Bell Telephone
Laboratories, Mr. Shower served with the
United States Navy, from 1943-1946, as a
member of the electronics division of the
Bureau of Ships. He was placed in charge of
co-ordination of electron tube design for the
naval establishments with the Army, Air
Force, Marines, and allied agencies.

Ar. Shower is the author of a number of
papers in scientific publications and holds
four patents on clectronic tubes and circuits,

E. G. SHOWER

o
o<

Fred O. Grimwood (A’'46-SM'49)
vice-president and sales marager of
the Gates Radio Company, died re-
cently in Quincy, Ill. He was 41 years
of age

Mr. Grimwood, who was a native
of Indiana, studied engineering man-
agement at Evansville College, Ind.,
and began his professional career as
chief engineer of radio station WFI\W
in Hopkinsville, Ky. Later, he became
a consulting radio engineer in Evans-
ville, Ind., and Washington, D. C. He
was the former owner of station
KLCN in Blytheville, Ark., and sta-
tion WTOMI, in Bloomington, Ind.
Mr. Grimwood was the chief engineer
of the Gates Radio Company from
1942-1948, when he became vice-
president of the company.

Mr. Grimwood had supervised the
manufacture and design of much
radio equipment for foreign govern-
ments and designed much equipment
for the United States Signal Corps.
He was licensed to practice before the
Federal Communications Commis-
sion, and was one of the first engineers
in the United States to conduct what
is known as field measurement of
radio broadcasting stations, now
recognized as the standard measure-
ment of coverage in the broadcasting
industry.

Mr. Grimwood was a registered
professional engineer in Illinois, and
a member of the National Association
of Radio and Television Broadcasters.
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Books
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The Oxide-Coated Cathode by G. Herrmann
and S. Wagener

Publshed (1951) by Chapian & Iall Lt 37
Essex Si., London {V(v 2, [?ng. 298 puges  4-puge
appendix +2-page bibliography t 7-page 1ndex. 154
higures. S)XH).ﬁ’rlw. 424,

G. Hernmann is an electrical engineer, Berlin,
GCermany, and S, Wagener s a tmember of the Post
Otlice Research Stylion, Dollis Hill, London, Ing,

‘This is an English edition of & work first
published in 1944 in Germany. It is not
simply a translition of the original book;
revisions have been made and material
added that is based on literature available
to about the end of 1949,

The chapter headings are as follows: (1)
lhe thermal emission of clectrons from
metals; (2) Mecthods of measuring the work
function of metals; (3) Phenomena in 1onic
solids; (4) ‘The mechanism of the emission
from an activated oxide coating in equi-
librium; (5) Oxide coatings of difterent com-
position; and, (6) Variations in the equi-
tibrinm of the oxide coating,

It will be noticed that the title is a bit
misleading since only the last half of the
book is devoted to the oxide-coated cathode.
The authors stated that inclusion of the
tirst three chapters was needed to provide a
better understanding of the material pre-
scuted in the last half of the hook. This is
true, at least, in regard to chapter 3.

In the first two chapters, thermionic emis-
sion from metals is discussed in the conven-
tional manner, beginning with the Fermi-
Dirac energy Jistribution of the conduction
clectrons. Sec tions are included on the space-
charge-limited current, current in a retard-
ing field, the effects of absorbed impurities,
measurement of fundamental quantities.

Chapter 3 is especially interesting as it
provides most of the material essential to an
understanding of conduction in, and thermi-
onic emission from, ionic solids and semi-
conductors. To a degree, this chapter re-
minds one of Mott and Gurney's book, em-
phasis here being on those parts which con-
tribute particularly to clarification of the
energy-band picture. (A requirement if one
is to understand the remaining material.)

While the treatment employed cannot
be criticized for lick of accuracy, a greater
service might have been performed by the
authors if they had developed the band
picture as it is commonly done now. | refer,
of course, to the scheme introduced some
years ago by Slater to show the development
of energy bands and their overlapping as
related to interatomic distance.

In chapter 3, the equation for thermionic
emission from the usual model of the excess
semiconductor is derived. The derivation
follows the general method of Blewett based
on the concepts discussed in the previous
chapter. The terminology and symbols em-
ployed are not those most commonly used in
this country. This is naturally no fault of
the authors, but the annoyance is often
great enough to make one hope that efforts
at standardization will eventually be ex-
tended beyond present aims and geographi-
cal boundaries.

A rather short chapter 5 discusses the
effects of variations in electrical results when
the chemical composition of the coating is

varied, including the addition of materials
other than the alkaline earth oaides. 1he
experimental results of nwmerous workers
are reviewed,

The tinal chapter presents a good dis-
cussion of the activation process and the
nfluence of the hase-metal composition on
activation and the formation of interfuce
Liyers. Liportant effects such as the surface
evaporation of barium, poisoning, and dif-
fusion are covered in suthcient detail for
most readers,

In a general over-all appraisel of the
book, one is apt at first to be rather critical
of its omissions. For example, pore conduc-
tion is not mentioned and the marked effect
of @ small amount of <iticon in the base ma-
terial, as compared with larger amonnts of
other reducing materials, was not pointed
out. On the other hand the rate at which
mysteries, in regard to the coated cathode,
are being cleared up is so rapid that two or
three years are enough to produce signihcant
changes in the state of this branch of elec-
tronic science, and no book on such a liv cly
topic can be up to date when published. 1n
conclusion, this book warrants careful read-
ing by all concerned with electron enlission,
cither from a theoretical or an cnginecring
point of view,

GFORGE D). O'Nr 1.

Sylvanmia Electie Products Tne
Bayside, N, V.

Materials Technology for Electron Tubes
by Walter H. Kohl
Published (1951) by the Keinhold l’ublm'hir!;': Cor

poration. 330 West 42 St., New York. N. W 474
pages +19-page index +xv pages. 217 tigures. 6 <9
$10.90.

Walter H. Kohl is the consultant to the ditecten
of resecarch, Collins Radio Company, Cedar Rapids,
lowa.

Th's book, which includes many usefyl
tables, gives much information on standurd
materials used as envelopes, stractural num-
bers, and seals in scaled-off electron vacuum
tubes,

Approximately a third of the book is de-
voted to six chapters on various glisecs,
their compositions and propertics: while .-
other six chapters discusses the common
metals used in these glasses: W, mo, cu, ni,
and ¢. The information and tables are carried
out to a greater extent than is normally
needed for the common problems faced in
the design and fabrication of electron tules
however, much enlightening and applicablc
information is also presented on soldering
and brazing, ceramics and mica, and ceram.
ics to metal seals. Perhaps for the first time,
such materials of electron vacuum-tube con-
struction are fully covered in a book whose
principal concern is with these materials.

The chapters on high-vacuum techniques
and thermionic emission contain many prac-
tical aspeets on such problems as the speed
of pumps and the fabrication of cathodes.
Another two chapters which are concerned
with clectron structure of matter and the
phase rule are interesting to read, but could
have been excluded without detracting from
the value or quality of the book. The chapter
on phase rule concludes with phase diagrams
of a glass system. The chapter on clectrons,

atomns, crystals and solids attempts o cover
too much basic quantim physics and not
cunough chennstry. Neyertheless, it s hoped
that these chapters will stimulate the reader
to nivestigate the references listed which
mtroduce these subjects ina more funda
mental way,

Lach chapter is reviewed by at least one
person whois experienced in that particular
tield, thus bringing as up to date on the best
curtent practices. Well written, this hand-
book gives the technical bases for certain
procedures followed, enabling one o .« quire
some physical intution and understanding
for doimg certain things ina certain way. or
examnple, otroducing strain analy sis of
ghass, a discussion s nhrst presented on the
tundaniental of polarization of light by birc
Iringent coystal, such as identifying the o
dinary aid extraordinary rays, the optical
.lxis, cte,

This book will be a prohtable addition
in cvery liboratory with interests in fabrica-
tron, design, or construction of vacuum tubes.

E. R. I'tloke

Office of Naval Research
Waslungton 25, 1, (

Fundamentals of Radio Communications by
Abraham Sheingold
Published (1081) by the D. Van Nostrand Com

pany, Inc, 250 Fourth Avenue, New York 3 N, Y
431 papes +11 page tndex4+v  pages. 333 hgures
0 X9,

Vbraham Sheingold 18 an gesex late professor of
eleciromes Unitted States Naval Postgraduate School

Thisis the first of a new series of text
and reference books in communications on
sinecring, which is bemg edited hy H J
Reich, Dunham Laboratory, Yale School
of Engineering. The aim of the text js to
provide a basic understanding of principles
and techniques employed in currently used
systems. Therefore,  clementary concepts
and theory are treated in detail, while bricf
and qualitative description of systems oc-
cupy less than 15 per cent of the §30 peages
of the text.

Fhe material is presented at an mter-
mediate level, and differential cquations are
entirely avoided. The complex number con-
CePLits vector representation &d the neces-
sary clements of yector analysis, are dis-
cossed e will be found_that algebra and
trigonometry  are prerequisite, as are an
clementary knowledge of el tricity  and
magnetisme Quantitative circuit theory s
adequately presented with the usual prob
lems of radio circuiy analysis included for
the student. The newer stutistical approach
to communication theory is appropriately
omitted.

Since this is the first edition, one can
expect 1o hud an occasional error, such as
the interchange of Ry and R, (on page 203,
however, this hook must not be criticized
on that account. The concepts of the book
are presented with o rare combination of
lucidity  and cconomy  of words which
should win for it a high standing among text
books in its nield.

R. ML Paa

Naval Research 1 aboratory
Washington, D. ¢
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ACQUSTICS AND AUDIO FREQUENCIES

016:534 1487

References to Contemporary Papers on
Acoustics—R. T. Beyer. (Jour. Acous. Soc.
{mer., vol. 23, pp. 724-730; November, 1951.)
Continuation of 293 of March.

534.121.2.001.362 1488
Transformer Analogs of Diaphragms—
1. B. Bauer. (Jour. Acous. Soc. Amer., vol. 23,
). 680-083: November, 1951,) The action of
.t diaphragm is shown to be analogous to that
of a system of ideal transformers, each corre-
sponding to a particular area of the diaphragm.
I.quivalents for various types of diaphragm
are described.

534.152 1489
Demonstration of Standing Waves in the
Free Acoustic Field, and a Simple Receiver
for Short Acoustic Waves—R. W. Pohl
Naturwiss., vol, 38, pp. 486-490; November,
1951.) Two methods of recording a standing-
wave pattern are deacribed, A shadow picture
in obtained of (a) the disturbance of a liquid
surface (water or gasoline) over which the
gound wave i4 projected, or (b) the turbidity
in a soap film arranged obliquely in the sound
field. Application of the first method in acoustic
meagurements is illustrated

534.21-14 1490

Normal Mode Propagation in Three-
Layered Liquid Half-Space by Ray Theory—
C. B. Officer, Jr. (Geophys.,vol. 16, pp. 207-212;
\pril, 1951,) The integral expression for the
fickd due to a point source is derived by sum
mation of multiple reflections of waves from
1 plane-wave gource. Its physical signihcance
is discussed,

$34.21 14 +621.31.001.362 1491

The Formal Connection between the Cor-
puscular Theory of Sound Propagation in
Liquids and Problems of Electrical Engineer-
ing, particularly the Theory of Quadripoles
K. Altenburg. (Frequenz, vol. S, pp. 285-289;
October, 1951.)

Wireless Engineer, London, England

oes not have available copies of the publications mentioned in these pages, nor does it
bstracted. Correspondence regarding these articles and requests for their
d be addressed to the individual publications, not to the IRE.

The Annual Index to these Abstracts and References, covering those published
in the PROC. LLR.E. from February 1951, through January 1952, may be obtained
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534.213.4 1492

Propagation of Sound in a Duct with Con-
strictions—U. Ingird and D. Pridmore-Brown.
(Jour. Acous. Soc. Amer., vol. 23, pp. 689-694;
November, 1951.) Iris partitions are uniformly
distributed along the duct. Attenuation is
determined as a function of frequency for ducts
with hard and with absorptive walls, charts
being given for hard-wall ducts. By proper
choice of wall abgorption and iris dimensions
and spacing, a wide attenuation band can be
obtained. Measured values of attenuation are
in good agreement with theory.

534.231:534.26 1493

On the Relation between the Sound
Fields Radiated and Diffracted by Plané
Obstacles—F. M. Wiener. (Jour. Acous. Soc.
Amer., vol. 23, pp. 697-700; November, 1951.)
The analogy between acoustic diffraction and
radiation problems is discussed; a very simple
relation exists between a plane rigid scatterer
exposed to a perpendicularly incident plane
wave and a plane piston radiator. The radiated
field is proportional to the scattered field. A
similar relation exists between the radiation
impedance and the .force per unit pressure
exerted on the scatterer.

534.232:538.652 1494

Magnetostriction Transducer Measure-
ments—EH. J. Round. (Wireless Eng., vol. 29,
pp. 101-105; April, 1952.) Description of a
simplified method, based on equivalent cir-
cuits, for determining the constants of a
magnetostriction oscillator.

534.24:534.213.4 1495

An Analysis of the Effect of the Disconti-
nuity in a Bifurcated Circular Guide upon
Plane Longitudinal Waves—IL. L. Bailin.
(Bur. Stand. Jour. Res., vol. 47, pp. 315-335,
October, 1951,) A theoretical treatment of the
scattering of sound by a semi-infinite tube of
small diamecter inscrted axially into a larger
tube of infinite length. The theory is rigorous
and explicit provided the waves incident at the
discontinuity are restricted to the lowest mode
of propagation. The problem is a particular
casce of the general problem of the effects of
obstacles on the propagation of acoustic or em
waves in guides.

534.321.9.047:621.431.75 1496

Ultrasonic Spectra emitted by Aircraft
Propulsion Mechanisms, and their Physiologi-
cal Effects—1". Grognot. (Ann. Télécommun.
vol. 6, pp. 341 344; November, 1951))

534.373-13 1497

The Absorption of Sonic and Ultrasonic
Waves in Gases—M. Dubois. (Jour. Phys.
Radium, vol. 12, pp. 876-884; November,
1951.) Theoretical and experimental investiga-
tion of the general problem of the attenuation
of a plane wave due to the physical propertices
of the medium and to variations of pressure,
temperature, and molecular energy caused by
the passage of the wave. 80 references,

534.422:534.321.9.043/.047 1498

A New Improved Type of Ultrasonic Siren—
L. Pimonow. (Ann. Télécommun., vol. 6,
pp. 337-341; November, 1951.) An carlier
design (1822 of 1951) has been improved by
truncating the rotor, increasing its speed, and
introducing a reflecting surface.

534.522 1499

Theory of Optical Method of Sound Analy-
sis—]J. Picht. (Ann. Phys. (Lpz.), vol. 5, pp.
117-132 and 1951, vol. 9, pp. 381-400; 1949.)
Devclopment of the theory and derivation of
formulas applicable to the method described
by Schouten (1549 of 1939, 1062 and 1452 of
1940), and modification of the method for

combinations of acoustic frequencies with

arbitrary phase relations.

534.75 1500
Compression Properties of the Ear—

H. Mol. (Tijdschr. ned. Radiogenoot, vol. 16,
pp. 277-291; November, 1951.) Analysis of the
compressive action of the ossicle chain. The
large dynamic range of the human ear is
ascribed to this.

534.79:534.839 1501

On the Measurement of the Loudness of
White Noise—I. Pollack. (Jour. Acous. Soc.
Amer., vol. 23, pp. 654-657; November, 1951.)
A scale of loudness for white noise was ob-
tained by independent subjective mecthods
which show consistency among themselves. It
is suggested that this scale forms a better
measure for complex sounds than a pure-tone
scale.

534.79:534.839 1502

On the Threshold and Loudness of Re-
peated Bursts of Noise—I. Pollack. (Jour.
Acous. Soc. Amer., vol. 23, pp. 0646-650;
November, 1951,) Full paper. Summary noted
in 543 of 1951.

534.79:534.839 1503

Sensitivity to Differences in Intensity
between Repeated Bursts of Noise—I. Iollack.
(Jour. Acous. Soc. Amer., vol. 23, pp. 650-653;
November, 1951,)

534.833.4~13/-14 1504

Absorption of Sound in Fluids—]. J. Mark-
ham, R. T. Beyer, and R. B. Lindsay. (Rev.
Mod. Phys., vol. 23, pp. 353-411; October,
1951.) A critical review and unified presenta-
tion of the fundamental theorics of absorption
of sound in gases and liquids, together with
an outline of experimental techniques. A
summary.of the reliable experimental results
(mainly at frequencies between 1 mcpe and
100 mceps) is included and these are inter-
preted in terma of the theoretical concepts.
225 references.

534.844.1:621.396.615.11 1508
Equipment for Acoustic Measurements:
Part 3—Acoustic Pulse Measurements—

Mayo, Beadle, and Wharton. (Sec 1681.)
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534.846.4 1506
Speech Reinforcement in St. Paul's

Cathedral —P. 11. Parkin and J. II. Taylor.

(Wireless World, vol. 58, pp. 54 57 and 109 -
1115 February and March, 1952.) Discussion
and illustrated description of the system
recommended, showing results of acoustic
tests, The dome area is served by two 11-ft,
vertical  arrays  of loudspeakets  mounted
beside the pulpit and the lectern; they com-
prise  cleven  10-in. and  nine 34-in. loud-
speakers  covering  the  restricted range ot
250-4,000 cps with crossover at 1,000 c¢ps.
Six 6-ft. loudspeaker arrays mounted on picts
in the nave are fed through a time-delay
mechanism consisting of a turntable carrying
an 1l-in. disk of plastic magnetic material
with recording, playback, and erasing heads,
an ultrasonic erasing head being provided to
guard against failure ot the magnetic erasing
cquipment.

534.85:681.84 1507

New Developments in the Gramophone,
World—L. Alons. (hilips Tech. Rei., vol. 13,
pp. 134-144; November, 1951) Propertics
required of record disks and reproducing apbi-
ratus for long playing are discussed; deserip-
tion is given of Philips apparatus which gives
a playing time of 224 minutes for a microgroove
12-in. record and which also takes ordinary
records.

534.861.1 1508

Orchestral Studio Design. Recent Modifica-
tions to the B.B.C. Maida Vale Studio -
T. Somerville and 11 R. Humphreys. (I ireless
World, vol. 58, pp. 128-131; April, 1952.)
The acoustic properties of this studio in its
original state were characterized by excessive
reverberation titne at low frequencies and
extreme deadness at high frequencics. Archi-
tectural modincations which have led to very
large improvements are described; these
include the application to the walls of box-
type “membrane absorbers” resonant at vari-
ous low frequencies, and the rebuilding of the
orchestra platforin.

621.395.61/.62:621.395.625.3 1509

Investigation of Transducers by Repeated
and Retrograde Re-recording -\V, Meyer-
Eppler. (Fernmeldetech. Z., vol. 4, pp. 507-512;
November, 1951.) Analysis showing how slight
linear distortion occurring in an electro-
acoustic transducing system due to transit-
time effects may be determined by repeated
re-recording. By reversing the direction of
motion of the wmagnetic tape, phase distortion
can be totally compensated. Application of the
technique in acoustic tests of rooms is outlined.

621.395.623.7 1510

Direct Radiator Loudspeaker Enclosures —
H. F. Olson. (Audio Eng., vol. 35, pp. 34-38,
64; November, 1951.) A comprehensive
analysis of the effects of various shapes of
cabinet shows that for optimum performance
the cabinet front must have no sharp edges,

621.395.625.3 1511

Magnetic Sound-Recording—I°. Duchiteau
(IIF (Brussels), no. 11, pp. 303 312; 1951))
Discussion of the main technical difficultics
involved and of the means devised to overcome
them.

621.396.645.029.3 1512

An Ultra-Linear Amplifier—I2. Hafler and
IL L. Keroes. (Audio Eng., vol. 35, pp. 15-17;
November, 1951.) The screen-grid of a tetrode
is energized with dc from a low-impedanee
source through a special winding on an Acro-
sound TO-300 output transformer, in which
the effects of the anode and screen-grid cur-
rents are combined. The screen-grid load
impedance must be about 18.5 per cent of the
anode load impedance. A circuit incorporating
this output stage is shown diagrammatically,
with component values. The power ouiput of
over 20 w is undistorted within 1 db from 20
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to 20,000 cps, intermodulation being less than
2 per cent,

ANTENNAS AND TRANSMISSION LINES

621.392.26 1513

The Susceptance ot a Thin Iris in Circular
Wave Guide with the TM., Mode Incident
K. L. Dunning and R. G, Fellers, (Jour.
Appl. Phys., vol. 22, pp. 1316 1320; Novein
ber, 1951) “Certain waveguide boundary value
problems can be tormulated in terms of lumped-
constant  circuits  and  distributed-constant
transmission hines. Equivalent circuit voltages
and currents can be introduced as measures o
the tramsverse clectric and  magnetic fields
Muaking use ot these concepts and Schwinget's
integral equation method, the susceptance of
w thin citcular jris in circular  eylindrical
wavegnide with the TMa maode incident is
discussed and caleulated. Results are com
pared with experimental data.”

621.392.26.012.3 1514

TM.,, Waves in Rectangular Waveguides—
(Rodio and Telev, News, Radio-Elecronic Eng.
Section, vol. do, 1. 32; September, 1951.)
Nomogram for detenmination of ent-off fre
quency from din.ensions of guide,

621.392.43.012.3 1515

Matching-Stub Calculators—>. Y.anuisita.
(Radio and Telev. News, Radio-Electronic ng.
Section, vol. 46, pp. 32, 31; August, 1951))
A nomogram for determining the position and
length of matching stubs on Lecher-wire lin-s.

621.396.67 1516

General Theory of Symmetric Biconical
Antennas—S. A. Schelkunoff. (Jour. Appl
Phys., vol. 22, pp. 1330 1332; November,
1951) The input admittance of a biconical
antenna of arbitrary angle is expressed as the
limit of a certain sequence of functions. The
first term of this scquence approaches the
exact expressions for input admittance as the
cone angle approaches cither zero or 90°;
hence it probably constitutes a good first
approximation for all angles.

621.396.67:621.397.6 1517

Antennas for U.H.F. 5. C. Johnson and
J. D. Callaghan. (FM-T'V', vol. 11, pPD. 1618,
56; November, 1951.) Hlustrated deseriptions
of different types of antenna for television
reception, showing their field patterns and gain
characteristics.

621.396.677 1518

The Necessary Number of Elements in a
Directional Ring Aerial—Il. L. Knudsen.
(Jour. Appl., Phys., vol. 22, pp. 1299 13006;
November, 1951.) Discussion based on the
theories of Page (1802 of 1948 and 308 ot 1949,
and  Stenzel (1929 Abstracts, p o 450). \n
expression is derived for the characteristic of
an array with a finite number of clements.
This expression shows that ho uniform improve-
ment of the approximation of the array char-
acteristic to the ideal is obtained by increasing
the number of elements, but in this respect
odd numbers of elements are better than
even nambers.

621.396.677.029.6
Measurement of Radiation of U.S.W.
Aerials—J. Delcambe. (//F (Brussels), nos.
11 and 12, pp. 293-302 and 327 335; 1951))
If the antenna aperture field distribution js
very nearly plane and equiphase, application of
the Kottler formulas previously noted [2109
of 1951 (Divoire and Delcambe)] gives numeri-
cal wvalues for the directive propertics  of
waveguide, horn, and microwave-lens antennas
with an accuracy sufficient to meet practical
requirements. Gain can be estimated to within
7 per cent. The measurements methods applied
and precautions taken are detailed. An appen-
dix describes a  microwave bolometer-tye
wattmeter developed for the purpose.

1519
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621.396.677.51:621.318.424 1520

Ferromagnetic Loop Antennas \\. |
Polydoroft. (Radio & Telev.,, News, Radio-
Electronic Isng. Section, vol. 30, pp. 11-13, 24,
November, 1951 From results on loops with
fertite cores it is concluded that, in ther
design, (a) a balance must be struck hetween
an acceptable vidue ot ¢ and maximum effe
tive permeability, o (0 ot 125-150 being con
sidered most suitable, (D) evlindrical cores of
length/diameter tatio > 10 give greater e
tive height; (¢) the winding should cover 80
per cent ot the core lengty () the wire, f
isulated by vinylite or double cotton covering,
uay be wound ditecdy on the core; (¢) the
core shoald bein the shape of hollov. tubing
Vanous  applicattons where reducion
antenie size s important are snggested. Se
also 2385 o1 1940 ( Buigess)

621.396.677.6.029.6:621.396.931 .933).2 1521

Rotating H-Type Adcock Direction-Finders
for Metre and Decimetre Wavelengths
H. 6. Hopkins and 1. Horner, (Proc. [ ERF
London), Part 111, vol. 99, pp. Y697 March,
1952.) Long summary ot 5398 of Apiil

CIRCUIT AND CIRCUIT ELEMENTS

621-52:621.396.611.3 1522
Applications of Electrical Methods of Dif-

ferentiation to Control Problems K.ty

(See 1688.)

621.3.015.7 1523
A Pulse Mixing Unit - R. R Rathbone ;o

R. L. Best. (Radio and  Teley. News, Radio

Electronic ng. Section, vol. 10, P10 11, 27
September, 1951) The unit described aceepts
pulses trom up to cight external lines, mixes
them at the input, and delivers them with ..
delay ot 0.08 ps as a single output train
Positive pulses of random form with amphitades
ttom 6 to 60 v are converted to pulses of
half-since-wave torm, of duration 0.1 Hs, with
amplitudes varying by not more than § per
cent.

621.3.015.7 1524

The Pulse Standardizer K. R. Rathbone
(Radio and Teler. News, Radio-Electronic Ing
Section, vol. 46, pp. 67, 31; November, 1951
Description ot cquipment  which  accepts
pulses of random amplitudes (> ov ), With repe
tition rate up to 34105/sce, and converts
them to o set of pulses of uniform amplitude
(up to 37v) and with the same recurience tie-
quency. Pulses with repetition rates up to
54 10%sec can be aceepted if a 10 per cent
reduction of the maximum output-pulse volt.ge
can be tolerated.

621.3.015.7:621.396.6 1525

Pulse Circuits for the, Millimicrosecond
Range —F. 1. Wells, (Jour. Brit. I.RE., vol
11, pp. 491-503; Novemher, 1951.) The «ir-
cuits described include pulse-shaping circuits,
pulse  generators, amplifiers,  scalers,  and
recording oscilloscopes, Applications to high-
specd  coincidence measurements, millimic ro-
second  time-interval measurements, and fast
counting are described.

621.3.015.7:621.396.619.16 1526

. Conversion of Rectangular Pulses of Given
Width and Variable Height into Rectangular
Pulses of Given Height and Variable Width
\\" Vogt., (Funk u. Ton, vol. 5, pp. 578 384:
November, 1951) |y the circuit descrilu-d,
.«\.,\l pulses charge a capacitor in the positively
!uasml grid circuit of switching tube which
Is conductive during the capacitor discharg
The discharge time i« a function of the charging
voltage. The nonline Wity of this relation is
studicd. Methods of improving the lineazity
are indicated.

621,314.222.012.3 1527

Charts for the Calculation of Mains Trans-
formers (3. Pavel (Fiotk . Ton, vl S, pp
561-577; Noveniber, 1951 ) Design parameters
are discussed. The charts relate core size,
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number of turns, wire diameter, and resistance
of primary and secondary windings of mains
transformers for powers up to 150w. Special
charts are provided for E- and M-shaped
laminated cores of standard materials.

621.314.31:621.314.5 1528

Magnetic Modulators—E. 1>. Felsh, V. E.
Legg and F. G. Merrill. (Electronics, vol. 25,
pp. 113-117; February, 1952.)

621.316.8 1529

The Problem of a Non-ohmic Resistor in
Series with an Impedance £, B. Moullin.
Proc. IEE, Part I, vol. 98, pp. 344-346;
November, 1951.) Discussion on 2657 of 1951.

621.316.8.029.5 1530
Resistors at Radio Frequency—T. J. F.
Pavlasck and F. 8. Howes. (WWireless Eng.,
vol. 29, pp. 31-36; February, 1952.) The rf
resistance and distributed capacitance of
resistors of the metallized-filament  type
cnclosed in insulating sleeves were investigated
it frequencies from 0.5 to 40 mc. Curves
R, R4 2/R4 and ¢ are plotted against
r Rq-. Ry and Rq. being respectively the rf and
resistances, f the frequency and ¢ the phase
ngle. A comparison is made with the theoreti-
al values obtained by considering the resistor
a transmission line having distributed
esistance and capacitance.

621.318.572:621.385.2 1531
R. F. Bursts actuate Gas-Tube Switch—
Geigler. (See 1786.)

621.318.572+681.142]:621.385.5.032.216 1532

The Single-Pulse Dekatron —Acton. (See
1787
621.385.2:546.289]+621.314.7 1533

Germanium Crystal
~ee 1786.)

621.392.012:517.63 1534
Block-Diagram Network Transformation—

D. Graybeal. (Elec. Eng. (N.Y.), vol. 70,

1. 985-990; November, 1951.) Essentially full
text of 1951 AIEE Pacific General Meeting
paper. .\ convenient method particularly
applicable to the analysis and synthesis of
servo systems. The Laplace transform equa-
tions of the system are expressed in the form
f a block diagram, By methods similar to the
star-delta transformation, complicated systems
may be reduced to one of a few simple forms.

621.392.5 1535
B8 A Network Theorem —E. E. Zepler. (Wire-
lecs Eng., vol. 29, pp. 44-45; February, 1952.)
To find the effect of connecting an impedance
Z across two points of a network, the impe-
lance may be replaced by one in parallel with
the generator. A simple formula is given from
which the value of this parallel impedance can
be found.

621.392.5 1536

Minimum Phase Networks—]. A. Tanner.
Electronic Eng., vol. 23, pp. 418-423; Novem-
ber, 1951.) A “minimum phase network” is a
feedback network having a minimum value
of phase lag at every frequency while satisfying
a specified gain/frequency characteristic. The
properties of such networks are summarized in
relation to their use in servo systems.

621.392.5:621.396.621.53 1537
The Parallel-T Network as a Linear Mixer
J. S. Nisbet. (Electronic Eng., vol. 23, pp.
432-433;, November, 1951.) Two oscillations
are mixed by applying them across opposite
sides of a parallel-T network and taking the
output from one of the mid-shunt arms. The
circuit operation is analyzed. Coupling between
the two oscillators is avoided over a small
frequency band.

Valves—Bettridge.

621.392.5:681.142 1538
Linear Networks with Time-Varying
Lumped Parameters—]. Brodin. (Compt.

Rend. Acad. Sci. (Paris), vol. 233, pp. 1168-
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1170; November 12, 1951.) The equations of a
system are expressed by means of an integra-
tion operator. The method is applied to the
calculation of the pass band of an electro-
analogue multiplier with a time-varying net-
work.

621.392.5.029.3:621.3.012.3 1539

The Prediction of Audio-Frequency Re-
sponse : No. 1—Circuits with Single Reactance
Element—N. H. Crowhurst. (Electronic Eng.,
vol. 23, pp. 440-443; November, 1951.) The
first of a series of data sheets; applicability is
not restricted to the af range.

621.392.5.029.3:621.3.012.3 1540

The Prediction of Audio-Frequency Re-
sponse: No. 2—Circuits with Two Reactance
Elements—XN. H. Crowhurst. (Electronic Eng.,
vols. 23/24, pp. 483-489, 33-38 and 82-86,
December, 1951—February, 1952.) Formulas
and charts are presented applicable to circuits
reducible to a combination of series inductance
and shunt capacitance, or series capacitance
and shunt inductance, togetherwithresistances.

621.392.52 1541

Tchebyshev Filters and Amplifier Net-
works—V. Belevitch. (1Vireless Eng., vol. 29,
pp. 106—-110; April, 1952.) Darlington’s method
of filter synthesis (1361 of 1940) is applied to
the design of simple low-pass filters composed
of alternate series coils and shunt capacitors.
Resistive termination of both ends is considered
and also the case where one end is on open
circuit. When filters of this type are used as
amplifier input or output networks, the pre-
scribed value of the terminal shunt capacitance
imposes a physical limitation on the gain-.
bandwidth product of the stage; this limitation
has been studied by Bode (583 of 1946), hut
additional precision results from the present
analysis. More general filters with one open-
circuit termination are mentioned and a new
method of design is outlined. The results can
be extended to other than low-pass filters by
means of frequency transformations.

621.392.52 1542

RC Networks as Filters—H. Pieplow.
(Arch. tech. Messen, nos. 189 and 191, pp.
T117-T118 and TI141-T142; October and
December, 1951.) Common types are analyzed
and tabulated according to their filter proper-
ties. Means of improving the filtering action
are considered, and it is found possible, by the
addition of amplitude-stabilizing devices, to
reduce distortion at the output of an RC
oscillator to about 0.1-0.2 per cent. Negative
feedback in conjunction with specially de-
signed networks enables amplifiers to he con-
structed with almost any desired filter proper-
ties and stability of operation.

621.392.52 1543

Ladder Filters without Attenuation Fluctua-
tions in the Pass Band (Power-Law Filters)—
G. Bosse. (Frequenz, vol. 5, pp. 279-284;
October, 1951.) An analytical treatment
deriving design formulas for such filters, the
over-all group delay of which is expressed by a
power series. Attenuations, phase delays and
transfer functions are shown for symmetrical
low-pass filters with 1, 2, and 3 T-type units.

621.392.52 1544

Composite Ladder Filters. Second-Order
Image Impedances—R. O. Rowlands. (Wire-
less Eng., vol. 29, pp. 50-55; February, 1952.)
Design formulas are derived for filters com-
prising up to three halfsections and having
equal or inverse impedance functiong of the
second order. Their performance is equal to
that of the conventional m-derived type, hut
fewer components are required. Other filters
are described having a second-order im
pedance function at only one pair of terminals.

621.392.52 1545
The Numerical Calculation of Filter Cir-
cuits with Generalized Parameters, using
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Modern Theory with Special Attention to
Cauer’s work—V. Fetzer. (Arch. elect. Ubertra-
gung, vol. 5, pp. 499-508; November, 1951.)
Cauer applied the operating-parameter theory
to the calculation of Tchebychefi-type filters;
in the present paper this theory is applied to
filters having infinite-attenuation points any-
where in the attenuation band while conform-
ing to Tchebycheff type within the pass band.
Explicit formulas are derived for the coeffi-
cients of the characteristic function, which is
developed as a polynomial; the zero-attenuation
points are found by solving the corresponding
higher-order equation. The relations between
Cauer’'s ( functions and the characteristic
function are shown for both symmetrical and
“antimetrical” filters. Darlington’s formulas
(1361 of 1940) for the bhasic low-pass circuit
are used to calculate the circuit elements from
the no-load impedance.

621.392.52:518.4 1546

New Graphical Methods for Analysis and
Design—\\'. Saraga and L. Fosgate. (Wireless
Eng.. vol. 29, pp. 68-79; March, 1952.)
Methods are developed for transforming a
given rerformance characteristic into a straight
line or a set of straight lines. The method is
demonstrated by applying it to the analysis
and design of image-parameter and insertion-
parameter filters.

621.392.6 1547

Synthesis of Passive Electrical Networks
with n Pairs of Terminals and Prescribed
Scattering Matrix [matrice de répartition}—
V. Belevitch. (Ann. Télécommun., vol. 6, pp
302-312; November, 1951. Full paper referred
to in 2128 of 1951. The term “matrice de
repartition” is used to denote the matrix
répresenting the distribution of power between
given terminating impedances.

621.395.661.1 1548
Repeater Coil with Divided Secondary
Winding and Single Stray-Resonanc2 Peak—
O. Illlner. (Frequenz, vol. 5, pp. 265-272;
October, 1951.) From an equivalent circuit
the conditions are determined under which
only one resonance peak occurs in the response
characteristic. In this case the pass band can
be about 40 per cent wider than that obtainable
when the response characteristic has two peaks.
See also 1088 of 1951 (Schmitt and Schrag).

621.396.6-181.4 1549

Miniaturization—Crux of Contemporary
Product Design—W. H. Hannahs and B. S
Ellefsen. (Elec. Mfg. (N.Y.) vol. 45, pp. 86-91.
200; June, 1950.) Review of techniques applied
to circuit components and subassemblies.

621.396.611.4 1550

Some Results from the Theory of Coupled
Electromagnetic Cavity Resonators—E. Ledin-
egg and P. Urban. (Acta Phys. austriaca, vol.
4, pp. 180-196; December, 1950.) Based on the
theory developed previously (1115 of 1951),
the coupling frequencies are calculated for
some systems of particular interest, e.g.,
cylindrical cavities coupled at the flat ends
by windows or coaxial-line sections. Compari-
son is made with experimental results.

621.396.615 1551

Blocking-Oscillator Amplitude Control—
(Electronic Eng., vol. 23, p. 439; November,
1951.) Circuits are described in which the
amplitude of the oscillator output is adjusted
by varying the bias applied to the suppressor
grid.

621.396.615 1552

Distortion in Beat-Frequency Sources—
C. G. Mayo. (Wireless Eng., vol. 29, pp. 92-94;
April, 1952.) At higher beat frequencies than
that at which the two oscillators of a beat-
frequency source lock, there is distortion of the
beat-frequency wave forin. Analysis shows

that at any frequency w/2w the second-har
monic distortion is wo/2w, where wo/2w is the
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highest beat frequency at which locking
occurs.
621.396.615.077.2/.3 1553

An Amplidyne Phase Shift Oscillator-—
J. C. West. (Jour. Sci. Instr., vol. 28, pp. 336
339; November, 1951.) An oscillator is de-
scribed capable of developing a peak current
of 3ain a 17-8 load over the frequency range
0.06~18 cps. The amplidyne with its associated
clectronic amplifier has a local feedback loop
to reduce the effects of saturation and hystere-
sis in the magnetic circuit. Application is to
the determination of the frequency response of
servomechanisms,

621.396.615.17 1554
Three-Valve Pulse Generator with Fixed
Repetit.on Rate—I". A. Benson and G. V. G.
Lusher. (Wireless Eng., vol. 29, pp. 90 91;
April, 1952.) A development of the 2-valve
generator previously described ¢1244 of June),
producing short positive pulses of amplitude
about 50 v, using a squarc-wave input from
either a multivibrator or a clipping circuit.

621.396.615.17:621.314.7 1555

Transistors as Multivibrators- 1. Queen.
(Radio-Electronics, vol. 22, pp. 92, 94; Septem-
ber, 1951.) A multivibrator using two tran-
sistors, and a flip-flop circuit using a single
transistor, are described. Both are triggered by
a differentiated squarc-wave voltage.

621.396.615.17.012.3 1556

A Nomogram for Multivibrator Design—
W. R. Luckett. (Electronic Ing., vol. 23, p. 448;
November, 1951.)

621.396.615.18 1557

Decade Multivibrator Design. Method of
Stabilizing Frequency Division from a Crystal
Drive—]. E. Attew. (Wireless World, vol. 58,
pp. 114-116; March, 1952.) Spasmodic momen-
tary jumping to the next lower ratio of division
often occurs in a crystal-driver decade muiti-
vibrator, even though synchronized for cven
division. This is prevented by applying a pulse
of opposite polarity just before the true
synchronizing pulse. A complete circuit dia-
gram of a stable frequency division system
embodying this principle is shown. Setting-up
procedure is outlined.

621.396.645 1558

A New Push-Pull Amplifier Circuit—A. P.
G. Peterson. (Gen. Rad. FKxper., vol. 26, pp.
1-7; October, 1951.) Power-amplifier applica-
tions of the circuit described in 1250 of June
are considered.

621.396.645 1559
Cathode-Coupled Amplifier—]. A. Lyddi-
ard. (Wireless Eng., vol. 29, pp. 63-67; March,
1952.) Analysis is presented in which the
cathode-coupled amplifier is treated as a
cathode follower driving an earthed-grid
voltage amplifier. The method is simple, and
leads to a straightforward design procedure.

621.396.645:621.3.015.3 1560
Overvoltage Effect in R. F. Power Ampli-
fiers—E. Rizzoni. (Alta Frequenza, vol. 20,
pp. 200-209; October, 1951.) The eflect of
overvoltage at the terminals of the anode
oscillatory circuit of a RI° power amplifier, due
to detuning of the anode circuit, is discussed,
and a method of calculating it as a function of
load admittance and amount of detuning is
described. Calculations and graphs are pre-
sented for the FIVRIZ beam tetrode Type 4-
€500 and the RCA triode Type 893 A-R,

621.396.645:621.315.612.4 1561

Dielectric Amplifier Fundamentals—A. M.
Vincent. (Electronics, vol. 24, pp. 84-88;
December, 1951.) The input voltage is applied
across a capacitor with ferro-electric dielectric,
whose reactance is thereby varied; the ca-
pacitor is in circuit with an ac power source
and load, and amplified power variations
appear across the latter, The impedance of the
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circuit is relatively high. Practical torms of the
amplifier are described, and its operation is
compared with that of magnetic and tube
anplitiers; at present, the frequency range
appears to have an upper limit at ahout 10
nic. Numerous applications are indicated,

621.396.645:621.392.52 1562

Broad-Banding by Stagger Tuning - (.
Wittenberg. (Flectronics, vol. 25, pp. 118-121;
February, 1952) Simplified methods are pre
sented for design caleulations of multicircuit
stagger-tuned I amplificers to have ecither
Butterworth or Tchebychetf type of response.
Tables and charts are given and their use
illustrated. Circuits with bandwidths up to
twice the center trequency are designed using
noncritical values of components.

621.396.645.37 1503
Highly-Selective Amplification at Low
Frequencies—I°. 1. Hyde. (IWireless KEng.,

vol. 29, pp. 85-90; April, 1952.) Analysis is
presented of the unbalanced twin-T RC filter
with series arms R and ¢ and shunt arms
aR/2 and 2C. The locus of the transmission
vector, for 0.5<a<1.0 is approximately
circular and the phase angle varies continu-
ously from 0 to 2r radians. A single-stage
amplifier with series feedback through a
balanced twin-T filter (a=1) has a () v.lue of
A/4 when A, the loaded stage gain without
feedback, is large. Unbalancing of the filter
by making a<1, gives improved sclectivity,
and a working Q of 20 can be readily ob-
tained. Experimental results are given for
filters with resonance frequencies of about
0.25, 0.5, and 360 cps.

621.396.645.37 1564
Dual Circuit of a Feedback Amplifier-
D. A. Bell. (Wireless Iing., vol. 29, pp. 40-43;
February, 1952.) The dual circuit of a single-
stage amplifier is first obtained, The duals of
(a) a single-stage amplifier with a voltage-
feedback branch, (6) a combination of two
amplifiers with local feedback round each and
additional feedback over both stages, are then

detived.

621.396.645.37.012.8 1565

Equivalent Circuits to Simplify Feedback
Design—R. S. Burwen. (Audio Eng., vol. 35,
pp. 11-12, 45; October, 1951.) liquivalent
circuits are used in analysis of the general
feedback amplifier. Voltage and current feed-
back are considered separately. The efiect of a
small amount of feedback on power amplifiers
is studied; a 16-Q loudspeaker winding in the
cathode circuit is sufficient to provide 6 db
feedback in a single-pentode output stage.
Application of equivalent circuits in the
design of a preamplifier circuit with a pre-
scribed response curve is described.

621.396.645.371.011.1 1566

Expressions for the Reduction of Distor-
tion and Output Impedance in Terms of db
of Feedback—W. J. Kessler and S. k. Smith.
(Audio Eng., vol. 35, p. 13; October, 1951.)
The feedback factor is eliminated from the
formulas usually applied, in order to obtain
formulas expressed in terms of parameters
easily measured.

621.3.015.7 1567

Pulse Techniques. [Book Review]—S. Mos-
kowitz and J. Racker. Publishers: Prentice-
Hall, New York, 1951, 300 pp., $5.00. (Jour.
Frank. Inst., vol. 252, p. 203; August, 1951.)
“The book is apparently intended as a text
for a brief undergraduate course in the pulse
aspects of electronics.”

621.392 1568
Circuits in Electrical Engineering. [Book
Review]—C. L. Vail. Publishers: Prentice-Hall,
New York, 1950, 560 pp., $5.75. (Jour. Appl.
Phys., vol. 22, p. 1391; November, 1951.)
“Primarily intended as a textbook [of circuit
analysis] and not as a reference work.”

July

621.396.6+621.385 1569
Introduction to Electronic Circuits. [Book
Review] — Feinberg, (See 1792)

GENERAL PHYSICS

519.27:517.433 1570

Two Classes of “Observation Operators”
R. Vallce, (Compt. Rend. Acad. Sci. (Paris),
vol. 233, pp. 1350 -1351; November 260, 1951)
Two types of lincar operators are deseribed,
with a dual correspondence between the space-
time variables on the one hand and the space-
periodicity variables on the other. Special
cases of these operators are trequently met
with in all experimental ficlds, and they play
an important part in intormation theory

534.014.2 1571

Predominantly Subharmonic Oscillations
C. A, Ludeke, (Jour. Appl. Phys., vol. 22, pp
1321-1326; November, 1951.) Theory of the
demultiplication of the frequency applicd to a
nonlinear system. Subharmonic resonances of
amplitude greater than the appliced funda-
mental are particularty considered. lexperi-
ments with clectromechanical apparatus con-
firtned the theory. Transitions between dif-
ferent subharmonics are discussed.

534.21+4 538.56 1572
Wiener-Hopf Techniques and Mixed
Boundary-Value Problems 5. N. Karp.

(Commun. pure appl. Math., vol. 3, pp. 411
426; December, 1950.) The parallelism between
the method of separation of variables and the
Green's function integral-cquation method s
shown to hold as in problems of more classical
type. This relation leads to a characterization
(from the standpoint of co-ordinate systems)
of those problems in which the Wiener-Hopf
type of problem (in un extended sense) arises
Certain heuristic advantuges of the separation
of-variables proccdute are wlso pointed out.
Special applications  considered  include the
ditfraction of a plane wave by a staggered
array of semi-infinite planes, and the es
charge distribution on a cone, including the
shecial case of a disk.

535.13:538.3 1573

Is there an Aether?> P, A. M. Dirac.
(Nature, (London, vol. 168, pp. 906-907;
November 24, 1951.) The difficulty of recon-
ciling the concept of the acther with the princi-
ple of relativitiy is removed by applying quan-
tum mechanics; the existence of an aecther is
implicit in the new theory of electrodynamics

(1574 below).

537.122 1574

A New Classical Theory of Electrons—
P. AJ AL Dirac. (Proc. Roy. Soc. A, vol. 209,
pp. 291-296; l\'o\'embeJ 7, 1951.) In the
theory of the clectromagnetic ficld without
charges, the potentials are not fixed by the
field, but are subject to gauge transformations;
thus more variables are involved than are
physically needed. It is possible by destroying
the gauge transformations to make the super-
fluous variables acquire a physical significance
and describe electric charges. This leads to a
simplified classical theory of electrons which
appears to be more suitable than the usual one
as a basis for a passage to the quantum theory.

537.226:539.11 1575
Note on the Interaction of an Electron and

a Lattice Oscillator—}:. P. Gross. (Phys. Rev.,

vol. 84, pp. 818-823; November 15, 1951.)

537.311.1 1576

Application of Collective Treatment of
Electron. and Ion Vibrations to Theories of
Conductivity and Superconductivity—
D. Bohm and T. Staver. (Phys. Rev., vol. 84,
pp. 836-837; November 15, 1951.)

537.311.33 1577

The Effect of the Mean Free Path of
Electrons on the Electrical Properties of Non-
metals—R, WV, Wright. (Proc. Phys. Soc.,

I —
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vol. 64, pp. 984-999; November 1, 1951.) The
conductivity, thermoelectric power, Hall co-
¢fficient, fractional change of conductivity in a
magnetic field and the Nernst, Ettinghausen,
and Righi-Leduc coefficients are calculated on
the Lorentz-Somierfeld theory, using the
most appropriate mean-free-path fuaction for
the non-metal concerned. The theoretical
variations of the electrical properties with
temperature so obtained agree well with experi-
mental results.

537.531+539.18]:535.43 1578

Multiple Scattering of Waves—)M. Lax.
Rey. Mod. Phys.,, vol. 23, pp. 287 -310;
October, 1951.) Coherent and incoherent
scattering of light, X-rays, ncutrons, and
plioton waves are fully discussed. Using the
sclf-consistent  ficld method the scattered
fue are derived, including the effects of
nisotropic scattering, scattering of quantized
W creation and absorption of particles.
Doppler shifts, and randomly, partially, or
ompletely ordered systems of scatterers. The

nnection between collisions with a multi-
irticle system and multiple scattering is con-

et

538.114 1579

Application of the Bethe-Weiss Method to
the Theory of Antiferromagnetism——Vin-
Vuan Li. (Phys. Rev., vol. 8%, pp. 721-730;
November 15, 1951.)

1580
538.311:621.318.423:513.647.1:621.385.029.6
Properties of the Electromagnetic Field of
Helices —E. Roubine. (Compt Rend. Acad.
Puris), vol. 233, pp. 1174-1176; Novem-
12, 1951.) Field distributions corresponding
the theory for the thin-wire helix given in
978 of 1951 are compared with those corre-
yonding to the theory of the continuous-
ylinder guide; the two agree under certain
tated conditions, which are satisfied for
aveling-wave tubes with narrow beams, but
not for wide-heam tubes.

538.522 1581

The Proximity Effect and Coefficient of
Mutual Induction at High Frequency for a
Wire and Part of a Very Thick Plate, both
being Conducting and Parallel—A. Colombani.
Compt. Rend. Acad. Sci., (Paris), vol. 233,
oD, 1267-1269; November 19, 1951.) Assuming
the wire radius is smaller than the depth

penctration of the current into the
vire, the mutual inductance is given by
M =u'fd(rwy’)}, where d is the distance of
the wire from the plane, and v’ the conductivity
of the platc. This result is extended to the
case in which the wire radius is not negligible
compared with d.

538.56.535.42 1582

On Systems of Linear Equations in the
Theory of Guided Waves W. Magnus and
F. Oberhettinger. (Commun. Pure Appl. Math.,
vol. 3, pp. 393-410; Deccmber, 1950) An
investigation of the diffraction of an em wave
by a plane strip between two parallel planes,
or in a rectangular waveguide, assuming that
cugentially only one type of wave exists. lFor
an incoming wave of the type cxp(iax)cos By,
« and 8 being real, the diffracted wave com-
ponents can be expanded in a Fourier serics,
whose coefficients are uniquely determined by
the condition of the finiteness of the total
cnergy in any finite part of the space; they are
given by an infinite set of linear cquations. The
apccial case of a diffracting strip half the width
of the waveguide is treated in detail: in this
case the linear equations can be dealt with
by successive approximation, and the first
gteps can be carried out explicitly

538.56:535.42 1583

On the Theory of Electromagnetic-Wave
Diffraction by an Aperture in an Infinite Plane
Conducting Screen—II. lLevine and J.
Schwinger. (Commun. Pure Appl. Math., vol. 3,
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pp. 355-391; December, 1950.) A procedure
for solving this problem exactly has been
described by Meixner (94 of 1951), but ap-
proximations are required which are suitable
for computation and accurate over a frequency
range. This paper, a sequel to previous ones
concerned with diffraction in a scalar field
(83 and 1897 of 1950), described variational
principles for obtaining some of the desired
information. A formal description is given of
the fields and boundary conditions involved.
Expressions for the field vectors in any region
are derived in terms of the tangential compo-
nents of the clectric or magnetic field compo-
nents on its boundary, with the aid of tensor
Green's functions. These expressions are first
found for the regions on each side of the screen
by using integrals involving the tangential
electric field over the aperture. From the
cquality of the tangential magnetic fields for
cach region in the aperture, an integral equa-
tion for the tangential electric aperture field is
obtaincd. From this, a stationary property of
the radiation ficld at large distances from the
aperture is  derived. Similarly, variational
principles are obtained by consideration of the
tangential magnetic field over screen and
aperture, and of the current over the screen.
The connection between the principles and the
plane wave “transmission crosssection,” which
is a measure of the ratio of energy passing
through the aperture per second to that trans-
ported per unit arca of the incident wave, is
demonstrated. Numerical results are given for
the cross-section of a circular aperture with
normally incident plane wave, and are com-
pared with those from the Kirchhoff and
Rajleigh approximations.

538.566 1584

The Analytical Expression of Huyghens’
Principle for Electromagnetic Waves—A. da
Silveira. (Compl. Rend. Acad. Sci., (Paris),
vol. 233, pp. 1269-1272; November 19, 1951.)

538.566 1585

The Magnetic Dipole over the Horizontally
Stratified Earth—]. R. Wait. (Canad. Jour.
Phys., vol. 29, pp. 577-592; November, 1951.)
Analysis of the radiation characteristics of a
vertical magnetic dipole above a two-layer or
three-layer carth, with particular reference
to the cffects produced within the ecarth.
Transient cffects are considered in some cases.

538.566 1586

Transient Electromagnetic Propagationin a
Conducting Medium —J. R. Wait. (Geophys.,
vol. 16, pp. 213 -221; April, 1951.) lixpressions
are developed by Laplace transformation for
the electric fields due to different types of
step-function current source in an infinite
conducting medinum, Sources considered are
the clectric dipole, the magnetic dipole, and
step-function currents in insulated wires of
finite and infinite length

538.566:538.63 1587

The Influence of Magnetic Fields upon the
Propagation of Electromagnetic Waves in
Artificial Dielectrics —E. R. Wicher. (Jour.
Appl. Phys.,vol. 22, pp. 1327 1329; November
1951.) “An effect corresponding to the Faraday
cffect in natural diclectrics is predicted for a
class of artificial diclectrics because of the
existence of a Hall effect in the metallic
components of the structure. A formula for
Verdet's constant as a function of element
polarizability and 1all coefficient is obtained
The resonance shift to be expected in a cavity
resonator, filled with an artificial dielectric,
and subjected to a strong magnetic field, is
calculated.”

538.691 1588

The Effect of a Magnetic Field on Electrons
in a Periodic Potential J. M. Luttinger,
(Phys. Rev., vol. 84, pp. 814-817; November 15,
1951.) A theorem due to Wannier for treating
the motion of clectrons in a pertuthed periodic
ficld is generalized to include the effect of a
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slowly varying magnetic ficld. The problem
reduces to that of solving a Schrédinger equa-
tion.

546.212:536.421.4 1589

Experimental Investigation of Icing Phe-
nomena—D. Melcher. (Z. angew. Math. Phys.,
vol. 2, pp. 421-443; November 15, 1951)
Detailed study of the formation of ice (a)
artificially in a wind tunnel, (b) in the open
air, taking account of the influence of an
electric field.

501:530.12 1590

Mathematics of Relativity. [Book Review]
G. Y. Rainich. Publishers: Chapman and
Hall, London, Eng., 1950, 174 pp., 28s.
(Beama Jour., vol. 58, pp. 375, 377; November
1951.) “This book is an admirable survey of
relativity theory and it can well be recom-
mended on that account.”

537.14538.1 1591

A History of the Theories of Aether and
Electricity. [Book Review]—E. Whittaker.
I'ublishers: Nelson, London, Eng., 1951, 434
pp., 32s, 6d. (Jour. Frank. Insl., vol. 252, p.
441; November, 1951.) To be completed in two
volumes; this first volume deals with classical
theories.

GEOPHYSICALAND EXTRATERRESTRIAL
PHENOMENA

523.5:551.510.535 1592
The Wave-Frequency Dependence of the
Duration of Radar-Type Echoes from Meteor
Trails—V. C. Pineo and T. N. Gautier.
(Science, vol. 114, pp. 460—462; November 2,
1951.) Simultaneous measurements on 27.2 and
41.0 mc recorded at the National Bureau of
Standards between November 1, 1948 and
October 1, 1949 support Lovell's conclusion
(3402 of 1948) that the duration of radar
echoes from meteor trails is approximately
proportional to the squarc of the wavelength.
An indication is given of the methods used.

523.72:621.396.822 1593

On Bailey’s Theory of Amplified Circularly
Polarized Waves in an lonized Medium—R.
Q. Twiss. (P’hys. Rev., vol. 8%, pp. 448-457;
November 1, 1951.) Dctailed critical analysis
of Bailey's theory (1909 of 1950). The growing
waves, which Bailey interprets as amplified
waves, can only be ¢xcited by reflection. It is
contended that Bailey's theory can explain
neither the cxcess RE radiation from sunspots
nor that from discharge tubes. Power amplifica-
tion is, however, possible in a drifting ionized
medium under certain ideal conditions, which
are discussed. See also 624 of 1951,

538.12:521.15 1594

A Fundamental Theory of the Magnetism
of Massive Rotating Bodies—G. Luchak.
(Canad. Jowr. Phys.,, vol. 29, pp. 470-479;
November, 1951.) A theory based on a rela-
tivistically covariant generalization of Max-
well's equations to include gravitational fields.

550.372 +550.382 1595

An Electromagnetic Interpretation Problem
in Geophysics L. B. Slichter. (Geophys., vol.
16, pp. 431 449; July, 1951.) A flat earth in
which permeability u, conductivity ¢, and per-
mittivity € vary only with depth, is considered
subjécted to an alternating field produced by a
vertical magnetic dipole above the surface.
IExpressions for the variation of u, ¢, and € are
obtained in the form of Taylor's series, the
cocfficients of which may be determined by
measurement of the magnetic field intensity 77
at the surface. The horizontal and vertical
components of Ff above the surface are shown
to be mutually dependent, and formulas in-
dependent of the electrical characteristics of
the ground are derived which connect the two.

550.381 1596

Measurements of the Variation with Depth
of the Main Geomagnetic Field—S. K. Run-
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corn, A. C. Benson, A. F, Moore, and D. 1.
Grifaths. (Phil. Trans., vol. 244, pp. 113151
November 27, 1951.) The main geomagnetic
field is attributable cither to a source scated
at the core, or to a fundamental property of
rotating matter corresponding to a source
distributed throughout the earth. Measure-
ments made in five minces in northern England
provide cvidence in favor of the core theory.

550.384.4 1597

The Equatorial Electrojet as Detected from
the Abnormal Electric Current Distribution
above Huancayo, Peru, and Eisewhere =
Chapman. (Arch. Met. Geophys. Bioklimatol, A,
vol. 4, pp. 368 390; 1951. In English.) Ab-
normally large daily wvariations of the hori-
zontal component of magnetic force observed
at Huancayo indicate the daily rise and deeline
of a concentiated castward clectric current,
termed  “equatorial electrojet,” above the
station. Similar cfiects have been observed at
stations in Africa and India. The influence on
the phenomenon of position with respect to
geographic and magnetic equators is examined,
and observations required to detcrmine the
height, intensity, width, and return current
flow are discussed.

551.5+550.37+550.38 1598
General Assembly of the International
Union of Geodesy and Geophysics, Brussels,
1951—H. W. L. Absalom. (\Met. Mag., vol. 80,
pp. 326-330; November, 1951.) Brief report of
the proceedings; recent work in the fields of
meteorology and terrestrial magnetismm  and
clectricity was reported and discussed

551.510.5 1599

Abrupt Seasonal Changes in Tropopause
Level and Stratosphere Temperature at
Habbaniya-—1). Dewar. (Met. Mag., vol. 80,
pp. 323-326; November, 1951.)

551.510.53:551.557 1600

Evidence for a Stratospheric Circulation in
Vertical Meridional Planes between Polar and
Equatorial Regions in Winter—1L. S. Clarkson.
(Met. Mag., vol. 80, pp. 309-318; November,
1951.)

551.510.535 1601

Some Characteristics of the Ionosphere E
Region—K. Rawer and E. Argence. (Compt.
Rend. Acad. Sci. (Paris), vol. 233, pp. 1208
1210, November 12, 1951.) Recent observa-
tional data indicate either that the dissociation
of O takes place at a height greater than that
suggested by Penndorf (2224 of 1949) or that
the ionization process does not involve the
dissociation of O,.

551.510.535 1602

The Half-Year Period in the Ionization of
the F, Layer—O. Burkard. (Arch. Met.
Geophys. Bioklimatol, A, vol. 4, pp. 391-402;
1951. In German.) The amplitude and phase
of the observed half-yearly wvariations of
ionization depend on the geographical location
of the observation stations. A straightforward
explanation of the effect is based on the as-
surnption that the intensity of the solar ultra-
violet radiation depends on latitude and is
least at the solar equator. This theory also ex-
plains the half-yearly variation of apparent
height of the layer.

551.510.535:550.386 1603

Geomagnetic Bays and their Relation to
Tonospheric Currents—11. \Wiese. (Z. Met.,
vol. §, pp. 341-347; Novcmber, 1951.) Daily
and yearly variations of the frequency of oc-
currence of bays as shown by the geomagnetic
records obtained at Niemegk during the period
1937-1944 are investigated. A tendency to
repetition at 27-day and 24-hour intervals is
indicated. Correlation with ionospheric air
currents is observed; air currents in the iono-
sphere are related to those in lower atmos-
pheric layers, at least in winter.
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551.510.535:551.510.4 1604
Ozone Measurements during Sudden
Ionospheric Disturbances S, Iritz. (Arch.

Met. Geophys. IBioklimatol, A, vol. 4, pp. 343

350; 1951. In English.) The mcasurcments
were made in order to study the effect on total
atmospheric ozone of the enhanced solar emis
sion of ultraviolet radiation associated with the
flares causing the ionospheric disturbances. On
the assumption that the ratio of the extra-
terrestrial intensity of sunlight at 3,110 A to
that at 3,300 A (the obscrvation wavelengths)
is unaffected, the observations indicate that
the variation of ozone content duc to the dis-
turbances is small or nil, as would be ¢xpected
from theoretical considerations

551.510.535:621.396.11 1605

Ionosphere Review: 1951. Greatly Reduced
Rate of Decrease in Sunspot Activity and
M.U.Fs—T. W. Bennington. (Wireless World
vol. §8, pp. 121-122; March, 1952.) Shows the
monthly mean sunspot numbers and F-layer
noon and midnight critical frequencics from
the last sunspot maximum to 1951, and 12-
month running averages of the same three
quantities since the last sunspot minimuimn
Solar activity is likely to decrease slowly during
1952. An estimate is made of sw propagation
conditions during 1952.

551.510.535:621.396.72:621.3.087.47 1600

Ionospheric Souuding Stations - ({". R S/
Inform. Bull., no. 72, pp. 20-23; November
December, 1951.) Stations in Austria and those
under the Bureau lonosphiérique Frangais and
the Service de Prévision lonosphiérique Mili
taire are listed, with operating data

551.515.4 1607
The Electrical and Meteorological Condi-

tions Inside Thunderclouds ] Kucttner.

(Jour. Met., vol. 7, pp. 322-332;, October,

1950.)

551.594.12 1608

Height Variations in the Concentration of
Ions near the Ground during Quiet Summer
Nights at Uppsala—H. Norinder and R
Siksna. (Tellus, vol. 3, pp. 234-239; November
1951,

LOCATION AND AIDS TO NAVIGATION

621.396.9 1609

Origins of Radar. Background to the
Awards of the Royal Commission—(IVireless
World, vol. 58, pp. 95-99; March, 1952.) An
account of the development of radar in Britain
from 1935 to the war years, based on evidence
given before the Royal Commission on Awards
to Inventors.

621.396.9:526.9 1610

The Effect of Meteorological Conditions on
the Measurement of Long Distances by Elec-
tronics—C. I. Aslakson and O. O. Fickeissen.
(Trans. Amer. Geophys. Union, vol. 31, pp.
816-826; December, 1950.) Surveying using
shoran (frequency range 220 -350 mc) re-
quires data on meteorological conditions be-
tween the two receiving stations. From these
the changes in atmospheric refractive index
with height are computed and the necessary
corrections to velocity of wave propagation
and path length determined. Correction
methods are described, with numerical ex-
amples.

621.396.9:526.9 1611

Accuracy in Electromagnetic Distance
Measurement—]J. Moline. (Radio fran¢, no.
11, pp. 1-5; November, 1951.) Principles of
pulse, F\, and phase-displacement methods of
distance measurement by means of em waves
retlected from the distant point are outlined,
including that combining pulse and phase
measurement. In phase-displacement systems
accuracy to within A/100 is attainable for fre-
quencies up to 30 mc.

621.396.9:551.5 1612
Abnormal Displacement of some Echoes

July

from Rain--R. Lhermitte. (Compt. Rend
Acad. Sci. (Paris), vol. 233, pp. 1210-1212
November 12, 1951))

621.396.9:551.578.4 1613

Some Quantitative Measurements of
Three-Centimeter Radar Echoes from Falling
Snow — R C. Langille and RS, Thain. (Canad
Jour. Phys., vol. 29, pp. 482 490, November
1951.) The vartation of biack-scatter intensity
with rate of snowfall was obscrved during four
storms. Analysis of the siz¢ distribution of
snowflakes, which appears to be nnportant in
calculating radar echo intensity, was only
carricd out for one storm. Obscrved c¢cho in-
tensitics are in fair agreement with values cal-
culated from Ryde’s formula (2062 of 1948)

621.396.91:551.594.22 1614

Lightning Detection by Radar— )\ H
Ligda. (Bull. Amer. Met. Soc., vol. 31, pp. 279-
283; October, 1950.) Description of the method
used, showing records obtained

621-526:621.396.93 1615
Analysis and Construction of a Position-
Fixing Servomechanism —Klcin. (Sce 1739.)

621.396.932 1616

Radio Aids to Marine Navigation: The
Seaman’s Requirements--I. J Wylie. (Jour.
Brit. 1.R.E., vol. 11, pp. 478 490: November
1951.)

621.396.933 1617

Aircraft Navigational Aids—(lingineer
(London), vol. 192, pp. 702-703; November 30
1951.) An account of the facilitics provided by
(@) the Marconi vhf df system for instantaneous
visual indication of bearings and position fixing
by the ground station; (b) the Mullard “tele
scribe”  cquipment  in experimental use at
London aitport, by which written messages,
maps, etc. are instantancously r«produced on
the cathode-ray sereen of a distant receiving
unit; and (¢) the Deeca “tlight log.”

621.396.933 1618

A Simplified Multiple-Track Range Air-
borne Equipment R Styles. (Proc. I1EE
Part 111, vol. 99, pp. 88 92 March, 1952)
Description of Australian M.T.R. light-weight
tquipment suitable for installation in small
aircraft. In association with the appropriate
ground-station installation it provides pilots
with accurate azimuthal track guidance for a
range of 100 miles, fiying at 5,000 fect, and/or a
localizer path, for use during final approach
t0 a runway, accurate to within +22 yards at
the normal touchi-down point

621.390.933:629.13.053 1619

Automatic Track-Plotting Instrument for
Aircraft—(Engineering (London), wvol. 172
P. 589 November 9, 195%.) Description of the
operation of the Decca “fight log” in use with
the Mark VI receiver, wihich displays aircrafi
position and ground track directly on a chart
Sce also 2192 of 1951

621.396.933.2.001 .4 1620
ILS Field Test Set - Fllis (See 1685.)

629.13.05:538.74 1621

Stroboscopic Earth-Inductor Compass- &
A. Schwartz. (Elec. Eng. (N, © vol. 70, pp
1001-1003; November, 1951) A compass Is
(lcscr’ibed in which a coil cariying a compass
card is rotated in the carth's magnetic ficld by a
small air turbine. The sinusoidal voltage in
duced in the coil is amplified and squared, and
th.c leading cdge of the square wave is used to
trigger a strohoscopic source of light. When gh-
served by this light the compass card appears
to be stationary and indicates a direction rela-
tive to magnetic north.

MATERIALS AND SUBSIDIARY
TECHNIQUES
531.787.7
7 1622
Sensitive Differentjal Manometer | Al
Los and J. A. Morrison (Kev. Sci. Instr., vol
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22, pp. 805-809; November, 1951) The mer-
cuty surfaces in the manometer arms serve as
the moving platea of two separate parallet-
plate capacitors which form part of the oscilla-
tory cucunts of two similar 3.6-mc oscillators.
1he capacitance change, due to a differential
stessme change, varies the beat frequency of

e oseillators, wluch 18 measured by reference
to an af signal generator. An accuracy to
within 01-0 2 i< obtained for pressure
Changes between O and 0.02 cm g, For larger
prossute changes (up to 0.28 cm 1ig) the ac-
curacy 18 within 0 1 per cent.

§35.37 1623
Recent Developments in Luminescent
Materials -~ T. tlenderson (Research (lon-

lon), vol 4, pp. 492 497; November, 1951)
Fhe ~ubject 1s congidered under the headings
) 1e~earch on known materiala to discover
the mechanism of luminescence, (b) investiga-
Lons to naprove utility and extend applica-
Lions ot known materiale, and (0) discovery of
new matetials, 108 references.

§37.228.1:546.431.824 31 1624
Flectrical, Particularly Piezoelectric Prop-
erties of Barium Titanate J. II van Santen
nd G Jonker. (Trdschr, ned  Ruadiogenool.,
vol to, pp 250 274; November, 19510 Dis-
Isaton, pp 27822760 These properties are
1acested i relation to erastal structure. The
Crodloctniaty of pre-polarized BaTiO can be
onstde red s a combimation of a linear electro-
tiction and a piezoelectric effect. Possible ap-
ons ot BaTiOg ceramics are noted.

§37.311.33+-535.37 1625
New Views on Oxidic Semi-Conductors and
Zinc-Sulphide Phosphors —F. J. W. Verwey
nd + \ Kroger. (Philips Tech. Rev , vol. 13,
Q0 OS5 October, 1951) The mechanism of
mdie tion in nonstoichiometric oxidic semi-
condudctors 19 similar to that in other semi-
«ondu tors 1n which desired changes of valency
e produced by the admixture of suitable
nipurities. Members of the Latter group are not
hatactenzed by Lack of thermal stability (due
to vacant Lattice sites) as are nonstoichiometric
compounds, Simular  considerations  are ap-
phoable to ZnS  phosphors, in which  the
Huor scence centers consist of activator ions
anrounded by sulphur ons, The accuracy of
hi~ hvpothesis s confirmed by the fuct that
the role of the hatogen ions in the formation of
/n phosphors may be taken over by trivalent
cations,

5$37.311.33:517.944 1626

A Note on the Partial Differential Equations
describing Steady Current Flow in Intrinsic
Semiconductors—R. C. Prim. (Jour. Appl.
Phyvs, vol. 22, pp. 1388-1389; November,
1951)

$37.311.33:537.211 1627

An Effect of Light on Semiconductors:
Variation of the Contact Potential Difference —
W Veith and G. Wlérick. (Compt. Rend. Acad.
Noi (Paris), vol. 233, pp. 1097-1101; November
3, 1951)) Measurciments were made of the con-
tact potential with and without illumination
tor 4 CdS layer in vacuum, using a retarding-
potential method. The results support a
forinula obtained by a classical calculation [see
g, 4444 of 1940 (Mott and Gurney)]. Varia-
tion of the contact potential with temperature
ic also noted.

537.311.33:546.482.21 1628

Measurements of the Electrical Conduc-
tivity of CdS Crystals Irradiated by Medium
Energy Electron Beams—IH. Benda. (Ann.
};hi\-s. (Lpz.). vol. 9, pp. 413—422; November 135,
1951.)

537.312.8:546.87 1629

The Anomalous Magnetoresistance of
Bismuth at Low Temperatures—P. B, Alers
and R. T. Webber. (Phys. Rev., vol. 84, pp.
R63--864; November 15, 1951.) Results are re-
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ported of measurements made on Bi crystal
rods 2 mm in diameter and 2-3 cm long, using
transverse fields of strength 60 kilogauss and
over.

537.533.9:537.226 1630
Direct Demonstration of the Conductivity
of a Thin Dielectric under Electron Bombard-
ment—C. Dufour. (Jour. Phys. Radium, vol.
12, pp. 887-888,; November, 1951.) Measure-
ments were made of the current through a
composite target comprising an evaporated
layer of ZnS between evaporated layers of Al
across which a variable voltage was applied.

538.221 1631

Systematic Relations between Hysteresis,
Creep of Nonlinearity Products, and the Richter
After-Effect R, Feldtkeller, 1. Wilde and G.
Hoffmann. (Z. angew. Phys., vol. 3, pp. 401
409; November, 1951) Measurements made on
three similarly treated specimens of Si/Fe-alloy
stampings are reported; systematic differences
between them are discussed. The measurement
cquipment is described.

538.221 1632

Ferromagnetic Resonance and the Internal
Field in Ferromagnetic Materials-—J. R. Mac-
Donald. (Proc. Phys. Soc, vol. 64, pp 968-
983: November 1, 1951 “\ classical treatment
of the domain energy terms of a homogeneous
ferromagnetic solid leads to a formula for the
internal ficld contributions from these terms
AWith this result, modifications in the resonance
condition of ferromagnetic resonance arising
from self energy, exchange energy, magneto-
crystalline anisotropy and applied or intrinsic
atress are obtained and are applied to various
crvatalline anisotropy and stress conditions of
interest in ferromagnetic  resonamee  experi-
ments Finally, the bearing of the resnlte on the
anomalous g-values obtained in resonance ex-
pernents s considered.”

538.221 1633

The Magnetization Process in Ferrites
H. PP ] Winand J. J. Went (Physica, vol 17,
pp. 976 992; November/December,  1051)
“The initial magnetization curve ot ferrtes has
been measured as a function of frequency up
to 2 mc It has been found that the magnetiza-
tion ot <intered ceramic ferrites with a tugh
permeability is brought about by at least two
processes, one of which, in the frequency range
covered, is independent of frequency and deter-
mines the initial permeability. The other
process has a relaxation frequency of about 200
ke and is responsible for the irreversible proc-
csses during magnetization. From measurc-
ments on samples of sintered ferrites fired at
different temperatures it has been concluded
that the frequency-dependent magnetization is
caused by irreversible Bloch-wall displace-
ments, while the initial permeability is caused
by a reversible rotation of the magnetization in
Weiss domains 1n the direction of the external
magnetic ficld (in contrast to what is believed
to be the case in cast ferromagnetic metals). A
discussion shows that neither eddy current
cffects nor any inertia effects so far known are
responsible for the relaxation frequency of the
Bloch wall at about 200 ke.”

539.23:537.311.31 1634

Variation, as a Function of Temperature
and Applied E.M.F,, of the Electrical Re-
sistance of Very Thin Metal Films Deposited
on Diamond, Amber and Plexiglass—N\.
Mostovetch and T. Duhautois. (Compt. Rend.
Acad. Sci. (Paris), vol. 233, pp. 1265-1267;
November 19, 1951.) The results do not differ
appreciably from those previously obtained
(1701 and 2535 of 1950); they suggest that the
semiconductivity of very thin films is not an
impurity-type semiconductivity in which the
support plays an essential part.

546.289 + 546.815.221]:537.311.33 1635
A Study of Rectification Effects at Surfaces
of Germanium and Lead Sulphide—C. A.

889

Hogarth and J. W. Granville. (Proc. Phys.
Soc., vol. 64, pp. 992-998; November 1, 1951.)
Chemical etching or thermal treatment in
vacuo can remove the amorphous surface layer
produced by polishing. Heat treatments up to
900° C can improve the rectification charac-
teristics considerably, and may be preferable to
ctching. Surface modifications resulting from
the various treatments were examined by
electron diffraction.

546.289:539.164.9 1636

Electron-Hole Production in Germanium
by Alpha-Particles K. (. McKay. (Phys.
Rev., vol. 84, pp. 820-832; November 15, 1951)
The number of electron-hole pairs produced in
Ge by alpha-particle bombardment was deter-
mined by collecting the internally produced
carriers across a reverse-biased #—# junction.
There was no evidence of trapping of carriers
in the barrier region. The energy lost by a
bombarding particke per  electron-hote  pair
produced is 3.0 + 0 4 ev The difference between
this and the energy gap is attributed to losses
to the lattice from the internal carriers,

546.289:539.185.9 1637

Evidence for Production of Hole Traps in
Germanium by Fast Neutron Bombardment—
J. WL Cletand, 0 HL Crawford, Jr, Ko Lark-
Horovitz. J €. Pigg and F. W Young, Jr.
(Phys Rer , vol R4, pp 861-862; November 15,
1951)

546.280:621.314.7:535.215 1638

The n-p-n Junction as a Model tor Sec-
ondary Photoconductivity — K. G. McKay
(Phys Rer ,vol %4, pp 833-83S, November 185,
1951) Fxperiments are discussed in which a
Ge n p-» junction is subjected to bombard-
ment by aipha particles, producing excess-hole
curtents in the p region Since the secondary
currents observed in photoconductive insula-
tors have ainufar characteristics, study of the
n-p-n junction is cxpected to lead to better
understanding of secondary photoconductiv-
ity

547.476.3:537.228.1 1639

Rochelle-Salt Specimens moulded from
Crystal Plates under High Pressure—F Blaha.
(Aecta Phys austriaca, vol 4, pp. 272-277;
December, 1950) Iheks cut from Rochelle-
aalt crvatale were moulded into pastilles by
apphication of pressure up to 17,000 kg/cm? in
the direction of the a axis. Conductivity and
permittivity measurements over a range of
temperatures are given.

549.211.091.3 1640

The Effect of Inhomogeneities on the
Electrical Properties of Diamond—A. J.
Ahearn. (Phys. Rev., vol. R4, pp. 798-802;

November 15, 1951))

549.514.51 1641

A New Crystal Cut for Quartz with Zero
Temperature Coefficient—E. J. Post. (Appl.
Sci. Res., vol. Bt, pp. $20—428; 1950.) See 115
of 1950.

621.314.634

Reversible Changes in the Boundary
Layer of Selenium Rectifiers- -A. Hofimann,
F. Rose, E. Waldkétter and E. Nitsche. (Z.
Naturf., vol. Sa, pp. 465 467; August, 1950.)
Two observed phenomena are discussed: (a)
an increase of working resistance on changing
over from application of forward voltage only
to application of alternating voltage; (b) a de-
crease of the capacitance of the boundary layer
with increase of the operating bias voltage, for
the same instantaneous total voltage. Both
effects can be explained by assuming a migra-
tion of impurity centers duc to increased mean
field strength at the boundary.

1642

621.314.7 1643

Transistors: Part 2—Physics and Construc-
tion of the Transistor—]. Malsch. (Arch. eleks.
Ubertragung, vol. 5, pp. 425~433 and 467-573;
September and October, 1951.) Addendum,

i——_—
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ibid., vol. 6, pp. 73--79; February, 1952. A sur-
vey paper. Part 1: 2726 of 1951,

621.315.616:547-1281 1644

Silicone Rubber emerges as a Dielectric
Material —]. F. Dexter. ([ilec. Mfg. (N, Y),
vol. 45, pp. 100-103, 204; June, 1950.) Results
of tests on the effects of aging and temperature
on the physical and electrical properties of
silicone rubber are shown. Samples with brittle
points at —90°C are serviceable at 250°C and
withstand temperatures up to about 175°C in-
definitely. They show exceptional resistance to
heat, cold, moisture, oxidation, corona dis-
charge and fatigue. Points of production tech-
nique are noted,

621.396.622.63 1645

The Temperature Dependence of the Static
Characteristics of Crystal Rectifiers, and its
Theoretical ~ Significance—K. Sciler. (Z.
Naturf., vol. 5a, pp. 393-397; July, 1950.) An
experimental investigation was made of recti-
fiers composed of a layer of Si with traces of Al
in combination with a Mo contact point; the
temperature range covered was ~—80°C to
+95°C. 1/V characteristics are plotted; the sig-
nificance of the resuits for determining the
concentration of impurity centers is discussed.

669.715:537.311.31 1646

Effect of Alloying Elements on the Electri-
cal Resistivity of Aluminum Alloys—A. T.
Robinson and J. E. Dorn. (Jowr. Metals, vol. 3,
pp. 457-460; June, 1951.) “The clectrical
resistivitics of aluminum alloys containing Cu,
Ge, Zn, Ag, Cd, and Mg were found to increase
linearly with the atomic percentage of the
solute atoms. Application of Linde’s rule to
these data suggests that each aluminumn atom
contributes 2.5 electrons to the metallic bond.”

778.3:[621.317.755+4621.397.621.2 1647

Photography of Oscillograms and Tele-
vision Images-—H. Abcrdam. (Toute la Radio,
nos. 160 and 161, pp. 339-342 and 365-368;
November and December, 1951.) An examina-
tion of the technique, with particular reference
to the photographic emulsion required, the
spectral brightness of the scanning spot, and
the fluorescence of the screen.

621.315.59 1648

Semiconducting Materials. [Book Review]|
—H. K. Henisch (Ed.). Publishers: Academic
Press, New York, N. Y., 1951, 281 pp., $6.80.
(Electronics, vol. 25, pp. 336-338; February,
1952.) Procecdings of conference held at the
University of Reading in July, 1950; contains
the full text of the 28 papers presented.

MATHEMATICS

681.142 1649
A General Purpose Differential Analyser:
Part I—Description of Machine - G. L. Ash-
down and K. 1. Sclig. (FElliott Jour., vol. 1
DD. 44-18; Scptember, 1951.) This analyzer is
designed for robustness ane for rapidity of
problem setting rather than tor high ac uracy.
The integrator is of ball-and-disk type
Mechanically independent units are connected
by servo-links with electrical connections
through a central cross-connection panel.

681.142 1650

The Use of the EDSAC for Mathematical
Computation—M. V. Wilkes. (A ppl. Sci. Res.,
vol. B1, pp. 429-438; 1950.) A simple explana-
tion of the constituent elements of any pro-
gram.

681.142 1651

On the Background of Pulse-Coded Com-
putors—T. J. Rey. (Electronic Eng., vol. 24,
pp. 28-32 and 66-69; January and February,
1952.)

681.142 1652

An Electronic Multiplier—M. J. Somerville.
(Electronic Eng., vol. 24, pp. 78-80; February,
1952.) Description of a multiplier circuit with
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negligible time lag for use in an analogue com-
puter. The frequency of a cariicr is modulated
in proportion to onc of the multiplicands, while
its amplitude is modulated in proportion to the
other. The resulting signal is fed to a phase dis-
criminator, whose output is proportiona! to
the requirced product. The use of the techinique
is illustrated in solving Airey‘s equation.

51:62 1653

Advanced Engineering Mathematics. [Book
Review] - C. R. Wylie, Jr. Publishers: Mec-
Graw-Hill, New York, N. Y., 1951, 640 pp.,
$7.50. (Electronics, vol. 25, p. 330; Fu bruary,
1952) “ .. . strongly recommended as text
hook or reference for advanced students in elec-
trical engineering.”

519.2 1654

Statistische Methoden fiir Naturwissen-
schafter, Mediziner und Ingenieure (Statisti-
cal Methods for Scientists, Physicians and
Engineers). [Book Review]—A. Linder. Pub-
lishers: Birkhauser, Basle, Switzerland, 2nd
enlarged ed., 238 pp., 31.20 Swiss francs. 1951,
(Z. angew. Muath. Phys., vol. 2, pp. 494-495
November 15, 1951) will have a wide
circulation and give excellent service in both
theory and practice.”

681.142 1655

The Preparation of Programs for an Elec-
tronic Digital Computer. [Book Review] - \I.
V. Wilkes, D. J. Wheeler and S. Gill. I'ub-
lishers: Addison-Wesley [I’ress, Cambridye
Mass.,, 1951, 167 pp., $5.00. (Jour. Frank.
Inst., vol. 252, pp. 445-446; November, 1051 )
“Although the system of subroutines discussed
and given in this book might not be applicable
to all machines, it can serve as a pattern which
will greatly facilitate the development of such a
system for a particular machine.”

681.142 1656
Synthesis of Electronic Computing and
Control Circuits. [Book Review] Staff of the
Computation Laboratory, Harvard University.
Publishers: Ilarvard University Press, Cam
bridge, Mass., 1951, 278 pp.. $8.00. (FElec-
tronics, vol. 25, pp. 400, 400; Nlarch, 1952.)
“The book deals entirely with digital comput-
ing circuits, considering no analog devices. The
control circuits mentioned in the title arc of
the type in which all of the relevant informa-
tion is handled in digital form, rather than of
the type associated with servomechanisms.”

MEASUREMENTS AND TEST GEAR

538.71 1657

Some Developments in Electronic Mag-
netometers—A. W. Brewer, ]. Squires and H.
McG. Ross. (Elliott Jowr., vol. 1, pp. 38-43;
September, 1951.) Developments discussed in-
clude (a) airborne equipment suitable for geo-
physical surveys and capable of measuring
variations as small as 1 gamrna in the total geo-
magnetic field, (b) cquipment for absolute
measurements.

621.3.018.41(083.74) 1658

Standard-Frequency Transmissions—
(Wireless FEng., vol. 29, p. 82; March, 1952.)
Actual values for the frequencies of the stand-
ard-frequency transmissions from Rughby (1027
of May) and Droitwich (718 of April), as deter-
mined at the National Physical Laboratory,
are to be reported regularly in Wireless Engi-
neer. The first report, presented here, gives
values for February 1952,

621.3.018.41(083.74) + 529.786): 538.569.4 1659

“Atomic” Clocks and Frequency Stabiliza-
tion on Microwave Spectral Lines—C. H.
Townes. (Jowr. Appl. Phys., vol. 22, pp. 1365~
1372; November, 1951.) “Application of the
various types of radiofrequency spectral lines
to accurate frequency stabilization and time
standards is surveyed. Pertinent character-
istics of microwave gas absorption lines and
the wvarious types of errors in frequency
stabilization due to the nature of these ab-

July

sorption lincs or to fundamental thermal noise
are discussed in detail. It is shown that time
standards synchronized with microwave ah-
S01PLION N aIMMmMonii or resonances in molecular
o1 atomic beams have limits of accuracy of the
order of 1 part in 102 for a short time, and still
smaller limiting tractional errors over longer
periods of time.”

621.317.18.083.4 1660

Balance Approach in A.C. Measurement
Circuits: Part 1—Theoretical Bases-I!
Poleck. (Arch. Tech. Messen, pp. T115-T116
October, 1951.) An ideal balancing operation is
characterized by unambignous indication of
the direction in which the balancing clements
must move, and by i single movement of the
balancing clements to reach zero. Operation of
null indicators with and withont phase de-
pendence is analyzed.

621.317.3:621.385.032.216 1661

A Method of Measuring the Interface Re-
sistance and Capacitance of Oxide Cathodes
C. C. Eaglesfield and P. E. Douglas. (3ril.
Jour. Appl. Phys., vol. 2, pp. 318-320; Novem-
ber, 1951.) The interface impedance, consisting
of a resistance and a capacitance in paralicl
causes frequency-dependent feedback. Another
frequency-dependent network is added to make
the gain independent of fiequency, in which
case the interface components are equal to the
measurcment components. The apparatus and
its operation are described brictly.,

621.317.328.029.62 1662

V.H.F. Microvoltmeter and Field-Strength
Measurement Set—P. Lygrisse (Jlectronique
(Paris), pp. 29 31; November, 1951.) Circuit
diagram and description of an instrument for
ficld-strength measurements at levels between
S5u\/m and 0.1 \'/m in the frequency range
75195 mnc.

621.317.335.3.029.64 1663

Balance Methods for the Measurement of
Permittivity in the Microwave Region T J
Buchanan. (Proc. TEE, Part 111, vol. 99 pp
01 66; March, 1952.) From measurcments of
propagation constant the permittivity of water
and aqucous solutions were calculated for wave-
lengths of 3.2 cin and 1.26 cm.

621.317.335.3.029.64 1664

A New Method for Measurement of the
Dielectric Constant of Low-Conductivity Fluids
in the Centimetre Waveband E. Ledinegg,
P. Urban and F. Reder. (Acta Phys. austriaca
vol. 4, pp. 9 17; July, 1950.) A method using
a cylindrical cavity resonator is described:
operation is at fixed frequency and at fixed
cylinder length. The determination is made by
measuring the volume of fluid introduced into
the cavity to make it resogate at the same fre-
quency as whken empty. Accuracy to within a
few parts per thousand is passible.

621.317.336 1665
Impedance Measurement at High Fre-
quency using Bridged-T and Parallel-T Ele-

ments—K. lLamberts. (Arch. Tech. Messen,
no. 189, pp. T108 7T 109, October, 1951.)
621.317.374 1660

Determination of Loss Angle of Materials
with High Dielectric Constant ‘E. Ledinegg
and P. Urban. (dcta Phys. austriaca, vol. 4,
pp. 197-212; December, 1950.) The mcthod is
based on the introduction into a cylindrical
cavity resonator of a layer of the dielectiic
matcrial of thickness such that the resonance
frequency is the same as for the empty cavity,
See also 1664 above.

621.317.411.029.62/.63 1667

On the Determination of the Complex
Permeability of Ferromagnetic Conductors at
High Frequencies—A. Wieberdink. (A ppl.
Sci. Res., vol. Bi, pp. 439-452; 1950.) The
complex propagation constant for em waves
in a concentric Lecher system, the outer con-
ductor being copper, while the inner conductor
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is a wire of the material under investigation, is
measured. From this constant the complex
permeability of the wire can be calculated.
Results of measurements on a Ni-Fe wire show
1 decrease of permeability with increasing fre-
quency and a resonance phenomenon at a
trequency of 320 mc.

621.317.7:621.396.615.17 1668

The Multivibrator as Test Apparatus—O.
l.imann. (Funk w. Ton, vol. 5, pp. 585-599;
November, 1951.) Description of the circuit
ind its operation and of many applications in
sriuare-wave testing.

621.317.723:621.385.5 1669

A Stabilized Mains-Supplied Valve Elec-
trometer Circuit—G. Bonfiglioli and G. Mon-
t.alenti. (Alta Frequenza, vol. 20, pp. 210-213;
O tober, 1951.)

621.317.725 1670

Linear Diode Voltmeter—R. E. Burgess.
Wireless Eng., vol. 28, p. 80; March, 1952.)
Correction to paper abstracted in 736 of April.

621.317.725:621.314.671 1671

Valve Voltmeter. The Rectifier Section.—
M. G. Scroggie. (Wireless World, vol. 58, pp.
89-94: March, 1952.) Detailed discussion of
the design of a double-diode rectifier unit suit-
\ble for use in the measurement of alternating
voltages with the dc instrument described in
1041 of May.

621.317.725:621.317.32:621.396.822 1672
Slideback and Infinite-Impedance Volt-
meters—R. E. Burgess. (Wireless Eng., vol.
29, pp. 59-62; March, 1952.) Extension of
nalysis given previously for diode and anode-
yend voltmeters (189 of February). In the
slideback voltmeter the increase of mean cur-
rent through a diode or triode on application of
in input voltage is counterbalanced by addi-
tional negative bias; this type of voltmeter
gives indications lower than the peak voltage of
cw signal and has a square-law response to
noise. The infinite-impedance voltmeter has
the same rectification characteristics as a
aimple diode voltmeter, but takes no power
from the source. Curves are given for the recti-
fication characteristics of the different types of
voltmeter for cw signals and fluctuation noise
applied separately; formulas are derived for
the response to any arbitrary mixture of signal
and noise.

621.317.73 1673

A Microwave Swept-Frequency Impedance
Meter—E. A. N. Whitehead. (Elliott Jour.,
vol. 1, pp. 57-58; September, 1951.) Descrip-
tion of an instrument based on the use of direc-
tional couplers, for the rapid testing of wave-
guide components. A klystron oscillator has its
frequency swept by a mechanical drive, the
waveband of 3.0 to 3.4 cm being covered once
in two scconds. The amplitude and phase of the
voltage reflection coefficicnt of the component
on test are displaced on a cro.

621.317.733.011.21:621.392.26 1674

A Reflectionless Wave-Guide Termination

R. E. Grantham. (Rev. Sci. Instr., vol. 22,
pp. 828 834; November, 1951.) Developed asa
reference standard for microwave impedance
bridges, the termination, also applicable to
coaxial transmission lines, consists of a section
of waveguide with a movable dissipative load,
and is preceded by a tuner which can be ad-
justcd to cancel in magnitude and phase the
small reflection coefficient of the load. Reflee-
tion cocfficients of 0.001 were obtained with
X-band waveguide terminationg.

621.317.733.011.21:621.396.611.21 1675

The Design and Use of an Admittance
Bridge for Piezoelectric Crystals—] I \W
Bell. (Brit. Jour. Appl. Phys., vol. 2, pp. 324~
327, November, 1951.) A radio-frequency

bridge for the rapid measurcment of resistance
anq Q-factor of piczoelectric crystals is de-
acribed. The limitation of the accuracy of
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measurement due to frequency fluctuations of
the generator used and to variations in the
stray capacitance of the variable resistance
arm of the bridge is discussed. Examples of the
use of the bridge at 250 kc are given.

621.317.737 1676
A Q-Meter based on Free Damped Oscilla-
tions—K. Franz and S. F. Pinasco. (Rev.
telegr. Flectronica (Buenos Aires), vol. 40, pp.
731-733; November, 1951.) The meter is
designed for determining accurately the Q
value of the tank circuits of power oscillators,
with Q values <20. The circuit under test is
introduced in the anode lead of a type-6SH7
pentode with pulsed input. The arrival of a
pulse charges the tank-circuit capacitor, which
discharges by free oscillation of the circuit; the
voltage changes across the capacitor are ap-
plied to the grids of a double triode (the two
sections connected in parallel) which is cathode
coupled to a cro. The Q of the tank circuit is
given by Q=nll/log (Bo/B.), where By is the
initial amplitude and B, that of the nth wave
in the damped wave train displayed on the
cro. Typical oscillograms corresponding to Q
values ranging from 63 to <0.5 are shown.

621.317.755:621.385.012 1677

Electron-Tube Curve Generator—M. L.
Kuder. (Electronics, vol. 25, pp. 118-124;
March, 1952.) Description, with detailed cir-
cuit diagram, of equipmert for cro display of
families of anode characteristics, together with
the locus of the load line and coordinates for
direct measurement.

621.317.755:621.385.012 1678
Electron Tube Curve Tracer—]. H.
Kuykendall. (Radio and Telev. News, Radio-
Electronic Eng. Section, vol. 46, pp. 9-11, 29;
August, 1951.) Description of cro equipment
with direct-reading current voltage scales.

621.317.76.029.3 1679
Frequency Comparator—I>. Riéty. (Ainn.
Télécommun., vol. 6, pp. 332-336;, November,
1951.) Description of a circuit designed for the
calibration of af oscillators at frequencics be-
tween 20 cps and 20kc. A series of subharmon-
ic frequencies is derived from a standard-
frequency 1-kc oscillator by frequency divi-
sion in a multivibrator circuit. The signal of
frequency to be measured is made to beat with
a suitable harmonic of one of the derived fre-
quencies, a Inagic-eye or loudspeaker being
used as indicator. Calibration points are avail-
able at the first 50 harmonics of nine fre-
quencies ranging from 20 cps to 1 ke. A circuit
diagram and component values are shown.

621.317.784 1680

Power Meter and Mismatch Indicator—
R. G. Medhurst and J. A. Knudsen. (Wireless
Eng., vol. 29, p. 112; April, 1952.) A closed
expression is given for an integral used by Boff
(449 of March) in determining the sensitivity
of a pickup loop.

621.396.615.11:534.844.1 1681

Equipment for Acoustic Measurements:
Part 3—Acoustic Pulse Measurements—C. G.
Mayo, D. G. Beadle and W. Wharton. (Llec-
tronic Iing., vol. 23, pp. 424-428; November,
1951.) A tone pulse is radiated into a studio
under test, and the sound is picked up by a
microphone connected to a triggered-timebase
oscilloscope. The equipment weighs <42 lb.
Details are given of the circuits used. Trigger-
ing pulses at any predetermined interval be-
tween 0.5 and 30 sec are provided automatically
by a transitron oscillator.

621.396.615.14+4(621.396.664:621.397.6 1682

Ultra High Instrumentation—R. G. Petera.
(TV Eng. (N.Y.), vol. 2, pp. 18-20; Novem-
ber, 1951.) R.C.A. test and measurement
equipment described includes a swecep/marker
generator and a picture monitor, rf load and
wattmeter, and frequency and modulation
monitora for television transmitters.
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621.396.615.17 1683

Variable-Frequency Clock-Pulse Generator
—R. R. Rathbone. (Radio & Telev. News,
Radio-Electronic Eng. Section, vol. 46, pp. 19—
20; August, 1951.) Description of a test unit
developed at the Massachusetts Institute of
Technology, providing 0.1-us pulses with
repetition frequencies from 0.2 to 4.9X10%/sec,
the frequency being stable to within 20 parts in
10%. The unit is used for building up complex
circuits for pulse operation, and has standard
93-Q input and output impedances.

621.396.615.17:621.397.6.001.4 1684

Linear Staircase Generator for Television
Use—A. M. Spooner and F. W. Nicholls.
(Electronic Eng., vol. 23, pp. 481-482; Decem-
ber, 1951.) A cathode coupled multivibrator
is synchronized by line-suppression pulses; at
the end of each pulse the multivibrator exe-
cutes a train of oscillations, controllable in
number between 5 and 30. This output is ap-
plied to a diode counter circuit, which generates
a pulse with the corresponding number of steps.
Such a wave form is useful for testing the
response of television film recording apparatus.

621.396.933.2.001.4 1685

ILS Field Test Set—C. L. Ellis. (Radio and
Telev. News, Radio-Electronic Eng. Seclion,
vol. 46, pp. 3-5, 26; November, 1951.) De-
scription of the G-250A set for checking the
entireaircraft instrument-landingequipment. It
is of rugged, weatherproof constructionand can
be operated by nontechnical personnel. Three
independent crystal-controlled generators pro-
vide the marker, localizer and glide-slope fre-
quencies, a choice of 20 being available in the
localizer and glide-slope bands. A cycling unit
controls the signal modulation sequence and is
designed for either automatic or manual opera-
tion.

OTHER APPLICATIONS OF RADIO
AND ELECTRONICS

532.137:621.395.611.62 1686

Vibrating-Plate Viscometer—]. G. Wood-
ward. (Electronics, vol. 25, pp. 98-100; Feb-
ruary, 1952.) The viscous damping exerted on
a plate immersed in a liquid and oscillating in
its own plane is measured by an electro-
mechanical transducer.

534.321.9:620.179.1 1687

Ultrasonic Tyre-Testing Equipment—(En-
gineer (London), vol. 192, pp. 565-566; Novem-
ber 2, 1951.) A nondestructive production test
developed jointly by the Dunlop and General
Electric comnpanies is based on the fact that an
internal discontinuity such as imperfect bond-
ing between rubber and fabric gives rise to an
air film which reflects ultrasonic waves almost
compiectely. The tyres arc immersed in water
during test. The generator used is a quartz
crystal operating at 50 ke and located 1 inch
from the rubber, in the well of the tyre; the
power output is about 1 w. Sce also Elec. Rev.
(London), vol. 149, pp. 893-894; November 2,
1951.)

621—52:621.396.611.3 1688
Applications of Electrical Methods of
Differentiation to Control Problems—].

Rateau. (Rev. Gén. Elec., vol. 60, pp. 451-465;
November, 1951.) Analysis of basic differ-
entiating circuits and discussion of their design
and application in control mechanisms such as
an automatic pilot.

621—526 1689

An Electronic Servo Simulator for Unstable
and Open Loop Systems—N. T. van der Walt.
(Electronic Eng., vol. 24, pp. 52--57; February,
1952.) The simulator consists of a number of
feedback amplifiers in cascade; its regponse to a
square-wave input is viewed on a cro. In-
clusion of clamping arrangement, operative
during the timebase flyback, ensures a stable
return to datum level.
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621-57:537.228.1 1690

High-Speed Crystal Clutch —(Jour. Frank.
Inst., vol. 252, pp. 427 428; November, 1951.)
Ina cluteh developed by Codicr at the National
Bureau of Standards, primarily for use in high-
speed computers, application of direct voltage
to the electrodes of three “bitnorph” piczo-
clectric clements causes them to bend and
press the clutch output disk against the rotat-
ing input digk.

621.317.083.7 1691

Simultaneous A.M. and F.M. in Rocket
Telemetering—\W. C. Maoore, (Electronics, vol.
25, pp. 102-105; March, 1952) Details of
receiver and pressurized transmitter operating
on a single carrier frequency of 183 mc and
providing two channels, one an AM channel
S mc wide suitable for rapidly varying
phenomena, unusual wave forms, etc., the
other a FM channel using a reactance modula-
tor. The AM is cffected by screen-grid modula-
tion of the final stage of the transmitter.

621.365.54+ 1692

Induction Heating in the Drop-Forging
Industry—G. W. Seulen. (Metal Treal., vol.
I8, pp. 483 -489; November, 1951.) Various
types of medium-frequency fi.e. up to 10 kc)
generator cquipment are discussed and details
are given of some German-designed plants.

621.383.001.8:535.61~15:778.37 1693

The Application of Image Converters to
High Speed Photography—]. A. Jenkins and
R. A. Chippendale. (Jour. Brit. I.R.E., vol. 11,
pp. 505-517; November, 1951.) Description of
the use of a new type of tube, the Mullard
ME 1201, with a Cs-Sb cathode of very low
resistance and average sensitivity of 20 gA/lu-
men to tungsten light at 2,700°K, as a high-
speed optical shutter. Exposure times shorter
than 1077 sec can be obtained. Numerous test
photographs are reproduced.

621.384.6 1694

The Helix as a Linear Accelerator for
Protons—1). R. Chick and D). P. R, Petrie,
(Nature (l.ondon), vol. 168, pp. 782-783:
November 3, 1951.) A circular waveguide con-
sisting of a closely wound wire helix has been
proposed for accelerating protons up to about
20 Mev. To counteract the radial component of
electric ficld due to the wave, which tends to
digperse the proton beam, a hollow beam of
clectrons surrounding the proton beam is sug-
gested,

621.385.833 1695

Ion Image of an Emissive Anode--G.
Couchet, M. Gauzit and A. Septier. (Compt.
Rend. Acad. Sci. (Paris), vol. 233, pp. 1087-
1090; November 5, 1951.) Report of observa-
tions, made with an emission-tvpe electron
microscope, of the positive-ion erission from a
plane anode heated by electron bombardment.
The fluorescent screen is of CalVoO,.

621.385.833 1696

The Axial Potential of [electron] Lenses
with Grids—MI. Bernard. (Compt. Rend. Acad.
Sci. (Paris), vol, 233, pp 298-299; July 23,
1951.) A rigorous expression is derived for the
axial potential of a lense consisting of two
symmetrical cvlindrical or plane equipotential
elements with circular holes, and an interposed
plane grid at a potential different from that of
the other two clements

621.385.833 1697

Gaussian Elements of [electron] Lenses
with Grids—M. Bernard. (Compt. Rend. Acad.
Sci. (Paris), vol. 233, np. 1354-1356; Novem-
ber 26, 1951.) Calculations from the formulas
previously derived (16096 above) gave results
in good agreement with the experimental ob-
servations of Knoll and Weichart (4542 of
1938). Both convergent and divergent lenses
are treated.

621.385.833 1698
Rigorous Calculation of Typical Electro-

PROCEEDINGS OF THE I.R.I.

static Electron Lenses \W. Glaser and H.
Robl. (Z. angew, Math. Phys., vol. 2, pp. 444 -
469, November 15, 1951.) Paraxial election
trajectoties are determined for configurations
approximating to cylindrical lenses.

621.385.833 1699

Newton’s Law of the Formation of Images
applied to Electron Optics I*. I'unk. (Acta
Phys. austriaca, vol. 4, pp.304 308; December,
1950.) A simpler golution than those of Tutter
(1004 of 1946) and Glaser and Lammel (202 of
1942) is presented.

621.385.833 1700
High-Resolution Velocity Analysis with
Magnetic Electron Lenses—I*. Lenz. ( Nafur-
wiss., vol. 38, pp. 524-525: November, 1951)
A method is described for testing lens hv
stability and investigating electron velocity:
losses by observations on o ring-focus line.

621.385.833 1701

Imaging Properties of a Series of Magnetic
Electron Lenses—G. ILiebmann and 15, M.
Grad. (Proc. Phys. Soc., vol. 64, pp. 950971,
November 1, 1951) An investigation of the
dependence of the paraxial image-forming
propertics and the first-order lens aberrations
on geometrical design and lens excitation, The
range of gap widths, S, investigated  was
S/D=0.2to S/D=2, whete D=Icns diameter.
The field distributions within the lenses were
measured; the lens data derived from the
measurceinents are given in a series of graphs
applicable to the most common magnetic elec-
tron lenses. Application of the results to lens
design is discussed.

621.385.833 1702

Technique of Electron Microscopy— 1. G.
Drummond and G. Liebmann. { Nature (Lon-
don), vol. 168, pp. 819-821; November 10,
1951.) A report of the proceedings at a con-
ference of the Electron Microscopy Gronp of
the Institute of I’hysics held in St. Andrews
University, 19th-21st June 1951, with brief
indications of the subject matter of the various
papers read.

621.385.833 i703

The Symmetrical Magnetic Electron-
Microscope Objective Lens with Lowest
Spherical Aberration—G. Liebmann. (Proc

Phys. Soc., vol. 64, pp. 972-977: November 2
1951.) In the syminetrical magnetic lenses
already considered (1702 above) there is an
optimum value of the lens excitation param-
cter which produces minimum spherical aber-
ration. The relation between maximum obtain-
able axial field strength and the maximum field
strength in the pole-piece gap leads to an opti-
mum design for electron microscope objectives
giving minimum spherical aberration and
maximum resolving power. A modification of
this optimum design for practical use is de-
scribed.

621.387.4 1704

Self-Quenching Counters containing Smail
Amounts of Polyatomic Constituent—A. ).
Krumbein. (Rev. Sci. Instr., vol, 22, pp. 821
827; Novemnber, 1951.)

621.395.625.3 1705

Ferrography—R. B. Atkinson and S.
LEllis. (Jour. Frank. Inst., vol. 252, pp. 373 381 :
November, 1951.) “Ferrography” is the name
given to a new magnetic process, here de-
scribed, for recording graphic information and
reproducing it on paper in visual forin. A scan-
ning process similar to that used in facsimile
produces an electrical signal which is fed to a
magnetic recording head, and a record is made
on a film coated with iron oxide. Printed re-
productions are made using magnetic inks,
cither black or colored. The record can be
used repeatedly and stored indefinitely.

621.398!621.396.7121621.396.619.13 1706
Remote-Control System for F.M. Broad-
coast Stations—P. Whitney (Tele-Tech, vol.

July

10, pp. 32-35 und 44-45, 80; August and Sep-
tember, 1951) An effective remote-control
system has enabled the WRIFL transmitter,
installed on o mountain peak, to be controlled
from cqnipment in the studios at Winchester,
Vi, more than 20 miles away. No operators
have bheen in regolar attendance at the trans
mitter since April 1951, A general description is
given of the equipment, with detailed ciremt
diagrams of the control oscillators, band-pass
amplifier, Gutomatic protective circitits and
telemetry cquipment. The protective equip-
ment was found very necessary owing to fre-
quent interruption of the transmitter power
supply due to line surges cansed by electrieat
storms,  which  operated  the  main  circuit
breaker. A different type of breaker, togcther
with a 1eeyeling device operating 3 5 times
within o few seconds, climinated this difficulty.

621 52 1707

Fundamentals of Automatic Control. [Book
Review] - ;. 11. Farrington. Publishers: Chap
man & lall, London, Eng., 1951, 285 pp., 308
(Electronic Eng., vol. 23, ). 453; November,
1951.) Gives o thorough analysis of the funda
mentals of process control, but does not deal
in detail with scrvomechanisms as such

PROPAGATION OF WAVES

538.566 1708
The Jumps of Discontinuous Solutions of
the Wave Equation—11. Bremmer., (Commun
pure appl. Math., vol. 4, pp. 419 426; Novem
ber, 1951) There is a cortespondence between
discontinuous changes in an em ficld, with their
associated wavefronts, and the amplitudes of
the geometrical-optical approximations whijch
correspond, under steady-state conditions, to
ray trajectoties orthogonal to the wavefronts
The theory of this correspondence is developed
in terms of Dirac’s impulse tunction for any
discontinuity connected with the scalar wave
cquation. Modifications to the theory required
in the solution of vector problems related tothe
application of Maxwell's cquations are given

538.566 1709

The Transport of Discontinuities in an
Electromagnetic Field I-. T. Copson. (Com
. pure appl. Math., vol. 4, pp. 427 433
November, 1951.) Generalized solutions of the
vector wave cquations are obtained and the
transport cquations are derived, the medjum
being assumed isot ropic, with variable diclec-
tric constant and permcability

538.566.029.64 1710
Asymptotic Solutions of a Differential
Equation in the Theory of Microwave Propaga-
tion—R. k. Langer. (Comnuom.  pure appl
Math., vol. 3, pp. 427 -438: December, 1950)
“The purpose of this paper is to show that
asvmptotic formulas for he solutions of a
differential cquation that is central to the
theory of microwave propagation may b
readily derived from results that are availabl
in the mathematical literature.” The problem
of determining the normal modes of propaga
tion in an atmosphere in which the refractive
index varies only with the height is first briefly
reviewed. The differentia) cquation under con
ditions applying respectively to the “leaky”
and “transitional” modes of propagation is dis-
cussed. In cach case the resylts are compared
with the analogous results of Pekeris (2211 of
1947), obtained by power-series methods.

621.396.11 1711

The Propagation of E.M, Waves from Land
to Sea and vice versa: Part | P Holler, (2
angew. Phys., vol. 3, p. 424 432; November,
1951.) An analytical approximation method of
nvestigation is uscd in which the wave equa-
tion is first satisfied while neglecting  the
boundary conditions, and the boundary condi-
tions are then satisfied while neglecting the
wave equation. It is assumed that (a) the earth
is flat, (b)) sea and land are individually
homogencous and the boundary is sharp, (¢)
the sea is an ideal conductor, (d) the complex

R RS
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refractive index of land is not very large, so
that the simple Wevl solution is applicable, (¢)
the transmitter height is sufficient for refrac-
tion and refiection at the carth’s surface to be
alculated by geometrical optics, (f) the dis-
tances of both transmitter and receiver from
the coast are large compared with the wave-
cngth,

621.396.11 1712
Propagation of Very-High-Frequency Radio
Waves—E. . Jones. ( Nature (London), vol.
168, pp. 870-871; November 17, 1951.) Meas-
irements are reported of the strength of the
ticld at a height of 90 ft. due to an airborne
transmitter at a height of 40,000 ft.; operating
requencies of 280.2 and 386.6 mc were used.
Yhserved values are plotted against trans-
itter, receiver distance and compared with
lues calculated from conventional ray
tneory; the agreement is generally better when
¢ earth's radius is taken at its actual value
ther than at its four-thirds value. Where the
ndirect ray was reflected from the sea the ob-
<«crved minima were deeper than the calculated
-alues, the difference corresponding to an ap-
rent increase in reflection coefficient by a
‘tor as great as 2.23 in some cascs.

621.396.11:551.510.535 1713

Ionosphere Review: 1951. Greatly Reduced
Rate of Decrease in Sunspot Activity and
M.U.Fs— Bennington. (see 1605.)

621.396.11:551.510.535 1714

R.F. Time-Delay Measurements—D.
Davidson: R. Naismith and E. N. Branmley.
Wireless Fng., vol. 29, pp. 111-112; April,
1952, Comment on 473 of March and authors’

1¢]

621.396.81:523.72 1715
Solar Activity and Inospheric Effects—R. E.
Burgess and C. S. Fowler. (Wireless Eng., vol.
29, pp. 46-50; February, 1952.) lonospheric
listurbances on short and long waves were in-
vestigated by recording the field strengths of
two stations on frequencies of 18.89 mc and
191 kc respectively. These resuits were comn-
pared with solar activity in the form of flares
ind sunspots and with simultaneous recordings
»f solar noise on frequencies of 30, 42, 73 and
155 mc. The times of commencement of dis-
turbances on short and on long waves and of
olar flares were all coincident and varied by up
to 3 minutes from the noise bursts which often
preceded the other phenomena. 86 per cent
of the noise bursts and 50 per cent of the ob-
served flares occurred without any accompany-
ing ionosphcric effect.

621.396.812.029.64 1716

Attenuation of Radio Signals caused by
Scattering— J. B. Smyth and C. P. Iluhbbard:
A. H. LaGrone. (Jour. Appl. Phys., vol. 22,
pp. 1386-1387; November, 1951.) Comment
on 2525 of 1951 and reply by one of the authors.

621.396.812.3.029.64 1717
An Experimental Study of Fading in Propa-
gation at 3-cm Wavelength over a Sea Path
D. G. Kicly, and W. R, Carter. (P’roc. II'E,
Part 111, vol. 99, pp. 533 -60; March, 1952.) The
observations were made hetween July 1950
and January 1951 over an optical path of 10.6
nautical miles, using horizontal polarization.
Associated meteorological observations werc
madc at points not far from the transmission
path. Typical signal records are shown and the
data analyzed in terms of the monthly mean
level. No reliable prediction of fading could be
made from the simple meteorological ohserva-
tions. The reduction in radar range due to
fading reached a maximum in July and August,
being up to 20 per cent for 90 per cent of the
time. The power level of radar bheacons for
operation up to the radio horizon is estimated

RECEPTION

621.396.621:621.396.822 1718
On Determiniug the Presence of Signals in
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Noise—I. L. Davies. (Proc. IEE, Part IIl,
vol. 99, pp. 45-51; March, 1952.) A theoretical
treatment using the concept of existence
probability, which is evaluated for a signal
whose form is known precisely and for a
modulated currier where only the carrier phase
is unknown. The efficiency of any receiver
can be derived by comparing existence prob-
abilities at input and output; the practical
implications of this are discussed. When
applied to the case of a radar signal, the
theory shows that the filter giving the optimum
range information will also yield the greatest
existence information.

621.396.621.54 1719

Calculation of the Sensitivity of Decimetre-
and Centimetre-Wave Receivers using Diodes
or Detectors as Mixers—H. Behling. (Arch
elekt. Ubertragung, vol. 5, pp. 489-498 and
561-564; November and December, 1951.)
Using the concept of equivalent noise resist-
ance, formulas are developed for calculating
the critical sensitivity (corresponding  to
unity signal/noise ratio); from these and the
characteristics of the mixing circuit (mixer
tube, first IF tube, IF circuit etc.) it is possible
to calculate the oscillator power required to
obtain unity signal/noise ratio at the outupt
of the IF amplifier. This calculation is made
for a crystal mixer, and the influence on the
sensitivity of the mixer and IF parameters is
examined.

STATIONS AND COMMUNICATION
SYSTEMS

517.512.2:621.39.001.11:621.396.67.012.71
1720
Fourier Analysis and Negative Frequencies
M. L. Telcs. (Wireless Eng., vol. 29, p. 80;

March, 1952.) Discussion on 1422 of June
(Shaw).
621.317.35:621.3.015.7 1721

Analysis of Non-Recurrent Puise Groups

L. S. Schwartz and N. P. Salz. (Radio and Telev.
News, Radio-Electronic Eng. Section, vol. 46,
pp. 8-10; November, 1951.) Graphical dctermi-
nation of the resultant frequency spectrum of
non-recurrent  groups  of regularly  spaced
pulses such as occur in teletype and pcm
Lransmissions,

621.317.35:621.39.001.11 1722
Signals of Given Duration and Minimum
Spectral Width-—K. Frinz. (Arch. elekt
{"bertragung, vol. 3, pp. 515-516; November,
1951.) Using Fourier integrals, an equation is
derived whose solution gives the form of signal,
for a given duration, for which the energy
concentration within a given frequency band
has its maximum value. The spectral concentra-
tion of encrgy in a rectangular pulse is very
near the maximum. See also 2376 of 1951,

621.39.001.11 1723

The Concept of Information and Trans-
mission Capacity in Communication Technique
—H. Wehber. (Tech. Mitt. schweiz. Telegr.-
Teleph Verw., vol. 29, pp. 401 406; November
1951. In German.) Discussion of a coding
system for German text, making use of Shan-
non’s theory.

621.39.001,11:519.251.6 1724

Information Theory and Inverse Prob-
ability in Telecommunication —I>. M. Wood-
ward and . L. Davies. (Proc. 1EE, Part 111,
vol. 99, pp. 37-44; March, 1952.) “The founda-
tions of information thcory arc presented as
an extension of the theory of inverse prob-
whility. By postulating that information is
additive and taking suitable averages, all the
cssential definitions of Shannon’s theory for
discrete and continuous communication chan-
nels, with and without noise, are obtained.
The theory is bascd on the idea that receiving
a4 communication, or making an obscrvation,
merely changes the relative probabilities of
the various possible messages. The whole

process of reception can therefore he regarded
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as a means of evaluating a posteriori probabili-
ties, and this leads to the idea that the optimum
receiver in any telecommunication problem
can always be specified, in principle, by inverse
probability. The simplest instance is the
correlation receiver for detecting very weak
signals in the presence of noise, and its theory
is briefly discussed.”

621.395.44 1725
Carrier-Frequency Systems free from
Linear Distortion —J. Peters. (Arch. elekt.

Ubertragung, vol. 5, pp. 509-515; November,
1951.) Theory of the modulation and de-
modulation processes in a ssb system is con-
sidered; rigorous conditions for freedom from
distortion are derived by using the Laplace
transformation. A network can be found which
will transmit the envelope free from distortion
for a sine-voltage input initiated at any phase
over the part of the cycle when the voltage is
increasing; for initiation at other parts of the
cycle the output contains an additional
decaying direct component. Pistortion-free
transmission can still be obtained in this case
by a tandem arrangement of circuits designed
according to the analysis given.

621.395.44:621.395.97 1726

New Control and Measurement Equipment
for the Broadcasting [-network] Repeater
Stations of the German Post Office—E. A.
Pavel and H. Liersch. (Fermeldetech. Z.,
vol. 4, pp. 513-518; November, 1951.) Descrip-
tion of station equipment for line tests, control
switching and program monitoring, comprising
the test rack type 48 and associated loud-
speakers. Sce also 1238 of June (Pavel et al).

621.396.361.1 1727

Radio Communications in the Australian
Flying Doctor Service—{.. N. Schultz. (Proc.
I.R.E., (Aust.) vol. 12, pp. 300-302; October,
1951.) Description of a system which provides
subscribers distant more than 25 miles from a
telephone with transceiver facilities. Three
operating frequencies, of about 2, 4, and 7
mc, are allotted to cach of the eight bases
together with the associated outposts, the
actual frequencies being different for each
group. Base-transmitter power ranges from
20 w to 300 w. In addition to normal communi-
cation receivers, the bases have a night-alarm
receiver. Qutpost transmitters have an output
of 3w and are powered by vibrators, except
for a few old stations with pedal-driven gener-
ators. Outposts use three fixed frequencies
together with a variable tuning band for hf
reception.

621.396.44:621.315.052.63]+621.317.083.7
1728
Single Sideband Transmission and its
Multiple Utilization for Carrier-Current Chan-
nels on High-Voltage Power Lines—A. de
Quervain (Brown Boveri Rev., vol. 38, pp. 208-
219; July/August, 1951.) See also 801 ot
April (Block).

621.396.5:621.396.931 1729

450-Mc/s Mobile Radio Service—N. E.
Wunderlich. (FM-TV, vol. 11, pp. 2225, 38,
November, 1951.) Description of equipment
for a dispatch system for at least 1,000 taxis
operating in Chicago. Five pairs of channels
100 kc wide are used. Eight 15-w or 100-w
phm transmissions cover eight zones each
roughly 5 milessquare. The mobile transmitter-
receiver units have a frequency stability of 5
parts in 10" and can he operated on any of
four switch-selected frequencies. Communica-
tion on 452 mc is superior to that on 162
mc in  built-up areas; the average noise
level is 10 db lower and no ignition interfer-
ence is experienced, while the walls of buildings
apparently serve as waveguides, thus reducing
attenuation.

621.396.65 1730
New Pennsylvania Turnpike U.H.F. Com-
munications System 1. N. Lapp. (Elec-
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tronics, vol. 25, pp. 84-87; February, 1952))
Description of a system operating over a 327-
mile route between the outskirts of Philadelphia
and the Ohio border, with 13 intermediate
stations. Frequencies of 953 mc and 960
mc are used along the main route, and fre-
quencies in the band 152-162 mc are used
for local communication networks connected
to the relay stations.

621.396.65:621.387.4 1731
Use of a Radio Link for studying Coinci-
dences between Pulses from Counters sepa-
rated by Large Distances—I. Picard, A. Rogo-
zinski and M. Surdin. (Jour. Phys. Radium,
vol. 12, pp. 854-857; November, 1951.)
Equipment is described for a link operating
on 10 kme, with a range of about 20 km.
When there is no line-of-sight path between
the two stations a frequency of 5 mc is used.

621.396.65.029.63:621.316.726 1732

1400-Mc/s Radiophone—J. B. L. Foot.
(Wireless World, vol. 58, pp. 132-135; April,
1952.) An experimental radio link is described
which uses a DET23 disk-seal triode tube
operated to give an output of about 1 w., The
range is up to about 30 miles with a signal/noise
ratio of about 20 db. Each transmitter oscil-
lator acts also as local oscillator for the double-
superheterodyne recciver, a frequency differ-
ence equal to the first IF being maintained
between the oscillators at the two stations. A
“master and slave” system is used to keep
this frequency difference constant in spite of
oscillator frequency drift, the frequency of the
slave station being controlled by an electro-
mechanical method in accordance with the
frequency of the signal received from the master
station.

621.396.7.029.62 4+ 621.396.621):621.396.619.13
1733
F.M. in Germany—(WWireless World, vol.
58, pp. 141-144; April, 1952.) Factors which
have influenced the development of the F)M
vhf broadcasting network in Western Ger-
many are discussed. The disposition of trans-
mitting stations is shown. Some details are
given of simple FM receivers which dispense
with the use of limiter and discriminator.

621.396.712:621.396.619.13:621.398 1734
Remote-Control System for F.M. Broad-
cast Stations—Whitney. (See 1706.)

621.396.712.029.55 1735

The Allouis-Issoudun H.F. Group of Radio-
diffusion Frangaise—A. Gaillard. (Onde élect.,
vol. 31, pp. 420-433; November, 1951.)
Description of equipment for the sw broad-
casting service which in 1952 will include
thirteen 100-kw transmitters, grouped at two
centers. At Allouis one 100/130-kw transmitter
operating in the 31, 41 and 49 m bands can
be switched to any one of six dipoles oriented
in N-S and E-W directions; two other units
provide four simultaneous transmissions in the
bands from 13 to 49 m from a system of
twelve directive rhombic antennas. At Issoudun
twelve simultaneous transmissions can be
made. Features dealt with include the services
now operating, station layout, power supply
and tube cooling, circuit arrangement and
tubes, and transmission characteristics. A
map and chart show the world-wide coverage
achieved.

621.396.712(489) 1736
Broadcasting Installations for the Two
Programmes in Denmark ( Teleteknik, (Copen-
hagen), vol. 2, pp. 207-249; October, 1951.)
The Planning of the New Broadcasting
Stations—G. Pedersen.
Propagation Conditions for the V.H.F.
Range—B. Nielsen.
The Broadcasting Station at
G. Bramslev,

Skive—
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The 100-kw Mcedium-Wave Transmitter
at Kalundborg— G. Bramslev.

Transmitters working on the International
Shared Frequencies and New Stations
for I.M.—P. Christensen.

Directive Aecrials in Ilerstedvester—]J.
Ilansen.

Construction and Erection of Aecrial Masts
—I. G. Hannemann and B. J. Rambgll.

621.396.931:621.395.635 1737

Selective Calling Applied to Mobile Radio
W. T. Muscio. (Proc. I.R.E., (Aust.), vol. 12,
pp. 303-311; October, 1951,) Detailed descrip-
tion of the Selecto-Call system. The fixed
station has a choice of eleven fiequencies in
the range 154-449 cps for AM of a 7-ke sub-
carrier, the main carricr being frequency
modulated. The mobile recciver includes a
decoder comprising up to four reeds turned to
different transmitter tones; actuation of
the needs in a given sequence is required to
produce the calling signal.

SUBSIDIARY APPARATUS

621=526 1738

Stabilization of Direct-Current Servo-
mechanisms—NM. Cambornac and F. La-
jeunesse. (Onude élect., vol. 31, pp. 434-445;
November, 1951.) Methods of improving
stability are discussed. These include the use of
phase-correcting networks and the coupling
of an auxiliary dynamo to the scrvo motor.
Circuits and characteristics of different low-
power modecls are given, the response times of
which range between 0.01 and 0.2 sec.

621-526:621.396.93 1739

Analysis and Construction of a Position-
Fixing Servomechanism—(G. Klein. (Ann.
Télécommun., vol. 6, pp. 313-324; November,
1951.) The mechanism is designed to operate
with the direction discriminator [495 of 1950
(Loeb et al)] so that a direct reading of
azimuth is obtained automatically. A theoreti-
cal analysis defines the specifications for the
system.

621.311.6 1740

Carrier-Type Regulated Power —]. Iloulc.
(Radio and Telev. Neus, Radio-Electronic Iing,
Section, vol. 46, pp. 14-15. .31; November,
1951.) A continuously variable dc output
from 0 to 300 v with regulation to within 0.1 v
is obtained, using the following principle. An
oscillator feeds a small signal to an ac amplifier.
In series with the amplifier input is a Ge diode
connected so that the dc control signal varics
the diode bias current. At the amplifier output,
the dc is recovered by means of a rectifier.

621.311.6 1741

Regulated 1600-Ampere Filament Supply—
A. W. Vance and C. C. Shumard. (Electronics,
vol. 25, pp. 122-123; February, 1952.) Descrip-
tion of circuit for the 6-V filaments of some
4,000 tubes used in the Project Typhoon
analogue-digital computer of the U. S. Navy.

621.311.6:621.316.722.1 1742

A Stabilized A. C. Supply for Lamps and
Valve Heaters-—J. C. €. Richards. (Jour. Sci.
Instr., vol. 28, pp. 333-335; November, 1951.)
Description of a system providing up to 150 w
of ac power with the rms voltage stable to
within 0.1 per cent. A saturated diode is
used as reference element and a saturable
choke as control clement.

621.311.62.078.3 1743

A High-Stability High-Voltage Power-
Supply Unit—]. Templeton. (N. Z. Jour. Sci.
Tech. B, vol. 33, pp. 218-223; November,
1951.) Description of a mains-operated unit
supplying 1 ma at 3kv steady to within #+1
part in 10* over periods of 30 min, and capable
of madification to give greater output.

July

621.314.6 1744

Rectification of Alternating Currents with
High Modulation —]J. Béhse. (Arch. elekt.
Ubertragung, vol. 5, pp. 363-376; August,
1951.) From an approximate equation for the
static characteristic of rectifiers with essen-
tially constant differential slope, equations
for the demodulation products (direct-current
and modulation-frequency) are derived for the
casc of high modulation, when the rectifier
operates like a tube. The operational parame-
ters, currents, voltages and effective resist-
ances on the input and output sides, as well
as the demodulation distortion, are represented
by transcendental functicns of the phase angle
of the current, so that numerical values of the
clectrical quantities can be taken directly from
tables and monograms, whose use is explained
by sc¢veral examples.

621.314.6.012.6 1745

Exact Analysis of the Linear Rectifier
Circuit: Part 1—~Half-Wave Rectification with
with Capacitive Smoothing—II. Niehrs. (Fre-
quenz, vol. §, pp. 273-279; October, 1951.)
Formulas are derived for the amplitude and
phase of the harmonics and the cffective output
voltage of a half-wave rectifier with sine-wave
input, assuming negative half cycles to be
completely blocked and internal resistance of
the rectifier to be constant.

621.314.653 1746
The Time Lag of an Ignitron —N. Warmoltz
(Philips Res. Rep., vol. 6, pp. 388-400;

October, 1951.) Measurements were made of
the time lag for igniters of widely different
resistance, using (¢) liquid, (b) solid Iig or
Sn cathodes, The effect of the gas pressure in
the tube was also investigated. The results
favor the thermal theory of Mierdel.

621.316.722.1 1747

An Electronic Voltage Stabilizer with Self-
Regulated Heater Supply—C. Morton. ( FElec-
tronic Eng., vol. 24, p. 65; February, 1952.)
The heaters of the tubse cathodes are connected
in series with the load, thus constituting part
of the output circuit across which the stabilized
voltage is developed.,

621.316.722.1 1748
Voltage Stabilization: Demands and Meth-
ods—A. J. Maddock. (Jour. Sci. Instr., vol. 28,
pp. 325-333; November, 1951.) Typical cases
are discussed in which stabilized supplies are
requircd. The principal types of stabilizer are
described and details are given of their per-
formance and their voltage and power ratings.
Mains generator control is not considerdd,

TELEVISION AND PHOTOTELEGRAPHY

621.397.335:535.623 1749

N.T.S.C. Color-TV Synchronizing Signal—
R. B. Dome. (Llectronics, vol. 25, pp. 96-97;
February, 1952.) Discussion of the synchro-
nizing signal required in the ficld tests on the
band-sharing system (1750 below) in which a
local oscillation synchronized to the frequency
of the color subcarrier is used for demodulating
the color signal at the receiver. The signal
chosen is a train of about 10 cycles of the color
subcarrier frequency, timed to occur about
midway Dbetween the end of the horizontal
synchronizing pulse and the end of the blanking
pulse,

621.397.5:535.623 1750

Principles of N.T.S.C. Compatible Color
Television—C. J. Hirsch, W. I Bailey and
B. D. Loughlin. (Llectronics, vol. 25, pp. 88-
95; February, 1952.) Discussion of the specifica-
tions formulated by the U. S. National Tele-
vision  System  Comimittee to govern field
tests on the system in which a separate color
signal is transmitted simultaneously with a
monochrome signal on a4 separate subearrier
within the 4-inc channel carrying the mono-
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chrome signal [826 of April (Loughlin)].
Factors affecting the choice of the color-
subcarrier frequency and the modulation
system are considered.

621.397.6:621.396.664]+621.396.615.14 1751
Ultra High Instrumentation—Pcters. (See
1682.)

621.397.611/.621).2 1752
Scanning-Current Linearization by Nega-
tive Feedback—A. W. Keen. (Jour. Telev. Soc.
vol. 6, pp. 308-315; October/December, 1951.)
“An introductory qualitative survey of the
known methods of applying negative feedback
to the problem of linearizing the output cur-
rent of scanning systems needed in television
transmitting and receiving equipment. Practi-
al circuit developments are divided into two
tegorics according as the fundamental
srocess, termed ‘current integration,’ is sepa-
rable into two component operations, viz.,
voltage integration and voltage-to-current
-onversion, which are carried out consecutively
)y separate feedback systems connected in
ascade, or performed by a single system sub-
ect to over-all feedback.”

621.397.611.2 1753

Paraxial Image Formation in the “Mag-
netic” Image Iconoscope—]J. C. Francken and

Dorrestein. (Philips Res. Rep., vol. 6, pp.
323-346; October, 1951.) Describes a method
of computing electron trajectories near the
axis of a system of es and em fields having
rotational symmetry. Nurecrical results are
given for a case which approximates to con-
litions in the “magnetic” image iconoscope.
The mechanism of image formation is dis-
ussed; it differs considerably from that in
rdinary magnetic lenses.

621.397.611.2 1754

The Image Iconoscope, A Camera Tube for
Television—P. Schagen, H. Bruining and J. C.
Francken. (Philips Tech. Rev., vol. 13, pp.
119-133; Novmeber, 1951.) The different types
of television camera tube are discussed and a
{etailed description is given of the Philips
image iconoscope Type 5834. The Cs-Sb-O
photocathode gives an output of about 45
uA/lumen when illuminated by an incan-
descent lamp with color temperature 2,600°K.
Magnetic focusing and deflection are used for
the scanning beam, the resolution being 900~
1,000 lines at the middle of the target and as
high as 700 lines at the edges. The mica target
is 25 p thick and has a thin coating of MgO
to increase secondary emission. See also 1452
of June (Francken).

621.397.611.2 1755

Television Camera Tube—R. Barthélemy.
(Onde élect., vol. 31, pp. 415-419; November,
1951.) Theory previously given (1499 of 1951)
ia discussed with reference to (a) the use of a
thin-film target with its potential adjusted by
an auxiliary electron stream, (b) the optimum
thickness of the self-polarized target film. A
few performance details are given of the super-
iconoscope with es deflection and self-polarized
target.

621.397.62 1756

Basic Circuit Description of a R.C.A. Tele-
vision Receiver—Radiolronics, vol. 16, pp.
211--224 and 228-243; October and November,
1951.) Description of the R.C.A. Victor
630TS receiver, with full circuit dctails and
analysis of the functions of the various circuits.

621.397.62 1757
Wide Angle Deflection Yokes—H. L.

Thomas. (Radio and Telev. News, Radio-
Llectronic Iing. Section, vol. 46, pp. 3-6;
September, 1951.) A general discussion of

faptors to be considererd in designing systems
\k.llh deflection angles up to 90° and with low
distortion. The length of the yoke is determined

Abstracts and References

as a compromise between the requirements
for high sensitivity and those for avoidance of
neck shadow. Auxiliary magnetic devices for
eliminating neck shadow are described. Meth-
ods of obtaining an optimum relation between
spot distortion and pattern distortion are
indicated.

621.397.62:[535.623+535.61-29 1758

C.B.S. Columbia—First Commercial Color
plus Black-and-White Set—1I. J. Melman, E. S.
White and S. Cuker. (Radio-Electronics, vol.
23, pp. 24-27; November, 1951.) Description
of a receiver for 525-line black-and-white or
405-line full-color pictures. Normal circuits
are used together with a color scanning disk
with silent motor drive and associated disk-
control circuit.

621.397.62:621.396.662 1759

Concentric-Lines tune U.H.F. Channels—
E. E. Harries and M. Cawein. (Electronics,
vol, 25, pp. 108-112; February, 1952.) Circuit
and construction details are given of a con-
verter for use with a conventional vhf tele-
vision receiver; a three-section tuner of
Inductuner type is used, and the frequency
range 470-890 mc is covered. The circuit
consists of preselector, crystal mixer and
oscillator, followed by an IF stage. The noise
figure of the converter is discussed.

621.397.62:621.398 1760

Remote Controls for TV promote Viewer
Comfort—R. F. Scott. (Radio-Electronics, vol.
23, pp. 28-31; November, 1951.) Description of
electromechanical and electronic systems
incorporated in various television receivers
which permit control from a convenient view-
ing point some distance from the set. ]

621.397.621:621.316.721.078.3 1761

Stabilizing Vertical-Deflection Amplifiers—
W. B. Whalley, C. Masucci and K. Hillman.
(Electronics, vol. 25, pp. 116-117; March, 1952.)
Application of inverge feedback to the vertical-
deflection amplifier makes vertical linearity
and picture-height stability practically inde-
pendent of tube transconductance.

621.397.621:621.317.35 1762

Television Picture Line Selector—]J. Fisher.
(Electronics, vol. 25, pp. 140-143; March, 1952.)
Description of equipment enabling examination
of the video wave form in a single selected
scanning line. The oscilloscope is triggered
with a single horizontal-synchronization pulse
which precedes the line to be observed. Appli-
cation to measurement of frequency response
and transient response of television cameras
and picture-generating devices, such as the

monoscope and flying-spot scanner, is de-
scribed.
621.397.621.2 1763

Evaluating Performance of TV Picture
Tubes—]. Green (Electronics, vol. 25, pp. 124~
129; February, 1952.) Methods and apparatus
are described for accurately determining the
vertical and horizontal dimensions of the
spot, using special rasters; the significance of
the measurrments in relation to the design
of the various parts of the cr tube is discussed.

621.397.621.2:621.385.832 1764
TV picture Tubes with Iron Envelopes—
Szegho and Pohl. (See 1790.)

621.397.8 1765

Television Ghosts. Effect of Multi-path
Propagation in Hilly Country—J. A. llutton.
(Wireless World, vol. 58, pp. 84-88; March,
1952.) An investigation of reception with

twelve different antennas in hilly country
round the Flolme Moss transmitter. A standing-
wave field due to reflectlon from hills two or
three milcs away may give rise to positive or
negative ghost images according to the time
delay and the modulation amplitude. The
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ghost image is least apparent when the an-
tenna is between a node and antinode of the
standing-wave field. The double-H antenna
systems consisting of two H antennas A2
apart, with A/4 spacing of the dipoles, was
found the best of the antennas tested.

621.397.822:621.397.2 1766

Random Noise. Rate of Occurrence of
Peaks—V. J. Francis. (Wireless Eng., vol. 29,
pp. 37-40; February, 1952.) The number of
peaks occurring above various amplitude
levels on a noise trace is calculated and the
results are compared with those of laboratory
experiments on a system simulating the Lon-
don-Birmingham television radio relay link.
The results are related to the perceptible
level of noise peaks on actual television pic-
tures.

621.397.822.1 1767

Observer Reaction to Video Crosstalk—
A. D. Fowler. (Jour. Soc. Mot. Pict. Telev.
Eng., vol. 57, pp. 416-424, November,1951.)

TRANSMISSION

621.396.615.16.029.55:621.396.933 1768
Brown Boveri Transmitters in the Service
of Civil Aviation—A. Vincre. (Brown Bover:
Ren., vol. 38, pp. 220-226; July/August, 1951.)
SW transmitters installed for the French
Ministry of Transport and Public Services
meteorological service and for Air France
overseas communications are described.

TUBES AND THERMIONICS

537.533.8 1769

The Angular Distribution of the Secondary
Electrons of Nickel—]. L. H. Jonker. (Philips
Res. Rep., vol. 6, pp. 372-387; October, 1951.)
Description of the measurement tube, and
graphical presentation of results obtained for
the distribution of the secondary electrons as
a function of the angle of incidence and the
voltage of the primary electrons.

621.383:546.482.21 1770

Photoelectric Cells using Activated Cad-
mium Sulphide—I’. Goercke. (Ann. Télé-
commun., vol. 6, pp. 325-331; November,
1951.) The photoelectric propertics of DdS
may be enhanced by addition of traces of Cu
or Ag. The influence of this impurity content
on spectral sensitivity, electrical resistance
and noise figure ig studied.

621.383.4:546.817.231 1771

The Long-Wave Limit of Infra-Red Photo-
conductivity in PbSe—A. FF. Gibson, W. D.
Lawson and T. S. Moss. (Proc. Phys. Soc.,
vol. 64, pp. 1054-1055; November 1, 1951.)
Measurements of the photoconductivity of a
PhSe photo-diode, consisting of a p-type
crystal with a tungsten whisker, show that the
long-wave limit, defined as 50 per cent de-
crease from the maximum sensitivity, was 4.7
u at room temperature and 6.8 u at 90°K.
Another cell with a periclase window had a
long-wave limit of 8.1 u at 20°K.

621.384.5:621.316.722 1772

The Characteristics of some Miniature
High-Stability Glow-Discharge Voltage-Regu-
lator TubesF. A. Benson. (Jowr. Sci. Instr.,
vol. 28, pp. 339-341; November, 1951.) Three'
types of tube were studied. The results of
short- and long-term tests to determine
striking-voltage and running-voltage vari-
ations are presented. Values are also given for
temperature coefficient of running voltage and
for the magnitudes and durations of the initial
drifts. See also 3159 of 1951

621.385 1773

The Measurement of Microphony in
Valves—R. Bird. ([ilectronic Iing., vol. 23,
pp. 429 -431; November, 1951.) Arrangements
are described for Investigating microphony in
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a tube by using it as the input tube of an af
amplifier and locating it in the sound field
of a loudspeaker fed by the amplitier. Optical
and electrical methods of detecting the vibrat-
ing elements are discussed.

621.385-71 1774

Electron-Tube Heat-Transfer Data—B. O.
Buckland. (Elec. Eng. (N. Y.), vol. 70, pp.
962-966; November, 1951.) Essentials of 1951
A1 EE. Summer General Meeting paper.
The method of calculating heat flow by means
of equivalent clectrical circuits is considered.
The effects of temperature differences ani
cooling-fin shape on radiation- and air-cooled
tubes are discussed and design considerations
for water-cooled and forced-air-cooled tubes
are summarized. Graphs are given from which
the data necessary for the design of cooling
systems may be determined.

621.385:537.525.92 S 1775

Two-Way Space-Charge Flow with Plane
Electrodes—K. Milller-Liibeck. (Z. argew.
Phys., vol. 3, pp. 409-415; November, 1951.)
The potential in the space-charge field in the
presence of electrons and positive ions was
found graphically by Langmuir (1929 Ab-
stracts, p. §11); a rigorous analytical solution
is now derived for this potential.

621.385.004.15 1776

The Technique of Trustworthy Valves—
E. G. Rowe (Jour. Brit. 1.R.E., vol. 11, pp.
525-540; November, 1951. Discussion, pp.
540-543.) A survey of progress in the design,
manufacture and testing of radio tubes to
ensure high reliability. Failures occurring in
manufacture and during the subsequent life
of the tube are discussed, and the necd for
increased cooperation between user and manu-
facturer is stressed.

621.385.004.15 1777

A Survey of Quality and Reliability Stand-
ards in Electronic Valves for Service Equip-
ment—G. L. Hunt. (Jouwr. Brit. 1.R.E., vol. 11,
pp. 519-524; November, 1951. Discussion,
pp. 540-543.) Conditions of use of tubes in
Service equipment are described and also
methods adopted for ensuring supplies of satis-
factory tubes.

621.385.012:621.317.755 1778
Electron Tube Curve Tracer—Kuykenall.
(See 1678.)

1779
621.385.029.6:538.311:621.318.423:515.64%.1
Properties of the Electromagnetic Field of
Helices—Roubine. (See 1580.)

621.385.029.63/.64 1780

Equivalent Temperature of an Electron
Beam—M. E. Hines: P. Parzen. (Jour. Appl.
Phys., vol. 22, pp. 1385-1386; November,
1951.) Cominent on 2580 of 1951 and reply by
one of the authors.

621.385.032.216 1781

The Life of Oxide Cathodes in Modern
Receiving Valves—G. 1. Metson, . Wagener,
M. F. Holmes and M. R. Child. (Proc. 1EFE,
Part 111, vol. 99, pp. 69 -81; March, 1952,
.Discussion pp. 82-87.) A suminary of existing
information, with some results of original
rescarch. If mechanical faults, the etfect of
gas on cathode emission, and excessive inter-
face feedback can all be avoided, tube life is
probably limited only by evaporation of the
activated oxide. 24 references.

621.385.032.216:539.16 1782

Contribution to the Study of Electronic
Tubes by the Use of Radioactive Elements—
J. Debicsse and G. Neyret. (Le Vide, vol. 6
pp. 1098-1102; November, 1951.) Radioactive
isotopes are used for getter and cathode
materials to facilitate the investigation of the
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distribution and migration of the materials
and the orlgin of the clectron emission. Radio-
activity of the metal base in genera! reduces
the thermionic emission fromn the cathode. See
also 2301 of 1951 (Debiesse ef al.)

621.385.2 1783

Influence of Initial Velocities on Electron
Transit Times in Diodes—]. T \Wallmark
(Phys. Rev., vol. 84, p. 598; November 1, 1951.)
Barut (2057 of 1951) has described a method
for calculating the transit timne of electrons
in diodes with partial space-charge, assuming
a uniform initial-velocity distribution. A first-
order perturbation method has been applicd
to the calculation of transit times for c¢lectrons
with nonuniform initial-velocity distribution.
Curves are given showing the spread in transit
time (a) for a diode with anode voltage 100 v
and anodc-cathode distance of 5 min, as a
function of current density in the diode for a
difference in initial velocity of 0.1 v (roughly
corresponding  to conditions for an  oxide
cathode at 1,100°K), (b) for a reflected beam
under the same conditions, the spread in
transit time being in this case much reduced.
A complete report is in preparation.

621.385.2 1784

The Transit-Time Effect in a Cylindrical
Diode—\Vay Dong Woo. (Jour. Appl. Phys.,
vol. 22, pp. 1333-1339; November, 1951)
The impedance offered to a small superposed
alternating current by a space-charge-limited
cylindrical diode is expressed in terms of the
variational anode conductance, the transit
time angle, and a group of constants which
are functions of the ratio of the anode and
cathode radii. The result covers the range of
transit-time angle up to m radians and of the
ratio of the anode and cathode radii from unity
up to 100.

621.385.2:546.289]+631.314.7 1785

Germanium Crystal Valves—B. R. A,
Bettridge. (Electronic Eng., vol. 23, pp. 414~
417; November, 1951.) Characteristics of Ge
diodes are outlined, and television circuit
applications described. Ge triodes arc men-
tioned briefly.

621.385.2:621.318.572 1786

R. F. Bursts actuate Gas-Tube Switch
H. J. Geisler. (Electronics, vol. 25, pp. 104
105; February, 1952.) Description of tech-
nique for using simple gas-filled diodes as
switches in storage and other circuits ot elec
tronic computers. I'ulses of rf voltage applicd
to external metal bands round the diode
envelopes cause the diodes to strike at reduced
dc voltage. Examples of circuit applications
are given.

1787
621.385.5.032.212:[621.318.572+681.142
The Single-Pulse Dekatron—]. R. Acton.
(Electronic Eng., vol. 24, pp. 48-51; February,
1952.) Description of a new type of gas-filled
cold-cathode counting tube which differs
from the ecarlier dekatrons [2066 of 1950 (Bacon
and Pollard)] in requiring only a single input
pulse to move the cathode glow on a complete
step. The tentative specification is given for the
GO10D development tube, which is reliable
for pulse rates up to 20,000 per sec. Input
and output circuits are discussed in relation
to the nature of the pulses dealt with.

621.385.832 1788

Cathode-Ray Tubes. A Review of Progress
—L. F. Broadway. (Proc. IEE, Part 1, vol. 98,
pp. 316-320; November, 1951.)

621.385.832.:621.318.572 1789

New Electronic Tubes employed as
Switches in Communication Engineering:
Part 2—Switch Tubes—J. L. H. Jonker and
Z. van Gelder. (Philips Tech. Rev., vol. 13,

pp. 82 89; October, 1951.) Experimental
mmulticontact tubes are described in which the
“contacts” are effected by means of secondary
e¢mission, the primary electron beam being
dirccted clectrostatically on to the various
secondary-cmisgsion elements. The use of a rib-
bon-shaped primary beam permits currents of
several milliamperes with voltages of 200 to
300 v, and tube dimensions can be kept small.
Part 1: 1173 of May.

621.385.832:621.397.621.2 1790

TV Picture Tubes with Iron Envelopes—
C.S. Szeghoand R. G. Pohl. (TV Eng. (N.Y.),
vol. 2, pp. 89, 27, November, 1951.) An
cnvelope with an iron cone and Cr ’Fc-alloy
heads for sealing the cone to the glass parts is
cheaper to make than one with a Cr/Fc-alloy
cone. As a further development the Cr-Fe-
alloy beads were climinated and screen glasses
were developed suitable for sealing to the iron
cones, using an intermediate glaze at the scaling
arca; technique for this operation is described.
The requirements for the neck glass arc also
discussed.

621.396.615.141.2:537.533.8 1791

Influence of Secondary Emission on the
Oscillation Process in Whole-Anode Magne-
trons -I. W. Gundlach and K. Schérken.
Z. angew. Phys., vol. 3, pp. 416-424; Novem-
ber, 1951.) Mcasurements are reported of the
cathode resistance, the back-heating current
and the hf voltage of the oscillating magnetron
as functions of anode voltage. Oscillation is
maintained cven when the external cathode-
heater circuit is completely cut off, the cathode
temperature being then such that no appre-
ciable thermionic emission can occur. Analysis
of the results leads to the conclusion that the
magnetron is maintained by secondary emis-
sion.

621.3854+621.396.6 1792

Introduction to Electronic Circuits. [Book
Review] -R. Feinberg. Publishers: Longmans
Green & Co., London, Eng., 163 pp., 18s
(Wireless Eng., vol. 29, p. 113; April, 1952.)
The treatment is, on the whole, satisfactory
although some will find it rather co:mnpressed.”

MISCELLANEOUS

061.3:621.396.029.63 1793
Report on the First LR.E. U.H.F. Sym-
posium—B. M. Ely (TV Eng., (N. Y.), vol. 2,
pp. 10-13, 28; October, 1951.) Subjects dealt
with at this symposium, held in Philadelphia,
included transmission tests at 850 mc,
apparatus  for frequency and impedance
measurements, a side-fire helical transmitting
antenna, and the design of uhf receivers.

6:061.4 2 1794

British Instrument Industries Exhibition—
London, 1951\, \v. TQring. (Jour. Sci.
Instr, vol. 28, pp. 293 300; October, 1951.)
The development of the scientific instrument
industry in Britain is reviewed, and some of the
morc important exhibits at the first exhibition
are discussed

621.396 1795

Radio Handbook. [Book Review]—Pub-
lishers: Iditors and Engineers Ltd. Santa
Barbara, California, 13th ed., 736 pp., $6.00.
(Electronics, vol. 24, pp. 322, 326; Decem-
ber, 1951.) “Progressive and thorough in its
coverage of the newest and most helpful
developments.

621.396 1796

Radio Amateur’s Handbook. [Book Review]
—Publishers: American Radio Relay League,
West Hartford, Conn., 20th ed. 618 pD.,
$3.00. (Elcctronics, vol 24, pp. 322, 320;
December, 1951.) “Contains what is still
probably the most complete listing of com-
munication types tubes to be found anywhere.”




