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National Bureau of Standard
ELECTRONIC TIMEKEEPER OF HIGH PRECISION

Highly accurate time signals are transmitted continuously by station
WWYV of the United States National Bureau of Standards. The seconds-
pulses generator and time-interval selector, shown above, provide the
time controls. Three independent units are kept precisely in phase. The
cam on the flywheel next to the driving motor opens a gate to permit
highly accurate seconds pulses to be broadcast; longer intervals initiating
station announcements are gated by succeeding cams.

The Institute of Radio Engineers
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REACTOR

These reactors are designed for audio fre-
quency operation with high Q and excellent
stability. For a typical coil, (.14 Hy.), induc-
tance varies less than 1% from .1 to 25 volts

Q is 120 ot 5,000 cycles . . . hum pickup
is low (toroidal structure), 70 Mv. per gauss
at 60 cycles . . . variation in inductance less
than s % from —60° C.to +85° C. . . . her-
metically sealed in drawn case 1-13/16"
diameter x 1. 3/16" high... weight 5 ounces
---available in inductance values from 5
Mhys. to 2 Hys.

HQB
REACTOR

The HQB8 reactors are
similar to the HQA series,
but provide higher Q. For o

typical coil, (.45 Hy), inductance

varies less than 1% with applied

voltage from .1 to 50 volts . . . hum pick-

up twice that of HQA . . . variation of induc-

tance less than '» % from —50°C. to 4 85°C

.. Q is 200 at 4000 cycles . hermetically

sealed in steel case 1% x 2% " x 24" high

. 14 ounces . . available in ony induc-
tance volue from 5 Mhys. to 12 Hys

UTC TOROID COIL INTERSTAGE FILTERS

For further detalls write for Bulletin PS-407




SPACE-SAVING
SELF-HEALING
CAPACITORS

SOLITE metallized paper capacitors are the

most important capacitor development in years
Foil-Paper

TR

0.1 mf—200 WVDC

These truly tiny capacitors, Foil.Paper

with their unique self-healing properties,  EZ= e

e taoote g taeetete’s

—— e

are the answer to many problems [ —

facing designers of modern
electronic equipment.
Foil-Paper

=

Their small size, long life,

and excellent r-f characteristics
=

_— =

are unequalled by comparable SOLITE ==

conventional foil-paper capacitors. e

SOLITE Capacitors are now being

Foil-Paper

shipped in ever increasing quantities.

For full details write today
for Bulletin SPD-110 to

— —

SOLITE =¥

Solar Manufacturing Corporation 0 i — AEWITDC

1445 Hudson Blvd., North Bergen, N. J.

WHEN SPACE IS TIGHT, USE SOLITE

*Trade Mark Solite Capacitors are fully protected by U. 5. letters patent and patents pending. <f l -D

SOLAR CAPACITORS

“Quality Above All”

Proceenings or tie LR.E, July, 1947, Vol. 35, No. 8. Published monthly in two scctions by The Institute of Radio Engineers, Inc., at ! East
79 Street, New York 21, N.Y. Price $1.50 per copy. Subscriptions: United States and Canada, $12.00 a year; forcign countries $13.00 a year. Entered
as s.econd class matter, October 26, 1927, at the &)}ost office. at Menasha, Wisconsin, under the act of March 3, 1879. Acceptance for mailing at a
special rate of postage is provided for in the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and R., authorized October 26, 1927.
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Another" F IRST’ifor Western Eleclric

|

NEW Arc-Back Indicator in \\ —
Western Electric FM Transmitters Wh
spots faulty mercury vapor recti- TRANSFORMER - i s B 4
fier tube surely ... instantly! \ g '

Arc-backs in mercury vapor rectifier tubes are rare—but
when one occurs it is essentlal that you locate the faulty tube
at once.

And that is exactly the function of the new Arc-Back Indi-
cator, anexclusive feature of Western Electric FM Transmitters
of 10 kw and higher powers.

Gone is the uncertainty as to which tube is at fault, for the
Arc-Back Indicator shows you instantly . . . enables you to get
back on the air in a fraction of the usual time.

The pew Indicator is only one of the major features which
put Western Electric FM Transmitters in a class by themselves.
The Power and Impedance Monitor —which gives an accurate,
direct measurement of the actnal RF power fed to the antenna
system and, in addition, a method of measuring standing wave
ratio under full power output—is another. The Frequency
Watchman for precise, dependable frequency control is a third.

Investigate Western Electric before you buy any FM trans.
mitter. The Western Electric line ranges from 250 watts to 50
kw in power. Call your local Graybar Broadcast Representative,
or write Graybar Electric Co., 420 Lexington Ave., New York
17, N. Y., for full information.

TRANSFORMER

\
S aS=S
e Phstiibuled ¢
1° ¥ Grayball TO TRIPPING CIRCUIT
FMICes n 93 PEINCIPAL SIS RECTIFIER AND INDICATOR LAMP
TUBE

.Heart of the new and exclusive Arc-Back Indicator efreuit the proper indicator lamp, visible through the glass front
18 a saturated toroidal transformer which responds only to door of the TRANSVIEW design transmitter. In case of a
reverse current in its associated rectifier tube. When an string of “sympathetic™ arc-backs, only one indicator lamp
arc-back occurs, the voltage from the transformer fires a is fired—the one associated with the rectifier in which the
small thyratron tube which removes high voltage and lights original arc-back occurred.

— QUALITY COUNTS —
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OTHER STACKPOLE
PRODUCTS

FIXED AND VARIABLE RESISTORS
IRON CORES
POWER TUBE ANODES
ELECTRICAL CONTACTS

CARBON PILE VOLTAGE
REGULATOR DISCS

MICROPHONE CARBONS
SINTERED ALNICO 11
PERMANENT MAGNETS
+ oo and doxens more

CONTACT CODE
POSITION | -
POSITION 2 ==
POSITION 3
POSITION 4

STACKPOLE

$5-8 and SS-6

1001 Uses for these 16 Handy
SLIDE SWITCHES

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

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

CARBON CO. o

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

Write for Catalog RC-6

ST. MARYS,

ELECTRONIC COMPONENTS DIVISION

PROCEEDINGS OF THE IL.R.E.
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Study All Types of Rotating Machinery !

with the New Type 275-A

POLAR-COORDINATE
INDICATOR (\

)
/

v Fully portable: self-contained

v Type 5CP-A Cathode-ray Tube

v 3000 v. accelerating potential

v Continuous time base 100-3600 r.p.m.
v Automatic synchronization

v Frequency response of radial amplifier
less than 10% down at 2 cps. and 30 kc.

\/ 0.4 v. RM.S. sufficient to apply deflection
to center

sponds with methods customarily used in studying
rotating machinery. The signal under examination is
always synchronized with ihe circular sweep of the
cathode-ray tube since the sweep is controlled direct-
ly by means of a two-phase generator coupled to the
apparatus from which the signal is taken. This genera-
tor is supplied with the Type 275-A.

' All types of rotating machinery can be studied with
the new Du Mont Type 275-A Polar-Coordinate Cath-
ode-ray Indicator. Likewise the plotting of phenomena
on a circular time base.

This circular time base provides a continuous time
base since no time is lost on retraces. Furthermore, a
given spot position along this time base always corre-
sponds with the same phase or rotation angle, regard-
less of speed of rotation.

The Polar-Coordinate Indicator is designed for use in
the laboratory or in the field. Major controls conven
iently located on front panel; those for occasional ad-
justment, in recessed space accessible through top of

unit. Cathode-ray tube set at 55° angle for ease of ob-
Presentation on a circular or angular time base corre- servation.

’ Write for further details . . .

© ALLEN 9. OUMONT LABORATQRIES. ING.

n

UNY 7Ziion Zactioniin & Feterniion

, ALLEN B. DUMONT LABORATORIES, INC., PASSAIC, NEW JERSEY * CABLE ADDRESS: ALBEEDU, PASSAIC, N. J,, U. s A.
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Mg STRIP AND ROLL

FOR ECONOMICAL MANUFACTURING

IF your products are made by such processes as deep
drawing, stamping, punching, spinning, emboss-
ing, rolling, etching, soldering. polishing and plating,
we suggest you talk to a Revere salesman about the
Revere Metals in strips and rolls.

Probably most manufacturers when they think of
brass, think of it in strip or roll form, but there are
other things to be considered, such as alloy, temper
and finish. Revere produces strips and rolls in brass,
also copper, bronze, nickel silver and cupro-nickel,
and each is available in a range of physical charac-
teristics.

Specification may seem obvious to you, or it may not.
In any case, it is suggested that you permit 2 Revere
salesman, and if necessary a Revere Technical Advisor,
as well, to study your production methods and end
products. Revere customers in numerous cases have
been able to effect important economies by following
our recommendations for changes in such things as
alloy, gauge, temper, and dimensions of strips and
rolls. For example, a change in temper may reduce the
number of anneals, and a reduction in width may cut

PROCEEDINGS OF THE I.R.E. August, 1947

material costs and lessen the amount of scrap. Strips
and rolls are exceptionally useful forms of the Revere
metals, and Revere will gladly cooperate with you in
studying the important subject of specification.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801

230 Park Avenue, New York 17, New York

Mills: Baltimore, Md.; Chicago, lil.; Detroit, Mich.;, New Bedford, Mass.;
Rome, N. Y.—Sales Offices in Principal Cities, Distributors Cverywhere.

Sa




Want to simplify production?

DW= See how Centralab's model "M” Radiobhm gives
you wide range of possible mechanical variations
oo helps kee/) down your imventory, step up your
production of electronic equipment.

Single M’ Radiohm
with solid shaft

3. Twin Radichm with Solid Shaft 4. Twin Radiohm ond Line Switch

Your choice of detachable and dual
shafts gives you new versatility,
maximum convenience!

ONE LOOK at the many variations you can have from Cen
tralab’s single model "M Radiohm, and you'll sce why it's
onc of the most popular controls on the market today for
cust-conscious manufacturers! Added to this: fine CRI. en
gineening and research have given 1t a guaranteed minimum
life test of 10,000 cycles (control resistance that 1s) an
average life expectancy of 20,000-25,000 cycles. Available
with shaft and bushing lengths to meet your needs

For complete facts, send for Bulletin R697-A.

LOOK TO CENTRALAB IN 1947! First in com-
ponent research that means lower costs for the
electronic iuduslry .« . pioneer manufactirer of
Radiohms, switches, capacitors and ceramics.

(7N PROCEEDINGS OF THE I.R.E August, 1947




A GREAT NEW

OSCILLATOR

FOR THE LOW-FREQUENCY FIELD

Now, for the first time in history,
you can make low frequency measure-
ments with all the precision and sta-
bility associated with audio frequency
work. This great new -hp- oscillator
blankets the low-frequency spectrum
from ¥ to 1000 cps. Throughout this
range it provides better wave form,
higher stability and greater measur-
ing accuracy than any comparable in-

SPECIFICATIONS
FREQUENCY RANGE: !/; cps to 1000 cps in
4 ranges
Range Frequency
A Ya-1cps
X4 1-10cps
X0 10 - 100 cps
X100 100 - 1000 cps

FREQUENCY DIAL: &' diameter. Reads di-
rectly in cps for two lower ranges. Dial is
back of panel, illuminated, and is con-
trolled by direct drive as well 33 a & to
| vernier.

ACCURACY OF CALIBRATIONS: 2%

FREQUENCY STABILITY: +5% under normal
temperature conditions (including warm-
up drift). Less than + 1% for power volt-
age changes of +10%.

OUTPUT: 10 volts into a 1000 ohm resistive
Joad over the entire frequency range. In-
ternal impedance approsimately 25 ohms
at 10 cps.

FREQUENCY RESPONSE: + | db 10-1000 cps

“+2 db 11000 cps

DISTORTION: Less than 1% total distortion

1 cps to 1000 cps.

HUM VOLTAGE: Less than 0.1%, of rated out-
put voltage.

PROCEEDINGS OF THE I.R.E. August, 1947

strument ever manufactured for in-
dustrial, field or laboratory use.

Compact, sturdy, easy-to-operate,
this-b p-202B spans the low-frequency
band in 4 ranges. Frequency is read on
a large, illuminated dial, which is con-
trolled by a direct or a 6 10 1 vernier
drive. Frequency stability is within
+5%, including initial warm-up
drift. Qutput is 10 volts maximum
into a 1000 ohm resistive load.

The rugged practicality, low cost
and unusual versatility of this brand
new -hp- oscillator make it an essen-
tial instrument for any operation in-
volving low frequency work. The -hp-
202B is ready for early shipment.
Write or wire for full information.

HEWLETT-PACKARD COMPANY

1470D Page Mill Rood « Palo Alto, California

Noise and Distortion Analyzers
Audio Frequency Oscillators
Amplifiers

Power Supplies
Square Wove Generators

This -hp- 202B gives

maximum speed and

accuracy for these
important tests

Vibration or stability
characteristics of
mechanical systems

Electrical simulation of
mechanical phenomena

Electro-cardiograph and
electro-encephalograph
performance

Vibration checks of aircraft
structural components

Checking geophysical
prospecting equipment

Response of
seismographs

Wave Analyzers
Avudio Signal Generators
UHF Signal Generators
Frequency Standards

1470

Frequency Meters
Vacvum Tube Voltmeters
Attenuators
Electronic Tachometers

7A




CHECK these SPECIFICATIONS

Yhese data explain the outstanding perforinance of

Tobe™ Oil-Mites” . . . demonstrate their qualifica-
tions for use under extreme humidity and temperature
environment . . . show the diversity of mounting pro-
visions, sizcs, housings, and electrical ratings for
convenient incorporation in electronic and electrical
apparatus.

Winding: non-inductive
Impregnation: mineral oil

Case: seamless drawn steel, hermetically sealed; non-magnetic
case (copper or brass) can be furnished.

Terminals: non-removable tinned copper solder lugs riveted to
phenolic bushings.

Terminal Seal: oilproof gaskets between all adjacent surfaces
in terminal assembly; terminal solder-sealed to assernbly
rivets; metal-to-glass-sealed terminals can be furnished if
pecified

Case Finush: tinned all over.

Markings: type nmnber, voltage and capacitance rating, and
terminal identification ink-stamped on case.

Insulation Resistance: never less than 2,000 megohims.
Dissipation Factor: less than 0.008 at 1,000 cycles.
Operaling Temperalure: minus 55C to plus 85C.

With Attached Channel Bracket

MFD
Case A Case B Case C Case D

— 4.0 " .01 —10
—_ — |91 —.a25 2x.052x.1
2 x.05 2x.1

2.0 .01 — .50
2x.052x.1

.05 50 1.0 01 — 01 — .25

With Reversible Hold-Down Bracket

voC MFD

Case E Case F Cose G ¥ Case H

100 — 01 —10 4.0

200 — 01 —.25 2 x.05 2x.1 o

2x.052x.) TR
400 = 01 — 5
600 .01 — 1. 2x .05 2x.1|

1000 - .01 4 01 —.25 |.05—10

2.0

Uniformity of size adds to the convenience afforded by “Oil
Mites,” allowing gang installation above or below the chassis.
Both upright and inverted mounting can be furnished, as
illustrated.  Where necessary, variation can
be made in style and position of terminal lugs.

Reprints of this specification page are avail-
able and will be sent on request. For detailed
data on “Oil-Mites" and other Tobe Capaci-
tors ask for Catalog 477.RE

PROCEEDINGS OF THE I.R.E. August, 1947
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Raytheon equipment in
stalled includes: RM 10
Monitoring Ampli. ier:
RL-10 Limiting Amplifier;
RC-10 Studio Console:
R9 1000 Watt AM Trans-
mitter.

ano Vore Power o You! |

Every day for twelve consecutive months New
Britain’s WKNB has been operating on the Raytheon
equipment shown. Owner and engineers now know
from experience that Raytheon is truly “the finest
in broadcast equipment.” Result: When WKNB is

Meet Chris Brauneck ...

Here's the chap who helped select
and procure the Raytheon equip-
ment and associated items for
WKNB .. . . and, incidentally for
many other New England stations.
He is typical of the high type Ray
theon representatives who are ready
to work with you:

CHRISTIAN BRAUNECK
1020 Commonwealth Ave.
Boston, Massachusetts
Tel. Aspinwall 6734

HENRY J. GEIST

60 East Forty -Second Street
New York 17, New York
Tel. Murray Hill 2-7440

W. B. TAYLOR
Signal Mountoin

COZZENS & FARMER
7475 North Rogers Avenue
Chicago 26, Nlinois

Tel. Ambassador 0712

HOWARD D. CRISSEY
414 West Tenth Street

ready to use *more power, they will buy their equip-
ment from Raytheon!

Users the country over are enthusiastic about the
high fidelity, servicing accessibility and low-cost
maintenance of Raytheon AM and FM broadcast
equipment. They find it greatly facilitates setting up
programs, with operation so simple and logical that
errors are cut to a minimum.

Get the facts before you buy. Write for illustrated
bulletins and technical data on the complete line of
Raytheon Speech Input Equipment and AM and FM
Transmitters ranging from 250 to 10,000 watts.

Chattanooga, Tennessee
Tel. 8-2487

ADRIAN VAN SANTEN
Fifth and Spring Streets
Seattle, W ashington

Tel. Eliot 6175

Dallas 8, Texas
Tel. Yale 2-1904

EMILE J. ROME

215 West Seventh Street
Los Angeles, California
Tel. Tucker 7114

R R R R R RRRRRRNAREESRRRAR R ESESSrRSSwwwwwww

Excellonce in Eleclronics

RAYTHEON MANUFACTURING COMPANY
COMMERCIAL PRODUCTS DIVISION
WALTHAM 34, MASSACHUSETTS

industrial and Commercial Electronic Equipment, Broadcast Equipment,
Tubes and Accessories

Sales offices : Boston, Chattanooga, Chicago,
Dallas, Los Angeles, New York, Seattle
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PERMANENT
MAGNETS

ARNOLD

Specialists and

Leaders in the Ay

Design,
Engineerin
and !
Man’ufﬁcture
of

Arnold’s business is permanent magnets, exclusively—
a field to which we have contributed much of the
pioneering and development, and in which we have
set peak standards for quality and uniformity of
product.

Our service to users of permanent magnets starts at
the design level and carries on to finish-ground and
tested units, ready for your installation. It embraces
all Alnico grades and other types of permanent magnet
materials—any size or shape—and any magnetic or
mechanical requirement, no matter how exacting.

Let us show you the latest developments in perman-
ent magnets, and how Arnold products can step up
efficiency and reduce costs in your magnet applica-
tions. Call for an Arnold engineer, or check with any
Allegheny Ludlum representative.

s e e i —

PNGINFFRING 00
4 g 1y 8¢ \

[ Subsidicry' of 7 ' i
| ALLEGHENY LUDLUM STEEL CORPORATION
" 147 Eost Ontario Street, Chicago 11, Mlinois

| + anor?,
|  Specialists ond Leaders in the Design
i Engineering and Manufacture of PERMANENT MAGNETS

—— . L SSRE_ I e -l

wao 1100
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Life rocks (sides) and vollage distribution pohels (rear) .ot Hyhon‘i
Newburypar! plant. Up to 2880 tvbes can be life-tested simultanecusly.

TO GIVE YOU TUBES THAT LIVE LONGER

Tubes are like folks. Some live longer than others. That is why you
are protected by your Hytron service guarantee. More important to
you, statistical information amassed by continual life testing provides
Hytron engineers with the means to control and extend the life of
the average tube.

Of necessity, life tests are limited samplings. An adequate number of
tubes from each day’s production are plugged into life racks. Positive
potentials are patched in from distribution panels. The life racks
themselves supply other potentials. Time meters count the hours of
operation, Cycling controls permit adjustable intermittent tests. Repe-
titive, paralleled circuits, such as those diagramed, simulate worst-
possible maximum operating conditions.

Tubes run to predetermined life test end points — adequate to control
deterioration of characteristics during normal life. At frequent inter-
vals, engineers check important characteristics like transconductance,
gas current, and power output. Special dynamic life tests help deter-
mine ratings and overload capabilities of newly developed tubes. For
example, the 5516 was life-tested intermittently and continuously at
160 mc.

Life will vary from tube to tube. But such careful, persistent check-
ing makes it much easier to assure you of uniform Hytron tubes
which live longer.

STATIC LIFE TEST — 6SK7GT

e,

R

100K
~

24

)(L’)

25 En  Em Gnd Ecz  Eb |
b

e ——

Stotic class A amplifier with fixed bios,
maximum operating potentials, and
heater-cathade potential to test break-
down of h/k insulatian.

DYNAMIC LIFE TEST—2E30

——— -

Dynamic closs C amplifier with grid leak
bias and maximum aperating patentials
Note rms voltage In series with ractified
d-c grid potential.

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

N ==

e T
v

T e — Ph ‘ v.‘..'». ;‘ ’_':
MAIN OFFICE: SALEM,

R VB
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i Dry Electrolytic
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NDABLE *
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Motor Starting
Paper Dielectric
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Meg-O-Max SPRAGUE ELE
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SYLVANIA
RESEARCH NEWS

1947

AUGUST Prepared by SYLVANIA ELECTRIC PRODUCTS INC., Bayside, L. I.

ELABORATE SYLVANIA-DESIGNED APPARATUS AIDS IN
RESEARCH OF RADIO TUBE WIRE THINNER THAN A HAIR

B 7| DI - 4¢”
s Oy 1 =>4

a
gl L
¢4

|
A

. L

L ‘l : | Z |
\ ) \ V2
N l \

J

This High Temperature Vacuum Creep equipment
specially designed by Sylvania Metallurgical Re-
search Laboratories—is one of the many develop-
ments Sylvania uses to insure the manufacture of
radio tubes of unsurpassed quality.

It accommodates four specimens—suspended and
weighted—which can be electrically heated in vacuum

or gases, simulating actual tube conditions. Built-in

micrometers at hase of furnace chamber accurately
measure the elongation or stretch of various alloy
wires, under different temperatures and tensions.

Technician is examining Pirani Gage used to
measure furnace vacuum—enabling testing finer-
than-hair wire at various degrees of vacuum, as well.
Sylvania Electric Products Inc., 500 Fifth Avenue,
New York 18, N. Y.

SYLVANIA¥W ELECTRIC

MAKERS OF RADIO TUBES: CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES. WIRING DEVICES; ELECTRIC LIGHT BULBS

PROCEEDINGS OF THE IL.RE. August, 1947 13a




XLA

A Jow-loms sacket for
the 6F4 and 950 ieries
acarn tubes for frequen.
cles a1 high a1 600 mec.
By-pass candeniers may
be campactly mauvnted
between cantact terminals
and chomis. Llow cantact
rosistance, short and direct
leads, and low and canstant
Inductance aro features.
Net Price.

XLA-S
An internal shield fitting the XLA jacket
and sultable for tubes such as the 956.
Net Price........ $ .36

HX-29
A low-lait wafer sacket with steatite
insvlation for the papulor 829 and 832
tubes. Net Price.. .$1.20

JX-51
A low-lass wafer socket far the 813
and other tubcs hoving the Giont
7.pin base. Net Price. $ .81

HX-1008
A law-loss wafer sacke! suitoble far the type 4-125.A, 4-250.A and
ather tubes using the Glant 5.pin base. Shield gravnding clips are
supplied. Alr hales are provided
for farced air coaling.

HX-100S (with standaff
insulotors),
Net Price $2.55

HX-100 [without
standoff in-
svlatars).

Not Price

$1.98

A TUBE 1S NO BETTER THAN

«dUGHET.. ...

The most expensive tube available will fail to
function properly if the socket it fits in is not made
correctly,

That's why National sockets have come to be so
widely used by hams, engineers and manufacturers
in constructing new equipment.

When you use a National socket, you know from
experience that it will grip the tube perfectly and
will stand up under heavy duty.

Send today for your copy of the 1947 National
catalog, containing over 600 parts.

National

Company, Inc.
Dept. No. 12
Malden, Mass.

LIFETIME

Type AR-16 (Alr-Spaced)
Exciter Colls and Forms
These oir-spaced cails are svitable far use
in stages where the plate input daes not
exceed 50 walts and are available for
the 6, 10, 20, 40 and 80 meter bands.
All have separate link cavpling cails
aond oll include the P8-16 Plvg, which
fits the X8.16 Sacket.
AR-16, Cails, End Link, Center Link
or Swinging Llink. Net Price....$1.15
(Include PB-16 Plug)

P8-16, Plug-in Base Only.

Net Price.. .8 .27

XB-16, Plug-ln Sacket Only. . .
Net Price..............o.ooe. $ .33 Exciter coil on

Type TMK Transmitting Condenser TMK condenser

—An ideal candenser far exciters and
low pawer transmitters. Available In single
and dauble statar madels. Far panels or

ttand-off maunting. Steatite insulotian. Not Price. .Fram $2.30 ta $5.11

RADIO EQUIPMENT
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. INNLE OR PRIMARY DIAL
o ihowt ‘sremt anguie posithun of 1iide
remteg® bor soch srovobutien . . . b
for sand vorn of e Bulie

unit so compact It requires o panel spoce only 2

The ptoeial peemils extremely
ecrurate vemiee sdjustment of driven
controls and, when used with hell
cally-wound devices such as the Reek
man Helipot, it registees both the
sngular pasition of the slidee contact
on any given helix and the position
of the slider along the helical wind-
ing. The ptoviar is so designed that

as the primary dial is rotated
through ecach complete revolution
the secondary disl moves one divi
sion on its seale

Thus the secondary dial counts
the number of complete revolutions

or, when used with helical poten
tiometery, it indicates the helical turn
on which the slider contact rests.

weasantre e

convenience ond versatility

.
.

-
OUTIR Ot 1ICONDARY DiAL
ol ! o e roeoloties s

o Lo, @ town o
ec e
- G bited enill ws wheed Juder B
oo ¢ end

Provides up to 4000 scale divisions

Requires only 2°' diometer spoace

Hll,l"'l A DIAL development entwely mew In operating simpliaty

1ty the Bechman DUOOIAL

o multi-turn retationol-indicoting unid consisting of o prmary knob-

\lthough developed originally
for use with the wellhnown Helipot
Potentiometer, the sy om L is eeadily
sdaplable to other

deviees of similar nstuee, a¢ well ae

helicall yowound

1o many conventionsl geardriven con
trols mhere extra dlal length 1o desiced
withont wasting panel spacy. lts rom
ty
sdvantage of peoviding sn sccuraste
rotstional indicstion (rem a minute

pactnese and aimpli and unique

fraction of a turn through as many ae
40 (ull turne
valuable for many applicutions where

make the ptoosL in

maximum dial aecurscy is essential

Complete information on the bt ool
can be secured (rom your nesrest Heli
pol representative .. or write direct.

THE HELIPOT CORPORATION

1011 MISSION ST

Asgust, 1947

SOUTH PASADENA 6 CALIFORNIA

diol geared 1o o concentric turns-indicotng secondory diol

and the entire

Iin diometer.

IMPORTANY DUODIAL FEATURES
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RCA Radar - enables ships to see through

With shipboard radar, (]eve|0ped and
produced by engineers of the Radioma-
rine Corporation of America—a service
of RCA—a pilot watches a viewing
screen (similar to a television screen)
that shows a clear maplike picture of
the area under observation,

With this radar picture he can safely
pass through heavy fogs that would
ordinarily force the most experienced
pilots to anchor, sometimes for days at
a time.

The same research at RCA Labora-
tories that contributed to the aclhieve-
ment of radar—is constantly applicd
to all RCA products and services to

=

16a

keep them at the top in their fields. And
when you buy an RCA Victor radio
television receiver, Vietrola radio-
phonograph, phonograph record or
radio tube, you know vou are getting
one of the finest products of its kind
science has achieved. vicuos” 1.4 keg us. Pat. ot

A cordial invitation is extended to you
to visit the new RCA Exhibition Hall,
36 W. 49 St., Radio City, New York,
open daily and Sunday—free admission.
Radio Corporation of America, RCA Building,

Radio City, New York 20. Listen to the RCA
Victor Show, Sundays, 2:00 PM., Eastern

Daylight Saving Time, over the NBC network

-

PROCEEDINGS OF THE I.RE

Commercial shipping on the high seas and inland wateriways is now freed by radar from delays caused by bad weather

fog
darkness
sforms

A twelve-inch screen reveals oh-
jects as close as 80 yards—or as far
away as 50 miles! Ultra high-fre
quency radio beams detect the
objects and picture them on the
screen. For details, write to Radio-
marine Corporation of America
75 Varick St., New York N. Y.

RADIO CORPORATION of AMERICA

August, 1947
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.+« O comparative idleness

Efﬁciecy Keeps at Peak!

Check These Features
'/ Self-healing rectifving film
’/ Durable all-metal

construction
Small size, light weight
No moving parts to wear out

Resists harmful atmospherie
conditions

Output unaffected by
. . Y
leluper itures N "

P 7 3

Maximunm overload range

M

A S N N A 3

Constant out-
put during
rectifier life

Low cost of
operation

STATIONARY

*Rectostarter is th, registerod trademark of
P.R. Mallory & Co., Ine., Jor rectifiers for

usen starting internal combustion Phgines

18a

BATTERY CHARGERS AND

When you use a Mallory magnesium copper sulphide
rectifier, it makes no difference whether you operate it
continuously, intermittently or only occasionally. Output
remains constant in any case!

Mallory rectifiers—toughest of their kind—are so cor

structed that they need no “rest” 1o run efhciently. Not
does this characteristic change after long periods of service.

Mallory magnesium copper sulphide rectifiers give you the
output vou want, when vou want jt with staying qualities
that are unequalled anywhere. Uniform output throughout
life eliminates additional leads. terminal connections or
aging taps.

Another reason why Mallory magnesium copper sulphide
rectihiers outsell all other dyy disc rectifiers for low-voltage,
high current applications. See your Mallory distributor for
details. Or write us today.

MCSR’s ARE THE WORLD'S TOUGHEST RECTIFIERS

P.R.MALLORY & CO. inc.

ALLORY

MAGNESIUM COPPER

RECTIFIERS

SULPHIDE RECTIFIERS —
AND PORTABLE D.C. POWER SUPPLIES —
AVIATION RECTOSTARTERS*

*Reg. U. S Pal, ORF

P. R. MALLORY & €o., Inc., INDIANAPOLIS 6, INDIANA

PROCEEDINGS OF THE IL.RE

August, 1947




SlMULTANEOUS TRANSMlSSION

Simultaneous Transmission on several frequen-
cies brings new flexibility and operoﬁonol
ease. Three operators ¢an use the transmitter
ot one time, thus increasing by 3 times the

volume of traffic normally handled.

EASY MAlNTENANCE

Every major component is instantly removable

by means of plugs and receptacles, providing

complete accessibility ond eosy maintenance.

COMPACT CONSTRUCTlON

Housed in O single seel cabinet, the rectifier,
modulator, remote control equipment, ond 4
fronsmitting channels combine 1o moke the
most compact multi-frequency transmitter in

the 400-wolt field.

T Y

L“ 7(/,4“{017@“64‘““9
! TOMORROW'S TRANSMITTER TODAY wu_cnx EI-EC
sryArd

Kansas City 1, Missouri
i

-“ -

4
(2 e
2
v‘_g:.fi ~
T

L ‘n.:-'r’.!:

wed
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RELAYS

for Electronic Circuits

BULLETIN 700 UNIVERSAL RELAYS are a new and important
addition to the standard line of Allen-Bradley solenoid relays with
a 10-ampere rating. These universal relays have two banks of con-
tacts which permit quick and easy changes from
NORMALLY OPEN TO NORMALLY CLOSED contacts
...or vice versa...merely by shifting terminal con-
nections. (See diagrams at left.) They are ideal for
electronic applications in which circuit connections
must be interchangeable to meet varied operating
conditions. Available in 2, 4, 6, and 8 poles, with
double break, silver alloy contacts which need no

= ) maintenance. There are no pins, pivots, bearings, or hinges to bind

B 'y})lt u/ or stick. Hence, these relays are good for millions of trouble-free
= operations in electronic service, Send for bulletin, today.

Conlacl Connections

o\ T2 \.'.. (-:'
Lol 8 M

—‘J--’:‘H‘f

Change from
NORMALLY-OPEN Contedts 1o
NORMALLY-CLOSED Contedts
by Simply SAifring Connecrions

Dimensions

3% inx3in x3%in X

Reloy with 22 OTHER ALLEN-BRADLEY RELAYS & CONTACTORS

4 NORMALLY-OPEN 22

0 NORMALLY-CLOSED2]® BULLETIN 810 BULLETIN 702

CoNTACTS, 28 TIMING RELAYS SOLENOID
are ideal for any CONTAC-

Relay with service requiring TORS for

3 NORMALLY-0PEN &[S an adjustable heavy duty

1 NORMALLY-CLOSED {2
CONTACTS

delayed action ratings up to

relay. Have normally open or 300 amperes.

normally closed contacts. Arranged for

Relay with Magnetic solenoid core s 2- or 3-wire

restrained from rising by the remote con-

2 NORMALLY-OPEN
2 NORMALLY- CLOSED 2{S°
ole

CONTACTS

piston in oil dash-pot. Adjust-
able valve in piston regulates
time required to pull piston
through oil-seal and trip the
contacts, which open or close

CONTACTS with quick, snap action. Ideal

Relay with
0 NORMALLY-OPEN
4 NORMALLY-CLOSED

Relay with
1 NORMALLY-OPEN
3 NORMALLY- CLOSED
e|e
for transmitter plate voltage
control.

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

CONTACTS

ALLE

BRADLEY

trol with push buttons or auto-
matic pilot devices.

Enclosing cabinets for all
Double
break, silver alloy contacts

service conditions.

require no maintenance,
Solenoid mechanism is simple
and trouble-free.

Alien-Bradley Universal
Relay in standard pressed
steel enclosure.

-
RESISTORS N RELAYS
>
?QUQUW;\
20A PR \ P R Augnust, 1947
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THE NEW 1947

TZ:Z;II RSO

g

ELECTRONIC DISTRIBUTOR & INDUSTRIAL SALES DEPT.
MAGUIRE INDUSTRIES INC., 936 N. MICHIGAN AVE., CHICAGO 11, ILL.

PLEASE SEND MY FREE COPY OF THE NEW 1947

T “ n n n n n s o “ THORDARSON CATALOG, POSTPAID, TO THE ADDRESS BELOW. ®

NAME_

ELECTRONIC DISTRIBUTOR & -
STREE
INDUSTRIAL SALES DEPARTMENT !

MAGUIRE -
|N_DUSTR|ES,|NC.. g g 5
936 N. MICHIGAN AVENUE, CHICAGO 11, ILLINOIS

® criry_

EXPORT: SCHEEL INTERNATIONAL, INCORPORATED
4237 N. LINCOLN AVENUE, CHICAGO 18, ILLINOIS, CABLE HARSCHEEL.

— e

PROCEEDINGS OF THE I.R.E. August, 1947 21A




v

e

o

Turn your special instrument.

problem-over to Marion’s

-

* INSTRUMENT IMPROVISATION new SHORT RUN SHOP

‘for a fast, economical, precise solution

& you can get the improved performance possible only with cuslom-engineered

electrical indicating instruments, at moderate cost . . - without having to buy in
o production quantities! Marion’s highly specialized facilities can help you to
improve your product’s performance and sales appeal
HERE'S HOW MARION CAN ( %ﬂ 5 Cisan
OFFER YOU THIS SERVICE. .. HOW THE SHogy
/ RUN pp
We have opened our SHORT RUN S110P f OGraM WORKs ,
for the production of special instrunents to Just fiy
R TP by o ] 4 & n our sil .
xnget your Spe(’lfl(,dthl'lS pxeumon-'})m]t RUNbPGCiﬁCation O nple "_HOR'I‘
units that you can buyv in sample lots with a return ¢ ¢, us €Stionnyire and
minimum of red tape, Jobber o direct W}u;,' Hrough you,
9 9 | ~ n
If you've been der eloping instruments ;V'” send yoy 4 quotation[wo days we
g g . o ver W N
with special charaeteristics I vour own ce,‘ilzg" lime of ty, Weeks aft;mm o
. ey " we g
workshop or laborator vou’ll appreciate the 'ho:};;);“ order, jg will be Shippe(e] e
3 . . . - § S A
Savings In time, monev and materials that ment  pq ,vsom g ”ORPRUN insty
; ; .
our modern, completely equipped SHOR'T Quantiy; {ec:ﬁed for Product
: ) 0 LES, We wil) Lo . octon y
RUN SHOP can achieve foy vou. And vou’ll fulfil] yq,, requiren " a position ¢,
3 g B 3 - & | 1
enjoy working with fine preeision instru “(’1 our regyla, Plodu:;:ts t low ¢cost
nments developed by one of the nation’s additiony) det o plant. o, |

leadin manufacturers of o 1eal  indi AN,
g lectrical indi the Ma o, SHOB a1 for copies of

cating instruments. Your Marion specials tion Questioy, OkT RUN Specificy.
will give the utnost in satisfaction, service or write d“‘ecna:.re CeYour jobley __
and value . . . the same high standard of per- Catalog v alsb b PV of the Mariop
formance that has identified the regular line 1t upon requesy.

of Marion instruments for vears,

M MARION ELECTRICAL INSTRUMENT CO. (,
8

MANCHESTER, NEW HAMPSHIRE

EXPORT OIVISION 458 DROAOWAY NEW YORK 13, vu. s. a. CABLES: MORHANEX

IN CcaNaoa THE ASTRAL ELECTRIC CoOmMPANY SCARBORO BLUFFS, ONTARIQ
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A BILLION ORDERS A DAY

In a large modern telephonc office
2,000,000 switch contacts await the orders
of your dial to clear a path for your voice.

They open and close a billion times a day.

At first, contacts werc of platinum—highly
resistant to heat and corrosion but costly.
Years ago, Bell Laboratorics scicntists began
looking clscwhere, explored the contact
properties of other precious mctals — gold,
silver, palladium and their alloys—and with
the Western Electric Company, manufac-
turing unit of the Bell System, restudied

shape, sizc and mcthod of attachment.

Outcomc of this long re-
scarch is a bar-shaped con-
tact welded to the switch Q
and positioned at right angles to its mate.

For most applications, an inexpensive basc

is capped with precious metal

Savings from these contacts help keep
down the cost of telephone service. This is
but one example of how Bell Laboratorics

serve the public through your Bell Tele-
An engineer examines contucts in o crosshar office.

Horizontul hars seen in the crosshar switches select

contacts which are then operaled hy vertical hars to phonc Con]pany'

estublish tulking paths hetween subscribers.

BELL TELEPHONE LABORATORIES

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE




J0kw.FM..

High Band FM Comes Of Age..

Here’s How It Is Done . . #

IPA IPA PA
MODULATOR - 50w 4 EIMAC 4X500A’s 3w EIMAC 3X2500A3'¢ L 12kwd EIMAC 3X12500A3' L 50kw -~
3 kw 12 kw 50kw

—w

OPERATING CONDITIONS
(Two Tubes)

D-C Plate Voltage - . . . . 4000 volts
D-C Plate Current . . - - 14.4 amperes
D-C Grig Voltage - - . . . _420 volts
D-C Grid Current . . . . 1.9 amperes

Driving Power (Approx ) - - 12 kilowatts

Plate Dissipation (total) 15.4 kilowatts

Plate Power Input .« = 87.6 kilowatts

- Useful Power Output < - 54.4 kilowatts
Above. Four Eimac 4X500A tetrodes in

Apparent Efficiency 5 & 94 per cent
push-pull parallel raise the power level

from 50 watts 1o 3 kilowatts

Right. A pair of Eimac 3IX2500A3 tri.
odes in a grounded-grid circuit provide
12 kilowatts of driving power for the
final amplifier.

24A

'"Actual  power delivered to water.-cooled
load Amplifier outpyt estimated to be 3
kw higher, due to resistance and radiation
losses between amplifier and load

PROCEEDINGS oF THE I R.E August, 1947
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ON THE AIR

. with Eimac Tubes,

When KSBR put the first 50-KW high-band FM trans-
mitter on the air Eimac tubes were in every important
socket. This was only natural, as Eimac tubes have been
associated with every FM transmitter development, in-
cluding the original historic 1935 demonstration before
the IRE.

KSBR’s 50-KW amplifier was designed and built by
Eimac to demonstrate the capabilities of the new Eimac
3X12500A3 multi-unit air cooled triode. A pair of these
new triodes in a grounded-grid circuit easily delivers 50-
KW at high-band FM frequencies, with power to spare.
Performance of this sort is made possible by sound vac-
uum-tube engineering. Because of its unique multi-
unit design, the 3X12500A3 combines high power capa-
bility with close electrode spacing and low lead induc-
tance, thus making it possible to produce high power at
VHF with low plate voltage and high over-all efficiency.
These same features make the 3X12500A3 an outstand-
ing performer at low frequencies.

Data on the 3X12500A3 and the 50-KW amplifier are
available. Write to

EITEL-McCULLOUGH, INC,

176 San Mateo Ave., San Bruno, California

g
LN

Al
)

¥

> A

J

The final amplifier at KSBR—the amplifier
that made FM history—consists of little more
than two Eimac 3X12500A3 triodes and a pair
of shielded, low-loss tank circuits.

~ The unit is extremely compact considering
its power capabilities. Width 36"; Height
70", Depth 25",

PROCEEDINGS OF THE LR.E. August, 1947

Of Course...

TYPE 3X12500A3
ELECTRICAL CHARACTERISTICS

Filament: Thoriated tungsten

Voltage =« = = = = = = - - = - . s = s e 75 v

Current - =+ = = s = = & = - & - & e = - = 192 amp.
Amplification Factor {Aver) - - - - - - = = - = 20
Direct Interelectrode Capacitances (Av.)

Grid-Plate o = © @ = o & - = & @ w o= & @ 95 uuf.

Grid-Filament « - - - - - - . - - - . - - - 240 putd.

Plate-Filament - - - « « - - « - - - - - - S wufd.

Transconductance (e, = 3000 v, i, = 4a)

PRICE $700

TYPE 3X2500A3
ELECTRICAL CHARACTERISTICS

Filament: Thoriated tungsten

Voltage =« « =« - - « = « = = o & o - o - 75 v
Curtént £ & 4 o & o @ @@ & @ v o WD " 48 amp.
Amplification Factor (Av.) - - =« = - - - - « = = 20
Direct Interelectrode Capacitances (Av.)
Grid-Plate = & o @ % wiw @ o o & ria o.3 20 wf.
Grid-Filament « = - o @ & @ = o & s & '® ® @ 48 uuf
Plate-Filament - - - = « =« o = - - <« o o = 1.2 upf.
Transconductance (i =830 ma, E;=3000 v) - - - - - 20,000 umhos
PRICE $165
TYPE 4X500A
ELECTRICAL CHARACTERISTICS
Filament: Thoriated tungsten
Voltage = - = « = = = = - = = = o = o = §0 v
Cutrent = = = =+ = = = < - = + = = = = ° = 13.5 amp
Screen-qrid amplification (Av.) - - « < - < = = - 6.2
Direct Interelectrode Capacitances {Av.)
Grid-Plate, » » = & = = @ & '@ & @ @ ® eow 0.05 wuf.
1Nput « = =« @ o - = & a = - - - & & 2 = 12.8 wpf
Output = o = o = = = = o = = o o o & & 5.6 puf.
Transconductance (i, =200 ma., E = 2500 v, E_.=500 v) - §200 umhos

PRICE $85

Follow the Leade;'s to

ot?
5.4

The Power of FM
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Range A 20 to 75 ppfds
Range B 50 to 160 ppfds

AND AT A LOWER COST!

Automatic has applied the advanced
techniques used in the K-TRAN to ¢
plastic base dual trimmer for use in con-
ventional I.F. Transformers.

Easier to use, better for drift, and lower
in price, it is dimensionally interchange-
able with the old ceramic trimmers.

It is made in two materials, Type L 64

for use up to 65° C and type L74 yup
to 90° C.

: \
)

UIOWMATIC

MANUFACT l’//?//VG'

9 00

PASSAIC AvVE.

The modern
Standardized I.F
Better, smaller,
cheaper to use.
Design your chassis
fo use it. 262 KC,
455 KC, 10.7 mc.

B RN

EAST NEWARK, N,

MASS PRODUCTION colLs g MICA TRIMMER CONDENSERS
B e e 2 T



Avutomotic Tuning. The Collins Type 496E Autotune is an
automatic repositioning mechanism designed specifically for
tuning quality-built home radio receivers and for control of
industrial equipment. Its guaranteed accuracy is one part in
36,000. Age, use, wear, and normal changes in operating con-
ditions do not affect its precision or reliability.

The 496E is a commercial adaptation of the Collins Auto-
tune system originated and patented more than a decade
ago. The Autotune reached a high state of development dur-
ing the war years and was a major contribution to the reli-
ability of thousands of military radio communication equip-
ments designed and built by Collins.

Remote Control. The 496E provides ten automatically reset
positions and one position for unlimited manual adjustment
of a rotating shaft. Each reset position is independently ad-
justable to any setting within the full range of ten revolu-
tions of the shaft. Initial settings and desired changes can be

P E‘
BETTER INDUSTRIAL CONTROLS BY... __——_-—_-ﬁ' e
e

performed by unskilled personnel. No tools are required.
Control is by means of push-buttons or a tap switch located
either at the unit or at any remote position. Only electrical
connections are necessary between the 496E and its con-
trol unit.

Easy to Use. The operating time is a maximum of six sec-
onds. Reset accuracy is 0.1 degree. This Autotune can be
built for operation from any a-c or d-c source. Power con-
sumption is very low. Installation is simple, requiring a sin-
gle shaft coupler for connecting the Autotune to the posi-
tioned shaft.
* * *

We will be pleased to furnish engineering services to aid
you in applying the Autotune to your needs. Engineering
models of special designs are available at reasonable cost.
Write us for further information.

COLLINS RADIO COMPANY, Cedar Rapids, lowa

i 11 West 42nd Street, New York 18, N. Y.

PROCEEDINGS OF THE I.RE, August, 1947

458 South Spring Street, Los Angeles 13, California
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OFFICE OF AIRCRAFT AND ELECTRONICS DISPDSAL

WAR ASSETS ADMINISTRATION

Offices located at: Atlanta « Birmingham « Baston « Charlotte Chicago « Cincinnati

MANUFACTURERS
JOBBERS
WHOLESALERS

The War Assets Administration, through its network
of Approved Distributors, is offering electronic tubes,
devices and equipment which were declared surplus
by the Armed Forces. Take advantage of this great
opportunity to fill your present and future needs at
fraction-of-cost prices. Most inventories still permit
wide selection.

Purchasing of this equipment has been simplified
to a high degree. The WAA Approved Distributors
listed at right were appointed on a basis of their
ability to serve you intelligently and efficiently. Write,
'phone or visit your nearest Approved Distributor for
information concerning inventories, prices and de-
livery arrangements. You'll find you can “'Save with
Surplus.”

Cleveland « Dallas « Denver « Detrait » Fart Worth « Helena « Houston « Jacksonville
Kansas City, Mo. « Little Rock « Los Angeles « Louisville « Minneapalis « Nashville
New Orleans « New York « Omaha e Philadelphia « Partland, Ore, o Richmand
St.Lowis o SaltLakeClty o SanAntonio « SanFrancisco « Sealtle's Spokane « Tulsa

28a
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BOSTON, MASS.

Avutomotic Rodio Mfg. Co.,
tne.
122 Brookline Ave.

Technicol Apporotus Co.
165 Woshington St.

BUCHANAN, MICH.

Electro-Voice, Inc.
Carroll & Cecil Sts.

CANTON, MASS.

Tobe Deutschmonn Corp.
863 Washington St.

CHICAGO, ILL.

Americon Condenser Co.
4410 N. Rovenswood
Ave.

Belmont Rodio Corp.
3633 5. Rocine Ave

EMPORIUM, PENNA

Sylvanio Electric Products
ne.

FORT WAYNE, IND.

Essox Wire Corp.
1601 Woll sy,

HOUSTON, TExAS
Novigotion nstrument Co.,
Inc

P.O. Box 7001
Heights Stotion

LOS ANGELES, cayr

Cole Instrumeont Co
1320 S. Grand Ave

Hoffmon Rodio Corp.
3761 5. Mill sy,

NEWARK, N. J.

Notional Union Radio Corp.
$7 State St.

Standard Arcturys Corp
99 Sussex Ave,

Tung-Sol Lamp Works, Inc.
95—~8th Ave.

PROCEED!

NEW ORLEANS, LA.

Southern Electronic Co.
$12 St. Chorles St.

NEW YORK, N. Y.

Corr Industries, Inc.
1269 Atlontic Ave.,
B'klyn

Electronic Corp. of Americo
3ISI W. 48th S1.

Emerson Radio &
Phonogroph Corp,
76—9th Ave,

Generol Electronics, Inc.
1819 Broodwoy

Hommorlund Mfg. Co., Inc.
460 W. 34th S1.

Johanns & Keegan Co., Inc.
62 Pearl St.

Nework Electric Co., Inc.
242 W, SSth St

Smith-Meeker Engineering
C

o.
125 Borclay St.

NORFOLK, VA,

Rodio Ports Distributing Co.
128 W. Olney Rood

ROCHESTER, N. Y.

W. & H. Aviotion Corp.
Municipol Airport

SALEM, MASS,

Hytron Rodio & Electonics
Corp.
76 LoFayette St

SCHENECTADY, N. Y

General Electric Co
Bidg. 267, 1 River Road

WASECA, MINN,

E. F. Jahnson Co
206—2nd Ave,S. W,

THE I.R.E

August, 1947



NEW ONE PIECE
OLD TERMINAL TERMINAL

S

»
'

Remrorct

BRAZED DISC

S - NNNRANRRANANRNRA AU

conductivity. A strong conical form replaces the less

desirable cylindrical form at the seal, and the lack of

brazing eliminates not only the weaker mechanical area
but also its detrimental effects on the copper and the
glass seal (b).

This new Amperex structure is stronger . . . much

stronger! Where the old pins could be distorted by ‘

side pressure, the new ones resist that pressure up to the :
3 breaking point of the glass. Not only have we added
strength where it is needed but the one-piece design has

enabled us to relocate and redesign the anode and grid
shields {c). This has reduced glass heating and resultant ‘
z i p punctures. Laboratory tests also indicate a remarkable
d | f fge r e n C e freedom from grid-filament shorts caused by thermal
¢ fatigue. Little differences, yes!—but they make the
Amperex 889R-A the tube to use when you re-tube.

AMPEREX o

re-tube with Amperex ELECTRONIC
CORPORATION ==

25 WASHINGTON STREET, BROOKLYN 1, N. Y.
In Conada and Newfoundland: Rogers Mgjestic Limited
1119 Brenicliffe Road, Leoside, Toronto, Ontario, (anada




WIATS NEW IN BRITISH RADIO. TELEVISION & ELECTRONIG

These authoritative Journals

answer this vital question

THE JOURNAL OF RADIO RESEARCH AND THE JOURNAL FOR MANUFACTURERS AND

PROGRESS FOR ENGINEERS & PHYSICISTS TECHNICIANS OF ALL GRADES
WIRELESS ENGINEER is read by research engineers, designers and
students, and is accepted internationally as a source of information for

advanced workers; its policy Is to publish only original work, The Editorial
Advisory Board includes representatives of the Natlonal Physical Labora-

WIRELESS WORLD {8 Britain's leading technical magazine in the general
fleld of radio, television and electronics. Founded over 35 years ago, it has
consistently provided a complete and accurate survey of the newest British

technique In design and manufacture. Articles of a high standard cover
tory, the British Broadcasting Corporatlion and the Engineering Department

of the General Post Office, under the Technical Editorship of Prof. G. W o. every phase of the radio and allied industries, with reviews of equipment,
Howe, D.Sc., M.1.E.E, Regular features include British patent specifications broadcast receivers and components. Theoretical articles deal with design
and abstracts and references compiled by the Radio Research Board data and circuits for every application.

WIRELESS 1
o ENGINEER - WirelessWorld

SUBSCRIPTIONS (by International Money Order) and correspondence sho
Dorset House, Stamford Street, London, S.E.1, England. Cables: “Iliffepres, Sedist, London.”
Subscriptions may also be placed with, and further details obtainable from, British Publications,

Inc., 150 East 35th Street, New York 16, N.Y
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by W. T. Cocking, M.LE.E., editor of ** Wireless ; ILl FFE
Basic Mathematics for Radio Students,” by F. M PUBLICATIONS
a particula-ly helpful new book, 11 shillings ($2.20

available from the address above, o




for a smooth performance

Svntheticsapphire wheels are unequalled
for grinding or burnishing small metal
parts to a matchless finish. Because of
uperior hardness and dimensional sta-
bility, sapphire wheels will maintain
exact wheel form, eliminating any need

for machine adjustment.

Linpe synthetic sapphire has many
other properties to recommend it to

mahers of small but vital parts:

knoop Hardness . . . . . 1,525 1o 2,000 DIUS:
Chemical Resistance . . . . All Acids Unicrystalline structure — offers no location
Compressive Strength, psi .. 300,000 for immediate wear.
Water Absorption . . . . . 0.0 Superior wear resistance.
Dielectric Constant . . . . 151t 10 Extremely low coeflicient of friction.
T'hermal Conductivity . . . 0.010

cal. sec.—! cm.—! deg. C.—!

Send for Booklet No. 3A—see how synthetic

at 300 deg. €. sapphire can help you with your problems.

oo Cpithntsn € )
Holf-boules, weighing /// vetile jf///’////

op 0 150 corots when the small part is the important part

THE LINDE AIR PRODUCTS COMPANY

UNIT OF UNION CARBIDE AND CARBON CORPORATION

30 EAST 42nd STREET « NEW YORK (7 - W.Y. [T[{f[] OFFICES IN OTHER PRINCIPAL CITIES

Rods, 0.065-in
to 0.125-in. diameler IN CANAOA: DOMINION OXYGEN COMPANY, LIMITED, TORONTO

The ward “Linde™ in o teude-tiurk | { ir I'roducia Caor ny
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THE RCA-5527 TELEVISION CAMERA TUBE

FEATURES: Low Cost « Good Resolution o Electrostatic Focus
and Deflection o Small Size « Complete Coverage of Visible

Spectrum o Simple and Inexpensive Subsidiary Equipment

The new RCA-5527 Iconoscope
is a practical application of tele-
vision to industry. Its small size.
low cost, good resolution, and
simple circuit requirements
make it equally desirable for ex-
perimental, educational, and in-
dustrial use

The RCA-5527 has a resolution
capability of approximately 250
lines. It provides a satisfactory pic-
ture with an incident light level of
500 1o 1000 foot-candles. The in
creased sensitivity has been achieved
byanimprovedechnique of process-
ing the mosaic which results in
greater transmission of light to the
photosensitive surface, the response

of which covers the entire visible
spectrum

The equipment required foropera.
ton of the RCA.5527 is relativel
simple and inexpensive. Magnetc
deflection coils are dispensed with
keystoning and shading circuits are
not required, and an inexpensive
shori-focal-length lens can he used
in the camera unit.

RCA Tube Application Engineers
are ready 10 co-operate with you in
adapting thisor any other RCA tubes
10 meet your equipment needs. For
their specialized help, as well as for
a bulletin on the RCA-5527 write
RCA, Commercial Engineering, Sec
tion R-52H Harrison, N. J

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA
TUBE DEPARTMENT

RADIO CORPORATION of AMERICA

HNARRISON, N. J.

CHARACTERISTICS

GENERAL:

Heoter Voltoge
Heater Current

Imoge Size (4 x 3 ospect rotio)

Mounting Pasition

TYPICAL OPERATION:

Signol-Electrode Voltoge

Grid-No. 4 ond Grid-No. 2 Voltoge
Grid-No. 3 Voltoge for Focus

Grid-No. | Voltoge

Max. Grid-No. | Voltoge for
Picture Cutoff

Mox Deflecting Voltoges
(Peak to Peak)

DJ3 ond D3 (Vertical)

DJ3 ond DJ4 (Horizontol)

Min. Peak-to-Peak Blonking Voltoge
Signal-Outpyt Current (Approx.

Output Resistor {Approx.)

6.3 Volts

0.6 Amp.
1.4 Diogonol
Any

800 Volts

800 Volts

125 1o 250 Volts

Adjust for best
picture )

—75 Volts

120 Volts

100 Volts

30 Volts

0.025 Microampere
| Megohm

*To scon picture of 1.4 diogonol (4 x 3 ospec! ratio)

RCA Loboratories, Princeton, N. J.
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Sir Noel Ash bridge

Vice-President— 1947

Sir Noel Ashbridge was born on December 10, 1889,
at Wanstead, Essex, England. From Forest School at
Snaresbrook, Essex, he went on to King's College, Lon-
don University, taking the degree of B.Sc. in engineering
in 1911,

The years 1911 to 1914 Sir Noel spent with Yarrow
and Company, shipbuilders, in their works and draw-
ing office; also with The British Thomson Houston
Company, gaining practical experience with heavy plant
on the test bed; and with the Lancashire Dynamo and
Motor Company, supervising the erection of plant.
From 1914 to 1919 he was with the British Army, in the
Royal Fusiliers and attached to the Royal Engineers
(Signals) in France, and later acting as an instructor on
radio communication. In 1919, on demobilization, he
returned to the Lancashire Dynamo Company. From
1920 to 1926 Sir Noel was with Marconi’s Wireless Tele-
graph Company, engaged on the experimental design of
wireless plant, and in charge of their Writtle experi-
mental station.

In 1926 he joined the British Broadcasting Corpora-
tion as assistant chief engineer, was appointed chief en-
gineer in 1929, and controller of engineering in 1935. In

1943 he became Deputy Director-General and Techni-
cal Adviser to the Board of Governors, the position he
now holds. Sir Noel has been the B.B.C.'s representa-
tive at many international Wavelength Conferences.

Sir Noel became a Fellow of The Institute of Radio
Engineers in 1938. He is a member of the Institution of
Electrical Engineers (being president in 1941-42), a
member of the Institution of Civil Engineers, and a Fel-
lox.v _of King's College, London. He was a member of the
original government television committee (1934) and
Is a member of the present television committee set up
in 1943. He is a member of the Radio Research Board,
London, and a member of the executive committees of
the National Physica] Laboratory. He was president of
tl'me Radio Industries Club, London, in 1943 and 1944.
Sir Noel became a Knight of the Royal Order of Danne-
brog (Danish) in 1934 and was created a Knight Bache-
lor (Great Britain) in 1935

The author of many technical papers in the field of
broadcast transmission, he was awarded the James Watt
Medal for “Modern Developments in Broadcasting

Trax:nsr_nission and Television,” given at the Institution
of Civil Engineers in 1937,
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LLEwis M. CLEMENT

The engineering leaders of today fully realize the importance of the human
factors involved in their professional and executive activities. While in no wise
depreciating the value of scientific and technical competence, they stress also
the less tangible but highly significant matters of coherent and co-operative |
personal and organizational planning. These points are well treated in the fol- |
lowing guest editorial by an eminent radio pioneer whoisa Fellow of the Insti- '
tute. and Director of Rescarch and Engineering of the Crosley Division of
| Avco Manufacturing Corporation.—The Edilor. ,

Importance of Proper Engineering

Organization to Industry
LEWIS M. CLEMENT

It is not too strong a statement to say that the really successful industries of tomorrow will |
grow from the foundations of sound, resourceful, and well-trained engineering organizations. !
In the last analysis, the skill and ingenuity of the research function and the ability of the prod-
uct development function to design high quality, competitive products at low cost, will deter-
mine the pace at which that company will march in competitive industry.

Proper organization is a prime requisite for a good engineering department. Establishment
of the proper organization can only be effected by careful consideration of all the functions to
be performed, the personal capabilities and potentials of the individuals selected to direct the
functions, adequate facilities and equipment, and proper working conditions.

It is important that we go beyond the tangible factors of functions and men. A successful
organization cannot be built merely with men, facilities, money, and instructions to proceed. ‘
These must be supplemented by leadership of supervision, delegation of authority to subordi-
nates, and prompt action on decisions if the organization is to develop that spontaneous co-op-
eration characterizing a live, aggressive group of capable, willing-thinking, and articulate people.

More than the essential profit motive, there must be pervading the organization from top to
bottom, a deep-rooted spirit or desire to produce superior products and render the greatest serv-
ices to the company and to mankind.

It is through unity of keen and alert minds working together, seeking out the knowledge where
it lies and applying it to the design of products, that marked progress is made.

From the leader of an organization down, there must be evidence of an intense desire to
further the interest of not mainly the person himself, but his company, his company's products,
and the industry generally. Lukewarm interests or sclfish motives, in an individual or a group,
detract from the ideals of the entire organization.

Engineering organizations so constituted and directed will inevitably contribute to the suc-
cess of many enterprises today and leave their mark in the years to come.

o - — <%

L
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Electronic Computing Circuits of the ENIAC*

ARTHUR W. BURKSY, MEMBER, I.R.E.

Summary—The ENIAC (Electronic Numerical Integrator and
Computer), the first electronic computing machine to be built, is a
very large device (containing 18,000 vacuum tubes) compounded out
of a few basic types of computing circuits, The design principles that
were followed in order to insure reliable operation of the electronic
computer are presented, and the basic types of computing circuits are
analyzed.

Most of the design work on component circuits was devoted to
constructing reliable memory circuits (flip-flops) and adding circuits
(counters), These are treated in detail.

The ENTAC performs the operations of addition, subtraction, mul-
tiplication, division, square-rooting, and the looking up of function
values automatically. The units which perform these operations, the
units which take numerical data into and out of the machine, and
those which control the over-all operation are described.

The technique of combining the basic electronic circuits to per-
form these functions is illustrated by three typical computing circuits:
the addition circuit, a programming circuit, and the multiplication cir-
cuit,

I. INTRODUCTION

HE ENIAC (Electronic Numerical Integrator and
TComputer) is the first general-purpose computing

machine in which the computation is done en-
tirely electronically. It is the purpose of this paper to
discuss the design of the various circuits used and to
show how they are combined to make an automatically
sequenced electronic computer. As an introduction,
however, it is worth while to consider the general ques-
tion: What is the function of the ENIAC? That is, what
kinds of problems does it solye?

Very briefly, the answer to this question is that the
ENIAC can solve any problem which can be reduced to
numerical computation, i.e., to a finite sequence (of
reasonable length) consisting of additions, subtractions,
multiplications, divisions, square-rootings, and the look-
ing up of function values. Hence, it can differentiate,
integrate, solve systems of simultaneous algebraic and
transcendental equations, partial differential equations,
ctc. The importance of high-speed electronic computa-
tion derives from the fact that there are many problems
that the mathematical physicist can easily formulate but
which can be solved only with great labor. The dif-
ferential equations of exterior ballistics will serve as a
good example of this, especially since the ENIAC was
designed primarily to solve total differential equations
of about this order of complexity.

* Decimal classification: 621.375.2. Original manuscript received
hy the Institute, May 2, 1946; revised manuscript received, Novem-
};cr1 192,61946. Presented, Princeton Subsection, Princeton, N. J., May

1 Formerly, Moore School of Electrical Engincering, Phjla-
delphia, Pa.; now, Institute for Advanced Study, Princeton, N, J.

. The ENIAC was designed and built at the Moore School of Elec-
trical Engineering for the Ordnance Department of the United States
1 Goldstine was the Ordnance Department representa-

. G. _Bramqrd was the administrative supervisor; J. P. Eckert
was the chief engincer; and J.w. Mauchly was the consulting engi-

It is well known! that the path of a projectile i
motion is described by

¥'=~—Ey —¢
Al = — Ex'
where
G (v) S TP
E = ( ’ ('0 = ,\/(x/)Z e (y,)z) ’

G

g and / are fixed constants, Cis a constant for a given
shell, and G(v), the ballistic drag function, expresses the
resistance of the air to the shell as a function of its
velocity. The equations are thus casy to state, but since
the drag function has no simple mathematical formula-
tion (it is actually obtaine‘d from experimental measure-
ments, i.e., firings of shells) an analytic solution of them
(that is, a solution in terms of well-known functions) is
impossible. Hence, the construction of a firing or bomb-
ing table requires the numerical solution of this pair of
differential equations for each set of initial conditions
(muzzle velocity, angle of fire) for each type of shell,
and a transformation of the results into a form suitable
for use in the field or in the construction of a gun
director. Each solution is called a trajectory, and the
production of a firing table requires the computation of
hundreds of such trajectories and a processing of the
results. A skilled computer with a desk machine can
compute a 60-second trajectory in about twenty hours;
a differential analyzer can produce the same results in
about fifteen minutes; the ENIAC can do it in thirty
seconds, that is, it can compute the trajectory of a shell

faster than the shell jtself flies! Morcaver, the ENIAC,

which can handle either ten- or twenty-digit numbers, is

much more accurate than a differential analyzer, and is,

in fact, 1000 times as fast as any machine which gives
comparable accuracy. -

II. GENERAL Circult-DEesign CONSIDERATIONS

War circumstances made it imperative to construct
the ENIAC out of conventional electronic circuits and
clements with 3 minimum of redesign. This fact, to-
gether with the ordnance requirements for capacity,
speed, and accuracy, led to an extremely large electronic
machine. The ENIAC contains about 18,000 tubes,?
70,000 resistors, 10,000 capacitors, 6,000 switches, etc.
It is 100 feet long, 10 feet high, and about 3 feet deep.
The filaments require 80 kilowatts of power, the direct-
current power supplies produce 40 kilowatts, and the
blower system consumes 20 kilowatts of power,

It is clear that, if ap electronic device with 18,000
tubes in it is to be successful, the component circuits
must be extremely reliable, This i especially true of a

! G. A. Bliss, “Mathematics for Exteri
and Sons, New York, N. Y., 1944, <:l);=i\p.er21.or B

* Actually 18,000 env clopes, manyo fthem containing two triodes.

allistics,” John Wiley
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digital computer, for the failure of a single tube can
cause a digit to be erroncous and may vitiate the results.
Two main principles were followed in the ENIAC de-
sign, in order to insure reliable operation. In the first
place, the circuits were manufactured out of carefully
sclected and rigidly tested standard components which
are operated considerably below their normal ratings.
For example, the 6.3-volt filaments are operated at 5.7
volts and are rarcly turned off (in order to increase
their life), and plate and screen power are limited to 25
per cent of rated value.

The second general principle of design has to do with
the method chosen for making the accuracy of the
computations independent of the tolerances and varia-
tions of the components. The tolerances of vacuum
tubes are cspecially poor (with plate-resistance varia-
tions of the order of +40 per cent, for example), so all
tubes are operated as on-off devices: that is, either
conducting (in which case the grid is driven slightly
positive) or nonconducting (in which case the grid is
driven considerably below cutoff, e.g., to —14 volts for
a 6]5 with +75 volts on the plate). This means that
numbers are never represented by the magnitudes of
electrical signals, but only by their presence or absence
on wires, and these signals are of sufficient magnitude
(at least 3 volts, and on the average of 50 volts strength)
that they are never destroyed by cross talk. The ENIAC
operates as a timed or synchronous system controlled
from a central clock (called the cycling unit), and ample
safety factors are provided in the timing to cover
changes in time constants due to parameter variations.

111. Tyres oF CoMPUTING CIRCUITS

It is, of course, impossible to discuss in detail within
a paper of this scope all of the circuits of the ENTAC.
Such is not nccessary for a general understanding of
how electronic computing is done, however, for all of
the circuits of the ENIAC are compounded out of cer-
tain basic types or clements. Hence it will suffice to
discuss these elements and to show how (by examples)
they may be combined to form computing circuits.

The first general type of circuit needed in clectronic
computing is onc capable of remembering. Both digital
and programmatic information must be stored: the
machine must he able to remember both the numbers
that are operated on and the instructions for perform-
ing the operations. T'here are three types of remember-
ing circuits in the ENTAC (exclusive of the relay cir-
cuits used for input and output), differing as to the
speed with which information can be put into them and
read out of them. The first consists of an Eccles-Jordan
trigger circuit®=® or flip-flop (sce Section 1V); informa-

IW. L Eeeles and F.W. Jordan, “A trigger relay utilizing three-
clectrode thermionic vacuum tubes,” Radio Kev., vol. 1, pp. 143-146;
December, 1919,

¢ ]. G. Brainerd, G. Kochler, 11 J. Reich, and L. F, Woodruff
“Ultra-High-Frequency Techniques,” D. Van Nostrand Comp:nny:
New York, N. Y. 1942, pp. 168~176.

¢ H. J, Reich, “Trigger cireuits,” Electronics, vol. 12, pp. 14-17;
August, 1939, ' pp l
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tion can be both registered in it and read out of it elec-
tronically, and hence at high speed. This form of memory
is costly in terms of equipment since it requires two
triodes (one envelope) per binary digit. The function
table,’ consisting of a matrix of resistors so wired as to
remember information (see Section VI-C and Fig. 7), is
a more economical type of memory circuit. Since the
connections must be established manually the register-
ing of information is slow, although the output appears
in electronic form and is relatively fast. Function tables
are used in the ENIAC to remember the multiplication
table and to remember arbitrary functions (in which
case the interconnections are established by means of
switches), such as the ballistic drag function.

The third kind of memory circuit used in the ENIAC
consists of the wiring itself. This may seem to be a trivial
observation, but if one were to set up a problem on the
ENIAC by plugging in cables and setting switches he
would see the force of the statement. The ENIAC is a
flexible, general-purpose machine, capable of solving a
wide variety of problems. The different units of the
ENIAC (discussed in Section V) are permanently wired
to do the specific operations of addition, subtraction,
multiplication, division, square-rooting, and the looking
up of function values, but the particular operations
which these units perform in a given problem and the
order in which they do them depend upon how they are
interconnected and how the various switches on them
are set. Because the setup of a problem is manual, it is
slow (relatively to the speed of computation);and hence
the ENTAC is best suited to solve problems that are
highly repetitive in character as, for example, the pro-
duction of firing tables.

The second general type of circuit needed in an elec-
{ronic computer is one capable of adding numbers. Ad-
dition is performed in the ENIAC by clectronic counters
consisting of flip-flops interconnected so as to count
groups of pulses representing digits (sce IFigs. 1 and 2).
These will be described in Section IV.
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Fig. 1--Decade ring counter.

It is clear that, though clectronic circuits for remem-
bering and adding are basic components of a computer,
other types of circuits must be employed as well. Elec-
{ronic means are required for controlling the adding cir-
cuits so that they will subtract, divide, and square-root,

¢ Invented independently by J. Rajehman and P. Crawford.
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and for programming the various operations to be per-
formed. These control circuits are compounded out of
three very simple types of circuits: the electronic repre-
sentations of the logical concepts of “and,” “or,” and
“not.” The “and” operation is performed by a “gating”
or “switching” tube; for example, a pentagrid tube with
the first and third grids used as the control elements
(such as tube 9 of Fig. 3). A gate tube draws current
only when both grids are brought to cathode potential,
and hence one grid switches a signal applied to the other
grid into and out of the plate circuit. Such a tube is sym-
bolized in the block diagrams of Figs. 2 and 4 by a
square with two inputs and one output (e.g., tube 2 of
Fig. 2). Gating can also be done by means of a circuit
which is the dual of this; a number of tubes connected to
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Fig. 2—Block diagram of accumulator decade circuit.

a common load resistor and so arranged that any one
tube when conducting draws sufficient current to keep
the following tube cut off is a representation of the con-
cept “and,” for only if all of these tubes are cut off will
the following tube be operated.?

The “or” operation is performed by a “buffing” cir-
cuit. Such a circuit may consist of two or more normally
nonconducting tubes with a common load resistor in
either the plate circuit (see tube 8 of Fig. 3) or the cath-
ode circuit (see tube 7 of Fig. 3). A positive input signal
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Fig. 3—Accumulator program control circuit (simplified).

to any of these tubes will be transmitted to the output
without affecting the inputs of the other tubes. (If more
than one tube is made conducting, the output signal is
increased, but this has no effect on the computing since

"W. B. Lewis,

“Electrical Counting,” Cambridge University

Press, Cambridge, England, 1942, p. 61.
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the following tube is not sensitive to differences in am- f
plitude.) The dual of this circuit consists of a two-input

tube (such as a pentagrid tube) which is kept on nor-
mally, so that a negative signal to either input will be :
transmitted to the output without affecting the other in-
put. The “not” operation is, of course, performed by an :
inverter tube (such as tube 3 of Fig. 2 and tube 6 of Fig. |
3). In all the figures, normally conducting tubes are :
shaded and normally nonconducting tubes are left un-

shaded.

IV. FrLip-FLor AND COUNTER DESIGN

The flip-flop circuit used in the ENIAC is shown in
Fig. 3 (tubes 1, 2, 3, and 4). In the design of such a cir-
cuit two aspects need to be considered: (1) the steady-
state stability, depending upon the direct-current con-
nections, and (2) the flipping or triggering action, de-
pending upon the alternating-current connections as
well. These will be discusséd in turn.

(1) A flip-flop has two stable states because of the di-
rect-current connections from the plate of each tube to -
the grid of the opposite tube (R, Rs of Fig. 3) which
cause the conducting tube to bias the nonconducting
tube negatively, and the nonconducting tube to bias the
conducting tube positively. The resistors R, and R;
(similarly Ry and Rg) form a direct-current voltage step-
down circuit changing the direct-current level of the
plate signal to the proper direct-current level for the
grid, and must be selected so that the biases are correct.
The difference between the voltage at the plate of tube
3 when it is conducting and nonconducting depends
upon the sizes of R,, Ry, and Ry, relative to the plate re-
sistance of tube 3 (similarly for tube 4), and the amount
of this signal that is applied to the grid of tube 4 depends
on the ratio R:/R;. In designing the circuit the expected
variations in resistor values and plate resistances of the
tubes, and also the power-supply regulation, must be
considered and the parameters selected so that the sta-
bility of the circuit will not be greatly affected by these
variations. The stability needed in the ENIAC was at-
tained by making these resistors roughly equal (R,;=R,
= 39,000 ohms and Ry=R;=Ry=R=47,000 ohms) and
about six to eight times as large as the plate resistance of
an average 6SN7 tube (as measured when the grid of the
tube is driven positive).

(2) The design of the circuit from the point of view of
dynan?ic operation leads to a compromise between two
opposing factors; the actual flipping of the circuit and
the recovery of the circuit so that jt will be ready for re-
setting. Increasing the values of Ry, R, and R; will in-
crease the gain of the circuit and hence accelerate the
flipping action: and increasing the value of C: will de-
crease the alternating-current impedance from plate to
grid and hence will accelerate the transfer of the plate
51gna1 to the grid. But large values of Ry, Re, R;, and C,
will delay the return to the quiescent state (ready for the
next operation) by making the time constant of the cir-
cuit large. The actual value chosen for C, (and C.) was
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25 micromicrofarads. In all cases where a flip-flop was

used by itself (i.c., not in connection with other flip-flops

as in the counter of Fig. 1), the flipping tubes 1 and 2

were built into it in order to speed up the action by am-

plifying the triggering pulse and by avoiding the addi-

| tional capacitance of a long lead going into the grid cir-
cuit. The flip-flop shown in Fig. 3 can beset in about one
microsecond and is ready to reset in about four micro-
seconds; in the ENIAC it always has at least 2.5 micro-
seconds in which to beset, and is never reset sooner than
ten microseconds after being set.

The design of a vacuum-tube counter can be based
on the flip-flop in either of two ways: (1) A counter can
be made by using a flip-flop for each stage as in the cir-
cuit of Fig. 1.8 Since a flip-flop is required for each stage,
this type of counter is known as a two-tubes-per-stage
counter. (2) A counter with only one tube per stage can
be made by generalizing the flip-flop so that it has as
many stable states as tubes.~2 In such a counter the
static connections consist of resistors going from the

. plate of each tube to the grid of every other tube. This
means that (in contradistinction to the two-tubes-per-
stage counter) this type of counter becomes inherently
more complicated as the number of stages increases. For
this reason the other type was adopted for the decade
counters (used for registering and storing decimal digits).
For a binary counter (needed for storing the signs of
numbers) the one-tube-per-stage type (Fig. §5) proved
superior.

The action of the circuit of Fig. 1 may be explained
with reference to the block diagram of Fig. 2. The
counter of Fig. 2 registers the digit 9, since the last flip-
flop has been triggered (similarly, Fig. 1 registers the
digit 0). The triggered flip-flop is the only one to respond
to an incoming positive pulse which is applied to all flip-
flops; as it is reset it gives out a positive pulse which
triggers the next stage. In this manner the counter ad-
vances one stage on receiving a pulse, and hence is an
adder as well as a register. It may be cleared to zero by
applying a negative pulse to the input of the 6Y6 clear-
ing tube. Clear lcads go from this tube and from the bal-
ancing 1200-ohm resistor to each stage, the connections
to the zero stage being reversed so that this stage is left
in a triggered state.

There are the following five basic considerations or
principles which enter into the design of a counter cir-
cuit: (1) The first of these has to do with the prevention
of oscillation. As Fig. 2 shows, in a ring counter there
arc a number of tubes connccted from plate to grid re-

t This circuit is a modification of onc suggested to us by RCA
Laboratorics, Princeton, N, J.

¥ Sce page 91 of footnote reference 6 for a five-stage one-tube-per-
stagre counter. The binary (scale-of-two) counter of Fig. 5 is the sim-
plest case of a one-tube-per-stage counter.

10 |2, C. Stevenson and 1. A. Getting, “A vacuum-tube circuit for
scaling down counting rates,” Rev. Sei. Instr., vol. 8, pp. 414-416;
November, 1937.

L Alfven, “A simple scale-of-two counter,” Proc. Phys. Soc.,
vol. 50, pp. 358-359; May, 1938.

201, Lifschutz, “A complete Geiger-Muller counting system,”
Rev. Sci, Instr., vol. 10, pp. 21-20; January, 1939.
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peatedly, making a closed loop. Consequently, if at any
time all of the tubes in this loop are conducting, the cir-
cuit may oscillate. Though possible oscillation may be
prevented by adjusting the circuit parameters so as to
reduce the over-all gain per stage, such a solution slows
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up the operation of the counter. For this reason counter
configurations, in which the pulsing action would estab-
lish such an oscillatory loop, wererejected in the ENTAC.

(2) There are a large number of interconnections in a
counter. In addition to the internal connections of each
flip-flop stage, there are coupling connections between
stages, connections to the common pulse bar, connections
for clearing the counter to the zero position, and static
output connections for operating indicating neon lamps
and associated vacuum tubes. It is desirable to arrange
the circuit so that there are a minimum of connections
going to any onc clement of the tube. Hence it is dis-
advantageous to pulse the tubes on the grids, since
these elements are already used for the internal connec-
tions of the flip-flop and for coupling connections be-
tween stages. The decade counter of IFig. 1 is pulsed on
the cathode, while the binary counter of IFig. § is pulsed
on the plate.
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(3) A cathode-pulsed decade counter has another ad-
vantage over onc pulsed on the grid, c.g., it has no un-
desirable modes of operation. For a counter to operate
correctly, only one flip-flop should be in the “set” posi-
tion at any one time. In a counter pulsed on the grids, it
is possible for several flip-flops to be in the “set” position
at one time and for the counter nevertheless to count
around. This is impossible in the cathode-pulsed counter
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Fig. 5—Binary ring counter.

of Fig. 1, because the grid biases are obtained from the
cathode resistors. If more than one stage were set, this
would prodiice such a large negative bias that only one
stage would remain set.

(4) The fourth design principle concerns the charging
of grid capacitors. If a positive pulse is applied to a grid
via a capacitor, the capacitor will acquire a charge. Now
if the tube is conducting only while the pulse is present,
the capacitor is charged through the low impedance of
the (positive) grid to the cathode, but must be dis-
charged through the relatively high bias resistor. Hence,
under certain duty cycles, a charge may collect on the
capacitor, changing the effective bias. The magnitude of
this effect will clearly depend upon the duty cycle, and
since a counter used in a computing machine has a vari-
able duty cycle, the result would be for the effective bias
to change with the conditions of operation. For this rea-
son (and the same considerations hold true for all cir-
cuits in the ENIAC) direct rather than capacitive
coupling is used with positive pulses under these circum-
stances.

(5) The last design principle has to do with the deli-
cate timing involved in the operation of electronic count-
ers. An input pulse affects only the flip-flop which is
triggered; c.g., stage 9 in Fig. 2. As stage 9 is reset it
produces a pulse which triggers the next flip-flop (stage
0), and if the input pulse isstill present on the pulse bar,
it opposes this action. A similar situation obtains in the
binary counter of Fig. 5. When this counter is being
flipped, there will be a point at which the currents in the
two tubes are equal; at this point the previous state of
the counter is not remembered in the tubes, but by
means of the charges stored on the capacitors connecting
the plate of one tube to the grid of the other, and the
action of these charges is opposed by the input pulse.
Thus the effects of the input pulse and the internal pulse
going between the stages of a counter are opposed Lo one
another, so that the counting action depends on the cir-
cuit’s taking the difference between the two signals. The
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counting action can be made determinate by making the
time constant of the input pulse circuit shorter than the
time constant between stages (and that shorter than the
period between pulses, of course), and this is done in the
circuits of IFigs. 1 and 5. Nevertheless, the operation of
the counter depends very criticaily upon the shape of
the incoming pulse, so that the pulse-forming circuit of
IFig. 5 is used with all the counters of the INTAC.

The counters of Figs. I and § will operate over a range
of frequencies from afew pulses asecond to 200,000 pulses
per second. To provide a safety factor of two to one they
arc operated in the ENITAC at a maximum rate of 100,-
000 pulses per sccond. At this speed the decade counter
will operate with a direct-power supply voltage varia-
tion of from 100 to 500 volts; the circuit voltage is ac-
tually maintained at 195+10 volts. Altering the resis-
tors and capacitors of the decade circuit as much as
+ 20 per cent and replacing the tubes with others having
six times the plate resistance (6SL7’s) only reduces this
voltage range to 190 to 370 volts. At a frequency of
200,000 pulses per second the binary counter will op-
erate with a direct-current power-supply tolerance of
from 10 to nearly 1000 volts.

V. Unrrs or i ENIAC

The ENTAC consists of thirty separate units (in ad-
dition to the power supplies and power control equip-
ment), cach containing from 500 to 1500 vacuum tubes.
There are nine different types of units, each type having
clectronic circuits capable of performing a certain opera-
tion, and circuits which locally control the operation of
the unit. The particular operations which are to be car-
ried out and the arrangement and number of these oper-
ations are determined by the setup of a problem on the
machine. The units are arranged linecarly in the shape of
a U, with coaxial transmission lines passing by the front
of cach unit. A set of cleven such lines, capable of carry-
ing simultaneously from one unit to another the groups
of pulses representing a ten-digit signed number (these
pulses are called “digit pulses”), is called a “digit trunk.”
A single line, used to carry a “program pulse” from one
unit to another, is called a “program line.”

The accumulators (of which there are twenty), the
high-speed multiplier, and the divider-square-rooter,
are units which perform arithmetic operations. Each ac-
cumulator is capable of storing a ten-digit (decimal)
signed number,? of receiving such a number (in the form
of pulses coming over a digit trunk) and adding it to its
contents, and of transmitting (in pulse form) the num-
ber stored additively or subtractively with or without
clearing after the transmission. The addition of two
numbers requires the simultaneous operation of two ac-
cumulators: one converts the digits held in its counters
into pulse form and transmits them over a digit trunk to

 Provision is also made for interconnecting the accumulators
and other units so that twenty-digit numbers can be handled.

¥ The accumulator may be cleared 10 zero, or to 2zeroin nine dec-
ades and to five in one decade, for rounding off.

o e ey g o T NN
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the other, which receives them and adds them to its con-
tents (see Section VI-A). An addition takes only
1/5000 second ; this period of 200 microseconds is called
an addition time (sce Fig. 6).

It should be noted that the accumulator combines the
functions of an electronic adder with those of an elec-
tronic register; it is for this reason that there are twenty
of them. In addition to being used for adders they are
used by the high-speed multiplier for storing the multi-
plier and the multiplicand, and for accumulating the
partial products; by the divider-square-rooter for stor-
ing the numerator, denominator, square-root, and quo-
tient, and for shifting remainders; by the function table
for storing the argument and receiving the function
value: and by the printer for storing the numbers to be
punched until they are transferred to relay (electro-
mechanical) registers.

Accumulators may be used for subtracting as well as
for adding. Since the counters of the accumulators op-
crate in one direction only (they cannot count back-
wards), subtraction is done by counting the counters
around through zero up to the position to which the
counters would have gone, had they counted backwards.
This is accomplished by means of a complement system
of representation. A negative number (—x) is repre-
sented as a complement with respect to 10'%; that is,
—ux is expressed as (101°—x) with a sign indication to
show that it is a complement. (If twenty-digit numbers
are being handled, complements are taken with respect
to 1020.) When an accumulator is programmed to trans-
mit subtractively, it will transmit, not the number it
holds, but the complement of the number it holds. All
units of the ENIAC are capable of handling both posi-

tive numbers and complements.

The high-speed multiplier is capable of multiplying
two ten-digit numbers and producing a full twenty-digit
product (if needed) in 13 addition times or 2.6 millisec-
onds. Its operation is described in Section VI-C. The
divider-square-rooter is a unit which controls the opera-
tion of certain accumulators so that they form a quo-

tient or a squarc root. It does this by a process of re-

peated subtractions and additions, so the time required
is rclatively long and depends upon the numbers in-
volved; on the average, 125 addition times, or 25 milli-
seconds, are required for ten-digit numbers.

Although computation with the ENTAC is donc ex-
clusively by clectronic means, numerical data are sup-
plied to the machine and the answers are taken out by
electromechanical methods, While a computation is in
progress, numerical data are supplied to the ENTAC by
means of an International Business Machine card
reader in conjunction with the constant transmitter.
The card reader reads standard punched cards and gives
out clectrical signals which sct up relays in the constant
transmitter. These relays in turn operate gate tubes
which emit pulses that are transmitted over the digit
trunks whenever needed. The results of a computation
arc punched on cards by an International Business Ma-
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chine card punch operating with signals received from
the printer. The static outputs of the decade and binary
counters (see Figs. 1 and 5) activate triodes whose plate
loads are relay coils. After the relays have stored the
numbers to be punched (this requires 1/10 second), the
rest of the ENIAC may proceed with the computation,
while the relays supply signals to the card punch for the
actual punching (which requires another 5/10 second).

The card reader can read 120 cards (each holding 80
digits) per minute, and the card punch can punch 100
cards per minute. Thus 960 ten-digit numbers can be
supplied to the ENIAC per minute, and 800 ten-digit
numbers can be recorded per minute. These input and
output speeds are slow, relative to the speed of elec-
tronic computation within the machine (300,000 addi-
tions per minute, 23,000 multiplications per minute,
etc.). Thus the ENIAC is best suited to those problems
in which a large amount of computation is done with
relatively little data and with relatively few quantities
to be recorded. This limitation is accompanied by the
restriction that the setup of problems, being manual, is
slow; this fact makes the ENIAC best suited to prob-
lems in which a large number of iterated solutions are
desired. The production of firing tables by repeated
solution of the total differential equations of exterior
ballistics is a good example of a problem well-matched
to the ENIAC input, output, and setup speeds.

Three function tables provide a method of supplying
numbers which remain fixed throughout a problem.
Each function table holds 104 values of any arbitrary
function; these values are set into a function table
matrix manually, i.e., by turning switches which inter-
connect horizontal buses (representing the 104 values
of the argument) to vertical buses (representing the dig-
its of the function value) through resistors. When a two-
digit number (argument) is sent to a function table, it
will produce the corresponding function value (in the
form of groups of pulses) in 1/1000 of a second. Though
the numbers stored in a function table may represent
programming instructions,! the chicf usc of a function
table is to store arbitrary functions which have no sim-
ple mathematical formulation. As has already been
pointed out, the ballistic drag function (stating the re-
sistance of the air to a shell as a function of the shell’s
velocity) is of this type. A large class of scicntific prob-
lems are difficult to solve (i.e., the actual solution proc-
ess is complicated) solely because they involve such ar-
bitrary functions, and hence they are well-adapted for
solution on the ENTAC,

Each of the units describec above contains, in addi-
tion to the circuits required to perform its operations,
local programming circuits for controlling these opera-
tions. The programming circuits of a unit include a num-
ber of “program controls” which function in the follow-_
ing manner. A program control has associated with it
some switches by means of which a given operation may

% Iy which case the function table emits program pulses, rather
than digit pulscs.
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be selected; for example, an accumulator program con-
trol may be set to “add and clear,” or to “receive,” etc.
(see Section VI-B). When a program control is stimu-
lated by a program pulse, it directs its unit to perform
the operation preset on the switches and emits a pro-
gram pulse when this is completed. This output pulse
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then goes to the program control (or controls) which di-
rects the next operation in the computation. To set up a
problem on the ENIAC, one establishes chains or se-
quences of local program controls by interconnecting
their inputs and outputs and setting the switches asso-
ciated with them. For example, the following sequences
occur in the solution of the exterior ballistic equations:
(1) the reading of initial data; (2) the computation of a
portion of a known trajectory and automatic compari-
son with known answers as a check on the ENIAC op-
eration; (3) the integration of the unknown trajectory
over one increment of the independent variable (e.g.,
over 1/10 of a second), involving a number of subse-
quences: (a) an interpolation sequence for data read
from function tables, and (b) a number of subintegra-
tions (depending upon the complexity of the integration
method used); (4) a sequence to determine whether or
not the projectile is at the summit or at the ground (in
which case its co-ordinates are to be punched on cards);
and (5) a punching sequence.

The solution of the exterior ballistic equations clearly
requires a repeated use of these different scquences
which have been set up on the local program controls,
and the number of times that any sequence is to be
iterated may be a function of the numbers produced by
the arithmetic units (e.g., the integration sequence (3)
is followed until the projectile reaches the summit and
then the punching sequence (5) is followed, etc.). The
over-all control of the sequences (and subsequences,
supersequences, etc.) is handled by the master program-
mer. It contains ten six-stage counters, each of which
routes incoming program pulses over any of six different
output channels. The positions of these counters may
be controlled either by the number of pulses which have
been supplied to the various output channels or by
pulses received (such as the pulses representing the digit
of a number) on a special input terminal. In this way the
schedule of sequences may be fixed in advance, or it may
be made contingent on the results of the computation.

PROCEEDINGS OF THE I.R.E.

August

Although the programming of the ENIAC is com-
pletely automatic (once it is set up), it must be initiated
by the operator. He accomplishes this by pushing a
switch on the initiating unit, which causes a program
pulse to initiate the first sequence of operations. When
that sequence is finished, the program pulse coming
from the last program control circuit used in the se-
quence is returned to the master programmer, which
selects the next sequence to be performed. This process
is then repeated until the problem, or set of problems, is
completed.

The units of the ENIAC operate as a synchronized
system, the operations of each unit being governed by
a standard set of timed signals furnished by the cycling
unit (sec Fig. 6). A fundamental reason for this mode
of operation has to do with reliability of operation. In
the process of transmission from circuit to circuit, elec-
trical pulses suffer degeneration both in amplitude and
in phase. If pulses were retfansmitted from one circuit
to another, ctc., progressive degeneration might result
and adverscly affect the reliability of operation. Trans-
mitted pulses are thus always derived by gating pulses
received from the cycling unit.

The ten different kinds of pulses produced by the cy-
cling unit and transmitted to all other units are derived
from a master oscillator which normally operates at
100,000 cycles per second, but which may be operated
at other frequencies for checking and fault-detecting
purposes. The pulses from the oscillator are used to step
a twenty-stage ring counter and are (after passing
through an electrical delay line) in turn gated by gate
tubes operated by this counter. All pulses are of the
same phase except the ten-pulses; they are shifted by
being passed through another electrical delay line. All
pulses are of about two microseconds duration (except
for the carry-clear gate) and about fifty volts magnitude.

In the normal operation of the ENIAC, the cycling
unit transmits these pulses to all other units continu-
ously; the actual course of the computation is then con-
trolled by the programming circuits. For purposes of
checking a setup and localizing a fault, however, two
discontinuous types of operation of the cycling unit are
provided for. These are called the one-addition-time and
one-pulse-time modes of operation and are selected by
means of a manual switch. In the one-addition-time
mode of operation, the cvcling unit emits the complete
set of pulses shown in Fig. 6 once every time a push but-
ton is pressed and then stops; but the pulses emitted
have the same shape, duration, and spacing as during
continuous operation, so that the operation of the
ENIAC units during this 200-microsecond period is
normal. All ENIAC circuits are designed so that they
retain their information whenever the cycling unit
stops. (This partly accounts for the large number—80—
of direct-voltage levels in the ENIAC). By this means
a problem can be solved by one-addition-time steps; the
numbers and programming signals held in the fiip-flops
can be read by means of ncon bulbs and the operation
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checked in that manner. When the error is localized to
within a given addition time, the one-pulse-time mode
of operation is used. This results in the cycling-unit
counter’s advancing one stage each time the push but-
ton is pressed, so that the signals for a given ten-micro-
second period are emitted. In this way, the fault can be
isolated to within a group of from one to about a dozen
tubes.

VI. AxaLysis oF TypicaL CIRCUITS

In this section we will show how the basic circuit ele-
ments discussed in Sections III and IV are combined to
form computing circuits. The accumulator decade cir-
cuit (Fig. 2) will show how a counter is used for addition
and subtraction, the program control circuit of an ac-
cumulator (Fig. 3) will show how a local programming
circuit governs the operation of its unit, and the multi-
plication circuit (Figs. 4 and 7) will show how a function
table is employed in high-speed multiplication.
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Fig. 7—Cross section of multiplication table.

A. Accumulator Decade Circuit

Each accumulator contains ten decade circuits like
‘that of Fig. 2, in addition to a sign circuit (which uses
the binary counter of Fig. 5 to store the sign of the num-
ber) and the programming circuits (of which Fig. 3is a
sample). Each decade counter stores a single decimal
digit and adds to its contents a digit reccived in the
form of pulses. Incoming pulses are first shaped by
tubes 3, 4, and 5 (sce tubes 1, 2, and 3 of Fig. § for the
circuit) and then supplied by tube 6 to the counter.'®
Tubes 9, 10, 11, and 12 are connected as a flip-flop,
called the carry flip-flop, which remembers whenever a
carry takes place during the reception of a number and
is used during transmission to control gates 13 and 14.

The addition of two numbers requires the simultane-
ous operation of the decades of two accumulators. The
decades of the transmitting accumulator convert the
digits held in them into groups of pulses which are
transmitted to the receiving accumulator. The decades
of the recciving accumulator receive these pulses and
add them to their contents. We will discuss first the
operation of the circuit of Fig. 2 when it is recciving a
number arriving in pulse form on a digit trunk. Since

¥ Tybe 6 is the 61.6 driving tube shown in Fig. 1. The clearing
tulie and clearing connections of the counter of Fig. 1 arc not shown
in Fig. 2, and only one static output lead (that coming from stage 9)
is shown,
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these digit pulses have been derived from the cycling-
unit digit pulses (the nine-pulses, the one-pulse, the
two-pulses, the two'-pulses, the four-pulses, and the
complement pulse), they will arrive during pulse times
one to ten inclusive.

When the problem is set up, one input of gate tube 2
is connected to a digit trunk. Since the same digit trunk
is used by other ENIAC units, a gate tube is required
here so that pulses passing over this digit trunk do not
go into the decade counter, except during those addition
times when the other input of gate tube 2 is opened by
a signal from the programming circuits. As an example,
suppose that the decade counter registers 8 and that
five pulses pass over the digit trunk while gate tube 2 is
open. These pulses pass through gate tube 2 to the pulse
standardizer (tubes 3, 4, and 5), and thence into the
counter, counting it from 8 around through 9 and 0 and
up to 3. Since § plus 8 makes 13, i.e., 3 with 1 to
carry, one pulse should have been supplied to the dec-
ade to the left when the counter went from 9 to 0. But
since that decade may also be receiving pulses from the
digit trunk during this period of time, the fact that a
carry-over took place must be remembered, and the
carry pulse sent to the next decade to the left later in
the addition time. This fact is remembered by the carry
flip-flop and the carrying is done during pulse times
eleven to seventeen inclusive.

The method of setting the carry flip-flop when the
counter passes from 9 to 0 is of some interest, since it
illustrates the design rule (mentioned in Section V) that
pulses are never generated in ENIAC units but are de-
rived from cycling-unit pulses by means of gating cir-
cuits. The pulse for setting the carry flip-flop could have
been taken from the number 9 stage of the counter ex-
cept for this rule, for the number 9 stage gives out a
pulse as the counter goes from 9 to 0. Instead, gate tube
7 was added. This gate tube receives every incoming
pulse from tube 5 of the pulse standardizer on one in-
put, and is turned “on” on the other input when the
counter registers a 9. Thus when a counter registers a 9,
the pulse which steps the counter to 0 also goes through
gate tube 7 and sets the carry flip-flop, electronically
recording the fact that a carry has occurred. (The pulse
from tube 7 also goes through inverter tube 22 and to
gate tube 24, but it is blocked here since the cycling unit
carry-clear gate is not on during pulse times one to ten.)
Thus, at the end of pulse time ten, cach counter holds
the sum of its original digit and the digit reccived (mod-
ulo 10), and each carry flip-flop records whether or not
a carry took place.

The carrying takes place during pulse times eleven to
seventeen, (i.c., after all possible pulses have arrived
from the digit trunk). During this period, the carry-
clear gate from the cycling unit is passed by the accumu-
lator program controls through to gates 23 and 24, open-
ing them up. At pulse time thirteen the first reset-pulse
is applied to gate tube 8, which is open since (in this ex-
ample) the carry flip-flop is set. The reset-pulse then
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passes through tube 8, resets the carry flip-flop (so it
will be ready for the next operation), and goes through
inverter 21 and gate tube 23 into the next decade to the
left. In this way, the carry-over is effected.

One such carry-over may give rise to another carry-
over, and this to another, etc.; for if a decade receiving
a carry-pulse already holds a 9, a further carry must
take place. This is accomplished by means of tubes 7,
22,and 24. Suppose, for an example, that the counter of
Fig. 2 is registering 9 when a carry-pulse enters the
pulse standardizer from the decade to the right. Since
the counter is on stage 9, gate tube 7 is open, so that this
pulse (in addition to stepping the counter from 9 to 0)
passes through tubes 7, 22, and 24 and into the next dec-
ade. (This pulse will also set the carry flip-flop; the
carry flip-flop is reset by the second reset-pulse at pulse
time nineteen, i.e., after the carry-clear gate has gone,
so that the pulse generated in this resetting process is
blocked at gate 23.)

One may wonder why the carry-clear gate is on for
fifty microseconds after the first reset-pulsc initiates the
carry-over. The reason for this is that in an extreme case
twenty carry-overs may take place in sequence. Con-
sider, for instance, the addition of +1 to —1, the num-
bers being stored in twenty-digit accumulators.!? A
negative number, such as —1, is stored as a comple-
ment, that is, —1 is stored as 1799,999,999,999 999 .
999,999, where the “A7” means that the binary sign
counter registers “minus.” When the number 41 is
added to the contents of this accumulator, 1 pulse is
sent to the units decade and no pulses to any other dec-
ade. The single pulse going into the units decade counter
will change it from a 9 to a 0 and set its carry flip-
flop. When the carry-over is initiated, the first reset-
pulse goes through tubes 8, 21, and 23 of the units dec-
ade into the tens decade; since the tens decade holds 9,
this pulse goes on (after being reshaped by the pulse
standardizer) through tubes 7, 22, and 24 of the tens
decade into the hundreds decade; this process is then
repeated for a total of twenty times, until the pulse has
changed all decades from 9 to 0 (except the units dec-
ade, already at 0) and the binary sign counter from 17
to P, thus leaving the number 0 in the accumulator
(1—1=0!). Experimental measurement showed that
about twenty-five microseconds were required for such
a complete twenty-place carry, so (to provide a two-to-
one safety factor) fifty microseconds are allowed by the
cycling unit,

Let us next consider the operation of the circuit of Fig.
2 during the transmission of a number. The problem
here is to convert the number statically registered in
the decade counter into pulse form. When addition takes
place, the number of pulses emitted (through tube 16
and buffers 19 and 20) is equal to the digit held in the
counter. When subtraction takes place, the number of

17 It will be remembered that two accumulators may be inter-
connected so as to form a twenty-digit accumulator.
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pulses emitted (through tube 15 and buffers 17 and 18)
is cqual to the diffcrence between the digit and 9.28 Thus
if the counter of Fig. 2 holds the digit 3, three pulscs arc
transmitted from the addition output and six pulses
from the subtraction output.

This could have been accomplished by connecting
gate tubes to the static ouptuts of the counter and sup-
plying the proper sets of pulses to these gates. (For ex-
ample, the add gate connected to the third stage would
be supplicd with three pulses and the subtract gate with
six pulses.) A method more economical of tubes is em-
ploved, however. It makes use of the ten-pulses from the
cycling unit. These are introduced into the decade dur-
ing the transmission process through buffer tube 1.
They cycle the counter completely around through 9
and 0 and up to where it was at the beginning; that is,
from 3 to 9 and 0 and to 3 again in the example we are
considering. As the counter goes from 9 to 0, the carry
flip-flop is set; this occurs during pulse time six in our
example. Before the carry flip-flop is set the subtract
gate (tube 13) is open, while after it has been set the add
gate (tube 14) is open. Thus, in this example, the sub-
tract gate is open from the middle of pulse time zero to
the middle of pulse time six, while the add gate is open
from the middle of pulse time six to the middle of pulse
time nine. Hence, if the nine pulses from the cycling
unit are supplied to the subtract gate during this addi-
tion time, six of them will be passed; whereas if they are
supplied to the add gate, three of them will be passed.
In this way the nine pulses are divided into two groups,
one representing the digit stored in the decade at the
beginning of the process, and the other representing the
complement of that digit with respect to 9. The decade
is left in its initial position (since no carry-overs are al-
lowed to take place) and the carry flip-flop is reset at the
end of the process (by the reset pulses). The digit pulses
are transmitted onto digit trunks by means of the cath-
ode-follower buffer tubes 17,18, 19, and 20.

B. Program Control Circuit

As already stated, the various units of the ENIAC
have local programming circuits which govern the op-
era.tic.m of these units. At the particular time when a
unit is to be used, a program pulse (derived from the
cyclmg.-unit program pulse and hence coming during
pulse time 17) is sent to a program control of that unit.
The program control sclected causes the unit to perform
the prec!ctermined operation (set up on switches), and
then emits a program pulse which is sent to another unit
'(or units) via a program line to cause the next operation
in the sequence to be performed.

Fig. 3 is a somewhat simplified circuit of an accumu-
lator program control. Ap accumulator has twelve pro-

o . . .
it "{l;le taking of complemem's 1s achieved by complementing each
an%l 9 zlmlli'xejzler(]:;; f)?legp(l.le" .tak]mg the difference between that digit
z ) u'se 1n the units place, so that the units digit
is effectively complemented with respect to 10, The cycling-unit coxsn-
plement-pulse is used for this extra pulse. i

e R B aXae




1947

gram controls, on each of which may beset up a particu-
lar operation, e.g., add and clear, receive a number,
subtract without clearing, etc., and each of which is
used at a different time during the computation. All
program controls operate certain common programming
circuits, which in turn cause the decade circuits and sign
circuit to act. For example, program control number 3
may direct the accumulator to receive at one point
during a computation, and program control number $
may direct the accumulator to receive at a different
time. Since either program control must be able to con-
trol reception without the other’s being affected, both
are connected thrdugh buffers (such as tube 7 of Fig. 3)
and switches (so that the operation can be selected
manually in the setup of a problem) to the common pro-
gramming circuits which, when stimulated by either
program control, will open gate tube 2 and will pass the
cycling-unit carry-clear gate to gate tubes 23 and 24 of
Fig. 2.

Let us trace through the operation of the circuit of
Fig. 3 from the time it receives a program pulse to
the time it emits such a pulse. A positive program pulse
received on the input terminal of the program control is
amplified by tube § and sets the flip-flop (tubes 1, 2, 3,
and 4). The flip-flop static outputs operate buffer tubes 7
(through amplifier tube 6) and 8 and one input of gate
tube 9. Buffer tube 7 connects through a switch to the
common circuits which may be operated by the buffer
tubes of any program control; the setting of the switch
controls whether the operation is transmission, addi-
tively or subtractively, or reception. Buffer 8 connects
through a ‘clear switch to the circuits which cause the
accumulator to be cleared. The load resistors for these
buffers are located in the common circuits.

Gate tube 9 reccives the cycling-unit program pulse
on the first grid every addition time. Hence, when its
other input is activated by the flip-flop, it passes the
pulse to transmitter tubes 10 and 111 and to the flip-
flop, causing it to be reset. Thus, the program control
emits a program pulse (which will go to stimulate the
next operation in the sequence of operations) and is left
in the reset condition (so that it may be used again when
that sequence is repeated).

There is a timing problem in this operation which
should be noted. As soon as the flip-flop is set by the
program pulse coming from another program control,
(and hence derived from the cycling-unit central pro-
gram pulse) gate 9 will be opened. But if this action oc-
curred within two microseconds (the duration of a
pulse), the same cycling-unit program pulse from which
the input was derived would be passed by gate 9, and
the flip-flop would be reset immediately. This is pre-
vented by means of capacitor C3 (300 micromicrofar-
ads), which slows up the operation of the circuit.

19 I'he load resistor for tube 11 is not located in the program con-
trol, but is attached to the program line running around the front of
the machine, since the number of such buffer tubes which are con-

nected together to a given program line depends upon the particular
problem set up on the ENIAC,
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One further point of circuit design should be dis-
cussed. It will be noted that the grid of every conduct-
ing tube is driven positive. Thus, the grid of tube 10
normally draws about one-third milliampere of grid cur-
rent, and when the flip-flop is set, the grids of tubes 8
and 9 are driven positive, with respect to the cathodes
of these tubes. The purpose of this mode of operation is
to increase the plate current of conducting tubes (and
thus decrease the effective plate resistance), to reduce
the effect of spurious signals picked up on the leads
(since the gain of the tube is decreased when the grid is
positive), and to make sure that the driven stage is op-
erated, even if the driving tube is not completely turned
off (and hence is drawing some plate current). The last
factor is especially important in the high-speed multi-
plier, where twenty-four buffers (normally nonconduct-
ing tubes) are connected in parallel to a common load
resistor.

C. Multiplication Circuit

In most problems, multiplication is the chief factor
determining the duration of the computation. Though
multiplication occurs less frequently than addition (a
typical problem will have one multiplication for every
four additions), it is a more lengthy process because it
involves a number of additions. If multiplication is done
by successive additions in sequence, a maximum of
ninety addition times would be required for ten-digit
numbers. To increase the over-all speed of computation
within the ENIAC, it was decided to use a process of
multiplication faster than that of successive additions,
even at the cost of complicating the multiplier some-
what. The process chosen makes use of an electrical mul-
tiplication table; by means of it the complete multipli-
cand can be multiplied by a single digit of the multiplier
in one addition time.

A description of the operation of the circuits of the
high-speed multiplier, capable of handling ten-digit
numbers, is too complicated for us to give here. Instead,
we will consider a simplified version of the circuit, as
shown in Fig. 4. The circuit of Fig. 4 can handle only
two-digit multipliers and multiplicands (and hence will
produce only four-digit products). Morcover, to effect
further simplification, only part of the multiplication ta-
bic is shown (and hence only some of the output gates),
namely, that part used by multiplicand digits of one,
two, or three. Thus, in our example, we will take a multi-
plicand of which ncither digit exceeds three.

Tubes 40 through 49 and B0 through B9 form what
is called the multiplier selector since, by means of this
array of tubes, one digit of the multiplier can be selected
at a time. On one input these gate tubes are connected
in one-one correspondence with the static outputs of the
stages of the decade counters of the accumulator holding
the multiplier (called the multiplier accumulator). On
the other input these gate tubes are connected in col-
umns to lines coming from the programming circuits
(tines 1 and 2). ‘These lines are activated in sequence
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(one each addition time) so that one digit of the multi-
plier is selected at a time. The outputs of the selector
gates are connected.in rows to drive the multiplication
table (through tubes P, Q, R, S, etc.).

The digit selected operates the multiplication table
and associated output gates (the tubes lettered C, D, E,
F,and G). The table is so wired up that when the incom-
ing bus representing a digit from 0 to 9 is activated, all
outputgatetubes are turned off except those representing
the products of that digit by the digits from 0 to 9. The
output gate tubes are pulsed with pulses from the cy-
cling unit, so that the whole network generates the
products of the multiplier digit selected by all digits
from 0 to 9. Since the product of two single-digit num-
bers is in general a two-digit number, the multiplication
table is divided into two parts, the left-hand part (pro-
ducing the tens digit of the product) and the right-hand
part (producing the units digit of the product). For ex-
ample, if the multiplier digit is 7, tube D2’ will pass two
pulses and tube G1 will pass onc pulse, since the product
of 7 times 3 is 21, i.e., 2 in the tens place and 1 in the
units place.

The units and tens outputs of the multiplication table
are fed into two multiplicand selectors, called the left-
hand multiplicand selector (the tubes lettered  and J)
and the right-hand multiplicand selector (the tubes let-
tered K and L). Each selector consists of an arrav of
gate tubes (certain rows are not needed) connected on
onc input in one-one correspondence with the static out-
puts of the stages of the decimal counters of the accumu-
lator holding the multiplicand (called the multiplicand
accumulator). On the other input thesc gate tubes are
connected in rows to the lines coming from the multi-
plication table output gates (via inverters U, 1, etc.),
cach row receiving pulses according to the digit it repre-
scnts. Thus tubes /73 and J3 represent possible multi-
plicand digits 3 and hence reccive pulses from the num-
ber 3 channel of the left-hand part of the multiplication
table (from tubes D1 and D2'). The outputs of the sclec-
tor gates are connected in columns and go to the shifters.

The clectronic shifters (the tubces lettered Af and N)
consist of squarc arrays of gate tubes used to shift the
partial products into position. On one input the gates of
a shifter are conncected together in columns which re-
ceive the outputs of the corresponding multiplicand se-
lector. On the other input the gates of a shifter are con-
nected to the lines coming from the programming cir-
cuits which are activated in sequence, one being on for
cach successive multiplier digit (lines 1 and 2). The
outputs of a shifter are connected together diagonally,
so that the pulses coming out of the shifter are moved
over one place cach time a different multiplier digit is
used. :

Suppose, for example, that the multiplier is 76 and
the multiplicand is 21. As a consequence, one input of
cach of the following selector tubes is activated: 4 7, B6,
112, K2, and L1. The programming circuits energize line

1 and as a result two things happen. First, gate tube B6
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goes on, causing the number 6 line of the multiplication
table to be energized; this causes gate tubes D2/, E1,
E2', F2', F4, and G1 to be turned off—the remaining
tubes pass the pulses received from the cycling unit,
Second, the shifter gate tubes Af1, 442, N1, and N2 are
activated on one input. The pulses coming from the
multiplication table (representing the product of 6
times 1, 2, and 3) go to the multiplicand selectors. Tube
I2 passes the one pulse received from the table, and
tubes K2 and L1 pass 2 and 6 pulses, respectively.
Thus pulscs are emitted by the left-hand multiplicand
selector representing 10, and pulses come from the right-
hand selector representing 26. These come out of the
shifters as 0100 and 0026 and go to the accumulators
which collect the partial products.

The program controls activate line 2 during the next
addition time, the multiplier digit 7 is selected. and
pulses come out of the shifters representing 1000 and
0470 and go into the left-hand and right-hand partial
products accumulators (producing the sums 1100 and
0496, respectively). After all of the multiplier digits have
been used in this manner, corrections are made in case
negative numbers (complements) are involved, and the
left-hand partial products are then added to the right-
hand partial products, producing the final answer.2® In
the example we have taken, the final sum will be 1590,
which is the product of 76 and 21.

A more detailed view of one scction of the multiplica-
tion table is shown in Fig. 7. When the table is in opera-
tion, the buses representing all the digits except the one
selected are positive; the one selected is driven negative,
turning off thosc output gate tubes which are connected
to the selected bus through the 220,000-ohm resistors.
Of course, because of the cross-connections via the vari-
ous 220,000-ohm resistors, the nondriven buses will
receive acertain amount of negative signal, and this will,
in turn, havea tendency to turn off the gate tubes which
are supposced to be on. This “parasitic” signal is over-
come by driving the grids positive (the grid resistors go
to 503 volts, whereas the cathodes are held at 500 volts).
The design of the table must take into account the pos-
sible parasitic signals. These are a function of the matrix
of connections and the resistances of the driving tubes,
the cross-connecting resistors, and the grid resistors.
The problem was particularly acute in the case of the
tables used in the function tables, both because these
were so large (over one hundred buses on each side), and
b'e'cau.se the matrix connections are variable; the para-
sitic signal was decrcased in that case and the operating
signal n}ade less dependent upon the particular matrix
conncctions set up by using plate load resistors in paral-
101' “'“_h the load provided by the table itself. The multi-
pllcatlon.tablc has, of course, fixed connections. It was
further simplified by the use of a coded system; instead

%0 A .. .
the Tlhgs?_opc_'mtlons take two addition times. At the beginning of
muitiplication, an addition time s required for setting up the se-

lector circuits. Hence, the iplicati
Cir s.  the multiplication of ten-djp; rs tak
13 addition times or 2.6 milliscconds. e i Dl e
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of having an output gate tube for each digit from 1 to 9,
gate tubes receiving the one-pulse, the two-pulses, the
two’-pulses, and the four-pulses were used. This required
fewer output gate tubes and made possible a better-
balanced multiplication table.

VII. CoNCLUSION

Since its dedication on February 15, 1946, the ENIAC
has produced results of great value in both theoretical
and applied fields, demonstrating unquestionably that
electronic computation is practicable. Except for an
initial period of testing, the rate of failures has been

PROCEEDINGS OF THE I.R.E.

767

only about two or three per week, most failures being
caused by heater-cathode short circuits and heater open
circuits in tubes. These can usually be detected, local-
ized, and corrected quickly, despite the complexity of
the ENIAC, by an operator who is thoroughly familiar
with ali the details of ENIAC design and with the par-
ticular problem being solved. Under such an operator
only a few hours per week are lost on account of failures.

Because the ENIAC combines the desirable features
of speed and reliability, it is capable of solving problems
hitherto beyond the scope of science. Thus it inaugu-
rates a new era, an era of electronic computation.

Automatic Frequency Control of Microwave

Oscillators”
VINCENT C. RIDEOUTY, MEMBER, LR.E.

Summary—A method for the automatic frequency control of any
type of tunable microwave oscillator is described. In this method a
servomechanism is ugsed which includes a wave-guide discriminator
circuit, a mercury-contact relay, a 60-cycle amplifier, and a small
two-phase induction motor.

Tests made on a preliminary model of a circuit of this type used
with a 4000-megacycle oscillator showed that a stability of 1 part in
50,000 was obtainable. The manner in which such a control system
may be used in a microwave repeater is described.

I. INTRODUCTION
THE AUTOMATIC-frequency-control circuit to

be described was developed in connection with

work on microwave repeaters. A mechanical servo
was chosen because of considerations discussed under
Sections V and VI below.

II. DESCRIPTION

Fig. 1 shows diagrammatically the components and
connections in the servo loop. Part of the output power
of a 4000-megacycle oscillator is fed into a wave-guide
version of the well-known discriminator circuit.’=? The
discriminator output is converted to a 60-cycle square-
wave signal by means of a polarized mercury-contact
relay also shown in Fig. 1. The fundamental component

* Decimal classification: R355.6 X R355.912. Original manuscript
received by the Institute, May 1, 1946; revised manuscript received,
December 16, 1946.

t Formerly, Bell Telephone Laboratories, Inc., New York, New
York: now, University of Wisconsin, Madison, Wisconsin.

1 F. A. Polkinghorn and N. F, Schlaak, “A single side-band short-
wave system for transatlantic telephony,” Proc. [LR.E., vol. 23, pp.
701-718; July, 1935.

2 . S. Patent No. 2,041,855, 1936.

. *D. E. Foster and S. W. Sceley, “Automatic tuning, simplified
circuits, and design practice,” Proc, L.LR.E,, vol. 25, pp. 289-313;
March, 1937,

of this signal is amplified and applied to the control
phase of a two-phase low-inertia induction motor. The
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Fig. 1—Servomechanical automatic-frequency-control circuit.

motor is, in turn, connected to an oscillator tuning shaft
through reduction gearing, thus completing the servo
loop.

The various components of the loop will now be dis-
cussed in more detail.

1. Wave-Guide Discriminator

In the low-frequency phase discriminator shown in
Fig. 2(a) the voltages ¢, and ¢, if in phase quadrature,
give the conjugate voltages ¢’ and ¢/’ across the recti-
fiers. Jf the phase of ¢, or e, is now changed, the voltage
across one rectifier will increase, and that across the
other will decrease. If e, and ¢, arc derived from a com-
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mou source, and a network whose phase shift varies with
frequency is interposed hetween the source and one of
the pairs of input terminals, the circuit hecomes a fre-
quency discriminator.

A phase discriminator in wave guide is basced on the
hybrid junction shown in Fig. 2(b). From a considera-
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Fig, 2 - Low-frequency and high-frequency phase discriminators.

tion of the voltage vectors in space in the wave guide,
(here, always perpendicular to the large dimension of
the guide), it will be seen that branch 3 is in parallel,
and branch 4 is in serics with branches 1 and 2. Thus
the phase relationships of the voltages are the same as in
the first circuit, and if rectifiers arc placed across the
guide in branches 1 and 2, the voltages across them will
vary with the relative phase of ¢, and e, as in the first
circuit. Transformer ratios have been ignored for sini-
plicity.

In Fig. 1 a resonant cavity has been added to the
hybrid junction to make a frequency discriminator.
Power flows down the wave guide attached to the oscil-
lator and develops voltages across two irises connected
cffectively in parallel and in series with the line. The iris
in the small side of the guide forms part of a resonant
cavity through whick power flows to the parallel
branch of the hybrid junction. The iris in the large side
of the guide is connected through a phase shifter to the
scries branch of the hybrid junction. The terminating
strip ensures a matched impedance looking back from
the hybrid junction. The phase shifter is included so
that the voltages from the two paths 3 and 4 can be put
in phase quadrature at the resonant frequency of the
cavity. The power flowing into the hybrid junction from
cach of the two paths is adjusted to be approximately
cqual at this frequency.

By means of an analysis based on the lumped-con-
stant equivalent circuit it may be shown that the total

! This was first suggested by A. C. Beck and D. H. Ring of the
Bell Telephone Laboratories.
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voltage appearing across the reetifier load resistors is

Ul = JD0n
V=K- : ' .
U A UL fo = Sl 1012

Here Q4 is the loaded Q of the cavity, and fy is its

resonant frequency. The constant K depends upon the
powcer input, cavity transmission loss, and crystal sen-
sitivity. Square-law rectifiers are assumed.

For most applications we can use the approximation

/,/fn - /n// = 2(/—‘ /n)//n = 21"//0.
IF'or small variations, therefore,

;. [\,{ QOu/far
U+ o

Thus, for frequencies close to f,, 7 is approximately
lincar with /7, the variation from f,. As ] 1"| increases, the
sccond term in the denomindtor hecomes of importance,
and the slope of the curve decreases. Voltage miaxima
occur at ff=+f,/20,.

In Fig. 3 the mecasured response curve for a wive.
guide discriminator centered at f,=4200 megacycles is
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FALQUENCY DIVIATION F IN MEICACYCLES
Fig. 3—Response of an experimental high-frequency

wave-guide discriminator.

shown. The curve is not quite symmetrical, partly be-

cause of the different responses of the two rectifiers

used, but the lincar partof the curve is greater than that
required.

2. Amplifier

The 60-cycle amplifier was designed to give linear

output of motor speed versus input voltage, up to at
least 40 revolutions per second with low-power tulies.

"This amplifier was designed largely by R. E. Graham, of
the Bell Telephone Laboratorics.

3. Motor and Gearing

The motor used in the experiment
phase Dichl induction motor, especially designed to
!1ave low inertia and linear characteristics. The total
inertia is about 16.3 gram-centimeters squared.

. ’1‘}3(: gear reducer had to be designed to have a gear ra-
tio (input-to-output speed ratio) small cnough so that

al design is a two-

Anpnst {

§
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the motor speed to follow maximum rate of frequency
drift lay within the lincar response region of the servo.
Although a small gear ratio calls for less amplifier gain,
a limit is reached where the frictional resistance of the
load or the static-friction errors become too large. The
gear ratio used in this system was selected to be in the
range thus determined.

111. ELEMENTARY SERVOMECHANISM THEORY

In the circuit of Fig. 1, two shafts® are shown, onc of
which (shaft X) may be hand controlled to introduce a
known frequency variation to simulate an undesired
frequency shift. Shaft ¥, the servo-output shaft, is
driven by the motor. Let it be assumed that they both
change the oscillator frequency at the same rate.

The circuit of Fig. 1 is a servomechanism, by defini-
tion, if the introduction of an angle 6: (corresponding to
a frequency change F;) at shaft X causcs the servo-out-
put shaft ¥ to change by an angle 0o such that the cor-
responding frequency change Fo tends to cancel Fi. The
net change Fy— Fo at any given time is called the fre-
quency error. It will be convenient to usc the propor-
tional angular error 8;—fo.

o ted]

(b)

Fig. 4—Simple circuit equivalents for the servomechanism of Fig. 1.

if we do not exceed the lincar range of any of the
servo components, this angular error appears succes-
sively as a proportional variation in frequency, phase,
voltage, and motor torque. To a first approximation
this may be assumed to happen instantancously, because
the inertia and the effective mechanical resistance of
the motor are the dominant factors limiting the speed of
response. Because a torque is produced which is pro-
portional to the angular error, the relation between the
error angle and the motor torque may be expressed as a
stiffness analogous to a spring stiffness, The torque is
then given by

The effective stiffness S is increased if the amplifier

gain is increased, or if the gear ratio is decreased.

¢ The reflex type of oscillator nsed in the cxperimental system
actually has two independent frequency controls,

Rideout: Microwave Automatic Frequency Conirol
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This torque is balanced by the retarding torques due
to the motor inertia J, and the effective mechanical re-
sistance of the motor R, according to the cquation

dbo

L
e -

S0: — 00) =J (2)

The equivalent mechanical circuit is shown in Fig.
4(a), in which the input angle 0; is the rotation of a ring
which is coupled by a spring to the output shaft.

Equation (2) becomes the cquation for the series cir-
cuit of Fig. 4(b), if we substitute the analogous clectrical
quantitics as shown in (3).

%(q;—qo)=Ld;;]: +r%- 3)
This may be written
PN
£=0g=LLio'+l'io+if 1odl. (4)
G dt o

The response of this circuit to various types of input
signals is well known. Commonly used parameters arc
the damping factor « and the natural frequency w,. In
(4) these are

r 1
W =

oL e 5

In (2) they arc
R S
«=u =T ©

For critical damping, a=w,. If a>w, cither system
gives nonoscillatory response, and for @ <wa the response
is oscillatory.

For one-half critical damping (a=/(ac/2)) we have,
in the mechanical system,

k- 1 FS
Tt @

T'his is a commonly used design value for the damping
in a simple servo, and gives a 16 per cent overshoot for
an input step-function, but about half the time of risc of
the critically damped casc.

The time constant 7 =J/R of the motor-amplificr com-
Lination was measured by opening the loop and deter-
mining the time needed for the motor to come up to
1—1/e=0.632 times its final speed after the application
of an input step function of voltage.

For a=a./2 we have, from (7),

r = R/S. 8)
in such a servo, for the constant velocity case (0;
introduced at a constant rate), from (2),
(]00

S((),‘ - ()n) =R 3 (9)
dt
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servo, except for some special circuit features included |
in the amplifier, and some further improvement is pos- -
sible by such means.

0, A resonant cavity of solid brass construction was used
s T_dt—, in the first tests. This type of cavity showed no ob-
servable change in resonant frequency after cycling be-
tween —70 and 470 degrees centigrade. The variation
in resonant frequency with temperature was measured
to be 0.07 megacycle per degree centigrade, which is
close to the value calculated from the temperature co-
efficient of expansion for brass.

Thus, for a cavity of this type with the temperature
db, controlled to +0.5 degrce centigrade, and with con-
(11) trolled humidity, the variation in resonant frequency
could be expected to be held to + 35 kilocycles. For radio
repeater use, therefore, where rates of drift and the oc-
currence of sudden variation can be minimized by
proper attention to power supplies and to shielding of
the reflex oscillator from sudden ambient temperature
variations, the maximum f'requency error should be of
the order of +75 kilocycles, except during the first min-
ute of warm up. ;

Therefore, the error for the constant-velocity case in a
servo with one-half critical damping is

or

dF,

F=(F—F)=r—0- (10)
( o SE=

Similarly if the output shaft is opened and a small
angle 8; is introduced,

Thus, if the motor time constant is known, the damp-
ing can be sct at one-half critical by opening the loop at
the output shaft, introducing a known angle (or fre-
quency change), and adjusting the amplifier gain or
other variable until the output speed corresponds to
that given by (11).

IV. RESULTS oF TESTs .
V. CoMPARISON WITH OTHER METHODS OF

sts were m n a lab | of to-
Tests were made on a la oratory model of an auto AUTOMATIC FREQUENCY CONTROL

matic-frequency-control circuit designed for use with a
reflex oscillator operating at 4000 megacycles. The oscil-
lator could be tuned electrically over +7 megacycles by
a motor-driven potentiometer which varied the repeller
voltage. A resonant cavity with Q=800 (giving the
discriminator response shown in Fig. 3) was used.

The maximum drift rate to be follovsed was found to
be 0.5 megacycle, and the motor-plus-amplifier time-
constant, 0.068 second. The error expected at this drift
rate was, therefore, 34 kilocycles (see 10)).

There are two general methods of automatic fre-
quency control; one in which the control is purely elec-
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The coulomb friction, which gives a retarding torque
independent of angular velocity, limits the servo accu-
racy at very low speeds. From measurements on the
motor the error expected for a=a,/2 was +30 kilo-
cycles. This error may be reduced by using a higher
gear ratio (plus higher amplifier gain to maintain the
same gain around the loop), provided the gear ratio still
satisfies the conditions outlined in part 3 of Section I1.

It was assumed in Section III that there were no
limitations on the response due to the effects of gear
backlash. In the experimental system, although the
backlash did not cause mechanical oscillations or
“hunting” to begin until optimum gain (¢ =a./2) had
been exceeded, it was thought advisable to use slightly
lower amplifier gain than optimum. For the gain used,
the measured error for a 0.55-megacycle drift rate was
60 kilocycles, and the measured static error was + 40
kilocycles.

No attempt has been made as yet to use equalizing
networks®? to increase the accuraey of control of the

¢ E. B. Ferrell, “The servo problem as a transmission problem,”
Proc. L.R.E., vol. 33, pp. 763-767; November, 1945.

? LeRoy A. MacColl, “Fundamental Theory of Servomechanisms,”
D. Van Nostrand Co., Inc., New York, N. Y., 1945,
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Fig. 5—Block diagram of radio repeater.

trical, and the other in which a mechanical link is in-
cluded, as described here. In the first type the error
ordinarily varies with the amount of correction that has
been called for, while in the second the error varies
with the rate of change of frequency which is called for
and has a fixed maximum value when this rate is zero.

Because of its noncumulative error, the second or
servomechanical type of control may be preferable where
slow drifts over long periods of time are encountered.
The direct-current amplifiers which are customarily
used in the straight clectrica] type of control are often
undesirable from the point of view of stability over long
periods of time. The fact that in the case of a power

failure a servomotor wil| stop, thus causing no detuning,
may be of considerable importance.
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On the other hand, the electrical type of control
ordinarily has a much faster responsce, Thus it is usually
preferable where very high stability of an oscillator is
necessary over relatively short periods of time. Tt re-
quires, of course, an oscillator which can be rapidly
varied in frequency by means of a change in some clec-
trical potential.

V1. APPLICATION TO A MICROWAVE REPEATER

Fie. 8 shows a block diagram of a microwave repeater
with an mrtomatic-frequency-control system of the kind
which has been deseribed. This type of repeater involves
only one ultra-high-frequency beating oscillator, which
i held 1o the resonant frequency of acavity. The main
output of this oscillator beats with the 65-miegacycle
sienal in the transmitting modulator to produce the out-
An auxiliary oscillator produces power at
to beat

put signal.
comparatively low frequency which is usced
against the ultra-high-frequency oscillator output to
produce power at a frequency suitable for the conver-
sion of the incoming signal to the intermediate fre-
“quency. H ot is arranged that the receiving and the
transmitting beating-oscillator frequencies are respee-
tively on the same sides of the incoming and outgoing
frequencics, the errorin the transmitted frequency will
exceed that in received frequency by only the error in
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the low-frequency oscillator (4 Fain Fig. 5). This error
may be made very small by the use of crystal control.

Thus, this method of microwave-repeater automatic
frequency control puts the burden of control of the
transmitted frequency mainly on the original transmit-
ting terminal. Irequency control of the beating oscil-
lators in cach repeater is needed mainly to keep the
intermediate frequency within given limits. The present
types of intermedinte-frequency amplifiers permit a vari-
ation of carrier frequency which is somewhat greater
than the possible variation of 2738 kilocyceles quoted in
Scction 1V,

V11, CoxcrLusioNs

The servomechanical type of automatic {requency
control described in this paper was designed to be used
to contral the ultra-high-frequency beating oscillators
in radio-relay repeaters operating at about 4000 mega-
cyveles. Tn giving a possible accuracy of control of 75
kiloeyeles, or hetter than one part in 50,000 at this fre-
quency, it more than meets the requirements of such a
svstem. Tt is furthermore a general method of control
applicable to many Linds of escillators, and uscful with
ultra-high-frequency or
criminators. With some changes, this servomechanism

intermediate-frequency dis-

may also he applicd to antomatic wain control.

Harmonic-Amplifier Design’
ROBERT 1. BROWNT, MEMBER, LR

Summary—Two mecthods are presented for calculating the ideal
performance of amplitude-variation-type harmonic amplifiers: (1), a
slightly revised form of Terman's analysis, which is convenient for
quickly obtaining approximate results, and (2), a graphical analysis
which, while somewhat less rapid, is exact.

In n frequency-multiplier stage the actual performance may come
short of the ideal because of degenerative cffects duc to grid-plate
capacitance and cathode inductance. In many cascs, with power tubes,
these degenerative effects are so great as to render the stage imprac-
ticable. The degeneration due to grid-plate capacitance may be
thought of as an output loading effect which is proportional to the

mutual conductance and the grid-plate capacitance of the tube and
inversely proportional to the total capacitance in the circuit between
the prid and the cathode.

Inductance in the cathode circuit common to both grid and plate
circuits has a loading cffect on both input and output circuits which
is proportional to the mutual conductance of the tube, the common
inductance, the internal capacitance between the cathode and the
input or output clectrode as the case may be, and to the sccond
power of the frequency. Circuit arrangements for overcoming
these degencerative effects are discussed in theory and application.

INTRODUCTION

ODERN applications requiring crystal stability

\ of carrier frequencics of the order of 108 cycles
and higher have emphasized a need for material

on frequency-multiplier design more extensive than that
which is usually available to the individual confronted
with such design problems. This fact became especially

* Decimal classification: R357.1. Original manuscript received by
the Institute, May 5, 1946, revised manuscript received, November
27, 1946. The work described herein was conducted under a subcon-
tract with Major E. H. Armstrong as part of prime Signal Corps
Contract No. \WW28-003-ac-248. The equipment supplied under this
contract constituted the major portion of the “moon radar,”

t Formerly, Engineering Research Department, Sylvania Elec-
tric Products, Inc., Bayside, N. Y.; now, Walla Walla College, Col-
lege Place, \Washington.

evident during the development of the cquipment later
used as the “moon radar.”

Various methods are known for obtaining frequency
multiplication, but in the present state of the art only
the locked oscillator and the harmonic amplifier are suit-
able for use at frequencies above approximately 10
megacycles. Harmonic amplifiers may be divided into
two classifications: amplitude variation and velocity
variation. Tubes suitable for the velocity variation type
are not generally available at present, and the following
discussion is confined to amplitude-variation harmonic
amplifiers.

GRAPHICAL ANALYSIS OF PERFORMANCE

The performance of 2 harmonic amplifier may best be
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studied by a graphical analysis. ig. 1 shows the nature
of the operating paths of harmonic amplifiers when the
paths are plotted on a constant-current characteristic.
The operating path of the ordinary class-C amplifier, in
which the frequency multiplication is unity, is shown in
Fig. 1 (a). Figs. 1 (b), 1 (¢), and 1 () show, respectively,
the operating paths of a frequency doubler, tripler, and
quadrupler. It will immediatcly be recognized that if the
grid and plate signals are sinusoidal, these operating
paths are Lissajou figures. Throughout this analysis it
will be assumed that the grid and plate circuits are in
tunc and have Q values greater than ten, and that transit
times are small, i.c., that the grid and plate signals are
sinusoidal and 180 degrecs, or an od] multiple thercof,
out of phase at an arbitrary time {=0.

1"/‘,’ ,v’,\
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(,’t“’( L e S ey
%% mazf— = ATy e € mox oIS F=_
hnd 5 g Pne., Tt <
= s \_‘..::\\s\~~ e \“\\\\‘~\:: gt S
=Ix:3 STy
&4 £
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Fig. 1—Harmonic-amplifier operating paths. # =order of frequency
multiplication. Ordinates are instantancous grid voltage and ab-
scissas are instantaneous plate voltage. E.=grid bias and L,
=plate supply voltage. Dashed lines indicate constant-plate-cur-
rent curves. Dotted lines indicate constant-grid-current curves.
Taking grid and plate voltages as cosine functions,

current and voltage relations in the neighborhood of
the time when plate current flows may be represented
as in Fig. 2. The relation between the angular velocities
of the grid and plate signals is wp=nw, where 7 is the
order of frequency multiplication. Integration yields
the following relation between the phase angles of the
plate and grid signals:

nd, + m. (1)
The crest value of the plate or ou tput signal is given by
Epnm = (Eb - €y min)- (2)

If 0 is defined as the angle, measured in electrical degrees
at the input or fundamental frequency during which
plate current flows, the plate potential at plate-current
cutoff is

(I)? =

(3)

0
ey, = Iy 4 I,,,. cos <7r + u 7)
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The erest value of the grid or input signal is given by

]L‘ulm —_—— (IL‘: — G mux), (4)
and the grid potential at plate-current cutoff is
0
Ceyg = <]£c —*- ]L‘olm Cos _2" 3 (5)

Eliminating J2,5,, from (4) and (5) yields the following
relation for the grid bias:

0 0 R
I, = <c4'u — Ccmnx CUS 2 > / <1 — COs 2 . (6)

€co= Cu,/1 but since u is considerably lower near cutoff
than its published value for normal operating condi-

~ €p
b '
£, H- ‘\
/ = 1p
:b min 7 {
c max i
] /4 | 9
8¢y
€g
Ec
-8 0,0
z 7tz

Fig. 2—Iarmonic amplificr voltage and current relations.
co=plate voltage at plate current cutoff
eco=grid voltage at plate current cutoff
Ey=plate supply 1 oltage
Ly =grid bias voltage
0=total angle of plate current flow.

tions, e, should be taken as the ordinate of the point
on the zero plate-current line whose abscissa is €y,

Knowing E,, Lytm, I2y, and L pnm, with the aid of (7)
and (8) the operating path may be plotted on a constant-
current-characteristic sheet.

vee = E.+ E,, cos @, (7)
¢v= Ly + E,... cos (v + nd,). (8)
Two points have alrcady been  determined { J—

b min) and (e, ,), and it is usually only necessary to
find two or three more in order to sketch the conduction
region of the path with sufficient accuracy.

. Having obtained the operating path, the direct and
Input-frequency components of the grid current and the
direct and outpul-frcqucn(‘y tomponents of the plate
current may be determined 1o the desired degree of ac-
curacy by whatever method of harmonic analysis the
designer may prefer. A Fourier analysis based on the in-
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stantancous values of grid and plate currents at ten-de-
gree intervals (at the input angular velocity) should be
adequate for any practical frequency multiplier of the
type discussed here.*™* FFor doublers and many triplers
an analysis based on currents taken at fifteen-degree in-
tervals will usually be found adequate. :

In many cases it may be desirable to use a more rapid
but less accurate method for determining approximate
operating conditions before applying the foregoing anal-
ysis. Such a method, based on Terman’s analysis,® is de-
scribed in Appendix 1.

In the embodiment of a multiplier, coupling between
the grid and plate circuits by means of interelectrode
capacitance and/or cathode inductance may, because
of degenerative effects, prevent realization of the per-
formance predicted by the foregoing analysis. In a very-
high-frequency multiplier employing power tubes these
cffects may be sogreat that, unless compensated for, they
will render the stage unworkable.

DEGENERATIVE EFFECTS
" 1. Degeneration Due to Capacitive Feedback

Because of the highly nonlinear operation of a har-
monic amplifier, it is not convenient to obtain a complcte

PLATE

~~] +

\_Cpf E

| -

CATHODE

_11
I
=]
S

|
|

Fig. 3—Equivalent circuit for analyzing cffect of grid-plate capaci-
tance on output.
C,,=grid-plate capacitance
C,s =plate-cathode capacitance
r,=dynamic plate resistance
Z¢=total impedance between grid and cathode
E,=equivalent plate-circuit generator voltage due to signal I,
rcaching grid from plate circuit.

gencral solution showing the cffects of grid-plate capac-
itance. However, by assuming the equivalent plate-cir-
cuit theorem, a rough first-order approximation may be
obtained which, while of little quantitative value, does
reveal what we need to know here. The problem may be
approached by solving for the admittance seen between

1 Electrical Enginecring Staff, Massachusetts Institute of Tech-
nology, “Applied Electronics,” John Wiley and Sons, New York,
N. Y. 1944, pp. 569--578.

2 “Reference Data for Radio Engineers,” Federal Telephone and
Radio Corp., New York, N. Y., 1943, pp. 162, 163.

1. S. Sokolnikoff and E. S. Sokolnikoff, “Higher Mathematics
for Enginecrs and Physicists,” McGraw-Hill Book Co., New York,
N.Y.. 1941, pp. 545~550.

+E. L. Chaffee, “Simplified harmonic analysis,” Rev. Sci. Inst.,
vol. 10, p. 384; October, 1936.

¢F. E. Terman, “Radio Engincering,” McGraw-Hill Book Co.,
New York, N. Y., 1937, pp. 314-331 and 338-341.
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the anode terminal and ground in a simple single-tube
harmonic amplifier, when looking toward the tubeat the
output frequency. Fig. 3 shows the equivalent circuit
seen looking towardthe tube if lead inductances be neg-
lected.

I=ijc,,,+(E—E,,)/r,,+E[iwC,,,,/(l-}—ij,,‘,Z,-)]. %)
E,,=—pEg=—#EUwC,,gZ;/(l—{-ijMZ,')]. (10)

For any given tube g and 7, in the above expressions are
functions of the operating conditions in the circuit, but
it is not necessary here to be specific about their values.
Combining (9) and (10) to eliminate Ep, and substituting
g, for 1/r, and g, for pg, gives for the output admit-
tance:

, {4 gnZs ]
Yo = g, Cop - oCypp Lt Ml (11
o= g J”[w 1t <1+ij,,02,-> (1

If Z; be represented by a parallel combination of Li, Cs
(which includes grid-filament capacitance) and R;,, then
at the input frequency f,wL;=1/wC;and Z;= R where
w=2nf. At the output frequency #f the reactance of L;
is n2 greater in magnitude than the reactance of C;, and
Z: may be represented with small error by a parallel
combination of C; and a resistance R,. Since the mag-
nitude of the reactance of C; at the output frequency is
usually much less than R, and only approximate re-
sults are desired, for Z; at the output frequency one may
write 1/jw,C;, in which case (11) becomes

Yo=gp+ gm[cro/(cpo + C,')]

+_jwn [cp/ b cpacf/(cﬂa + C,') ]r (12)
or
Vo = gﬂ[l + I-‘cpo/(cﬂa + C,')]
+ jwn[Crs + C1iCif (Cpo + CI ] (13)

The values of g, in (12) and p in (13) depend upon the
operating conditions in the circuit, but are related to the
ordinary g. and u values of the tube.

The second term in (12) or the sccond part of the first
term in (13) shows that, in a harmonic amplifier, capaci-
tive coupling between grid and plate circuits gives rise
to a degenerative effect which may be thought of as a
loading of the output circuit. This loading effect is pro-
portional to the mutual conductance and the grid-plate
capacitance of the tube, and approximately inversely
proportional to the total capacitance in the circuit be-
tween the grid and the cathode. It has been found by ex-
perience that power tubes with large values of g. and
Cp, are in many cases inoperative as practical harmonic
amplificrs, if this output loading effect is not removed.
Unless C>p C,y the coupling through Cpy must be elim-
inated in any harmonic amplifier, if full efficiency and
power output are to be obtained. This can be accom-
plished by (a) balancing the undesired output frequency
signal at the grid with a signal equal in amplitude but
differing in phasc by 180 degrees (IMig. 4(a)); (b) adding
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inductive reactance between grid and plate to secure
antiresonance in the feedback path (Fig. 4(b)); or (c)
arranging the input circuit to present zero or inductive
reactance between grid and cathode at the output fre-
quency (Fig. 4(c)).

wl
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Figi 4EArrangcmcnts for neutralizing harmonic-amplifier output
oading.
(a) Conventional balanced feedback arrangement.
Neglecting lead inductances, Gy = C,y and C;= Cpp.
(b) Antiresonant feedback path.
QRrnfLi—1/2znfCs)=1/2anfC,,.
(c) Phase reversal of feedbaclk voltage. L, taken to obtain serics
resonance between grid and ground at #f.

The arrangement of Fig. 4(a) is similar to the con-
ventional scheme used for neutralizing regeneration, ex-
cept that here it is used to neutralize a degenerative
effect. It has been found by experience that for values of
C: greater or less than optimum, the plate tuning is less
sharp and the value of direct plate current at resonance
is increased. (If C; is large compared with its optimum
value an ultraudion oscillator may result, particularly
if the grid circuit has a very high inductance-capacitance
ratio.) It is most convenient to adjust C, for the mini-
mum value of direct plate current, keeping the plate
circuit resonant.

In the arrangement of Fig. 4(b), losses in L; and G,
must be held to a minimum in order to make the im-
pedance between grid and plate as large as possible.t7
Capacitance C; may be.made variable or a small vari-

¢ R. J. Kircher, “A coil-neutralized vacuum-tube amplifier at
very-high frequencies,” Proc. I.R.E., vol. 33, pp. 838-843; Decem-
ber, 1945,

" Many valuable and interesting suggestions are to be found in
:IZJI. Sl.glzitcnt No. 2,344,734, issued to Walter van B. Roberts, March

able capacitance may be placed in parallel with G,
and L, and adjusted in the same manner as C, in the
arrangement of Fig. 4(a). This scheme is attractive in
very-high-frequency multipliers because it does not add
extra capacitance (neglecting strays) to the other
resonant circuits. Elements L, and C; may be a well-
shielded, open-ended transmission-line section between
one-quarter and one-half an output wavelength long,
With lumped elements for L, and C; there will be some
input loading unless the circuit between plate and grid
is antiresonant at both input and output frequencies,
since at the input frequency the plate circuit is induc-
tive and the grid-to-plate impedance will also be induc-
tive. With an open-ended transmission-line section for
Liand C; there will be a small amount of negative input
loading at the input frequency because the grid-to-
plate impedance will be capacitive.?

The arrangement shown in Fig. 4(c) was developed
by C. R. Runyon in the early work on frequency-modu-
lation transmitters at very high frequencies. In the grid
lead is placed a small inductance L. which is large
cnough so that the combination of L, in series with L;
and C; has at the output frequency either zero reactance
or an inductive reactance+X ;. If +7X: be substituted
for Z;in (11) and XK1 /waC,,, taking Cg; Z C,,,

Yo=g, —gmenCpo X + jwa(Cps + Cpp). (14)
Values of L, too small to make the combination of L,
with L; and C; inductive have the effect of increasing C,
in (12) or (13); hence, as L. is increased from zero, the
stage first becomes less and less degenerative and then
becomes increasingly regenerative until a point is
reached at which self-oscillation takes place. When
X:=0the term containing gm or pin (12), (13), and (14)
becomes zero and G, is simply 1/7,.% In a very-high-fre-
quency multiplier, L, may be merely a short piece of
wire.

2. Degeneration Due to Inductive Feedback

Cathode inductance common to grid and plate cir-
Fuits has an input loading effect and increases the driv-
Ing power required!®; that it also has an output loading
or degenerative effect is shown by the following anal-
ysis. 'As in the previous case, the equivalent plate-
circuit theorem will be assumed in order to obtain easily
a rough first-order approximation. Fig. 5 shows the
egunfalent circuit seen looking from the external output
circurt toward the tube, if plate-grid capacitance and the
inductances of all leads except the cathode are neglected.

(15)

8 Electrical Enginecring Staff Massact Insti f Tech
nology, “Applicd Elecirng Stafl, sachusctts Institute of Tech-
N \9(‘}'{1944. I[;p. 402_40{ nies,” John Wiley and Sons, New York,
Junlc :;‘;"’i)gﬁ Summerhayes, Jr, U, S, Patent No. 2,352,455, issucd

*F. E. Terman, “Radi Enei ! .» 1
Book Co., New York, I\\ \fv‘l'olg‘;r:;s,:lg'c‘e}r?;'Handbool\, McGraw-Hill

I,=(E - TjwaLy) X junCpy.
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I, = [E — (— pE,) — Ij“’nLk]/rr (16)

Taking g,=1/7, and gm=pg, as before, since I=I+1,
an(ilz,==-—ljwnlm,
I=E(gp+]""ncpl)/[1 —w,?L1Cprt (gp+gm)jwnLk]- an

Dividing by E and taking w,Li&1/w,Cps and [>T
the output admittance is

—% m nzlm(: (: — &m 3
¥y = <gp gmwa®Ly ,,,) +jw,,< of = B gpLx) (18)
1 + gnlwa?Li? 1 4+ gm’w,Li?

Unless w.Lx is about 100 ohms or more, gn'w.’Li* is
usually small enough so that one may write, with but
little error,

Yo =g, + gmwn LiCrr + jw,.(C,,/ o< gmgka)- (19)
PLATE
If r 1,
Cpr
A Ey ]
E
+
—T CATHODE
Ly £
N
+ | L= =
GROUND

Fig. 5S—Equivalent circuit for analyzing effect of cathode inductance
on output.
L. =;nductance of cathode and cathode lead which is common
to grid and plate circuits
rp=dynamic plate resistance
C,s = plate-cathode capacitance
— E,=signal across L, at output frequency.

From the above expression one concludes that a de-
generative effect equivalent to an output loading is
produced by cathode inductance common to both grid
and plate circuits, and that this effect is proportional to
this inductance, the mutual conductance and the plate-
cathode capacitance of the tube, and to the second power
of the frequency.

Fig. 6—Two-frequency series-resonant cathode circuit.
Li=inductance of cathode and cathode lead.

I, Ci, and Cyare clements used to obtain serics resonance between
K and G at both fand nf.

If optimum pcrl"ormancc is to be obtained from a
harmonic amplifier, the cathode-inductance cffects
must be neutralized for both the input and the output
frequency. If the cathode is tied to the ground point

Brown: Harmonic-Amplifier Design
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through a series combination of inductance and
capacitance shunted by a capacitor as shown in Fig. 6,
series resonance may be obtained between the cathode
and the ground point at both the input frequency f and
the output frequency 7f. If L is known, trial values of
L; may be assumed and Cqand Cs determined by solu-
tion of (20).

[w2L:]Cs + [w2(Ls + L) ]Cs
— [w*LsLy)CCs — 1 = 0,
[112w"’L;,.]C4 + [nzwz(La + L) ]Cs
— [n%*LsLi]CCs — 1 = 0.

(20)

The solution gives,
122(»4L3(L3 + Lk)C52 = (1 + 112)w2L3C5 + 1= 0, (21)
Ci = 1/n2w'L;LiCs. (22)
In a large number of cases, cathode inductance is not
serious at frequencies below those at which transmis-
sion-line sections may conveniently be used as circuit

elements. Fig. 7 shows a cathode-circuit arrangement
which employs a balanced transmission-line section and

ﬁ-ﬁk_’\ T

p——o G

L
|

» T
Kz e— 9900 —T— -

JLUK L’—J ————»l

Fig. 7—Two-frequency series-resonant balanced-cathode circuit.
L, =inductance of cathode and cathode lead
Zo=characteristic impedance of transmission-line element
Ce=lumped shunting capacitance on transmission-line section for
obtaining zero impedance between K and Ksat both fand nf
I=length of linc section between Csand short
G and G’ are ncutral points.

is adapted to push-pull harmonic amplifiers. If the
values of I and Cs are properly selected and the cur-
rents in the two tubes are balanced, K, K., G’ jand G
will be at the same potential for both f and nf. If L'
is known, Cs may be determined in terms of Zsfrom (23)

nwLy! [ [Zo(n??Li/Cs — 1) ]

= tan{n tan~? [wLi'/[Zo(w?Li'Ce — DY (23)

Ordinarily Z, will be about 250 ohms in order that con-
duction losses in the line section may be minimized. 112
Representing the wavelength at {requency f by A,

1 = (z/2r) tan—! {wL,'/[Zo(w?Li'Co — D1} (24

Fig. 8 shows a cathode-circuit arrangement employ-
ing an image transmission-line scction which is adapted
to a single-tube harmonic amplifier. In a very-high-

1t R. 1. Sarbacher and W. A, Edson, “IHyper and Ultrahigh Fre-
quency Radio Engineering,” John Wiley and Sons, New Yorl, N. Y.,

1944, pp. 347-349.
17’ See pages 191 to 193 of footnote reference 10.
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frequency doubler or quadrupler using two tubes—
push-pull input and push-push output—each tube
should have a cathode circuit similar to that described
in Fig. 8 (or Fig. 6), since unbalanced currents arc
present. As a rule, only odd-order multipliers (triplers
or quintuplers) arc satisfactory at very-high frequency
with power tubes, at lcast, because simple even-order
multipliers are unbalanced.

1T T
T '

TS o4 7,

GROUND POINT Ce

Fig. 8-—Twe-frequency serics-reonant unlalanced-c.hode circuit.
K is at potential of ground point for j ami =7 Symbols definad
inFig. 7.

The cathode inductance and cathode-lead inductance
of the tube around which one is designing o frequency
multiplicr are usually not known, and the strav re-
actances in the circuit are very difficult to evaluate,
Hence the cathode circuit must he adjusted by “cut andd
try." With the arrangement of Fiz. 6, Cyand G may he
made variable for purposes of wdjustment. With the
arrancement of Fig. 7 or Fig. 8, the position of the
shorting bar and the position and value of ¢ may he
made variable for initial adjustments. \With constant
driving power, optimum adjustment for the input fre-
quency may be indicated by a masximum value of direet
grid current, while for a constant value of wrid current
and driving power optimum, adjustment for the output
frequency may be indicated by a minimum value of
direct plate current M Fortunaetely, in nany wide-hand
applications some form of loading is necded in the wrid
circuit making it unneeessary and undesirable to neu-
tralize cathade inductive reactanee for the input fre-
quency,

CoNCLUSION

Where transit times are not Luge, the craphical anal-
veis presented above provides a convenient method
for the design of 1 frequency maltiplier without recourse
to guesswork or cut and tryv, To realize design performe
ance, coupling between the input and output circuite
must be rendered insignifieant, In a woell-arraneed
multiplicr the only coupling hetween input and output
circuits will he that due to capacitance between the ot -
put and the control clectrodes, and ‘or inductance -
tween the cathode and the point common to hoth mput
and output circuits. Either of these couplings has, as far
as the output circuit is concerned, an eficct cquivalent

B This statement can be misleading becauee the cathedde circnie
may have a regenerative effeet on the stage if it reactance js hetween
0 and —p'wCy. If this regencration does not cause instability or
nutke the bandwidth of the stage too narrow, it is desirable and the
above statement is true.
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to that of placing a positive conductance across the out-
put circuit with a resulting decrease in Q and increase in |
power dissipated on the output clectrode.

In a frequency multiplier using a medium-sized power
tube (c.g., type 304-TH), if the total capacitance be-
tween control grid and ground is small (less than 30
micromicrofarads) the loading effect on the output cir-
cuit due to coupling through the grid-plate capacitance
may be so great that almost 100 per cent of the plate
input power is dissipated on the plate. If one of the
arrangements of Fig. 4 is used, the performance of the
multiplier may be made to correspond with that called
for in the desizn. With large tubes and with output fre-
quencies above approsimately 10 megacycles, it mav
be necessary 1o neutralize the effects of the inductance
hetween the cathode and the ground point by one of the
arrangements shown in Figs. 6, 7, and 8.

By emploving the principles set forth in this paper,
any tube may successfully be emploved in a frequency
multiplicr in which the output frequency is one at
which the tube may hie used as a straight amplinier.

Arrismx 1

APTRONIMATL ANALYTICAL MLTHOD FOR DiTERMINING
FEarcaoNte-Asprrpne PrRrRFORMANCE

The method of analy zine harmonic amplifiers given
by Terman® has heen in ceneral use and is very con-
venient, but unless certain minor modifications are
made i the procedure, the performance predicted is
apt to be too n]nlil]li>li(.

The ratio of the erest value of the 2t harmonic of the
space carrent 7o to the peak value of the space cur-
rent Lo may e represented' by 3.0 thus:

lov = 3.l ma. (23)
Silfl”.ll']-\. the divecr coampunont of space current I, is
Written
Iy = 3aly,, . (26)
and the dircet component of arid current o will be
Lo = L], 27)

The fa tor £ I b

determined to o fair degree of ap-
PrONIMation m maosty ¢

‘ es from tvpical operating data.
For example, in the U prical raudio-frequency power-
amplitier operating o, iven by the manufacturer for
the type 35T tuhe, the dircet plate current is 125 milli-
and direct grid carrent i< 45 milliamperes.
From this inform aion may be determined as being
Approsimately 43123043y (o 0.26. The crest value of

mput-frequency wrid to a good degree of

AMeTes
current s,
approximation, given in

I.'!w L 21':0. (ZS)

Y Sec pages 325 and 340 footnote reference 3.
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" In order to determinc the crest value of plate current
at the output frequency Ipum, it is important to know the
! crest value of grid current I,.m at this frequency. While
‘the grid-current pulse shape is quite different from the
| space-current pulse shape, for lack of a better, casily
" handled assumption, consider the components of the
" grid current to have the same relative values as the com-
ponents of the space current; then

Ianm = (5n/5l)101m-

The remaining currents to be computed are Ipo and
Ipm, given by

(29)

To=1TIo— I (30)
(1)

If the tube is a tetrode, one has expressions for the
second grid similar to (27), (28), and (29);a correspond-

Ipnm = Inm — Ianm-
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777

ing factor for the screen grid may be determined from
typical operating data in a manner similar to that sug-
gested above for k. Corresponding to (31), for a tetrode
Ipnn=Inm— (Tgnm~Tignm). Because of the number and
nature of the approximations involved, this analysis is
much less reliable for tetrode than for triode harmonic
amplifiers.

While rapid and convenient, this analysis is likely to
underestimate the required grid driving power and the
plate dissipation, and to overcstimate harmonic power
output, particularly if »>2.
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CRDESEFT0O

Abstract of ““A Method for Calculating Electric

Field Strength 1n the Interference Region”

77 1 HE PAPER outlines a method and
provides graphs which can be used
to cflect a rapid calculation of clec-

tric field strength from the formula

E
E= 70 (1 4 (DR)* = 2DR cos (0 —~ C)]'/%.

A brief review of the suggested method ap-
pears below.

As is well known, the formula arises from
the interference of direct and reflected rays.
Let ¢ be the angle between the reflected ray
and the horizontal. Sclect a convenient set
of values for tan ¢ covering the range of
validity

0.0177737
Stany £ 0.1

—————

fY’ICllz

where fme is frequency in megacycles.! Let
the antenna heights be /iy and b, Let d; and

. * Decimal classification: R270. Repurt R-2638
Naval Rewrearch Laboratory. Original manuscript re-
crlved by the Inatitute, March 27, 1947; abstract re-
celved, May 7,1947,

~Nﬂvul Regearch Laboratory, Washington 20,

V1. AL Norton, “The calentation of gronnd wave
ficld intensity over a finltely conducting spherical
carth,” FCC Repurt No. 39920, March 18, 1940,

HOMER E. NEWELL, JR.}

d. be the distances along the carth from
directly below the antennas to the point of
reflection. From the specified value of
I(r=1, 2) in feet, d,, in nautical miles, can
be obtained for cach value of tan ¢ from
graphs provided in the paper. The sum
d,+d. is d, the distance along the carth from
below one antenna to directly below the
other.

Next, kb and ke are casily modified to
i’ and ks to account for the carth's curva-
ture, and the parameter w="h'h,"/d is com-
puted. The divergence factor D may now
be read from curves of the paper in which D
is plotted against w for various values of tan

The remainder of the calculation follows
usual lines. R, C, 0, and Lo can he obtained
from commonly available graphs and fa-
miliar formulas, the calculation of /2 com-
pleted, and a plot of E versus d drawn.

The procedure outlined is new in that
values of tan ¢, e.g., 0.1, 0.09, 0.08, . . ., arc
selected, and corresponding values of d are
subscquently derived from suitable praphs.
I'his affords a considerable saving of time
over the usual procedure of selecting values
of d first, and then calculating tan . Also,

the convenient values of tan ¢ simplify the
reading of divergence factors and reflection
cocfficients from their graphs.

Two illustrative sets of calculations are
carried out in the paper, one for slowly vary-
ing ficld strength, and one for field strengths
which oscillate rapidly as d varies. Also, the
calculations which depend only on geometric
factors are carricd out and tabulated for
various combinations of antenna heights
from 15 and 15 feet to 20,000 and 20,000
feet. Starting with these, onc can quickly
complete the caleulation and plotting of /2
versus d for specified frequency and ground
constants.

All graphs and tables in the paper are
based upon a standard atmosphere, the
radius of the carth being taken as four
thirds of its actual value to allow for refrac-
tion effects. The accuracy of the final re-
sults obtainable by the method of the paper
is necessarily limited by the great number
of graphical steps involved. Interpolations
are, however, kept to a minimum and, in
actual practice, curves drawn up by the
procedure outlined above have proved to
he very nseful working estimates of actually
existing ficld strengths,
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Axial Potential Distribution
J. M. LAFFERTY{, MEMBER, L.R.E.

Summary—Trajectory cquations are developed for accelerated
electrons which enter a retarding, axially symmetric electrostatic
field with a quadratic axial potential distribution. Neglecting space-
charge effects of the electrons, such a field can be produced between
two charged electrodes consisting of a cone and a hyperboloid. A
focus criterion is established, and under these conditions the per-
missible angles of divergence and convergence which an incident
electron may have and still be focused back through the entering
aperture are determined. An equation for the transit time of the axial
electrons in the reflector is derived. By proper adjustment of dimen-
sions and voltages, various simple electrode shapes may be made to
give an axial potential distribution which is nearly quadratic, and
thus give comparable performances as electron reflectors.

INTRODUCTION

N ACCORDANCE with the optical definition, an
electron reflector is defined as an electrode system
which reverses the direction of an electron beam.
Only systems which bring the reflected beam to a spot
focus will be considered. The image-producing proper-
ties, such as are obtained with electron mirrors, will not
be considered. For producing electron reflectors, use will
be made of strongly retarding electric fields which have
axial symmetry and contain potentials lower than that
of the cathode from which the electrons were emitted.
These fields are formed between charged electrodes con-
sisting of diaphragms, cylinders, and hemispheres.
Electrons entering such a field with a velocity corre-
sponding to the potential of the positive electrode are
gradually retarded and finally, on approaching the zero
equipotential surface, are turned back and proceed in a
direction indicated by the disposition of the equipoten-
tial surfaces.

CALCULATION OF THE ELECTRON TRAJECTORY

In the calculations to follow, cylindrical co-ordinates z
and r will be used. Axial symmetry is assumed. A list
of the more iniportant symbols to be employed follows:

V=V, =potential of a point in space
¢ = &, =potential of a point on the z axis
Vo=positive electrode potential
V.=negative electrode (reflector) potential
#, ¥, £=derivatives with respect to time
', r’’ =derivatives with respect to z
Ro=electron beam radius
0o =incident angle of electron
0, =exit angle of electron
m, e=massand charge of the electron, respectively.

* Decimal classification: R138. Original manuscript received by
;giélnsututc, May 1, 1946; revised manuscript received, July 17,

t General Electric Company, Schenectady, New York.

Assuming that the clectrons have a velocity at any
point in the retarding field corresponding to the poten-
tial at that point, and that they have no rotational ve-
locity about the z axis on entrance into the field, the
radial acceleration is

mi = edV/ar, (1)
and for the total kinetic cnergy
m
T (#2 4 2%) = eV. (2)
From (2) is obtained ,
. 1/27 / v @
S m 1 142
Since #=3d(r'z)/ds, substituting (1) and (3) gives
TV d v 1 or
Vivmal w1 o o
1472 4z 1 14,2 2 9r

A simple method of solving this equation has been
given by Recknagel' and will be used here through the
substitution

v =1W/NTV =W, (3)
Equation (4) then takes the form
di 1 av
W T NTTE e ©
Writing
% = 211/% = W.(;TZZZ,
and substituting (8) and (0) gives
a1y av
kT @

It is now desirable to find ap expression for the right-
hand member of this equation.

As is well known, the potential in the entire space of
an axiz.llly symmetrical field can be completely deter-
mined in the absence of space charge, if the potential @
along the axis and its derivatives are given.? An expres-
sion for this relation is

~ 2n J2n
v (‘\”<L Tex,
(nh? \ 2 dz*»
Y A. Recknagel, “Zur theorie d lekt i " Zeit. fii
Ph};sﬁ v?\l. 104, pp. 381-394, Fcbru:ffy,c lcgsg?rlcnsplegcls, petialr

: lTyers, “Electron Optic Th ica ical,”
D. Van Nostrand Co., Inc., New I\)’(l)rf:, N‘cgrr'c'tigélg'a;'ds;ractlcal.

(8)

n=0
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Thus

v (— 1)"n<r >2"“1 amd . ©

o i (nr \2/ @

2

In only a few rare cases can the axial potential dis-
tribution ®(z) be computed analytically for a given elec-
trode arrangement. Even in these cases, if it is expressed
by a function whose second derivative is other than a
constant, difficulty will be encountered in the integra-
tion of (7). From (9) it is seen that if the axial potential
is expressed analytically by a function whose second
derivative is constant, then 8 V/dr is a function of r only,
and the integration of (7) is easily performed, since the
variables are separable.

Because the electron trajectory lends itself to easy
calculation in the case of electric fields with axial sym-
metry and a quadratic potential distribution along the
axis, electron reflectors with this type of field will be
investigated. Although no claim can be made that such
a field gives optimum focusing properties, the analysis

* which follows shows that useful electron reflectors can

be made and that the results obtained serve as a guide
in the construction of reflectors of other types.

Let the axial potential, then, be of the form
& =V.+ B(z—C)~ (10)

Then from (8) the potential at any point off the axis is

B
V=VC+B(z—C)2——7r2, .11
and the radial field is
av
— = — Br. (12)
dar

Substituting (12) in (7) and integrating from W=W, to
W =T and from r=r, to r=r, the results are

W’+§rz= ﬂ’oz-i-%ro’:K. (13)
Substituting (11) and (13) in (5) gives
dr \/K_—W
& V.- B+ BG-OF
Integrating this equation between the limits
r=ro =7
{z =0 and {z =z (14)
yields
Wo .
r = VB2 sin a + 79 cos a (15)
where
a=£logc—zi\/(C—Z)Z'*"(VC—K)/B . (16)

C—+C+(V.— K)/B
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K = W + Bro?/2, 1
and from (5),
V(fo~°)
Wo=rif) T Ge)

The ambiguity of the radical sign in the numerator of
the logarithm term is subject to the following physical
interpretation: Assuming the initial position of the elec-
tron to be (ro, 0), the negative sign is used when the
electron is traveling in the positive direction of the z
axis, and the positive sign when it is traveling in the
reverse direction.

CRITERION FOR Focus

In many applications the electrons enter the retarding
field through a small circular aperture of radius R, in
the positive electrode, and it is required that these elec-
trons return passing back within the boundary of this
same aperture. If the electrons enter with a large variety
of incident angles, it may not be possible to focus all of
them back through the aperture. It is evident that some
criterion for focus must be established. The ideal solu-
tion would involve analyzing the angular distribution
of the incident electron beam and adjusting the retard-
ing field to focus the maximum number of electrons back
through the aperture. For this work it will be assumed
that the incident beam has most of its electrons parallel
to the axis. With this in mind, the retarding-field condi-
tions will be determined which are necessary so that an
clectron entering the field parallel to the axis ata radius
R, will return passing through the center of the aper-
ture. These conditions will be called the criterion for
focus. With these conditions satisfied, the focusing qual-
ity of the reflector, and hence its general usefulness, will
be determined by computing the magnitude of the posi-
tive and negative angles of incidence which the entering
clectrons may have, and still be focused back through an
aperture of radius Ro.

For an electron entering the retarding field at a radius
R, and parallel to the axis, Wo=0, and hence K =BRo?/2
and =R, cos a. If this electron is to return passing
through the origin, o must cqual 7/2 at z=0. Making
these substitutions in (16) and solving for C gives

(19)

where

Ko = cosh ~—— = 1.683. (20)

Now consider an electron which enters the field at
radius R, and makes an angle 0o=arctan ro/ with the
axis. On substituting these conditions in (11), (18), and
(19), imposing the focus condition (19) on the retarding
ficld, and substituting the results in (16), the following
value of « is obtained:
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i — <i> e [<i> -2 <i> + tanh? (\/27/4) coszoo:,
C C C
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The radial distance of the electron from the zaxis at any
point throughout its flight is given by substituting (11),
(18), and (19) in (15), thus giving

7= Ro cos @ + /2 C tanh (/2 m/4) sin by sin @ (22)

where & now has the values given by (21). A plot of
cos @ and [\/2 tanh (\/2r/4) sin 8, sin al is given in
Figs. 1 and 2 as a function of z/C for various valucs of 0,.
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Fig. 1—Cos « as a function of 5/C for various
values of 6.
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Of interest also is the angle 0, and radius 7, at which
the electron leaves the retarding field. 0, is found by
evaluating the derivative of (22) at the point =0 for
the positive value of the radical in (21). The result is

dr \/2 sin a
—=tanf=—____ T
dz 2 (C/Ro) cos 0, tanh (V2 7/4)

— tan 0y cos a. (23)

1 — tanh (v/27/4) cos 0o

On climinating C/R, from this cquation Dy combinatic
with (22), it appcars that

7a

1— —cosa
0
tanf0, = tan g ——m88— . (24
=
— CoSs «

0

This equation is plotted in Fig. 3 for various values of 6,
Superimposed on this plot are contour lines of constan
C/R,, obtained by plotting (23). Each contour line cor
responds to a given geometry. For any point on onc o
these lines the graph givas the radial distance 7, and th¢
angle 0, at which an clectron leaves the field, having
entered at radius R, with an angle of incidence §,.

The direction in which an clectron traverses a given
trajectory is immaterial, from a mathematical stand-
point. Therefore, any point (s, 0.) on a contour line in

Fig. 3—Exit angle 0, and radius 75 of clectrons which center the re-

tarding field at 4 radius Ry with an incident angle 9,.

Fig. 3 may be interpreted as giving the radius and angle
at which an electron muyst enter the field in order to
leave at radius R, and angle ¢,.

Fig. 3 may also be interpreted to give the permissible
angles of divergence and convergence with which an
clectron can enter the fielq at a given radjus and stil]
be focused back through the aperture of radius R,. For
any point 7, on a given contour line, the right-hand side
of the graph gives the maximum angle of divergence 6,
with which an clectron can enter at radius 7, and still
be focused back within the aperture boundary. Now as-
sume for the moment that i, Fig. 3 the signs of the
abscissa, ordinate, and 0o are reversed. Then on the
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left-hand side of the graph there will be, in general, two
points on this contour which correspond to the same
radius 7.. The electron may have any angle of conver-
gence 0, between 0 and —90 degrees except those be-
tween the two points corresponding to 7,. If there is no

1 point on the contour line corresponding to 7, then the

angle of convergence may have any value between 0
and —90 degrees and the electron will be focused back
within the aperture boundary. Fig. 4 shows these limit-
ing trajectories for clectrons entering at the two radii
R, and Ro/2 for a geometry in which C/Ro=35.

r r

S

Fig. 4—Limiting trajectories for clectrons entering the retarding field
at radii R, and Ro/2 for a geometry in which C/Ro=35.

The limiting minimum value which C/R, may have
is 1.190 because at this point the reflector voltage is zero
(see Fig. 7) and the electrons are no longer reflected.
From Fig. 3 it appears that beams with large angles of
divergence or convergence requirc a geometry with a
small value of C/R, for complete focusing. For perfectly
focused incident beams (i.e., ones in which the radial
velocity of the electrons is proportional to their distance
from the axis), this type of reflector can, for C/R,=1.190,
focus beams which diverge as much as 30 degrees or con-
verge as much as 71 degrees.

TRANSIT TIME

In many applications, the length of time spent by the
clectrons in the retarding field is of prime importance.
For example, in the design of a reflector for a reflex
oscillator it is convenient to express this time duration
in cycles for some particular radio frequency f. Thus, if
the transit time is ¢ and period of the oscillation is T,
the number of cycles spent by the electrons in the re-
tarding ficld is n=¢/T=If=tc/N wherc \ is the wave-
length of the oscillation and ¢ the velocity of light.

The transit time of an clectron in the retarding ficld
will depend on the angle and radius at which it enters.
Computing the transit time involves integrating the
velocity of the electron over its entire trajectory. To
simplify computations, only those clectrons which travel
along the axis will be considered. The transit time of
these electrons will not differ appreciably from those
which enter the ficld off the axis but parallel to it. This
will be especially true for the cases where the clectrons
penetrate several beam diameters into the field.

The potential along the axis is given by (10) as
d=V,+B(z—C)% An clectron travels along the axis
with a velocity v corresponding to this potential until the
potential drops to zero at z=C—+/— V,/B.

Lafferty: Electron Reflectors with Quadratic Axial Potential Distribulion
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At this point the clectron reverses its direction and
travels back along the axis again. The time of the return
flight is just equal to the time of the forward flight, so
that for the total transit time

C—v—Vc/B dz
p=2 o
0 ?

Substituting the value of v, integrating, then introduc-
ing the expression Vo= V.- BC? for the axial potential
at z=0and the focus condition given by (19), the transit
time expressed in cycles becomes

INVADS 2¢ 1 C\? 1
Re  /2élm 4/7+ (E) (1 N EE)X
| V(C/Ro)? — Ko*/2 (25)

°8 K o(C/Ra) — /(Ko /2) F (Kt — DC/R)®

A plot of this equation is given in Fig. 5 where Vj is
expressed in volts, 7 in cycles, and X in R, in the same
units. For large values of C/R, the logarithm term ap-
proaches the constant ~/27/4,so that (25) becomes sim-
ply #\/ Vo/Ro=905 C/Ro.

20
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Fig. 5—Transit angle of axial electrons in the retarding field
as a function of the reflector geometry and beam voltage.

The maximum distance which the clectrons travecl
into the retarding field is found to be on the axis where
they just reach the zero-potential point. This distance,
subject to the condition of (19), is shown in Fig. 7.

REFLECTOR ELECTRODES

If space charge due to the presence of the clectron
eam is not large enough to appreciably alter the po-
tential distribution in the retarding ficld, cither because
the current density is low or because of the presence of
positive jons, (11) may be used to determine the clec-
trode shapes. A plot of (11) in Fig. 6 shows that the
cquipotential surfaces are hyperboloids. Any two of
these cquipotential surfaces may be replaced by con-
ducting metal clectrodes without changing the electric
ficld between them, providing this space does not contain
the singular point C. For convenience, the cone which is
at potential V. is sclected for onc clectrode. For the
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other electrode, the equipotential surface is sclected
which passes through the origin. Its potential is

VO = Vc + BC21 (26)
and the equation of its surface is
r =4 1/2z(z — 2C). 27

These two electrodes are shown as heavy lines in Fig. 6.
No deflection of the electrons is assumed in passing
through the grid. -

Fig. 6—Hyperbolic equipotential surfaces for producing a
parabolic axial potential distribution.

In the theory presented above, it was assumed that
the retarding field existed only to the right of the origin.
For this electrode arrangement the outer edge of the
beam enters the retarding field at a distance equal to
C—V/ C*+Ry?/2 to the left of the origin. For large val-
ues of C/R, this distance is negligibly small. This diffi-
culty is not encountered for the cylindrical and hemi-
spherical geometries discussed below, since the positive
electrode is a plane.

-Ve/Vo

y/—
0a — 24/C
/

0.2

.

[} 2 4 6

—Ve /Vo AND Zo/C

c/Ro 8 10 12 14

Fig. 7—Ratio of electrode voltages and depth of axial electron pene-
tration into thereflector as a function of the reflector geometry,

To properly focus the beam, the potentials on the
clectrode arrangement shown in Fig. 6 must satisfy both
(19) and (26). Eliminating B from these two equations
gives
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—~V.  (C/Ro)*— (Ko?/2)
Vo (Ko — 1)(C/Ro)? + (Ko?/2)

for the ratio of the cone voltage to the hyperbolic elec- -
trode voltage. This equation is plotted in Fig. 7. For

values of C/Ro<Ko/+/2 the core voltage becomes zero
or positive, and the electrons are no longer reflected back :

through the hyperbolic electrode.

(28)

CYLINDRICAL AND SPHERICAL GEOMETRIES

It is of interest to compare the electron reflector just -
discussed with two others employing somewhat different
electrode configurations. In Fig. 8(a) is shown a re-
flector system consisting of a flat plate and a long circu-
lar cylinder. If the plate is at a positive potential ¥, and
the cylinder at a negative potential V., the potential
along the axis of the cylinder? is, to a high degree of ap-
proximation, equal to

@ = Vo — (Vo — V.) tanh 1.32:/R. (29)
Fig. 8(b) shows a reflector consisting of a flat plate at ~
potential 7o and a hemisphere at a negative potential

V. The potential along the axis for this case is

@ = Vo4 2(Vo — V:)i M(g)nPHH(O), (30)

nw 1 n

where P5.1(0) is a Legendre polynomial of degree n+41.
The calculation of the electron trajectories for these
two geometries would be quite difficult. However, it can

Fig. 8—Cylindrical and spherical electron-reflector systems.

be reasonably assumed that if the diameters and po-
tentials of the cylinder and hemisphere could be ad-
justed to give approximately the same axial potential
distribution as the hyperbolic geometry, the perform-
ance of all three systems should be comparable both as
to focusing and transit time,

NUMERICAL EXAMPLE

Consider the problem of constructing an electron re-
flector in which #\ =345 cycle centimeters for a 1625-
volt electron beam 0.0428 centimeter in diameter. The
axial potential is found to be @®= —8504110,000
(z—O..15)2, where @ is in volts and z is in centimeters.
Selc.zc-tmg the hyperboloid geometry, the shape of the
positive electrode is given by substitution in (27):

3 Frank Gray, “Electrostatic electron-o tics,” :
vol. 18, ppidi; o L ptics,” Bell Sys. Tech. Jour.,
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r=++/22(z—0.3). The cone, with a total included angle
i 5f 109.5 degrees, is spaced 0.15 centimeter from the hy-
serboloid and operated at —850 volts.

w1\

02 .0¢ .oc\.ou 10 2 e IS z

=200 \\{ntmsbnur. 8 PLANE
=4 \\ CYLIKDER 8 PLAKE
-600 g\
800} —CoNE 8 HYPLRBOLOID—] o~

s S

Fig. 9— Comparison of the axial potential for three different
geometries,
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A similar reflector can be made from the plate and
cylinder by choosing the cylinder diameter and voltage
such that the axial potential matches that given by the
equation in the above paragraph at. three points:
2=0, 0.031, and 0.062 centimeter. This yiclds a diameter
of 0.220 centimeter and a potential of —945 volts
for the cylinder, thus giving for the axial potential
$=1625—2570 tanh 12z. Similarly, matching the axial
potential of the hemisphere and plane at three points
gives

D =

 n41/2
1625 + 41103 ﬁ——/—<o ;97

nel n

>ﬂPn+1(O)

where the hemisphere radius and voltage are 0.097 centi-
meter and —430 volts, respectively. Fig. 9 shows the
close agreement of the axial potential distribution for
the three geometries throughout the range traversed by
the electrons.

Properties of Ridge Wave Guide’

SEYMOUR B. COHNY{, MEMBER, LR.E.

Summary—Equations and curves giving cutoff frequency and
impedance are presented for rectangular wave guide having a rec-
tangular ridge projecting inward from one or both sides. It is shown
that ridge wave guide has a lower cutoff frequency and impedance
and greater higher-mode separation than a plain rectangular wave
guide of the same width and height. The cutoff frequency equation
is fairly accurate for any practical cross section. The impedance
equation is strictly accurate only for an extremely thin cross section.
Values found by the use of this equation have, however, been found
to check experimental values very closely. A number of uses for this
type of wave guide are suggested.

I. APPLICATIONS

HE CROSS-SECTIONAL shape of ridge wave
T guide is shown in Fig. 1. This type of wave guide
is briefly described in a text by Ramo and Whin-
nery,! where a simple method of calculating the cutoff
frequency is given. That method is used in this paper.
The lowered cutoff frequency, lowered impedance,
and wide bandwidth free from high-mode interference
obtainable with ridge wave guide make it useful in
many ways. A few uses are listed below:
(a) It is useful as transmission wave guide, where
a wide frequency range must be covered, and where
only the fundamental mode can be tolerated. It will be
shown that a frequency range of four to one or more

* Decimal classification: R118.2. Original manuscript received by
the Institute, May 9, 1946.

4 Cruft Laboratory, Harvard University, Cambridge, Mass, The
work reported in this paper was done at the Radjo Rescarch Labora-
tory under contract with the Office of Scientific Rescarch and Devel-
opment, National Defense Rescarch Committee, Division 15.

1S, Ramo and J. R. Whinnery, “Fields and Waves in Modern
Radio,” John Wiley and Sons, New York, N. Y.; 1944.

can be casily obtained between the cutoff frequencies
of the TEi, and TEq modes, and six to one or more be-
tween those of the TEjo and TE3 modes. The attenua-
tion is several times as great as that for ordinary wave

fe= —**—92*’[‘-"2-7“— & =
i 1
a 2
by
! ]
| 1
L L—— LY -——’-l
T ———— !l NE—
(2)
L 6 _..I‘_ez_..r_ez _T— 6, _N|
= ol !
; 25y 2
et L
l fo— 2y —l J
a |
(b)

Fig. 1—Parameters for single-ridge (a) and double-ridge (b) wave-
guide cross-sections.

guide, but is still much less than for ordinary coaxial
cable. The reduced cutoff frequency of ridge wave guide
also permits a compact cross scction,
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(b) Ridge wave guide has been used successfully
as matching or transition clements in wave-guide to
coaxial junctions. In one type of junction, a quarter-
wavelength section of ridge wave guide serves as a
matching transformer from the impedance of the guide
(“toll-ticket” wave guide, 23X 2-inch cross scction) to
the 50-ohm coaxial cable. In another junction, a tapered
length of ridge wave guide gives a gradual match from
standard 3X1}-inch rectangular wave guide to a 50-
olim coaxial line.?

(c) Various forms of ridge wave guide are useful
also as filter clements, cavity clements, cavity termina-
tions, etc. Wherever an element of line is needed having
reduced cutoff frequency, reduced impedance, or wide
mode separation, ridge wave guide provides a simple sol-
ution.

(d) The attenuation formula for ridge guide (8)
shows that the attenuation may be made very high by
making a; and Z,., as small as possible. If the guide, or
just the ridges, are made of steel instead of copper, the
attenuation may be made about 1000 times greater
than that for ordinary copper wave guide without
ridges. H. C. Early of the Radio Rescarch Laboratory
has made use of a length of such wave guide tapered to
standard 3X1j-inch wave guide in the design of a
broadband matched load.34 The total length of the load
and taper is only four feet.

(e) Another application, due to Early, is in a wide-
band wattmeter,® in which a wave guide having nearly
constant impedance over a wide band is required.

II. DEsicN DaTA

The design equations use the notation of Fig. 1. ay,
@z, by, and b, are inside dimensions in centimeters. 0, and
62 are the electrical phase lengths in terms of the cutoff
wavelength in free space

02/2

<e.g., 0, = Y.

where \.” is the wavelength in free space at the ridge-
guide cutoff frequency.

The cutoff of the TE;, mode occurs when the low-
est root of the following equation is satisfied:

X360>

e

cot 0; —
1 01
— e — (1)8
bg tan 0, )

B. is the equivalent susceptance introduced by the dis-
continuities in the cross-section, as explained in Ap-
pendix 1.

? 8. B. Colin, “Design of simple broad-band wave guide-to-coaxial
line junction,” to be published in Proc. I.R.E.

*H. C. Early, “A wide-band wattmeter for wave guide,” Proc.
I.R.E., vol. 34, pp. 803-807; October, 1946.

“H. C. Early, “A wide-band directional coupler for wave guide,”
Proc. I.LR.E,, vol. 34, pp. 883-887: November, 1946.

(1), (3), (6), and (8) are derived in the appendix.

¢ B, may be calculated from the curves in a paper by J. R. Whin-
nery and H. W. Jamieson, “Equivalent circuits for discontinuitics in
transmission lines,” Proc. LR.E., vol. 32, pp. 98-116; February,
1944,
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Iiquation (1) is accurate if proximity effeets are taken
fully into account in calculating B.. In the curves of this
paper, proximity cffects are neglected, but the results
are highly accurate so long as (@1 —a2/2) > b,.

In terms of 0; and 0,, A’ is given by

90°

G
01+ 0»
where A = 24y is the cutoff wavelength of the guide with-
out the ridge, and where 01 and 0 are values satis{ying
1).

( 2I‘hc I'Iii-mode cutofl wavelength is plotted in Figs.
2 and 3 for a wide varicty of ridge shapesin guide having
cross-scection ratios of 0;/a;=0.136 (“toll-ticket” wave
guide, 2§ X ¢ inch) and 0.500, respectively. The ordinate
A'/2a1=N"/N.=f./f." is the ratio of cutoff wavelength
with the ridge to that without the ridge. The abscissa
ax/ay is the ratio of ridge width to guide width. Each
solid curve corresponds to a constant value of b,/b;. As
an example, if a particular ridge wave guide has b,/a;
=0.5, ¢2/a,=0.4, and b,/b;=0.1, then from Fig. 3,
N'/Ne=fc/f’ =2.6. If the cutoff frequency without the
ridge is 2600 megacycles, the cutoff frequency with the
ridge will be 1000 megacycles.

On comparing Fig. 2 and Fig. 3, it will be scen that
there is not a great deal of difference between the cor-
responding constant b,/b; curves. The only reason there
is any difference is the size of the discontinuity suscept-
ance term, B./ Yo, which is small for b1/a;=0.136, and
fairly large for by/a,=0.5. If b/a; has a value difierent
from 0.136, or 0.5, Figs. 2 and 3 may still be used with
little error. Fig. 2 should be used for values of bi/ay be-
tween zero and about one-third, and Fig. 3 should be
used for values of &;/a, in the vicinity of 0.5.

The characteristic impedance at infinite frequency for
the TE;p mode is given by

(2)

120720,
T N——
2 0
AS {sin 0. + — cos 04 tan —1}
by 2

If Zo,.° and the cutoff frequency £.” are known, the char-
acteristic impedance at any frequency f is obtained by
multiplying Z,.,, by the right-hand side of (4).

Zy

Zow N @

The guide wavelength is also obtained by multiplying
the space wavelength ag the same frequency by the
right-hand side of (4). :

Equation (4) is plotted in Fig. 4.

Constant Z,,, curves are plotted in Figs. 2 and 3 as
dashed lines. In the example cited above, the impedance
of a guide having b,/a, =0.5, az2/a;=0.4, by/b, =0.1, and
Ad/Ae=2.6 would be 47 ohms at infinite frequency. At
one and one-half times the cutoff frequency, the im-
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.pedance is multiplied by the factor 1.34, found from
Fig. 4, which gives Z;=47X1.34 =63 ohms.
Equation (3) does not take the discontinuity suscept-
{'ance fully into account, and consequently it is truly ac-
(curate only if bi/a; is small. In addition to this, it has
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Fig. 2—Characteristic impedance and cutoff wavelength of
ridge wave guide (b;/a;=0.136).

the same restrictions as (1). Experiments have given

excellent checks of Fig. 2 (b1/a;=0.136), while for b1/a;

=0.5 the impedance for the above example was found

experimentally to be about 35 to 40 ohms. To obtain a

50-ohm impedance, b2/b; has to be increased from 0.1 to
¢ about 0.133 (see Part III, below). But even for bi;/a
'~ =0.5 (3) is a useful approximation, and gives a good
starting point in design work. :

If by/a, is not equal to 0.136 or 0.5, Z,., may still be de-
termined very closely from Figs. 2 and 3. For values of
b1/a; between about zero and one-third, multiply values
of Z,., on Fig. 2 by the scale factor

N:\Qw
0.136

.1 For values of F\S between about one-third and two-
" thirds, multiply values on Fig. 3 by

Ld--ln--llllllllllll-lllllll----l-IIlllI--IIII-----------------------l-
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@w\aa
0.5

For example, if b;/a;=0.2, bs/b;=0.3, and a,/a:=0.5,
Fig. 2 gives Zo=28 ohms for b1/a;=0.136. Therefore,
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Fig. 3—Characteristic impedance and cutoff wavelength of
ridge wave guide (b1/a1=90.5).
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for 1/a1=0.2, Z4,=28%0.2/0.136=41.1 ohms. The
characteristic impedance was checked experimentally
for a cross section having b,/a; =%, and was found to be
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Fig. 5—Cutoff-frequency ratios for the TE,, and TE3
modes in ridge wave guide.
very close to the value calculated by the foregoing
method.

The higher roots of (1) give the cutoff frequencies of
all the odd TE., modes. The TE; mode is of consider-
able interest, since it is usually the lowest mode that can
cause trouble in a transmission system having a sym-
metrical cross section in both E and H directions at
every point including the ends. For 0 <6, <90 degrees,
choose the root of §, between 180 and 270 degrees. For
90 degrees =6, <180 degrees, choose the root of 6. he-
tween 90 and 180 degrees. For 180 degrces <6, <270 de-
rees, choose the root of 6, between 0 and 90 degrees.
Once a pair of values 6; and 6, have been determined, the
ratio fe;' /fes can be determined from the relation

Jed' _ 0+ 02
Jes 270°

(5)

where f.3’ and f.; are the cutoff frequenciesfor the
TE; mode with and without the ridge, respectively.
fea'/fea is plotted in Fig. 5 as a function of as/a; for
several values of b2/by, with B./ Yo neglected. Note that
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when a/a; is one-half, f.a’/fes 1s a maximum, and the
greatest separation of the TE;, and TE;, cutoff fre-
quencies is obtained. It is easily shown that, for a;/a, =3,
fes'/fes increases as b2/by decreases, and in the limit ap-
proaches 4/3.

The even TE..,-mode cutoffs are given by solutions of
the following equation in which the discontinuity sus-
ceptance term has been neglected:

0, = tan=! (— # tan 8;)

where #==58,/b,. For the TE;, mode, the 8, root lies be-
tween 90 and 180 degrees for 6 <6, <90 degrees, and the

02 root between 0 and 90 degrees for 90 degrees <6, <180 -

degrees. The cutoff frequency is given by

S _ 61 + 0,
fo  180°

This is plotted in Fig. 5 as a function of a./a, for several
values of b2/b). The maximum value of £.,’ /f., occurs be-
tween az/a,=7} and %, depending upon b,/b;. As b,/b, is
made vanishingly small, the maximum value of Jeo' [fea
approaches 3/2 at a1/a;=1.

Figs. 2, 3, and 5 show that when a wide frequency
band free from TE,, and TE; modes is desired, the
ridge width should be between about 4 and % of the total
guide width.

The formulas and curves for a single ridge in a wave
guide are directly applicable to the double-ridge cross
section shown in Fig. 1(b). In this case, the total height
of the guide is 24, and the total spacing is 2b,. Thus, if
the width is 23 inches and the height is 2 inch, then
b1/a1=0.136, and the cutoff curves in Fig. 1 apply
exactly. The characteristic-impcdance curves apply also,
but their values must be doubled. Hence, for a double-
ridge guide in which bi1/ay=0.136, a;/a,=0.35, and
b2/b1=0.2, the relative cutoff wavelength is A.//A.=1.9,
and the infinite-frequency characteristic impedance is
Zon=2X26=352 ohms, by Fig. 2.

The attenuation constant in decibels per meter for
copper single-ridge wave guide may be calculated fairly
closely from the following approximate formula:

1 2 l." 2 b
L8| (f_> 60n? (_>
a, b] f a

-—M ZOm

V-6

decibels per meter

(7

a = 6.01(10)~"k\/7

(8)

where @, and b, are in centimerers, and f is in cycles per
segond. k is a correction constant a little larger than
unity, which takes account of the more crowded current
distribution in ridge wave guide than in plain wave
guide. If a,/a, is larger than about 3. this term is prob-
ably not greater than 1.5,

For double-ridge wave guide, by should be replaced by
the total guide height, 26,. If any mectal other than cor;-
per is used, « is proportional to Vu/o.

6
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TH EXrERIMENTAL VERIFICATION
A three-foot length of ridge wave guide having the
cross-sectional dimensions shown in Fig 6(a) has been
tested. Tor this syn n ctrical cross scction, the Cesign

I ) [ | I
2b,-0.225" 2b,-0.643°

N i N | i
_,] 8,-0.945 L._

bt — ﬂ|-2.36.

[RE——

(a)

0.I78'}

T

1.3v0"

] "'0;0. |-

2.840"

fg———— 2.840" —/

(b)

Fig. 6—Two experimental cross sections discussed in the text.

method of 1T is applicable. The parameters are bi/a,
=0.136, b./b;=0.35, and a:/a;=0.40. Without the
ridges, the cutoff wavelength would be 2X2.36X2.54
=12.0 centimeters, and the cutoff frequency would be
30,000/12.0 =2500 mcgacycles. Fig. 2 gives f./f.'=1.50
and Zo./2 =37 ohms. Therefore, f’=1670 megacycles
and Zo, =74 ohms. Fig. 5 gives approximately fea'/fe
=1.10 and f'/f.5=1.06. Hence,

fei =2 X 2500 X 1.10 = 5500 megacycles, and
fes' = 3 X 2500 X 1.06 = 7950 megacycles.

The calculated and measured cutoff frequencies are
tabulated below.

MobE CUTOFFS

MODE CALCULATED MEASURED

TEw 1670 megacycles 1675 megacycles
TE 5500 megacycles 5200 megacycles
TE; 7950 megacycles 7900 megacycles.

Ridge wave guide has been used for elements in wide-
band junctions between wave guide and coaxial line. In
one type of junction designed for “toll-ticket” wave
guide (@, =2.75 inches, b;=0.375 inch, b/a1=0.136) a
quarter-wavelength section of ridge wave guide is used
as a matching transformer between the 103-ohm guide
and the 50-ohm line. The experimental results checked
the ridge wave guide calculated impedance within a few
per cent. In another type of junction for 3X13-inch
wave guide, a tapered length of ridge guide is used to
match the 50-ohm coaxial line. In this case, the imped-
ance calculated for the ridge guide proved less accurate,

Coln: Properties of Ridge Wave Guide
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because the approximations were less valid with this
higher ratio of by to @.. The impedance in this case
proved, however, to be about 25 per cent lower than the
calculated value, and hence the impedance curves in
I'ig. 3, though not very accurate, serve as a valuable
guide in the preliminary design of a picce of cquipment.
In a double-ridge type of junction for 3X13-inch wave
guide, the impedance curves checked very well. In this
case the ratio of by to ay was approximately 0.285.

A cross section in 3X11-inch wave guide that has
been found experimentally to have Zo, approximately
cqual to 50 ohms is shown in Fig. 6(b). Fig. 3 gives a
value of 65 ohms for b;/a;=0.5, b2/, =0.133, and a:/a
=0.352. For the above cross scction, the impedance
must be scaled by the factor 0.472/0.500, since bi/m is
not quite 0.5. Therefore, the calculated impedance is
61.5 ohms, which is 23 per cent greater than the ap-
proximate measured impedance.

The paper now under preparation on wave-guide to
coaxial-line junctions will give further details.?

APPENDIX
1. Tine CotorF [LQUATION

In the cross section of Fig. 1(a), the clectromagnetic
ficld at the cutofl frequency may be considered as the
rosultant of a wave traveling from side to side without
any longitudinal propagation. As pointed out by S.
Ramo and J. R. Whinnery,' such a cross scction may be
treated at cutoff by assuming it to be an infinitely wide,
composite, parallel-strip transmission line short-cir-
cuited at two points. The TEj-mode cutoff occurs at
the frequency at which this strip transmission line has
its lowest-order resonance. All the other TEn, cutoffs
occur at the corresponding m-order resonance fre-
quencies. For m odd, the resonance must be of a type
giving an infinite impedance at the center of the cross
scction. For m even, this impedance must be zero. A
resonance condition may therefore be set up by setting
the input admittance of half the cross section equal to
zero or infinity (Fig. 7). The discontinuity susceptance
B. at the change in height must be included in the cal-
culation.

I one examines the equivalent circuit, it is scen that
it is a composite, dissipationless, passive line matched
at both ends, and it is, therefore, matched at every
point within. Hence, the sum of the admittances across
x —x must equal zero, and the following relation results:

— Yo1 cot 01 + B+ Yoz tan 6. =0

c
. cotf; — e
Yoo Zoa 01

YOI ZO'.’
But in a strip transmission line, the characteristic im-
pedance is proportional to the height. Therefore,
B.
cot Oy — —
7
01

- NG

1
bo tan 6,

tan 6
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which is the cutoff condition for the odd 775,., modes Zye= e (12)
(1). /1 s
IFor the even modes, the equivalent circuit is shown in /‘ I
Iig. 7(c). . .
where f,.” is the cutoff frequency of the ridge guide.
Blg=0 Since the guide has been assumed thin, the voltage
_j—‘— ¥ - step will be continuous. The voltage distribu-
LS b, 702 F—{ 701 across the step w ill be con ! ‘ g
1 bl‘ BinC e, 0, ___l tion in the right half of the cross section will therefore be
L ’ the same as that along the shorted composite transmis-
%2 'L' % - o sion line shown in Fig. 8.

Since the input impedance is infinite at the open end,
the voltage across the guide is a maximum at that point.
5 L3 Transmission-line theory shows that the voltage dis-
E 9022 jL: aol' ] tribution over the 0, range is given by V=1 cos 0 from
* 0=0 to 0=0,. Over the 0, range it is given by
Be
© V =V, sin Uil o ro 220 0, +0, —0),

Fig. 7—Development of the equivalent circuit for ridge wave guide: sin 0, sin 0,

from =0, to 0 =0,+0.. !

(a) ‘ (b)

In this casc, — Yo, cot 0, 4B, — ¥y cot 8.=0, and hence

ll b~ -4 T
by B. ?—’+ fo ) Jl
cot 0, + — cot 0, = . (10) __'_—I_i—
by 701 L %) ‘ %
. . . v Yo v ..y, COS8,
Equation (6) follows readily from this. Szt
The discontinuity-susceptance term B./ Yy, is obtain-
able from a paper by J. R. Whinnery and H. \V,, 0
Jamicson.¢ o T $ Yo
x= =a, /2
I1. ImpPEDANCE EQuUATION ‘a/2 H

Fig. 8—Approximate voltage distribution across

In deriving the impedance equation for ridge wave half of the cross section.

guide, it will be assumed that b,/a, is small, so that the

discontinuity susceptance at the edges of the ridge may The E ficld is equal to V/b. Therefore,
be neglected.

If the TE;p mode alone is set up in the wave guide, the E = L cos 0, 0=0=0 (13)
E field distribution is the same at all frequencies, includ- b cos0,
ing f=f.and f= «. The E field can be calculated easily E =bT Ensin 0, sin (00 +0: —0), 0, 6= (0140,
at the cutoff frequency by the approach used in deriving
the cutoff equation. At f= «, the wave impedance is The integral in (11) may be evaluated as follows:

that of free space.” Hence, if the E field is known, the ar/2 NS 0o
I field is given by H=E/120%. Both E and I are com- f LEdx=— LEdo
pletely transverse at f= o, and the current on the top or “ 2r Jo

~

bottom of the wave guide is completely longitudinal. A % ba cos 0, [ 6102
The current per unit width is equal to the I7 field inten- = 20 ” fo cos 0‘10+b— ey f sin (0,40, —0)d0
sity at the surface of the conductor. ) . ! R
The guide ix?lpedar}ce at infinite frequency will now =E0)\'—C{!Sin 0 2_*_2 Cf’s ozlcos (Or+0s—0) 0102
be defined as the ratio of voltage across the center of the 2w | o b1 sing,] 0
guide to the total longitudinal current on the top face ./ be cos 0
=Ly —{sin Op+— 1~
5 7, bakis 120mbaFis o 021r{ 2+ s (1—cos 01)}
“00 = T a1/2 Nyt a1 /2 ) )\cl b2 0
Zf idx Zf Ldx =I, —{sin 02-+— cos 0, tan o4 :
0 0 2 b 2
The impedance at any other frequency is related to Substituting this relation in (11) gives
Zo by the ex i
0» DY the expression Z 120725,
Dy BB T —
7 For background on this derivation, consult J. C. Slater, “Micro- b 0, (14)
\x{ave-}‘mnsmission,” McGraw-Hill Book Co. New York, N. Y., 1942; A <sin 0: + — cos 0. tan —}
chap. 4. ¢
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Artificial Electrical Twinning in Quartz Crystals’
JAN J. VORMER?

Summary—DBy local heating to temperatures below 573 degrees
centigrade, localized twinning is easily produced in AT- CT-, and
GT-cut quartz plates. This twinning is of the electrical or Dauphine
type. Such twinning may result from manufacturing operations, but
may be prevented.

low quartz, changes at 573 degrees centigrade into

the 8 modification, or high quartz. This conversion
is immediate, and completely reversible. If a piece of
quartz, which has been raised to a temperature above
573 degrees centigrade, is later cooled below this tem-
perature, it returns to the a quartz form. However, the
performing of a complete temperature cycle leaves its
marks.

If the original piece of quartz is righthanded, the end
product will be the same, i.e., the handedness does not
. reverse throughout the temperature cycle; optical twins
do not change their enantiomorphic form. However, if
the original piece of quartz is perfect without any
twinning whatsoever, this will, in general, not be the
case with the end-product, i.e., the sense which the
electrical axes will take in the inversion from high into
low quartz depends upon circumstances which are usu-
ally not wholly controlled, circumstances which even do
not seem to be the same for different parts of one piece
of quartz. Thus, if a piece of quartz is heated above
573 degrees centigrade and afterwards cooled, electrical
twinning will occur in places which cannot be predicted.
This kind of twinning will be called “spontaneous” elec-
trical twinning. (See Fig. 1.) It is to avoid spontaneous

l[T IS WELL known that piezoelectric a quartz, or

Fig. 1

“Spontaneous” electrical twinning.

twinning of this sort, when following the so-called
ceramic procedure of manufacturing silvered quartz

_* Decimal classification: R214.3 X537.65. Original manuscript re-
deived by the Institute, May 27, 1946; revised manuscript received,
September 25, 1946,

t Radio Laboratory of the Dutch Postal Telegraph and Tele-
phone Service, The Hague, Holland.

plates, that care must be taken not to raise the baking
temperature to 573 degrees centigrade.

It is perhaps less well known that artificial electrical
twins can also be obtained at temperatures below 573
degrees centigrade and even rather far below this tem-
perature.’? This effect first came to light here when ob-
servations on a number of CT-cut plates, to which wires
had been soldered, showed properties differing from the
normal. The plates had suffered a structural change
under the point of soldering. Such a CT-cut plate, to
which a wire had been soldered, is shown in Fig. 2 after
the plate was etched in hydrofluoric acid. When a plate
has been previously etched before the soldering opera-
tion, the surface must be fine ground before the second

lead

Fig. 3—Cross section of CT-cut plate with lead
soldered on one side.

etching, in order that the latter shall develop unambigu-
ous evidence of the twinning. That the transformation
in form of the quartz may be quite superficial is proved
by Fig. 3, which gives a photograph of a cross section
1 Clifford Frondel, “Secondary Dauphine twinning in quartz,”
American Mineralogist, vol. 30, pp. 447-468; 1945
2 \W. A. Wooster and Nora Wooster, “Control of electrical twin

rllign%in quartz,” Nature (London), vol. 157, pp. 405-406; March 30
46.
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through a plate to which a wire had been soldered on but
one side. Fig. 4 shows a similar cross section etched after
wires had been soldered to both sides of the plate, and
indicates the development of a figure which is of char-
acteristic diabolo shape.

Fig. 4—Cross section of CT-cut plate with lead soldered
on both sides.

The type of twinning with which we are concerned is
electrical, as can be shown by a microscopic study.of the
form of the etch figures. A 25-fold magnification of an
etched CT-cut plate is shown in Fig. 5, where the region
of the artificial electrical twin is clearly seen. The
change in structure may be shown also by the macro-
scopic light-figure which is developed when a luminous
point is placed under the plate. In a 37 degree, 30 min-
utes CT-cut plate the light-figure of a —37 degree, 30
minutes cut appears in the changed region where the
quartz has been transformed.

Fig. 5—Magnified view of region of artificial
electrical twin.

The plates which were used to show this were made
by coating the crystal with a thin layer of copper by
evaporation, and then applying Woods metal or tin

PROCEEDINGS OF THE I.R.E.
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solder by means of a small soldering iron. These two
solders melt at approximately 70 degrees centigrade
and 220 degrees centigrade, respectively. The tempera-
ture of the iron during the soldering was determined by
means of a thermocouple; the temperature of the iron
for use with the Woods metal was about 150 degrees
centigrade, while for soldering with tin certainly not
more than 300 degrees centigrade. During the soldering,
the temperature of the quartz plate was presumably
lower than these values, but it is possible that for a very
short time, and very locally, the above-mentioned tem-
peratures did occur. Twinning occurred despite the low
temperatures used.

The above observations point to a combined effect of
temperature and mechanical stress. This hypothesis is
confirmed by the fact that spontaneous twinning does
not occur below 573 degrees centigrade if large tem-
perature gradients in the quartz are avoided. For ex-
ample, if solder is made to cover a plate by flowing as
the plate is warmed in an electrical furnace to a tempera-
ture well up toward 573 degrees centigrade, and the
plate then slowly cooled, no twinning will be found to -
have occurred.

It is natural to consider the possibility of removing
local twinning produced by local heating to tempera-
tures below 573 degrees centigrade. Success in this direc-
tion appears possible only when the local twinning
penetrates only partly through the thickness of the
plate, as in Fig. 3. Such twinning disappears entirely
when the plate is heated to about 200 degrees centi-
grade. \Vhen the structural change has penetrated
through the whole thickness of the plate, as in Fig. 4
it is usually impossible to bring about the detwinning
with temperatures below 573 degrees centigrade, for the
central part of the diabolo as a rule remains intact. In
the case of the plate with the twinning on one side only,
it is as if the close proximity of quartz in its original un-
twinned state is able to provide sufficient mechanical
stress to cause the transformation of the locally twinned
area back to its original state under heating to about
200 degrees centigrade.

One way of avoiding the difficulties of extreme tem-
perature gradients in soldering wires to a plate is to
warm up the entire plate during the soldering operation
to a temperature slightly below the melting point of the
solder. The slight additional rise in temperature at the
point of soldering is, then, not sufficient to bring about -
the mechanical stresses for producing a structural trans-
formation. thhing experiments have indicated that in
plates treated in this w ay electrical tw inning does not
appear.

\threas by.local heating it is very easy to produce
art}ﬁcxal electrical twins at well-defined places in AT-,
CT-, and GT-cut plates, to date BT-, DT-, X-, Y-, and
Z-cut plat.es have not shown similar effects. It appears
thfit cuts in the vicinity of a 2 plane are in a favorable
orientation for the production of artificial twinning.
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Image Formation in Cathode-Ray
Tubes
October 2, 1946*

G. Liebmann and H. Moss! discuss some
questions relating to the image formation in
cathode-ray tubes raised in an earlier paper®
by the first author. It is hoped that the fol-
lowing remarks may help to clear up some
common misapprehensions in this field.

Nature of the Crossover—The crossover is
located at the point where the principal rays
(corresponding to electrons leaving the
cathode with zero initial velocity) intersect
the axis. This point is quite definite for an
aberration-free lens (Fig. 1). In the presence

CYossover

Fig. 1

of spherical aberration (Fig. 2) the crossover
plane may be definesl as the plane in which
the bundle of principal rays experiences its
narrowest constriction. In the first case, the
diameter of the crossover is determined en-

calhode

crossover W

Fig. 2

tirely by the initial velocities of the elec-
trons; in the second, both the initial veloci-
tiesof theelectrons and the spherical aberra-
tion of the first lens contribute to its size.
Optically, the crossover corresponds to the
pupil of the imaging system. The edge of the
pupil is not defined, however, by a physical
diaphragm, but by the maximum value of
the lateral components of the initial veloci-

* Received by the Institute, October 4, 1946,

1 G. Lishmann and 1, Moss, “The Image forma-
tlon In cathode-ray tubes and the relatlon of fluores-
cent epot slze and final anode voltage,” Proc, LR.E.,
vol. 34.&'). SH#0-58G; August, 1946,

1 G. Lichmann, “The Imaye formatlon In cathode-
ray tubies and the relation of fluorcecent spot size and

final anodce voltage,” Proc. LR.E., vol. 33 . 381~
389; Junc, 1945, s

ties of the electrons. Since the position of the
crossover is determined by the intersection
of the principal rays with the axis, a cross-
over must necessarily lie between the cath-
ode and a real image thereof, and a cross-
over image must lie between any two suc-
cessive real images of the cathode. It should
be emphasized that normally the electron
velocities at the crossover are high and the
interaction between the electrons negligible,
so that the presence of the crossover in no
way prevents the formation of sharp images
of the cathode. The existence of the cross-
over in no way depends on either the nature
or even the existence of the velocity distribu-
tion of the electrons.

Dependence of Spot Size on Anode Vollage
for a Triode Gun—For a triode gun, i.e., a
gun system which may adequately be repre-
sented by two lenses, such as guns 2 and 4 of
Liebmann's paper? with aberration-free
lenses, the simplified theory given by Zwory-
kin and Morton?® applies, and the spot size
should be inversely proportional to the sec-
ond-anode voltage. For a triode gun with
aberrations it will still hold for low operating
voltages, since the cross se¢ction at the cross
over of an electron pencil leaving a single
point of the cathode may be expected to be
large compared with the narrowest constric-
tion of the bundle of principal rays, which
constriction is independent of the operating
voltage. Insofar as this theory takes account
only of the spreading of the individual im-
aging pencils arising from the initial veloci-
ties of the electrons which diminishes with
increasing accelerating voltage, and not of
the effects of spherical aberration of the first
lens which is independent of the voltage, it
must fail for voltages high enough to render
the first factor small compared to the second.
With increasing voltage of both the first and
second anode, the ratio being kept constant,
the spot size will not decrease indefinitely
but approach a constant minimum value de-
termined by the magnitude of the narrowest
constriction of the bundle of principal rays.
The position of the “knee” of the curve will
move toward lower voltages as the effective
cathode area (for fixed first-lens focal length)
is increased.

Dependence of Spot Size on Anode Vollage
for a Three-Lens Gun—If a second lens act-
ing primarily simply as an accelerating field
is placed between the crossover and the final
lens and close to the former, increasing the
final anode voltage, keeping the accelerating
voltage constant, will decrease the beam
cross section at the final lens in inverse pro-
portion to the square root of the voltage, as
derived by Liebmann, and will not affect
spot size (in absence of aberrations). In
actual three-lens guns, the action of increas-
ing the voltage will be distributed over re-
ducing the convergence angle and reducing
the spot size in a manner determined by the
precise gun geometry.

Cuthode Image or Crossover Image—In
principle, either the cathode or the cross-

1V, K. Zworykin and G. A, Morton, “Televialon,”

John Wiley and Sons, Inc,, New York, N. Y., 1940,
pp. 370-374.

over may be imaged on the screen. However,
in most cathode-ray tubes—particularly,
television viewing tubes—the first lens is
much too weak to form a real image of the
cathode a small distance from the latter.
Liecbmann’s statement that the cathode im-
age appeared inverted for underfocusing,
right-side up for overfocusing, and that,
hence, the imaging pencils cross the axis at
the point of sharp focus, proves that his
focused spot is, just as that of Moss, an
image of the crossover and not the cathode.
E. G. RAMBERG AND D. W, EPSTEIN

Radio Corporation of America

Princeton, New Jersey

Presentation of Technical Papers
October 18, 1946*

1 have given some thought to the process
of conveying information from the man who
presents a technical paper at a meeting of a
technical society to members of the audi-
ence. Numerous experiences in the past lead
me to believe that there are a few elemen-
tary precautions that could increase the
above-mentioned transfer greatly.

The management of the conference or
meeting should provide for a good audito-
rium with satisfactory acoustical qualitiesand
ample ventilation; a person familiar with the
lighting system; a good reading lamp for the
lecturer; several blackboards and an efficient
pointer to point out details on both black-
boards and projector screen; an efficient
projector and a man familiar with it; a good
sound system in good condition; a lapel or
throat microphone giving the speaker suffi-
cient freedom to move around; a call sys-
tem to call persons to the information desk
or telephone; and attendants in the audi-
er.ce equipped with portable mcirophones for
discussion speakers.

The speaker should also prepare himself
well, and a few points are here suggested. He
should carefully time his paper and the
speed of his delivery, and familiarize himself
beforehand with the lecture room, the micro-
phone, the reading light, and the pointer.
If at all possible, mimeographed shcets
should be prepared, giving all sketches,
formulas, and tabulations the lecturer wants
to be put on the blackboard or to project.
They should all be carefully numbered. The
lecturer can then refer to this material dur-
ing his talk and it saves his audience the
trouble of trying to take notes in the
darkened room, while listening to the speaker
at the same time. The notes should be dis-
tributed at the entrance to the room.

The proceedings of the conference, if
any, should be ready for distribution at the
carliest possible date so as to keep the im-
pressions gained alive in the minds of the
audience. 1 feel strongly that any time saved
in this respect is very valuable indeed. 1
would greatly appreciate your printing these
suggestions if you feel they arce of any help.

HHARALD ScHuTZ
Raytheon Manufacturing Company
Waltham, Massachusetts

# Recelved by the Institute, October 21, 1946.
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Equivalent Circuits for Plane Dis-
continuities

April 3, 1947+

Mr. Jamieson and I have read with much
interest the recent and very valuable paper
on “The Equivalent Circuit for a Planc Dis-
continuity in a Cylindrical Wave Guide™
by J. W. Miles, and would like to comment
on the referencesto our work on this subject.?
We believe that these references, although in
nosense critical of our work, do not correctly
state the procedure which we followed. Since
the comments in Mliles’ paper are interpreta-
ble as a comparison of our procedure with
his, this is of some importance. The method
usced by us in the main body of the paper
and in a following paper? followed closely the
procedure developed by W. C. Hahn,* and
is fairly completely explained in Part VI of
our first paper.? The procedure attributed
to us following equation (92) of Miles® paper?
is an approximate one which gives uscful re-
sults over a wide range of conditions and
which, we believe, has occurred to a number
of people independently from physical con-
siderations. For that reason a curve of this
approximation was included for comparison
with the results from our more detailed
analysis in our Fig. 16. The result from con-
formal mapping was also included as a zero-
frequency limiting-case check, but does not
form . starting point for the scrics method
which we used. :

We bLelieve also that the comments on
page 739, in the paragraph fnllowing that
containing vquation (89), do not give a cor-
rect impression of the degree of approxima-
tion in the analvses of the several more
complex  discontinuities  treated in our
papers. The series method of Hahn may be
uscd to obtain a high degree of accuracy for
the cquivalent networks of a varicty of dis-
continuitics, and it was so applied for scv-
eral of thesc in our papers. Certain problems
were solved to a lower degree of approxima-
tion, but I belicve the distinction was made
in the presentation of results.,

Joux RO WHINNERY
Department of Enginecring
University of California
Berkeley, California

* Received by the Institute, April 11, 1947,

! Proc. I R.E, vol. 34, pp. 728-742; October. 1946.

2 J. R. Whinnery and H. W, Jamicson, *Equiva-
lent circuita for discontinuities i transmiscion linge,”
Proc. LR E. vol 32, pp Y&-114; February, 1044,

1] R.Whinnery, H. W Jamieson,and T. E. Rob-
bins, “Coaxial-line dircontinuities,” Prec. 1LR.E., vol.
32, pp. 6Y5-709; November, 1944,

¢ W, C. Hahn, “A new method for the calenlation
of cavity resonators,” Jour. Appl. Phys., vol, 12, pp.
62-68; January, 1941,

April 3, 1947*

In reply to J. R. Whinnery's comments
on the author's paper,) an apology is duc for
the misleading implications made with
reference to the work in the Whinnery and
Jamieson paper.? As is stated in both the
paper and \Whinnery's letter, the results

* Reccived by the Institute, April 11, 1947,

' J. W. Miles, “The equivalent circuit for a planc
discontinuity In a cylindrical wave guide,” Proc.
LR.E.,, vol. 34, pp. 728-742, October, 1946.

*J. R. Whinnery and H. W. Jamieson, "Equiva-
lent circuits for discontinuities in transmission lines,”
Proc. LLR.E., vol. 32, pp. 98-114; February, 1944,
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given in Fig. 16 of his paper were calculated
by systematic analysis, and the approximate
result stated in equation (93) of the author’s
paper was plotted for comparison. ]

Similarly, the more complex discontinui-
ties were systematically analyzed, and the
approximations stated in the various ﬁgurcs
were inferred from these analyses. The point
the author wished to make was that the ap-
proximations suggested by Whinnery and
Jamieson are sufficiently accurate for most
engineering work to justify calculating accu-
rately only the asymmetrical change of cross
section. -

It should be clearly understood that the
general method outlined in the author's
paper, which culminates in theintegral cqua-
tion of cquation (28) for the clectric field in
the plane of the discontinuity, although a
more general formulation, leads to a sct of
simultancous equations which are identical
with those obtained using the method used
by Hahn? and \Whinnery,24 when applied to
parallel-plate and axially symneetrical co-
axial-line  discontinuities. It has been
pointed out in a recent letter to the Editors
that Haha's work? introduced the author to
the analytical study of wave-guide discon-
tinuities and was the basis of his later work,
although it was greatly acgmented by later
contacts with Julan Schwinger, ¢t als
The most important advantages of the for-
“wilation used inthe subject paper (sce equa-
tions (16) to (34))' are that it sugeestscertain
features which are expedient in the solution
of more complex problems than those treated
in the Whinnery and Jamicson paper.
Among thesc are:

(1) The breakdown of the aperture ficld
into the superposition of two lincarly inde-
pendent fields as suggested by Schwinger
and expressed in equation (23).

(2) Through (1), the approximate ap-
proach of cquations (33) to (38 and Fig. 31

(3 Schwinger's variational formulation
(sce (34)") which leads to a variety of ap-
proaches and is particularly convenient i
lcading to approximate results for complex
problems. However, when subjected to the
condition that it be an extremal, Schwinger's
variational formulation lcads to the original
integral cquation, or to the set of simultane-
ous cquations which represent the solution
of the latter; it is thercfore exact or ap-
proximate in cxactly the same scnse that
Hahn's method® or, more generally, the
Rayleigh-Ritz method is exact or approxi-
mate (although the usual Ravleigh-Ritz prob-
lem generally Ieads to an infinite, discrete
set of solutions, whercas the former methods
vield a unique solution),

(4) The formulation of approaches which
give an exact treatment to a finite number
of higher modes (sce equations (84) to (87)).1

On the other hand. the formulation of the
problem in terms of the current in the dis.
continuity plane (see equations (40 to (33}
although analogous to the field approach,
leads to a different set of equations than the

' W. C. Hahn, *A new method for the calculation
of cavity resonators,” Jour. Appl. Plys » Vol 12, pp
62-68; January, 1941, i S

¢ J. R. Whinnery, H, W. Jamieson, ang T. E. Rob-
bins, “Coaxiallinc discontinuities,” Pruc, I.R.E.. vol
32, ')}1.]695\-\705{;{?}.’0\'“1(1:!)”. 1944, N

* Jolin W. Miles, “Contributions to wave i
l’léiqry.' Proc. LR.E., vol. 35, pp. 378-379; ,{f:',(.j;c

f.

F
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method of Hahn when applied to the same£
problem. This approach was suggested to
the author through the work of Condon and
Smythe.’

Inasmuch as the work of Whinnery and
Jamieson? was the first treatment of a large
class of problems of great enginecring im4
portance (and is still the most generally ac-
cessible source of information),® it would be
most unfortunate if the author's statements
had cast any doubt on the validity or accu-
racy of this work.

Joux W. MiLEs,

Department of Engineering”

University of California
Los Angceles, California

H
1
1

¢ Some of the work done at the Massachusctts In-
stitute of Technology Radiation Laboratory is avail,
able through the United States Department of Com-
merce and a large amount of data will undoubtedly.
arpear in the “Wave Guide Handbook.” to be pub-
ished in McGraw-Hill's Radiation Laboratory series,

The Steady-State Operational
Calculus

January 13, 1947+

I have just read the paper by D. LfY
Waidclich! and should like to try to demon- ~
strate how to arrive at a formula of casier
application for the calculation of the steady
state. The starting point for my deduction is
the Heaviside formula. My deduction is as
follows:

Given a voltage

=0 <0
1(1) ; N
=1 >0 l |
the corresponding current in the circuit is
a. ¢
T I ¢
Z(0, v alZ' () _E'
showing by ay the roots of Z(p) =0.
dr ‘ i
=1
{
|
1
Fig. 1—Infinitesimal pulse 1dr.
The infinitesimal pulse 1dr will be trans-
formed, after a time {,in
a,t
di=3Y = _4r
v 2 (ei)
i)
Y
Z &r
dr |
Fig. 2—Decomposition of J(z) in pulses. i
.“1

and l.f it is assumed that f(r) is composed of
a series of infinitesimal pulses, we obtain

1‘ Rccci\'c.d‘by the Institute, January 24, 1947

o - Waidelich, “The steady-state operational
calculus.” Proc. IL.R.E . vol. 34, pp. T8P-83P;
February, 1940,
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1
2 ()
| but, as f(¢) is a periodic function,

i= %

: &

f ‘e"‘“"' f(r)dr;

: ¢ eai('-'f(‘r)d‘f = o~y f‘:ﬂ‘ Pall (-1'.f(.r)d.r_

YT
at
Finally, as there is the limitation e—0;
{ we have L
= ! f :
h= - A7f(t —1)dr.
h" Z'(a.')(] = ea(,-) s -f( T)ar
A. CoLiNo
{ Marconi Espanola, S.A.

Madrid, Spain

Nomogram for Rosa Inductance
Correction

January 14, 1947*

i Formulas for the calculation of the in-
ductance of a solenoid are generally based on
current-sheet theory. The current-sheet in-
ductance supposes the winding to be an
«infinitely thin tape with the turns infinitesi-
mally separated.
A correction of the current-sheet for-
mula for the caseof a coil wound with round
1wire has been derived by Rosa. The induct-
ance formulas of Raleigh, Coffin, Lorenz,
Nagaoka, and others, together with Rosa's
correction, are described and discussed in
the literature.!
Calculators and nomograms for quickly
finding the current-sheet inductance of a
isolenoid have made their appearance. An
example of such a calculator is one published
by the American Radio Relay League, Inc.,
West Hartford, Connecticut, and an exam-
! ple of a nomogram is one incorporated in the
catalogue of Barker and Williamson, Upper
Darby, Pennsylvania.
] In view of these aids, the calculation of

¢ Recelved by the Institute, January 16, 1947.
4 1 Bureau of Standards, “Scientific Paper No. 169,
pp. 116-135.
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the Rosa correction is much more time-con-
suming than finding the current-sheet in-
ductance. A nomogram was therefore de-
vised for finding the Rosa correction, and is
presented herewith by permission of Barker

3 T-o3
8ol ]
ge oo
(a) + (&) e
2 —+-o2 Pa 4
| 4
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4 _ s o
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Nomogram of Rosa Correction for Cur-
rent-Sheet Inductance of a Solenoid.

L =Lo+AL

AL—correction in microhenries
Lo—-<urrent-sheet inductance
henries
L—true inductance in microhenries
D—diameter of coil in inches
N—total turns
P—winding pitch in turns per inch
d—bare wire diameter in inches.

in micro-
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and Williamson, for whom it was prepared.
This nomogram allows a quick preliminary
investigation of the order of this correction,
and is accurate enough for most practical
purposes.

Inspection of the nomogram brings out
several important facts. When Pd is approxi-
mately equal to 0.42, the correction is gen-
erally small and is almost independent of N.
Also, the correction is ordinarily negative for
Pd greater than 0.42, and positive tor Pd
less than 0.42.

An example will be worked out illustrat-
ing the use of the nomogram. The current-
sheet inductance will be determined by
means of the ARRL calculator. Consider a
coil in which N=10 turns, P=1 turn per
inch, d =0.1 inch, and D=5 inches. The coil
length is therefore 10 inches and Pd equals
0.1.

The value for P just given places the coil
outside of the range of the ARRL calculator,
since it is calibrated only as low as P equals
2 turns per inch. The principle of similitude
can then be invoked by dividing all of the
physical quantities by 2, with the number of
turns remaining the same. The resulting in-
ductance must then be multiplied by 2 in
order to find the actual current-sheet in-
ductance. Performing this operation gives
the coil inductance as 5.0 microhenries.

The dotted line on the nomogram shows
that the Rosa correction for this example is
positive and equal to 0.235D or 1.175 micro-
henries. The actual inductance of this coil is
therefore 5.0 plus 1.175, or 6.175 microhen-
ries.

A slide-rule calculation by means of
Nagoka's formula gives a value of 5.13
microhenries for the current-sheet induct-
ance, and a similar calculation gives 1.18
microhenries for the Rosa correction. There
is little practical difference in this case be-
tween the calculatéd values and those found
by means of the chart and calculator.

SAMUEL SABAROFF
801 N. 63 Street
Philidelphia 31, Pennsylvania

i Contributors to the Proceedings of the I.R.E.

RoserT H., BROWN

Robert H. Brown (M’46) wasborn at Sioux
Falls, South Dakota, on August 27, 1915. He
received the B.A. degree in 1940 from Union
College, Lincoln, Nebraska, where he ma-
jored in physics, and the M.S. degree in 1942
from the University of Nebraska.

On leaving the University of Nebraska,
where he had been an assistant instructor in
physics, he joined the research department
of Sylvania Electric Products, Inc., where
his work concerned training equipment for
the SCR-268 radar, testing and measure-
ment problems in the microwave region, and
radiation problems connected with the prox
imity fuze. From 1943 until 1945 his efforts
were largely devoted to the frequency-modu-
lated radar equipment which was developed
under a subcontract with Edwin H. Arm-
strong, later known as “moon radar.” In
1946 and 1947 he taught physics and mathe-

Artinur W, Burks
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Contributors to Proceedings of the I.R.E.

SEYMourR B. Conn

matics at Canadian Union College, La-
combs, Alberta.

Mr. Brown is now assistant professor of
physics at Walla Walla College, College
Place, Washington, and is at present on
leave of absence to do advance study and re-
search at the University of Washington,
Seattle. He is a member of the American
Physical Society.

@

Arthur W. Burks (A'43-M’'44) was born
in Duluth, Minnesota, on October 13, 1915.
He received the B.A. degree in mathematics
and physics from DePauw University in
1936, and the M.A. and Ph.D. degrees in
mathematical philosophy from the Uni-
versity of Michigan in 1937 and 1941, re-
spectively. In the fall of 1941 he joined the
staff of the Moore School of the University
of Pennsylvania as instructor of electrical
engincering and research engineer.

Dr. Burks was one of those who directed
the designing of the ENIAC from its incep-
tion in the summer of 1943 until its comple-
tion in February, 1946. He then accepted

J. M. LAFFERTY

an assistant professorship at the University
of Michigan, his duties to begin in the fall of
1946. Until such time he was invited by
Professor John von Neumann to participate
in the initial design work of an electronic
computing machine to be built at the Insti-
tute for Advanced Study. He is co-author
with Professor von Neumann and Dr. H. H.
Goldstine of a report on the logical design of
this machine.

Dr. Burks is now at the University of
Michigan teaching mathematical logic and
philosophy of science. He is a member of the
Institute of Electrical Engineers, the
American Mathematical Society, Eta Kappa
Nu Association, and the Society of Sigma Xi.

Seymour B. Cohn (S'41-A'44-M'46) was
born at Stamford, Connecticut, on October
21, 1920. He received the B.E. degree in
electrical engineering from Yale University
in 1942. From 1942 through 1945 he was em-
ployed as a special research associate by the
Radio Research Laboratory of Harvard
University. While with this laboratory, he
engaged in research and development on
wide-band and wide-range very-high-fre-
quency receivers for military purposes. Also
he represented the Radio Research Labora-
tory dunng part of this time as a Technical
Observer with the United States Army Air
Forces in the Mediterranean Theater of Op-
erations.

Upon completion of his work with the
Radio Research Laboratory, Mr. Cohn un-
dertook full-time graduate work at Harvard
University on a National Research Council
fellowship. In June, 1946, he received the
M.S. degree in communication engineering,
and is now continuing work toward a Ph.D.
degree.

Mr. Cohn is a member of Tau Beta P;
and an associate member of Sigma Xi. He is
on the Papers Review Committee of the
I.R.E.

James M. Lafferty (M'46) was born in
Battle Creek, Michigan, on April 27, 1916
He attended Western Michigan College and
later transferred to the University of Mich;
gan, where he received the B.S. degree in en
gineering physicsin 1939; the M.S. degree in
physics in 1940; and the Ph.D. degree in
electrical engineering in 1946.

In 1941 Dr. Lafferty left the University to
aid in the development of VT proximity
fuzes at the Carnegie Institution in Wa<h-
ington, D. C. In 1942 he joined the staff of
the General Electric Research Laboratory
as a research physicist where he worked on
microwave tubes. Later he went to the Radi-
ation Laboratory at Berkeley, California, to
work on the Manhattan District project. He
returned to General Electric in May, 1948,
where he completed the research work for his
doctorate. Dr. Lafferty isa member of Sigma
XI, Phi Kappa Phi, lota Alpha, and the
American Physical Society.

'VincenT C. RipEOUT

Vincent C. Rideout (M'44) was born on
May 22, 1914, in Alberta, Canada. He re-
ceived the B.Sc. degree in engineering phys-
ics from the University of Alberta in 1938,
and the M.S. degree in electrical engineering
from California Institute of Technology in
1940. From 1939 to 1946, Mr. Rideout was
a member of the technical staff of the Bell
Telephone Laboratories, engaged in micro-
wave radio and radar research. He has re-
cently joined the staff of the University of
Wisconsin. Mr. Rideout is a member of
Sigma Xi.

Jan J. Vormer was born in The Hague
Holland, on October 24, 1901. He received
the degree of electrotechnical engineer from
the Technical University at Délft in 1925. In
this same year he was appointed an engineer
of the Dutch Postal Telegraph and Tele
phone service at the Radio Laboratory in
The Hague. He became chief engineer in
1941 and was appointed chief of the radio
laboratory since 1945,

JAN J. VorsmEer



1947

Institute News and Radio Notes Section

795

Institute News and Radio Notes

Air Force Day—August 1, 1947

Major GENERAL HaroLD M. MCCLELLAND

| On August 1, 1947, Air Force Day was celebrated

in the United States of America. The part played in

—The Editor.

l the development of military aviation radio and l
guidance by the communications and electronic en- ‘
gineers, and their Institute, is admirably set forth in
the following statement. The Institute i§ indebted to '
Major General Harold M. McClelland, Commanding
| General of the Airways and Air Communications I
| Service, for his encouraging expression of viewpoint. |
' N
|

HAROLD M. McCLELLAND

Fast, reliable transmission of intelligence and
orders has always been important, often vitally
so, in military operations. World War 11 saw
a greater demand in this regard than ever be-
fore, particularly in air operations. The future
need will be even greater. The work of members
of The Institute of Radio Engineers formed the
foundation and framework of the systems of
electrical communications upon which the Air
Forces relied in World War 11, and upon which
they must rely in the future.

Annual Meeting of the Institute

Article VIII of the Constitution,
Section 2, states: “There shall be an
annual meeting of the Institute as soon
as practicable after the annual meeting
of the Board of Directors at which gen
eral reports of the Secretary and Treas-
urer shall be presented.”

The annual meeting of the Institute
is called for September 3, 1947, at 1:30
p.M., Eastern Daylight Time. The |
meeting will be held at the Institute
Headquarters, 1 East 79 Street, New
York 21, N. Y.

|
|

INsTITUTE PoLiCcY

At a recent meeting of the Board of Di-
rectors it was decided to continue as Insti-
tute policy the following:

“The Institute welcomes to its member-
ship, in cach case in an appropriate member
grade, all persons professionally active in the
communications and electronic engineering
field, or interested in that field. The meetings
and publications of the Institute are exclu-
sively of professional engineering nature and
will remain of that character. The Institute
offers all its members the opportugity ‘to
mingle with its professional engineéring
members, to participate in the technical
meetings of the Institute, and to study the
scientific and engineering publications of the
Institute.”

STUDENT BRANCHES

Petitions for the formation of Student
Branches at Purdue University, Stanford
University, and Northwestern University
were approved by the Board of Directors at
its May 7, 1947, meeting.

At the Board’'s June 4, 1947, meeting,
similar petitions were approved from the
following: University of Washington, Uni-
versity of Illinois, University of Texas,
North Carolina State College, and Rutgers
University.

INSTITUTE REPRESENTATIVES

Herman A. Moench, assistant professor
of electrical engineering, Rose Polytechnic
Institute, Terre Haute, Indiana, was ap-
pointed local Institute Representative at
the May 7, 1947, Board of Directors meet-
ing.
Carl S. Roys, professor of electrical engi-
neering, Syracuse University, Syracuse,
New York, was appointed local Institute
Representative at the Board's June 4, 1947,
meeting.

SECTIONS

The petition from the Sacramento Sec-
tion, approved by the San Francisco Sec-
tion, that the portion of Solano County,
California, north of a line drawn across the
county east and west just below Elmira, be
included in the territory of the Sacramento
Section, the remaining portion of the county
to remain as part of the San Francisco Sec-
tion, was approved by the Board of Direc-
tors at its May 7, 1947, meeting.

ADVANCED WORK AT STANFORD
UNIVERSITY

The Microwave Laboratory of the phys-
ics department of Stanford University an-
nounces that a number of Fellowships, Re-
search Assistantships, Rescarch Associate-
ships, and Postdoctorate Research Fellow-
ships are available to qualified graduate stu-
dents for the academic year 1947-1948.

The Microwave Laboratory conducts re-
search in microwave physics and engineer-
ing. Its present program includes the devel-
opment of electron accelerators, klystrons,
and the application of microwave techniques
to physical measurements.

Fellowships with an annual value of
$1000, sponsored by the Sperry Gyroscope
Company, Inc., are offered to qualified stu-
dents who are candidates for higher degrees.
Research assistantships, available to gradu-
ate students, enable the student to earn
from $900 up. Some of the research done un-
der these assistantships can be used as thesis
material toward higher degrees. Full-time re-
search associateships, available to advanced
graduate students who have completed most
of their work toward doctorates, carry
stipends of $2400 to $2700 per academic
year, and the work done will be acceptable
as thesis material toward doctors’ degrees.
Postdoctorate research fellowships, availa-
ble for independent rescarch either in micro-
wave engineering or in application of micro-
waves to physics, are on an eleven-month
basis and carry stipends up to $1000.

Further information may be obtained
from and applications made to Professor
William W. Hansen, Director, Microwave
Laboratory, Stanford University, California.
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Redwood Empire Association

Parace HoTeL

HE first postwar West Coast Conven-

tion of The Institute of Radio Engi

neers, sponsored by the San Francisco
Section, will be held at the Palace Hotel,
San Francisco, September 24 through 26.
The West Coast conventions, which were
well attended before the war, serve the fast-
growing membership of the great Western
Slope. This year’s convention, having avail-
able the many recent technological advances
is expected to be outstanding and a large
attendance is anticipated

Professor Karl Spangenberg, convention
chairman, promises not only a group of pa-
pers of outstanding caliber and value but an
integrated program of events which will
further enhance the convention.

Registration is set for Wednesday morn-
ing, September 24, and papers will be pre-
sented from Wednesday afternoon through
Friday, September 26. There will be a get-
together cocktail party Wednesday evening,
September 24, a luncheon on Thursday, and
a banquet Friday evening. Inspection trips
to outstanding activities of interest in the
Bay region will include the National Ad-
visory Committee for Aeronautics installa-
tions at Moffett Field, the new University of
California 184-inch cyclotron, the Micro-
wave and Communications Laboratories at
Stanford University, and several electronic
manufacturing plants.

While the convention will not sponsor
any exhibits, the West Coast Electronic
Manufacturers Association's annual exhibi-
tion at the Hotel \\'hitcomb, San Francisco
September 26 through 28, will be open to
L.LR.E. members and guests. Its display of
recently developed electronic devices will
effectively supplement the I.R.E. conven-
tion activities.

A special block of rooms has been re-
served for I.R.E. members and their families
at the leading hotels in San Francisco. Res
ervations should be forwarded to J. H
Landells, Chairman of the Hotel Function
Committee, c/o Westinghouse Electric
Corporation, 1 Montgomery Street, San
Francisco, California. In order to assure res-
ervations, a $5.00 deposit should accompany
the request. Checks should be made out to
“1947 West Coast 1.R.E. Convention.

PROCEEDINGS OF THE I.R.E.

PROGRAM
Wednesday, September 24, 1947

Registration

MILITARY APPLICATIONS

1. “Technical Problems of Military Radio

Communications of the Future,” John
Hessel, Signal Corps Engineering Labora-
tories, Fort Monmouth, N. ]
“Some Applications of Electronics to
Underwater Ordnance,” Ralph D. Ben
nett, Naval Ordnance Laboratory, Wash-
ington, D. C.

3. “Some Experimental Determination of

Mutual Impedance of Antennas,” F. R.
Abbott, Naval Electronics Laboratory,
San Diego, Calif.

4. “A New Pulse-Time Telemetering Sys-

tem,” James N. Davis, Sylvania Electric
Products, Flushing, N. Y.

5. “Microwaves in Ordnance Work,” Fred-

erick G. Suffield, Allison Associates, Los
Angeles, Calif,

6. “Telemetering Guided-Missile Perform-

ance,” James C. Coe, United States
Naval Air Missile Test Center, Puint
Mugu, Calif.

Cocktail Party

FREQUENCY MoDULATION

1. “Frequency-Modulation Detectors
Stuart \V. Seeley, Radio Corporation of
America Industry Service Laboratory,
New York, N. Y.

2. “A 50,000-Watt Frequency-Modulation

Transmitter for 100.5 Mc.,” Leigh Nor
ton, Eitel-McCullough Inc., San Bruno
Calif.

August

West Coast

SAN Francisco, CALIFORNIA,

“Susceptibility of Frequency-Modulation
Receivers to Interfering Signals,” D. E,
Foster, Hazeltine Research Inc. of Cali
fornia, Los Angeles, Calif,

“Limiters and Discriminators in Fre-
quency-Modulation Receivers,” W. G
Tuller, Massachusetts Institute of Tech
nology, Cambridge, Mass.

Thursday, September 25, 1947

SESSION |, INSTRUMENTATION

A Very-High-Frequency Bridge for Im-
pedance Measurements,” Robert Soder-
man, General Radio Company, Cani
bridge, Mass.

. “A Pulse-Counter-Type Frequency-Mod-

ulation Station Monitor,” David Packard
and Norman Schrock, Hewlett-Packard
Company, Palo Alto, Calif.

. “Supersonic Flaw Detection,” Donald

Erdman, Triplett-Barton Company, Bur
bank, Calif.

. “Electronic-Gauge Methods and Appa-

ratus,” Robert L. Sink, Consolidated
Engineering Corp., Pasadena, Calif

SEssIoN 11, MISCELLANEOUS

. “Equivalent Networks for Wave-Guide

Problems,” John R. Whinnery, Univer-
sity of California, Berkeley, Calif.

. “The New York-Boston Radio Relay Ex

periment—A Progress Report,” J. W
McRae, Bell Telephone Laboratories
New York, N. Y.

San Francisco Convention and Tourist Burcau

UNIVERSITY OF CALIFORNIA



1947 Institute News and Radio Notes Section 797

I.R.E.Convention

SEPTEMBER 24, 25, 26

3. “High-Quality Loudspeakers and Their
Adaptation to Systems Engineering,”
John K. Hilliard, Altec Lansing Corp.,
Hollywood, Calif.

4. “A New Solution of the Antenna Prob-
lem,” Cornelius Lanczos, Boeing Aircraft
Co., Seattle, Wash.

Luncheon

ELECTRONIC DEVICES

1. “The Proton Linear Accelerator,” Louis
Alverez, University of California, Berke-
ley, Calif.

2. “The Electron Linear Accelerator,” W. W.
Hansen, Stanford University, Palo Alto,
Calif.

3. “Oscillation and Gain Properties in New
Types of Traveling-Wave Tubes,” Lester
M. Field, Stanford University, Palo Alto
Calif.

“Resnatron Design,” W. W. Salisbury, SAN FRraNncisco s CALIFORNIA STREET, NEAR CHINATOWN
Collins Radio, Cedar Rapids, lowa.

12 g

Redwood Empire Association

. 2. “A  5-Kilowatt Television Broadcast
Friday, September 26, 1947 Transmitter,” J. E. Keister, J. W InsPECTION Trips
Downie, H. B. Sancher, and E. M. Ewing, A. Mofiett Field, Stanford University, and
FREQUENCY MODULATION AND General Electric Company, Syracuse,N.Y. Hewlett-Packard Company.
TELEVISION 3. “Receiving Antennas for Frequency- B. Transoceanic Transmitter KWIX and
Modulation and Television,” Andrew KWID, San Francisco; and Eitel-
1. “Radio Wave Propagation in the Fre- Alford, Somerville, Massachusetts. McCullough Inc.
quency-Modulation Broadcast Band,” 4. YA Modern Television Transmitter,
Kenneth A. Norton, National Bureau of C. D: Kentner, Radio Corporation of Convention Banguet
Standards, Washington, D. C. America, Camden, N. J.

Saturday, September 27, 1947

INSPECTION TRIPS

C. University of California.

LADIES’ PROGRAM

Wednesday, September 24, 1947

Registration—Wives and Children
Welcoming Tea by Institute

Thursday, September 25, 1947

Sight-seeing trip in San Francisco,
Luncheon at famed Fishermans Wharf.

Friday, September, 26, 1947

Conducted visit through Gumps

Luncheon and broadcast, Sir Francis
Drake Hotel

Informal trips and shopping tours about
San Francisco

Convention Banquet.

In addition to the above, the United Air
Lines will make available one of their most
modern airplanes for a one-hour sight-seeing
trip over San Francisco and the Bay area.
STANFORD UNIVERSITY, SHOWING HOOVER WAR LIBRARY Space will be limited and apportioned to

THROUGH ARCH visitors according to geographical location.

San ﬁ'rtmcu o Convention and Tourist Bureau
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Memo to Members Acting
as References

A COMMUNICATION FROM THE MEM-
BERSHIP COMMITTEE TO ALL MEM-
BERS OF THE INSTITUTE

I.R.E. members have an important duty
to perform whenever they are asked to act as
reference for a new member, or to recom-
mend a transfer to a higher grade. The Ad-
missions Committee, acting as a jury for the
Board of Directors, meets ohce a month and
considers 100 applications for admission or
transfer at each meeting. In the great ma-
jority of cases this committee has no way of
deciding whether an applicant should be
admitted or transferred except by studying
the reference reports. Hence, the final re-
sponsibility for safeguarding the standards
of the I.R.E. membership rests with mem-
bers who supply references. The work of the
Admissions Committee will be greatly facili-
tated if each reference indicates clearly and
accurately in his report the full extent of his
knowledge of the applicant’s record and his
professional standing,.

For the guidance of members who are
called upon to act as references, the follow-
ing suggestions are offered:

1. Refercnces should have direct knowl-
edge of the applicant’s record and profes-
sional status. Occasionally references are sc-
lected by applicants whose records are not
sufficiently well known to permit full and
accurate statements, In such cases, the ref-
ercnce should not accept the responsibility
of reporting on the applicant until he has
verified any missing details with a third
party who is more familiar with the appli-
cant's record. In all cascs the reference
should indicate clearly in the space provided
on the reference form the cxtent of his
knowledge of, and association with, the can-
didate for membership or higher grade.

The applicant is expected to rccord his
professional experience in sufficient detail to
show that he has the necessary qualifications,
particularly the time during which he was an
engineer or scientist, and references are ex-
pected to confirm information of which they
have knowledce.

The opinions of the references concerning
the character of the applicant’s work are
most helpful to the Committee in deciding
whether or not the applicant is qualified.

2. There is a natural tendeney to recom-
mend advancement to higher grades in bor-
derline cases, not only as a personal favor to
the applicant, but also because of the sup-
position that the Institute will benefit from
increased membership in the higher grades.
References should avoid recommending ad-
vancement in all cases where doubt exists,
The higher grades of 1.R.E. menmbership are
badges of professional service and qualifica-
tion as an cngineer. Recommendations for
advancenment should be made only if the
reference is sure the applicant is actively cn-
gaged in important work in radio or allicd
ficlds, or is supervising such work, and has
been so engaged for the period of years speci-
fied by the Constitution. Each reference
should review carefully the excerpts from the
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Constitution which are printed on the letter
accompanying each reference report form.

3. References should encourage appli-
cants who may approach them prior to sub-
mitting their applications to apply for the
highest grade of membership for which the
applicant is qualified.

4. References' comments should be in-
formative and should be written with the un-
derstanding that the Admissions Committee
has to base an important decision on the ref-
crence's report. In evaluating the appli-
cant's record, the reference should draw a
clear distinction between the performance of
routine duties and the exercise of creative
skill. Experience as radio station operator, in
broadcast receiver service and repair or rou-
tine maintenance, is not gencrally accepted
as qualifying for Member or Senior Member.,

5. References should remember that ac-
tion on an application cannot be completed
until all references have replied, the Admis-
sions Committee has acted, and notices pre-
pared and sent by the Headquarters office.
Applications for admission or transfer to the
higher grades are seldom completed in less
than three months. If the reference is inter-
ested in the action taken on a particular ap-
plication, he should so indicate in a separate
letter (not on the reference report form) ad-
dressed to the Headquarters office of the
Institute. Such requests should be made onlyv
when knowledge of the action taken will
serve a purpose other than mere curiosity,
since the burden of correspendence isalready
heavy. References can assist materially in
speeding action on applications by filling in
and returning the sponsor form prompily. In
thosc cascs where the applicant is either very
slichtly known to the reference, or even un-
kniwn, a specific statement to that effect
should be entered by the reference on the
blank which should then be mailed back to
headquarters immediately. The cases of
many applicants are held up because refer-
encesin the above category do not return the
blanks promptly.

6. The space on the reference form for
general comments should be filled out in all
cases. Such commentsare of particular value
to the Admissions Committee. The space
should be used for an accurate word-picture
of the applicant, filling in gaps not covered
by the standardized questions on the form,
Whenever any of the latter questions are not
answered, the reason should be stated in this
space. Comments on the gencral character of
the applicant (honesty, enthusiasin, indus-
try, or'ginulity, and the like) are pertinent
and should be made. But it should be remen-
bered that these qualifications alone, in the
absence of technical attainment. do not
qualify for membership in the higher erades,

Suggestions for improvement in the op- ©

cration of the refercnee svstem w 1] e wel-
comed by the Membership Commiittee

ErLecTrON TUBE CONFERENCE

The Fifth Annual Electron Tube Con-
ference, sponsored by the Electron Tube
Committee of The Institute of Radjo
Engineers, was heldat Syracuse University,
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Syracuse, New York, June 9 and 10, 1947,
Attendance was about two hundred.

On the first cay, the conference was
opened with a welcoming address by Chan-
cellor W. P. Tolley of Syracuse University.
This was followed by a technical session
entirely concerned with the beam traveling-
wave tube, E. D. McArthur, chairman. The
second session was a symposium on high-
density space-charge problems, A. Nord-
sieck, chairman.

A stag banquet was held at the Hotel
Syracuse on the evening of the first day. At
the speakers’ table were A. G. Clavier of
Paris, R. Kompfner of Oxford;: Dean
Mitchell, Dean Bartlett, and Professor
Fredrickson of Syracuse University; J. R.
Pierce: H. W Parker; W. R. G. Baker, pres-
ident of the Institute and principal speaker;
and G. D. O’'Neill, conference chairman.-
The banquet was followed by informal gath-
erings with beer and singing.

About twenty-five women accompanied
their husbands to Syracuse and enjoyed a
program of local visits and bridge. Mrs.
R. A. Galbraith was hostess.

The morning program of the second day
consisted of a symposium on new micro-
wave tube devices and signal-storage
devices, L. Malter, chairman. At the con-
clusion of this session, four rump sessions
were organized for the afternoon, some for
the purpose of discussing problems brought
up in the regular sessions. The principal
topics were as follows: Noise and Oscillation
Characteristics of Beam Traveling-\Wave
Tubes, J. A. Morton, chairman; Multi-
\'elocity Electron Streams, L. S. Nergaard,
chairman; Magnetrons and Other Micro-
wave Devices, G. R. Kilgore, chairman;
Signal Storage Tubes, L. Malter, chairman.

The next 1LR.E. Electron Tube Confer-
ence will be held June 28 and 29, 1948, at
Cornell University, Ithaca, New York.

NATIONAL ELECTRONICS
CONFERENCE

The 1947 National Electronics Confer-
ence will be held at the Edgewater Beach
Hotel. Chicago, Illnois, cn November 3, 4,
and 5. 19.7. A program of between fifty and
sixty technical papers, covering all phases of
clectr nes. will feature engineers who are
rec cnized authorities in their respective
filds. The Institute of Radio Engincers is
sp ns r of ¢cne portion of this program. An-
other purtion is being arranged by the Elece
trenics Sectien of the Anierican Institute of
Electrical Enincers in cennection with the
AL EE. Fall Meetinz in Chicago. Exhibits
«f the Latest in electronic equipment and de-
vilopments are being plunnud by manufac-
turers.

Nationally -knawn spcakers will address
the banquet and the three lunchecns, one of
which is to be under the auspices of the
LRE., while the A.1.E.E. will be in charge
of another. As before, this Conference will
serve to renew old acquaintances and make
newones among electronic engineers from all
over the country,
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New England Radio Engineering Meeting

The New England Radio Engineering
Meeting, held May 17, 1947, at the Conti-
nental Hotel in Cambridge, Massachusetts,
brought together the Boston Section and the
Connecticut Valley Section of The Institute
of Radio Engineers in a highly successful
regional venture.

The Boston Section has suggested that
Regional Meetings be held asa possihle sub-
stitute for the Summer National Conven-
tion. The belief that such gatherings would
be of maximum benefit to the membership
was confirmed by the success of this meet-
ing, which was attended by 606 registrants
and New England exhibitors, and the North
Atlantic Region is planning an annual affair.
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BANQUET OF THE NEW ENGLAND RADIO ENGINEERING

Outstanding events were six technical
papers; exhibits of thirty New England man-
ufacturers; and the banquet, with Harold
B. Richmond of General Radio Company
the toastmaster, and William C. White of
General Electric Company and George W.
Bailey, 1.R.E. executive secretary, the guest
speakers. Mr. White presented a number of
interesling microwave experiments under
the title, “Radiation Without Frustration.”

Many of the executive committee mem-
bers of hoth Sections met with representa-
tives from I.R.E. Headquarters and New
England colleges to discuss the implementa-
tion of the regional representation plan and
the Institute’s Student activities
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The New England Meeting was con-
ducted by the following organization:

General Chairman.
Co-Chairman. .

L. E. Packard
Dale Pollack

Papers Committee .D. B. Sinclair
Exhibits Committee C. E. Worthen
Publicity Committee J. M. Henry
Arrangements Committee..H. H. Dawes

Banquet Committee
Treasurer

].G. Hildebrand

.W. H. Radford

Titles, authors, and summaries of the
technical papers presented were published
on pages 386 and 387 of the April, 1947,
issue of the PRoCEEDINGS OF THE 1.R.E.

MEETING
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Spring Technical Conference

CINCINNATI, OHIO, SATURDAY, MAY 3, 1947

The Spring Technical Conference held by
the Cincinnati Section of The Institute of Ra-
dio Engineers on May 3,1947,in Cincinnati,
Ohio, was attended by more than 300 people.

Papers and spcakers were selected with
extreme care and scheduled in a morning and
anafternoon session. Thirty minutes were al-
lowed for presentation of each paper and ten
minutes for discussion. Preprints were avail-
able for six out of the eight papers and were
much appreciated.

Working models of television receivers
were on demonstration during the Confer-
ence and a special program was furnished by
WS8XCT, the experimental television broad-

casting transmitter of the Crosley Broad-

casting Corporation. An inspection tour to Don Leiet
thel“VoiceloltAmericaliransmitteiniBath: CHAIRMAN AND SPEAKERS AT THE MORNING SESSION OF THE

any, Ohio, was arranged for Sunday, May 4. CINCINNATI SPRING TECHNICAL CONFERENCE

The program of the Conference follows:

Left to right: R. J. Rockwell, Andrew Alford, P. F. G. Holst
R. W. Sanders, Stuart Seeley

Television
MORNING SESSION

Chairman: R. J. Rockwell,
The Crosley Broadcasting Corporation

1. “Antennas for Television Reception
Andrew Alford, Consulting Engineer.

2. “A New Approach to Television [nput
Circuits,” Paul F. G. Holst, Crosley Dt
vision, Avco Manufacturing Corporation.

3. “Intermediate-Frequency Television Am
plifier Design,” Stuart Seeley, Radio
Corporation of America
“Television Receiver Synchronizing Cir-
cuits,” Robert \V. Sanders, Farnsworth
Television and Radio Corporation

Y
Don Foster

Buffet Luncheon

CHAIRMAN AND SPEAKCRS AT THE AFTERNOON SESSION
AFTERNOON SESSION OF THE CONFERENCE ‘

Chairman : Professor W. C. Osterbrock, Left to right: C. S. Szegho, G. K. Schrable, Wi C. Osterbrodk

University of Cincinnati

1. Part [—“Cathode-Ray Tube Screens in
Contact with Metal,” Dr. C. S. Siegho
The Rauland Corporation
Part 11—“Reflective and Refractive Op-
tics for Projection Television Receivers,”
George K. Schnable, The Rauland Cor-
poration.

2. “Inter-connecting Facilities for Televi
sion Broadcasting,” W. E. Bloecker
American Telephone and Telegraph
Company.

3. “The Future of Color in Television
Donald G. Fink, McGraw-Hill Publish
ing Company, Inc.

W. E. Bloecker, D. G. Fink

¢

Cocktail Party

BANQUET
Presiding: L. M. Clement
Director of Research Engineering, B
Croscley Division, Avco Manufactur- LEwis M. CLEMENT ADDRESsING THE BANQUET
ing Corporation i .
Spcagker‘ }E Wl J8rvis; Consillid Left to right at the speakers’ table are: Carl Gieringer, John Jordan. K. h :
KWL . n Mr. Ciement, John Reid, W. C. Osterbrock. R J Rocr;cwel‘innet ool
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Minutes of Technical
Committee Meetings

The following brief abstracts of
I.R.E. technical committec minutes
are intended to keep the membership
informed as to the activities of such
groups. Nembers having views or pro-
posals of interest to the committees,
or desiring possibly available infor-
mation from them, should write di-
rectly to the chairman of the particu-
lar committee, seading a copy of the
letter to Mr. Laurence G. Cumming,
Technical Secretary, The Institute
] of Radio Engincers, 1 East 79 Street,
New York 21, N. Y.

P

RAILROAD AND VEHICULAR
COMMUNICATION

Date. .. ... April 18, 1947
Place. . ... .Hotel Stevens, Chicago, [llinois
Chairman. .D. E. Noble

Present

D. E. Noble, Chairman
L. J. Biskner W. A. Harris
G. M. Brown G. H. Teommey
W. R. Young

The purpose of the mecting was to pre-
pare definitions and test methcds for various
receiver and transmitter characteristics. The
Sensitivity draft, prepared by Mr. G. M.
Brown, and the Spurious Response draft,
prepared by Mr. W. R. Young, were con-

“sidered by the committee and approved
with minor modifications. The committee as
a whole prepared definitions and methods of
measurements. The entire committee was
requested to consider these definitions and
methods and submit approval or sugges-
tions for future modifications to Mr. Brown
who is replacing Mr. Noble as Chairman.

INDUSTRIAL ELECTRONICS

Date....... March 6, 1947
Place....... Hotel Commodore, New York,
N.Y.’

Chairman...H. C. Gillespie

Present

H. C. Gillespie, Chairman
G. P. Bosomworth Eugene Mittelmann
G. H.Fett F. W. Priche
C. W. Frick Julius Weinberger

A study of methods of measuring radia-
tion above 200 megacycles was recom-
mended as a project for the Rescarch Com-
mittee. After some discussion, the committee
decided that the ficld of high-frequency heat-
ing demanded carly attention, regardless of
other fields which might be brought within
its scope. It was thought that the Institute
might properly concern itself with the prob-

Institute Notes and Radio Notes Section

tem of interference with the various com-
munications services by radiations from
high-frequency generating equipment. The
work of RTPB, NEMA, and A.LLE.E. com-
mittees on this subject was reviewed and the
possibility of adding to their findings dis-
cussed. To obtain data on the tolerable in-
terference levels, it was suggested that rep-
resentatives be added to the committee to
represent the various services. The Chair-
man of the committee should, it was decided,
attend the meetings of the A.LLE.E. sub-
committee on eclectronic heating to avoid
duplication of its efforts.

RaDp10 TRANSMITTERS

Dateoce s gaess s May 19, 1947
Place............... I.R.E. Headquarters,
New York, N. Y.
Chairman........... E. A. Laport
Present

E. A. Larort, Chairman
L. T. Bird A. E. Kerwien
M. E. Briggs L. A. Looney
W. J. Cronin Robert Serrell
I. R. Weir

The Subcommittees were reviewed and
discussed bricfly. It was decided to continue
the subcommittee organization set up last
year with Messrs. Weir, Serrell, and Brunetti
as Chajrmen. Mr. L. T. Bird accepted
chairmanship of the Subcommittee on Fre-
quency-Modulation Transmitters. Messrs.
Knox and Punchard of Montreal arc ap-
pointed to this group so that they can work
as a geographical unit with such others as
they may appoint from the Montreal Sec-
tion. Copies of proposed definitions were
given to all members present for study and
comment before the next meeting.

RApIO WAVE PROPAGATION
AND UTILIZATION

Date. . coausvtonans June 2, 1947
Place. ..........o... 1.R.E. Headquarters,
New York, N. Y.

Chairman........... S. A. Schelkunoff
Present
S. A. Schelkunoff, Chairman
Stuart Bailey M. C. Gray
C. R. Burrows D. E. Kerr
T. J. Carroll K. A. Norton

L. G. Cumming George Sinclair
H. W. Wells

Dr. Carroll's list of Definitions of Rec-
ommended Termson Tropospheric Propaga-
tion was discussed by the Committee. A
letter dated May 26, 1947, received by the
Chairman from Mr. J. C. Schelleng, with
comments on the Definitions, was circulated.
There was some discussion on the meanings
of the terms “ground wave” and “tropo-
sphefic wave.” The matter was referred to a
Subcommittee. The list of Definitions on
Tonosphere Terms, prepared by Mr. Wells,
was discussed by the Committee. Dr. Schel-
kunoff appointed some members of the Com-
mittee to prepare material for the Annual
Review. :
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SUBCOMMITTEES
CoLor TELLVISION
Date . i medesabesecn April 24, 1947
Place............... 1.R.E. Headquarters,
New York, N. Y.
Chairman........... H. T. Lyman
Present

H. T. Lyman, Chairman

F. J. Buigley R. D. Kell
R. B. Dome N. H. Young, Jr.

Individual reports to be prepared by con-
tributing individuals and companies were to
be submitted to the Chairman by May I,
1947, who would edit the material and com-
plete the finished report. A list of definitions
submitted by the Chairman was reviewed
by the committee and corrections made
and agreed upon.

Power-QutruT Hici-Vacuum TuBEs

Date. ... #assnaats - April 25, 1947
Place.........c..... I.R.E. Headquarters,
New York, N. Y.
Chairman...........1. E. Mouromtseff
Present

1. E. Mouromtseff, Chairman
C. E. Fay E. E. Spitzer
M. S. Glass C. M. Wheeler
H. E. Mendenhall A. K. Wing, Jr.

Emission Tests as corrected by Professor
Reich was reviewed. The Chzirman an-
nounced that Sections 4.0-4.3 had been re-
turned for revision with the general com:
ment that the definitions should be sepa-
rated from methods of test. It was requested
that members submit proposals for the re-
vised sections. Messrs. Mouromtseff and Fay
will confer on this matter. Mr. Wheeler will
prepare an outline for work on definitions
and methods of test for magnetrons. It
was suggested that the attention of the par-
ent committee be called to the fact that this
subcommittee’s proposed Section 6 had not
yet been considered. It was requested that
members submit suggestions regarding
further work appropriate for this subcom-
mittee.

ErLecTroON Tung CONFERENCE

Date................May 9, 1947
Place.........ooon. 1.R.E. Headquarters,
New York, N. Y.
Chairman. .......... G. D. O'Neill
Present

G. D. O'Neill, Chairman
R. A. Galbraith [. E. Mouromtseff
Louis Malter L. S. Nergaard
E. D. McArthur S. G. Schaffner

Mr. McArthur reported that Dr.W.R. G.
Baker would attend the banquet as a guest.
Professor Galbraith outlined a detailed en-
tertainment program for the ladies who
would attend. Dr. Nergaard reported that
350 invitations were mailed. Mr. Morton
submitted the schedule of subjects, chair-
men, and subject leaders. Dr. William P.
Tolley would welcome the Conference at
Marshall Hall at the beginning of the first
session. Mr. G. D. O'Neill would give a short
introductory talk.
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Chairman

P. H. Herndon

c¢/o Dept. in charge of
Federal Communication
411 Federal Annex
Atlanta, Ga.

H. L. Spencer
Associated Consultants
18 E. 1 exington
Baltimore 2. Md.

W. H. Radford
Massachusetts Institute
of Technology
Cambridge, Mass.

A. T. Consentino
San Martin 379
Bucnos Aires, Argentina

R. G. Rowe
8237 Witkop Avenue
Niagara Falls, N. Y.

J. A. Green
Colling Radio Co.
Cedar Rapids, Iowa

Karl Kramer

Jensen Radio Mfg. Co.
6601 S, Laramic St.
Chicago 38, Il

J. F. Jordan
Baldwin Piano Co.
1801 Gilbert Ave.
Cincinnati, Ohio

W. G. Hutton
R. 3
Breckeville, Ohio

C. J. Emmons
158 E. Como Ave.
Columbus 2, Ohio

Dale Pollack
352 Pequot Ave.
New London, Conn.

Robert Broding
2921 Kingston
Dallas, Texas

E. L. Adams

Miami Valley Broadcast-
ing Corp.

Dayton 1, Ohio

P. O. Frincke
219 S. Kenwood St.
Royal Oak, Mich.

N. J. Reitz

Sylvania Electric Piod-
ucts, Inc.

Emporium, Pa.

F. M. Austin
3103 Amherst St.
Houston, Texas

H. I. Metz

Civil Aeronautics Admin-
istration

84 Mariectta St,, NW

Atlanta, Ga.

C. L. Omer
Midwest Eng. Devel. Co.

Inc.
3543 Broadway
Kansas City 2, Mo.

R. C. Dearle
Dept. of Physics
University of
Ontario
London, Ont., Canada

C. W. Mason
141 N. Vermont Ave.
Los Angeles 4, Calif.

Western

ATLANTA
September 19

BALTIMORE

BosToN

BUENOS AIRES

BUFFALO-NIAGARA
September 17

CEDAR RaPIDS

CHICAGO
September 19

CINCINNATI

CLEVELAND
September 25

CoLUMBUS
October 10

CONNECTICUT
VALLEY

DarLas-FT. WorTtp

DayTtON

DETROIT

EPORIUNM

HoustoN

INDIANAPOLIS

Kansas City

LoxpoxN, ONTARIO

Los ANGELES
September 16

Secretary

M. S. Alexander
2289 Memorial Dr., S.E.
Atlanta, Ga.

G. P. Houston, 3rd
3000 Manhattan Ave.
Baltimore 15, Md.

A. G. Bousquet
General Radio Co.

275 Massachusetts Ave.
Cambridge 39, Mass.

N. C. Cutler
San Martin 379 .
Buenos Aires, Argentina

R. F. Blinzler
538 Crescent Ave.
Buffalo 14, N. Y.

Arthur Wulfsburg
Collins Radio Co.
Cedar Rapids, Iowa

D. G. Haines

Hytron Radio and Elec-
tronics Corp.

4000 W. North Ave.

Chicago 39, Ill.

F. Wissel

Crosley Corporation
1329 Arlington St.
Cincinnati, Ohio

H. D. Scielstad
1673 Chesterland Ave.
Lakewood 7, Ohio

L. B. Lamp
846 B.rkeley Rd.
Columbus 3, Ohio

R. F. Blackburn
62 Salem Rd.
Manchester, Conn.

A. S. LeVelle
308 S. Akard St.
Dallas 2, Texas

George Rappaport
132 E. Court
Harshman Homes
Dayton 3, Ohio

Charles Kocher
17186 Sioux Rd.
Detroit 24, Mich.

A, W, Peterson

Sylvania Electric
ucts, Inc.

Emporium, Pa.

C. V. Clarke, Jr.

Box 907

Paradise, Texas

M. G. Beier
3930 Guilford Ave.
Indianapolis 5, Ind.

Prod-

Mrs. G. L. Curtis
6003 El Monte
Mission, Kansas

E. H. Tull
14 Erie Ave.
London, Ont., Canada

Bernard Walley
RCA Victor Division
420 S. San Pedro St.
Los Angeles 13, Calif.

Chairman

L. W. Butler
3019 N. 90 St.
Milwaukee 13, Wis.

R. R. Desaulniers
Canadian Marconi Co.
211 St. Sacrement St.
Montreal, P.Q., Canada

J. E. Shepherd
111 Courtenay Rd.
Hempstead, L. I., N. Y.

L. R. Quarles
University of Virginia
Charlottesville, Va.

K. A. Mackinnon
Box 542
Ottawa, Ont. Canada

P. M. Craig
342 Hewitt Rd.
Wyncote, Pa.

E. M. Williams

Electrical Engineering
Dept.

Carnegie Institute of Tech.

Pittsburgh 13, Pa

Francis McCann

4415 N.E. 81 St.

Portland 13, Ore.

N. W. Mather

Dept. of Elec. Engineering

Princeton University

Princeton, N. J

A. E. Newlon

Stromberg-Carlson Co.

Rochester 3, N. Y.

E. S. Naschke

1073-57 St.

Sacramento 16, Calif.

R. L. Coe

Radio Station KSD

Post Dispatch Bldg.

St. Louis 1, Mo.

Rawson Bennett

U. S. Navy Electronics
Laboratory

San Diego 52, Calif.

W. J. Barclay

955 N. California Ave.

Palo Alto, Calif.

J. F. Johnson

2626 Sccond Ave.

Scattle 1, Wash.,

C. A. Priest

314 Hurlburt Rd.

Syracuse, N. Y.

H. S. Dawson

Canadian Association of
Broadcasters

80 Richmond St., W,

Toronto, Ont., Canada

O. . Schuck
4711 Dupont Ave. S.
Minneapolis 9, Minn.

L. C. Smcby
820—13 St. N.\W.
Washington 5, D. C.

L. N. Persio
Radio Station WRAK
Williamsport 1, Pa.

Secretary

E. T. Sherwood
9157 N. Tennyson Dr.
Milwaukee, Wis.

MILWAUKEE

MoxTREAL, QUEBEC R. Matthews
Federal Mfg. Co.
9600 St. Lawrence Blvd.
Montreal 14, P.Q., Can-
ada

1. G. Easton
General Radio Co.
90 West Street
New York 6, N. Y.

NEw YORK
October 1

NORTH CAROLINA-
VIRGINIA

J. T. Orth -
4101 Fort Ave.
Lynchburg, Va.

D. A. G. Waldock

National Defense
Headquarters

1 New Army Building

Ottawa, Ont., Canada

J. T. Brothers

Philco Radio and Tele-
vision

Tioga and C Sts.

Philadelphia 34, Pa.

E. W. Marlow

560 S. Trenton Ave.

Wilkinburgh PO

Pittsburgh 21, Pa.

OtTawa, ONTARIO
September 18

PHILADELPHIA

PITTSBURGH
OCTOBER 13

A. E. Richmond
Box 441
Portland 7, Ore.

A. E. Harrison
Dept. of Elec. Engineering
Princeton University
Princeton, N. J.

. A. Rodgers

untington Hills
Rochester, N. Y.

G. W. Barnes
1333 Weller Way
Sacramento, Calif.

N. J. Zehr

Radio Station KWK
Hotel Chase

St. Louis 8, Mo.

C. N. Tirrell

U. S. Navy Electronics
Laboratory

San Diego 52, Calif.

F. R. Brace

955 Jones

San Francisco 9, Calif.

PorTLAND

PrINCETON

ROCHESTER

SACRAMENTO

St. Louls

Sax Dieco
October 7

Sax Fraxcisco

SEATTLE J. M. Patterson

October 9 7200—28 N. W.
Seattle 7, Wash.

SYRACUSE R: E. Moe

General Electric Co.
Syracuse, N, Y.
Toro~NTO, ONTARIO C. J. Bridgland .
Canadian National Tele-
graph
347 Bay St.
Toronto, Ont., Canada
Twin CITIES B. E. Montgomery
Engineering Department
Northwest Airlines
Saint Paul, Minn.

T. J. Carroll

National Bureau of
Standards

Washington, D. C.

R. G. Petts

Sylvania Electric Prod-
ucts, Inc.

1004 Cherry St.

Montoursville, Pa.

WASHINGTON

WILLIAMSPORT



1947 Institute News and Radio Notes Section 803
Sections
SUBSECTIONS
Chairman Secretary ] Chairman Secretary
D. Schantz Fort WayNE  S. J. Harris A. R. Kahn SoutH BEND A. M. Wiggins

arnsworth Television

and Radio Company
3700 E. Pontiac St.
Fort Wayne, Ind.

F. A. O. Banks HaMiILTON E. Ruse
31 Troy St. (Toronto Subsection)195 Ferguson Ave;, S. ! }fg;}: 2°3hs,-f,'e°‘
Kitchener, Ont., Canada Hamilton, Ont., Canada | i
W. A. Cole
K. G. Jansky MoxmouTH L. E. Hunt 323 Broadway Ave.
Bell Telephone Labor- (New York Subsection) Bell Telephone Laborato- | Winnipeg, Manit., Can-
atories ries R !
Box 107 Deal, N. J
Red Bank, N. J.

I.R.E. People

(Chicago Subsection)Farnsworth Television

Electro-Voice, Inc.
78;xdER;dio Co. Buchanan, Mich.

3 . Pontiac | W. M. Stringfellow

Fort Wayne 1, Ind. | Radio Station WSPD

(Chicago Subsection)Electro-Voice, Inc.
Buchanan, Mich.
TOLEDO M. W. Keck
Detroit Subsection 2231 Oak Grove Place
Toledo 12, Ohio

WINNIPEG C. E. Trembley
(Toronto Subsection)Canadian Marconi Co.
Main Street
Winnipeg, Manit.,, Can-
ada

JENNINGs B. Dow

Jennings B. Dow (M'26-F'42), consult-
ing engineer of Washington, D. C., was
recently elected vice-president of the Hazel-
tine Electronics Corporation.

Born at Bowling Green, Ohio, on Janu-
ary 2, 1897, he was graduated from the
United States Naval Academy in 1919 with
the B.S. degree, and received the M.S. de-
gree in electrical engineering from Harvard
University in 1926.

On January 1, 1947, he retired from the
Navy with the rank of commander, having
served in many capacities since 1919. He
was a radio and communications officer on
various ships, a member of the staff of com
mander of battleship divisions from 1922 to
1924, Asiatic Fleet radio officer from 1926 to
1927, and radio matériel officer in the Navy
Yard at Cavite, Philippine Islands, from 1927
to 1929. He went to the radio division of the
Bureau of Engineering in 1930, where he
served as division head from 1938 to 1939.

In 1940, Commander Dow became direc-
tor of the Navy Radio and Sound Labora-
tory at San Diego, California, and was sent
to Great Britain on special duty as observer
of radio and radar in 1940 and 1941. Upon
his return he was made head of the radio
division of the Bureau of Ships, a post he

held until January, 1945. At that time the
Burcau’s electronics division - was estab-
lished, with Commander Dow its director.

GEORGE C. SOUTHWORTH

George C. Southworth (M'26-F'41) was
recently awarded the Stuart Ballantine
medal by the Franklin Institute “in con-
sideration of his pioneer work in electromag-
netic and microwave technique, a material
contribution to the development of new
systems of communication and reconnais-
sance.”

Born at Little Cooley, Pennsylvania, on
August 24, 1890, Dr. Southworth received
the bachelor's and master's degrees from
Grove City College.

After some advanced work at Columbia
University and over a year at the Bureau of
Standards, he became an instructor and
assistant professor of physics at Yale Uni-
versity. Here he continued for the next five
years, completing at the same time the re-
quirements for a Ph.D. degree in physics.

In 1923 he became a staff member of the
American Telephone and Telegraph Com-
pany, later transferring to the Bell Tele-
phone Laboratories where he has specialized
in communications research.

Dr. Southworth is a Fellow of the Ameri-
can Physical Society and the American Asso-
ciation for the Advancement of Science.

U nderwood and Undaerwood

GEORGE C. SOUTHWORTH

P. J. SELGIN

P. J. Selgin (M'45), thirty-five-year old
expert in high-frequency radiation and elec-
tronics, has been appointed to the staff of
the National Bureau of Standards where he
will work on the development of electronic
ordnance for the military services in the
Ordnance Development Division.

Dr. Selgin graduated from the Royal
Engineering School of Milan with the degree
of doctor of electrical engineering in 1933.
He came to the United States in 1935 to
continue the study of vacuum-tube theory
at Harvard University, returning to Italy in
1936 to head the testing and control de-
partment of Fivre, manufacturers of radio
tubes under Radio Corporation of America
licence in ltaly. The following year he joined
the staff of the 1talian associate of the Inter-
national Telephone and Telegraph Com
pany in Milan, heading a group of techni-
cians formed to design special carrier
telephony equipment. .

In 1939, Dr. Selgin moved permanently
to the United States,and obtained the S.M.
degree in communication engineering from
Harvard. He taught physics at the Newark
College of Engincering in 1941, and clec-
trical engineering and electronics at Brook-
lyn Polytechnic Institute in 1942 and 1943.
During the war, he was active in the govern-
ment agencies’ specialized war training
programs,
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James F. \WHITE

James F. White (8'43-A’45) has been ap-
pointed assistant sales manager of Andrew
Company, Chicago, Illinois, manufacturers
of transmission-line and antenna equipment.
Mr. White, who received the B.E. degree
from Yale University in 1940, has been
associated with the New Haven Railroad
the W. L. Maxson Corporation, and Hazel-
tine Corporation in engineering capacities.
During the war he served as radar officer
aboard an aircraft carrier and participated
with the Seventh Fleet in the invasions
of Palau, Leyte, Mindoro, and Luzon.
Later, he was appointed project engineer
at the Massachusetts Institute of Tech-
nology Radiation Laboratories, and re-
mained in this position until placed on in-
active duty by the Navy,

..
BY

GLORGE F. MLTCALF

George F. Metcalf (A'34-M'38-F'42
was decorated in Washington, D. C., re
cently by Lord Inverchapel, British Ambas-
sador, for his wartime contributions to air-
borne radar. Mr. Metcalf, who headed the
Aircraft Radar Laboratories at Wright
Field, Ohio, while he was in the Service, was
appointed an Honorary Officer of the Mlilj-
tary Division of the Most Excellent Order of
the British Empire, an honor conferred by
King George VI

The citation accompanying the decora-
tion read: “Colonel Metcalf was associated
with airborne radar, first in the \War Depart
ment and later at Aircraft Radar Labora
tories. Due to his enthusiasm and engineer
ing appreciation, collaboration on detailed
aspects of development of design of airborne
radar equipment was effective in making an
important contribution to the air war.”

Mr. Metcalf was born on December 7,
1906, at Milwaukee, Wisconsin. He received
the B.S. degree from Purdue University in
1928, and that same year took the General
Electric Company's student engincering
course. From 1929 to 1931 he was in the re-
search laboratory of that company and was
later in the vacuum-tube engineering depart
ment. He is now manager of their Electron
ics Laboratory at Syracuse, N. Y.

ELLERY W. STONE

Ellery W. Stone, US.N.R., (A'14-M"16
['24) has been clected a vice-president of the
International Telephone and Telegraph Cor
poration. Admiral Stone has just returned to
this country following a distinguished war
career during the past four years in the
Mediterrancan theater. Most recently he
served as Chief Commissioner of the Allied
Commiission for Italy with headquarters in
Rome.

A native of Oakland, California, Admiral
Stone attended the University of California
where he specialized in electrical and radio
engincering. He was a pioneer in the radio-
telegraph field and organized the Federal
Telegraph Company on the Pacific Coast,
which company was later acquired by
I. T. and T. and became the Mackay Radio
Company of California. He successively held
a variety of executive posts with I. T. and T
including the executive vice-presidency of
Mackay Radio, vice-president of All Amer
ica Cables and Radio, and he was also in
charge of all I. T, and T.’s radio operations.
He joined the Postal Telegraph Company in
1937 as vice-president and was elected presi
dent in 1942, On May 24, 1943, he was re-
called to active duty with the United States
Navy.

In addition to his various campaign deco-
rations during World Wars | and 11, includ-
ing the Naval Reserve Medal with two
bronze stars, Admiral Stone also holds both
the United States Navy and the United
States Army Distinguished Service Medals
He is a Knight Commander of the British
Enipire, a Knight of the Grand Cross of St
Maurice and St. Lazarus (ltaly), a Grand
Officer of the Crown of Italy, and a Knight
of the Grand Cross of San Marino.

Fabian Bachrach

ELLERY W. STONE

A. M. WIGGINS

A. M. Wiggins (A'42), research director
of Electro-Voice, Inc., has recently returned
from a survey of electroacoustic develop-
ments in Germany.

During his stay, he toured the country,
visiting factories and laboratories, to check
on various phases of German progress in
this field

Prior to his present affiliation, Mr. Wig-
gins had done research work with Seismic
Explorations, Inc., and the Radio Corpora-
tion of America. He is a member of Sigma
Xi and the Acoustical Socicty of America,
and has been a contributor to the PROCEED-
INGs OF THE |.R.E.

GEORGE F. METCALF (RIGHT) DECORATED BY LORD INVERCHAPEL
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Proceedings of the National
Electronics Conference, Vol-
ume II, edited by R. E. Beam,
assisted by R. R. Buss, T. J.
Higgins, R. R. Johnson, E. W.
Kimbark, and A. H. Wing, Jr.

Published (1947) by the National Elec-
tronics Conference, Inc. Available (Vols. 1
and 2) from R. E. Beam, Sccretary (for
1947), c/o Electrical Enginecring Depart-
ment, Northwestern University, Evanston,
Illinois. 741 pages + x pages. 488 figures.
6% 9 inches. Price, $3.50.

Since the contents of this book are fairly
obvious, it being the record of the technical
papers delivered at the Second National
Electronics Conference, a statistical ap-
proach is the best way to describe the vol-
ume.

It is a book of almost 750 pages, its for-
mat is 6 by 9 inches, and there are 66 papers

_ (most are complete but some in abstract

only), divided into 16 gencral divisions as
follows: General Papers, Television, Anten-
nas and Wave Propagation, Infrared and
Microwave Systems, Spectroscopy and Med-
ical Applications, Industrial Applications,
Air Navigation Systems, Theoretical Devel-
opments, Electronic Instrumentation, In-
ductionand Diclectric Heating, Radio Relay
Systems, Frequency Modulation, Recording
and Facsimile, Microwave Generators, Mo-
bile Radio Communication, and Nuclear
Physics.

The volume also contains biographical
sketches of the authors, a catalog of the

_registrants at the conference, a catalog of the

exhibitors, list of conference cominittees,
ete. v

The few typographical crrors noted by

the reviewer are such that little confusion

will be created, and in a book of such magni-

tude and produced so soon after the event it

is to the credit of the editors that there are

not more of them. The format is convenient,

the paper stock good, the articles casy to

read.,

Kt HENNEY

Electronics

MeGraw-Hill Publishing Co., Inr.

New York, NU Y.

The Physical Principles of
Wave-Guide Transmission and
Antenna Systems, by W. H.
Watson

PPublished (1947) by Oxford University
I'ress, 411 Fifth Avenue, New York 11,
N. Y. 207 pages4-1-page index—4-xiv pages,
96 illustrations, 0% /9% inches, Price, $7,00.

This book deals with the physical proper-
tics. of wave guides as a parctical means of
transmissinn and radiation of microwaves,
The author bas taken active part in the re-

search program on radar under the National
Rescarch Council of Canada during the war,
and made many fundamental contributions
towards the art of radar design. This book
represents a documentary report covering
mostly the theorctical work on wave guides
and slots done in Canada similar to the forth-
coming Radiation Laboratory scries, and
should be viewed as such,

The first three chapters deal with con-
ventional transmission-line theory as ap-
plied to simple wave guides and microwave
measurement techniques. The impedance
concept and matrix algebra are introduced
at the outset. Multimode propagation and
the discontinuity and excitation in rectan-
gular wave guides are discussed in the next
{wo chapters. Chapters VI and VII cover the
properties of slots in wave guides and the
applications to wave-guide arrays. Most of
the work here was originally carried out by
the author at McGill University. Because of
the vast ground which the author covers,
most of the results are given without proofs.
The last chapter, on Field Representations,
treats in sufficient detail the general meth-
ods used for the mathematical analysis of
electromagnetic problems associated with
wave guides, Many formulas are given for
design purposes. It is not particularly suita-
ble for classroom use on account of the lack
of proofs of many “laws” and “principles”
dealt with in the text.

The materialis systematically developed,
leading gradually toward the subject of
wave-guide arrays. As a whole, the book is
casily readable, despite the fact that it was
written by a theoretical physicist for engi-
neers.

L.]J. Cuu
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

Television Techniques, by
Hoyland Bettinger

Published (1947) by Harper and Broth-
ers. 49 East 33rd Street, New York 16,
N. Y. 229 pages+T7-page index +ix pages. 47
illustrations. 5% X8% inches, Price, $5.00.

In “Television Techniques” Mr. Bet-
tinger has prepared a manual covering tele-
vision operations from the basic technical
system to the finished program, The basic
technical system is described in simple
terms with line illustrations, and is written
to provide program personnel with some
working knowledge of technical equipment.
The' text deals mainly with  production
technigques and problems, and  these are
treated with great detail,

The book should appeal to sound broad-
casters and beginners in television, and be of
real value to the small station operator who
is plinning to get into the business, For such
readers this publication will be a good text
book and will provide an anderstanding of
the complex problems to be met in producing
a finished progeam. The ontline of a produc-
tions preparation is thorough and, if ab-
sorbed and used, way eliminate many of the

=

pitfalls that will beset the path of new tele-
vision producers.

The information presented is basic and
clear, but in itsreading requires considerable
checking with drawings and illustrations.

While there will be differences of opin-
ion regarding some of Mr. Bettinger's state-
ments on lighting, the book is recommended
as a contribution to television programming
and production.

0. B. HansoN
National Broadcasting Company,
New York 20, New York

Guide to the Literature of
Mathematics and Physics, by
Nathan Greer Parke III

Published (1947) by McGraw Hill Book
Company, 330 W. 42 Street, New York 18,
N. Y. 178 pages-27-page index-+xv pages.
8 figures. 6 X9 inches. Price, $5.00.

This book has been written to provide
information and guidance for students, sci-
entists, engineers, and librarians who are
desirous of obtaining a general acquaintance
with the subject matter of mathematics and
physics, or who scek information relevant to
definite research problems.

The first part of the book includes chap-
ters on the general principles of reading and
study and the methods appropriate for suc-
cessful literature search. The author, who is
a member of the faculty of the Massachu-
setts Institute of Technology, has evidently
in mind the direction of college students in
methods of approach to rescarch problems
and in gaining experience in independent
study. Very complete information is pro-
vided regarding sources useful for orienta-
tion, such as dictionarics, encyclopedias, and
handbooks, and methods of library classifi-
cation are discussed sufficiently to give aid
in finding material in the special case of a
definite research problem. With respect to
the wide ficld of periodical literature, atten-
tion is paid to the abstract journals and in-
dices of classified articles.

PPart 11 of the book, which deals with the
literature in particular, is a list of some 2300
titles of books, arranged under 150 subject
headings, with an introductory descriptive
paragraph for cach heading. The list of text-
hooks can, naturally, hardly be all-inclusive,
The reader, expert in i restricted branch of
rescarch, will of course note omissions in his
own subject, However, the titles included
give a judicions coverage of a wide variety
of branches of mathematical and physical
knowledge, In this list are included the most
recent publications, not only of books in
Linglish, but in French and German also,

The whole work shows much thorough-
ness and attention to detail. Tt should be
most helpful in directing the study and re-
scarch of students in these branches,

FFreprrer W, GROVER
Union College
Schenectady, N, Y.
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An Introduction to Engineering
Plastics, by D. Warburton
Brown and Wilbur T. Harris

Published (1947) by Murray Hill Books,
Inc., 252 Madison Avenue, New York 16,
N. Y. 256 pages+viii pages+6-page index+
10-page appendix. 153 figures. 6 X9 inches.
Price, $4.00.

This is a new and up-to-date book that
presents in a clear and concise manner, aided
by many useful tables and curves, the spe-
cific information and data required by engi-
neers, industrial designers, manufacturers,
and technicians. It covers plastic materials:
their elementary chemistry and methods of
manufacture; their physical properties, in-
cluding fatigue and creep; and their test
methods and specifications. In addition to
the usual applications for plastics, there arc
chapters on gears, bearings, transparent
models, metal coatings for plastics, machin-
ing, adhesives, laminations, high-frequency
heating, welding, fillers, mold design, and
plant equipment. Formulations and specific
methods are clearly explained. These sub-
jects are covered adequately for the purpose
of the book and there are many tables giving
a wide range of data.

It is to be regretted that the halftores are
not better, but this is a fault in the printing.

A topic that is not covered is service test-
ing which brings out the effects of organic
deterioration induced by humidity, light,
and chemical instability. Perhaps this is ex-
pecting too much from an elementary treat-
ment.

This is an excellent book for an introduc-
tion to the engineering of plastics.

Joux R. TowNsEND
Bell Telephone Laboratories
New York, N. Y.

Most-Often-Needed 1947 Ra-
dio Diagrams and Servicing
Information, compiled by

M. N. Beitman

Published (1947) by Supreme Publica-
tions, 9 South I{edzie Avenue, Chicagn 12,
Illinois. 189 pages<-3-pagc index. 347 fig-
ures. 8% X11 inches. Price, $2.00.

This book contains an accumulation of
varied wiring diagrams and service informa-
tion on radio-recciver models of approxi-
mately forty-one manufacturers, produced
during the latter part of 1946 and carly 1947,

Although not complete in its coverage,
some models are included from most of the
major manufacturers. This information
varies in completeness from simple wiring
diagrams to al)gnment procedures and volt-
age readings, with specific service informa-
tion, such as location of coil lugs and wire
color, dial-cord arrangement, and parts lists,
on some models,

In a publication of this type there always
seems to be incompleteness, as all types of
receivers made by the manufacturer cannot
be listed, and a gap develops, thus limiting

PROCEEDINGS OF THE I.R.E.

its usefulness. It is to be taken into consider-
ation that the limited size and price of this
book, and the amount of information sup-
plied by the manufacturer, contribute to this
shortcoming.

For the small service shop or for the
serviceman who is unable to obtain informa-
tion from the manufacturer of the models
listed, it will be of assistance.

Because the binding on this book is
permanent, there has been no provision for
loose-leaf supplements of service information
of the new radio receivers as they appear on
the market. It is the reviewer’s opinion that
if this were prepared in loose-leaf form, it
would be more valuable.

LEwis M. CLEMENT
The Crosley Corporation
Cincinnati, Ohio

Electric Contacts, by
Ragnar Holm

Published (1946) by Almquist and Wik-
sells Akademiska Handbocker, Hego Gebers
Forlag, Stockholm, Sweden. 3359 pages+31
pages of indexes+8 pages of appendixes+
xvi pages. 141 figures. 61 X9} inches. Price,
$12.50.

“Electric Contacts” is a revised and re-
edited material of the 1941 publication of
“Die technische Physik der Elektrischer
IKontake.” This book is a comprehensive and
authoritative contribution to the subject of
electric contacts, and will be useful to both
the producers and the users of electric con-
tacts.

The contents cover the physical princi-
ples of contact phenomena and related
formulas and matter constants for contacts
as used on circuit breakers, relays, terminals,
microphones, current collectors, and com-
mutators. The handling of large currents—
100 amperes and above—and the frictional
electrification and thermoelectric effects
caused by the junction of unlike materials
are omitted. The author has been intensely
interested in this subject for a number of
vears, and the book is based upon an im-
mensc amount of data which he has accumu-
lated during this period.

The subject is treated under three gen-
cral divisions, namely: stationary contents,
sliding contacts, and electric phenomena in
switching contacts. In the first division, the
author discusses the constriction through
which the current must flow when it is con-
ducted from one metal conductor to an-
other, and the various characteristics of this
constriction under the conditions of pres-
sure, hardness, temperature, and tarnish,
Many formulas are developed to show how
these factors can be correlated and the per-
formance of various contact materials under
assumed conditions be anticipated.

Sliding contacts, the second subject divi-
sion, have many of the same phenomena as
do the stationary contacts described in the

first subject division, but they also have -

mechanical friction which, in turn, affects
the contact surfaces, such as the tarnishes
and the epilaments. The subject of brushes
for commutators has received much atten-
tion by development laboratories, and the
author points out the basic principles of cur-

August

rent conduction between a carbon brush and
a copper ring or commutator, together with
the rates of wear with and without current.
The third subject division, the electric
phenomena in switching contacts, is lim-
ited to short arcs or a low-energy circuit, the
discharge of which can be absorbed by a me-
dium size capacitor. Real power interruption
is not discussed at any length. The short-arc
phenomena is discussed under three heads:
corona, glow discharge, and the arc. It is
shown how the discharge builds up and
reaches the arc stage, and also the character-
istics of these several stages, including the
extinguishing of the arc by the use of capaci-
tance. The usual arc duration is then dis-
cussed with its resultant oxidation, erosion,
and material transfer, and it is shown how
this erosion or wear can be greatly reduced
by the use of the right-size discharge capaci-
tors. Formulas are developed which can be
used for determining the size of capacitors
which will result in a minimum of material
transfer or wear on frequently operated con-
tacts. a
The reader can learn much from this
book without delving into the extensive
mathematics which the author uses, but if he
is both inclined and has the required back-
ground for following the entire context, he
will find the book very valuable. Therefore,
cither type of reader who isinterested in clec-
tric contacts will find this unusual book well
worth the effort.
B. W. JoxEs
General Electric Company
Schenectady, N. Y.

1945-1947 Post-War Automatic
Record Changers and Servicing
Information, compiled by

M. N. Beitman

Published (1947) by Supreme Publica-
tions, 9 South Kedzie Avenue, Chicago 12,
Nlinois. 144 pages. 232 figures. 81X11
inches. Price, $1.50.

This manual is a compilation of the
services notes on automatic record changers
issued by various radio set manufacturers.
About a dozen set manufacturers are repre-
sented, but all the types of record changers
used by a given manufacturer are not nec-
essarily included. Furthermore, the manual
covers only changers used in regularly
manufactured assemblies and does not cover
those most commonly available as com-
ponent parts in the retail market.

The accuracy. completeness, and clarity
9f the information is a function of the orig-
mal source material which has been dupli-
cated more or less verbatim. It varies from
the minimum of operating instructions to
very complete maintenance and adjustment
data. The presentation ranges from poor to
excellent, as do the illustrations and the
type face. If the service man finds that the
contents of the manual cover those ma-
chines he frequently encounters, it may ap-
peal to him as a conveniently bound collec-
tion of manufacturers' service notes.

Howarp A, CHINN
Columbia Broadcasting System
New York, 22 N. Y.
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Officers, Philadelphia Section—May 1946-May 1947

SAMUEL GUBIN

Chairman

Samuel Gubin was born on July 28, 1907,
at Sebastopol, Russia. He received the B.S.
degree in 1929 and the M.S. degree in electri-
cal engineering in 1931, from Yale Univer-
sity. After a few months as student engineer
with Westinghouse Electric Company, he
became a member of their transmitter engi-
neering department.

In 1933 Mr. Gubin joined the engineer-
ing department of the Radio Corporation of
America where he was engaged in design and
installation work on transmitters varying
widely in power, frequency, and application.
He was designated vacuum-tube co-ordina-
tor in 1936, and in 1939 added the activity of
project engineer in a government equipment
of advanced design. During the war Mr.
Gubin was engaged in supervising an engi-
neering training program, co-ordinating
government projects, supervising advance
development work, and promoting postwar
planning. In 1944 he was placed in charge
of the microwave beacon development
group.

SinceFebruary, 1946, Mr. Gubin has been
connected with Spectrum Engineers, Inc., of
Philadelphia, Pennsylvania, a firm of con-
sulting electronic and mechanical engineers
which he helped to organize.

Mr. Gubin joined The Institute of Radio
Engineers in 1941 as an Associate, becoming
a Senior Member in 1944. He has been a
member of the I.R.E. membership commit-
tee for several years. He is also a member of
the Franklin Institute.

Palmer McFadden Craig was born on
January 29, 1904, in Cherry Hill, Maryland.
After graduation from the University of
Delaware with a B.S. degree in 1927, he was
first connected with the engineering depart-
ment of Westinghouse Electric Company,
and later he became employed by the RCA
Victor Division of the Radio Corporation of
America as a radio engineer, where he did
extensive development work on home radio
receivers.

Joining the Philco Corporation in 1933,
Mr. Craig became a senior engineer respon-
sible for many phases of radio receiver de-
sign. Promoted to the position of chief engi-
neer of the radio division in 1943, he was
responsible for engineering the designs for
production of important airborne search
radar systems. Under his supervision new
radio receivers and radio-phonographs, as
well as postwar engineering developments

PaLMeER M. CrAIG
Vice-Chairman

in radar and microwave electronics for the
War and Navy Departments, are being de-
signed.

Mr. Craig became an Associate Member
of The Institute of Radio Engineers in 1935
and transferred to Senior Member in 1945.
He is chairman of the Radio Manufacturers
Association engineering committee dealing
with broadecast and international short-wave
receivers.

ARTHUR N. CURTISS

Secretary-Treasurer

Arthur N. Curtiss was born on March 27,
1906, in Buffalo, N. J. He received the B.S.
degree in electrical engineering from the Uni-
versity of Pittsburgh in 1927. During his un-
dergraduate days he participated in a
co-operative training program with Westing-
house Electric Company and in 1927 joined
the radio engineering section.

In 1930 Mr. Curtiss went to the Radio
Corporation of America. He was in charge of
electrical design at the Indianapolis plant
from 1939 to 1943, following which he was
made responsible for all design activities in
the Photophone division. He continued in
this position until his appointment on Sep-
tember 1, 1945, as manager of the newly
formed standards engineering section at
Camden.

During his sojourn with Westinghouse,
Mr. Curtiss was a member of the staff of the
graduate school at the University of Pitts-
burgh. Later. while residing in Indianapolis,
he served on the staff of the graduate school
of Purdue University.

Mr. Curtiss joined The Institute of Radio
Engineers as an Associate in 1936, and be-
came a Senior Member in 1944. He waschair-
man of the Indianapolis Section of the Insti-
tute during 1942-44. He is vice-chairman of
the sound equipment section of Radio
Manufacturers Association and chairman
of the amplifier committee of the same sec-
tion, as well as a member of several other
RMA and American Standards Association
committees in engineering fields.
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Among the identifying characteristics of a young and thoroughly healthy
organism are its normal growth and its ready adaptation to its environment.
The Institute of Radio Engineers has shown these characteristics in large meas-
ure. But it is opportune, in these rapidly changing times, to devote careful
thought to any possible further steps which the Institute might take to meet
proper demands upon it. The following guest editorial by an active patent-legal
worker in the communications and electronic field, whois past Chairman of the
Chicago Section of the Institute, clearly analyzes the general history and pres-
ent trends of the Institute.—The Editor.

Evolution
ALOIS W. GRAF

Nearly a century ago the first national engincering
society was organized for the purpose of advancing en-
gineering and architectural knowledge and practice, and
for establishing “a central point of reference and union
for its members.” Subsequently, other national socicties
were organized in particular branches of engincering. They
included as their purpose the promotion of the welfare of
those employed in their arts and sciences, and the main-
tenance of a high professional standing among their mem-
bers.

The first activity of the engineering society was the
presentation of papers on fundamental discoveries. These
papers and their discussions were published by the society.
Soon after, engineers joined in order to obtain the publica-
tion, even though they were unable to attend the meetings.

Subsequently, localized groups of members held meet-
ings for the presentation of their own papers. This led to
the formation of branches, sections, or chapters. Societies
soon recognized the need for broadening their scope as evi-
denced by amendments to constitution and by-laws to in-
clude the education and professional status of the engineer.

Concomitantly with the growth of societies and their
technical publications came the commercial technical press
which covered the commercial aspect and practical applica-
tion of fundamental discoveries to new products. While this
supplements the societies’ activities, there still are certain
phases of engineering activity which require attention and
which are not within the scope of either the engineering
society or commercial technical press, Certain social, po-
litical, and economic problems require united action of all
engineers, Until the majority of the members of the socie-
ties join an organization which has for its primary objective
the consideration of these problems, it is the duty of each
society to present impartially information pertaining to any
situations, problems, laws, or organizations which directly
or indirectly affect any of its members.

More than a generation ago The Institute of Radio En-
gineers was organized to advance the art and science of ra-
dio communication, and since then its charter and consti-
tution have been amended to broaden its scope into the
allied branches of engincering and of the related arts and
sciences. The presentation of papers at the section meet-
ings is not limited to those setting forth only fundamentally
new discoveries or advances. Often they deal with specific
applications of the fundamentals,

We must not cling too tenaciously to the original con-
cept of presenting only those papers which set forth funda-
mentally new discoveries or advances, and object whenever
any paper is published in the PrRocEEDINGS which illus-

trates advances in the arts and sciences by giving specific
examples which quite naturally iddntify the participating
commercial interests. Granted that we should not dupli-
cate the cfforts of the commercial technical press, such
purist policy nevertheless definitely restricts the Institute’s
service to its members,

Let us avoid and suppress any fear of encroachment by
commercial interests since we already co-operate with the
American Standards Association, the Radio Technical
Planning Board, the Radio Manufacturers Association,
and other bodies. We cannot exist without commercial
organizations, nor can they exist without engineers. Per-
haps much could be gained by constantly showing the in-
dustry how we co-operate with them, and how the activi-
ties of our members benefit industry. We might inform
officials in industry whenever an individual is elected to an
office in the Section, and whenever anyone is appointed
to serve on sectional or national committees. Such appoint-
ment develops the individual and benefits both the Insti-
tute and industry, :

Originally, the majority of society members were lo-
cated at Headquarters. so it was natural for the Sections
to be supported and guided by Headquarters. Now the
majority of members arc located in the various Sections
which want to participate in guiding the activities of the
Institute. The Regional representation plan will facilitate
this, but it must not be forgotten that cach new privilege
is accompanied by its responsibility. \Whereas in the past
the Sections have expected assistance from -Headquarters,
they now should expect to assist Headquarters as well.
Much can be done by Sections, such as supplying the nu-
cleus for a committee, accepting subcommittee work, and
drafting plans for improved operation or activity of the
Institute,

The Institute has grown because of a progressive evolu-
tion so that we now embrace the electronic and other fields
directly contributory to or derived from radio. Still, too
many of us speak only of the radio engineer, and a' few
purists shudder at the suggestion that the initials I.R.E,
could denote: “Institute of Radio and Electronics.” How-
ever, not so long ago, many Sections barelyv managed to
hold the minimum required number of meetings; now prac-
tically every Section holds more than ten neetings per
vear. The evolution in the Institute is evident in its activi-
ties, management, and scope. Our objective of the advance-
ment of the theory and practice of our arts and sciences can
best be attained by encouraging this natural progressive
evolution so as to benefit the individual member, the In-
stitute, and our industry.
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Electronics at Peace”

An Address by

PRESIDENT W. R. G. BAKERT, FELLOW, LR.E.

HEN man learned to organize his

efforts he began to obtain some de-

gree of control over nature. Within
our memory he has gained in control over na-
ture more than in the preceding 300 years.
There is no evidence to indicate that this is
due to some peculiar genius of modern man.
On the contrary, there is strong evidence
pointing to the fact that this acceleration of
our progress is due to our faith in the
organized efforts of ordinary men.

\We need not look far for proof of this
statement. Spurred by our entry into
World War I, there took place in a period of
five years tremendous advances in the field
of electronics. Under peacetime conditions
these advances would have taken certainly
ten and perhaps twenty years.

\We know that these advances were not
made possible because there happened to be
available a group of geniuses. The fact is
that the brilliant war achievements were
deeply rooted in the peacetime accumula-
tion of fundamental knowledge of indi-
viduals and organizations. Further, the effec-
tive utilization and application of this
knowledge was possible only through the
organized efforts of scientists and just
ordinary engineers.

Science is certainly as old as mankind.
It is equally true that the effective organiza-
tion of science is the essence of modernity.

Science during the dark ages found some
truths but unorganized scicnce lost many of
them. The total wealth of knowledge in-
creased slowly.

Science began to have power when it
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began to be cumulative, when organized
groups began to pool their efforts and ex-
periences and—perhaps more important—
when so-called scientific truths were subject
to critical analysis and scrutiny.

Science began to be effective when just
ordinary men made the winning of knowl-
edge and the application of this knowledge a
distinctive profession. When this took place
there followed the evolution of the special-
ist. Then the fragments of knowledge were
broken into smaller and smaller pieces so
that highly organized effort could work each
fragment more intensively.

The age of specialization has imple-
mented the diffusion of knowledge, the ex-
change of experience, the codification of
practice, and the standardization of usage.
It is in connection with these functions and
services that The Institute of Radio Engi-
neers acts as the catalyst. This organization,
comprising 20,000 scientists and engineers
scattered throughout the world, is without
question pre-eminent in the field of radio
and electronics. Such a position carries with
it great honors, as well as grave responsi-
bilities and obligations.

“Electronics at peace” is the keynote of
this convention. It is indeed well chosen. I
think it is more than a keynote. It is a
challenge—a challenge to every one of the
20,000 members of The Institute of Radio
Engineers individually and collectively.

What is this challenge? Let me give you
my interpretation.

The Institute recognizes that power with-
out responsibility is an unsound philosophy.
As a democratic body it must provide a
vehicle of expression for every engineer asso-
ciated with the organization. It must asso-
ciate with itself the student engineers, who,
tomorrow, will hold the key positions in in-
dustry; and it must provide a common

meeting place for those interested in the
theory or practice of radio engineering or of
the allied arts or sciences, that is, the great
body of associate members.

It is the business of the scientist to find
the fundamental means for the mastery of
nature. It is the responsibility of the engi-
neer to make these truths of use to mankind.

It is the business of the engineer to find
ways and means for preserving and in fact
advancing the prosperity of our country
and of our people. Prosperity comes not
from subsidies, wage and price increases,
bonuses, and unemployment relief. Pros-
perity comes only from production.

The foundation for the maintenance of
a high standard of living is a high level of
productivity. A high level of productivity
must rest upon a firm foundation of engi-
neering. There is nothing new in this state-
ment. It is as fundamental as any law of
nature.

The engineers of our industry have
proved their ability to meet such a chal-
lenge. The facts and figures pertaining to
the growth of sound broadcasting offers
ample evidence. Our war record with its
tremendous accomplishments is further evi-
dence, if such is needed.

The engineers of our industry are fully
cognizant of the impact on our people and
on our economy of such new systems and
services as frequency modulation and tele-
vision, They are fully aware that unborn
systems still in the hands of the scientists
may well transcend in terms of a higher
standard of living those services with which
we are familiar.

The Institute of Radio Engineers and the
radio industry can look forward to the future
with confidence, knowing that the accom-
plishments to date are but a preview of the
future.

A Test for a Successful Institute Section”

FREDERICK B. LLEWELLYNY, PAST PRESIDENT AND FELLOW, LR.E.

HIS YEAR the address of the outgone
President departs somewhat from tra-
dition. Rather than a report on “The
State of the Institute,” which will appear,
complete with statistics, in the published Re-
port of the Secretary, 1 want to talk for a
few minutes on a subject that is close to all
of us who have the interest of the Institute
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at heart. I shall talk on the subject: “A
Test for a Successful Institute Section.”
All Institute Scctions arc successful, but
some find that success comes to them while
others have to go after it. My visits to the
Scctions last year afforded an opportunity
for evaluating the things that make jt easier
for some Scctions than for others, and |
came to the conclusion that a refiable test
for casy success is whether the Section leans
for support upon some rescarch group. This
group may be connected with a government
laboratory, the Army or the Navy, or with a

university, or with an industrial laboratory
—it makes little difference which. And why
should not this be so; why should not the
Sections depend upon the rescarch workers
for their main support?

Radio cngineering  was  built  upon
planned research as perhaps no other engi-
neering field was. Look at engincering in
aeneral. One branch deals with a new dam
in Venczuela; another with new  power
plantsin the West; a third with a new bridge
in Africa. The dam, the plant, and the
bridge are new, but the engineering that
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went into them seldom involves new prin-
ciples—only new applications. Now look at
the I.R.E. Take any issue of the PROCEED-
INGs. Nearly all of the papers are about
some new idea. The resulting apparatus and
equipment often are not described at all.
We have been criticized for this, and per-
haps rightly. One would like to see descrip-
tions of new equipment in the PROCEEDINGS.
However, as long as the disclosure of new
ideas continues, 1, for one, will nol worry
about the direction the Institute is facing. It
is the right one. As this research background
applies to the PROCEEDINGS, so also it ap-
plies to the Sections individually, and, be-
cause it is the collective organ of the Sec-
tions, to Headquarters as well.

Look at the Institute meetings that cre-
ate the greatest interest. I remember, many
years ago, when Hartley's paper on carrier
and sidebands was given. That was a big
meeting for those days. I remember the
other meetings where papers were given
which described new ideas. Events such as
those stand out and have made the Institute
what it is today—a forum for new ideas. The
people who are responsible for the new ideas
are the ones who have built the Institute,
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and, wherever they are found, in the north,
south, east, or west, the meetings they engi-
neer and run will always have the same kind
of interest.

Meetings concerned with description of
a new type of apparatus are fine. It has been
said that we nced more of them, and per-
haps that is so, This does not mean, though,
that we want them at the expense of meet-
ings and papers that tell about new ideas.

New ideas are something like mathe-
matics. | once had a professor who used a
great deal of mathematics. One day he
startled the class with the statement,
“Mathematics is a crutch for feeble minds.”
\When our astonishment had become appar-
ent, he glared at us and continued, “How
many of you think you can get along with-
out it?” New ideas are the scaffolding by
means of which new apparatus can be de-
veloped. \When the apparatus is complete, the
scaffolding may be removed and a child can
operate the equipment without knowledge of
the ideas from which it was built. But the
ideas were needed to produce it in the first
place, and without them nothing new would
result.

From all this it may be concluded that in

Relation of the Engineering Profession
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the enthusiasm of starting a new Section, the
first thing is to insure that it has the backing
and support of whatever research groups are
located in the vicinity. Ordinarily this is not
difficult, for it is the research people them-
selves who, in many cases, are promoters of
new Sections. It is much more difficult when
no research is located within the proposed
Section. In such cases some very strong
compensating influence is usually needed to
insure success.

Finally, the same conclusions apply to
the broad policy operations of Headquarters
and the Board. Let the Institute keep ils struc-
ture supported by the research worker, and,
despite the ups and downs of the times, de-
spite the possibility of pressure to moveus
this way and that way, we shall be in a posi-
tion to progress—keeping always the at-
tributes of youth, even as research itself7is
always new—and to move in new ways and
new paths, but with the fundamental sound-
ness that goes with a good research job. I
have every confidence that this will always
be the aim and outlook of the Institute, even
as it reflects today the adherence to the re-
scarch tradition which has been ours
through the years gone by.

to
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confused environment strangely different from the productive surroundings and logically analyticalatmosphere
of the luboratory and shop. Amid the chaos of oresent-day so-called civilization, the constructive aims of the
engincerare too often thwarted by misapolication of his contributions. He may find want and misery where his
work might be exnected to breed prosperity and hapopiness. There follows a paper which squarely faces this
problem. The pertinent and constructive views in this paper originate from an author who is a former Chicf
Engineer of the Federal Communications Commission and a director of the I.R.E. As the executive head of a
large rescarch laboratory, he is in a position correctly to appraise the problems hie here analyzes.—7 he Editor.

In a world devastated by war and torn by political and social dissensions, the engineer finds himscelf in a i

AM GRATEFUL for the opportunity

to participate in a symposium on the

engineering profession. Much good can
be accomplished by an exchange of experi-
ences and by a discussion of our technical
work as well as our aims and ambitions.

As engineers and scientists, we have con-
tributed greatly to the rise of science and in-
dustry as dominant forces in modern life.
Yet, when the results are integrated into the
life of the nation, there remain broad areas
in the field of human relations in which our
services to society have been more potential
than real.

The gears of the machinery of living are
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not meshing properly, and the over-all opera-
tion is less efficient than we like to admit.
Our efforts to fix up this machine and make
it run smoothly are too often ineffectual.
The oil of expediency is not solving the
problem.

World conditions are most extraordinary
and paradoxical. The earth contains suffi-
cient resources to provide food and shelter
for all mankind, yet the greater portion of
the world’s population lacks these necessities
of life. Knowledge and education are right-
fully the common property of all men, but
most of the world lives in relative ignorance.
Industry and commerce can provide wealth
for all nations, yet there are the “haves”
and the “have-nots.”

Finally—and most important—we have
the precepts of philosophy and religion by
which man can live peacefully and happily

'with his fellowmen: but nations quarrel, go
to war, and create indescribable misery and
destruction.

The brutal devastation of World War 11
and the awesome reality and possibilities of
atomic energy have shocked the world from
1ts complacency as nothing has ever done
before. Leaders of science and industry were
quick to take advantage of this opening
wedge in the public consciousness.

They have told us that man has danger-
ously overdrawn the balance between the
physical and the social sciences. Materialism
has beqn too long in the ascendency. Moral
and spiritual values have dropped low on
the scale of life. Consequently, we find our-
selves unprepared to deal adequately with
the great physical powers we now possess.

. That does not mean that a solution lies
in a decrease in our efforts to advance




1947

science. On the contrary, our labor in this
direction must be unremitting; for from such
efforts will continuc to come new means of
employment and wealth for all men. It is
by this means that the standard of living
throughout the world can be raised steadily.
What is necded is a new emphasis on the
sacial sciences.

Inherent in the warnings voiced by top
men in science and industry is a challenge
to act—to do something beyond the limits of
our own profession. The program of The
Institute of Radio Engineers recognizes this
fact with this symposium which gives us the
opportunity to take stock of ourselves as
engineers. The time is well chosen, for on all
sides human behavior is being subjected to
critical analysis. If our own inventory is
carefully made, we may find ways of vastly
increasing our usefulness.

1 have been asked to discuss the engi-
neering profession in relation to industry,
with emphasis on the engineer's responsi-
bilities, his opportunities for growth, and the
requirements he must meet for leadership.
This calls for a substantial amount of intro-
spection—a weighing of values we seldom
think of in a work-a-day world.

Modern life is complex because man has
made it that way. Every advance in the
physical sciences, with its consequent spread
of industrialization, has brought new com-
plications. The many advances have re-
sulted in far-reaching changes in home life,
the ways of earning a living, and in the
practices of government, business, and com-
merce.

Ours is an industrial world, wherein
technological development is a principal
factor. The wealth and power of nations is
based on the ability to manufacture, to dis-
tribute, and to use the products and services
created by science.

Science has taught us to use heat, water,
clectricity and, now, atom fission, as sources
of power. It has given us steam, electricity,
gas engines and turbines, and jet propulsion
engines. It has given us mass production,
fast and efficient transport on land and sea
and in the air, instantancous communica-
tion around the earth, and mass communica-
tion by broadcasting. It has developed
chemistry, medicine, and other fields of
knowledge to an extent undreamed of only
a generation ago.

Upon the continuing development of
science and engineering rests the industrial
might of the United States. Moreover, all
of our economic, political, and social ac-
tivities are closely geared to the industrial
wheel. Let this wheel cease to turn and the
results would be chaos.

When it is remembered that substan-
tially more than half of our national econ-
omy is dependent upon industrial activity,
the responsibility of the engincering profes-
sion assumes a new order of magnitude.

To state the obvious, the high standard
of living we have achieved, particularly here
in America, is almost entirely due to indus-
trial progress. In our own industry, this prog-
ress is based on scientific rescarch and de-
velopment. It is our responsibility as scien-
tists and engincers to see that this rescarch
and development is not reduced.

Industry depends upon us and has shown
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its willingness to support our activity. It
has confidence that important results will
be forthcoming. The growth in the number
and importance of industrial laboratories
during the past twenty years reflects this
confidence. Industry, I am sure, will not
be disappointed in the results it obtains.

The industrial scientists should con-
stantly explore new areas of knowledge,
developing information upon which new or
better products and services may eventually
be based. A portion of his work must be
free and unguided investigation of pure
science—a seeking of knowledge for knowl-
edge’s sake. Progress depends upon this type
of effort.

Industrial laboratories have drawn
heavily on the bank of fundamental scientific
knowledge. Due to the demands of war, our
account in this bank of knowledge has
dropped very low and the balance needs to
be restored. Here, industry and its scientists
have a definite responsibility Only through
their efforts added to those of American
scientists working in other laboratories can
America hold her place of world leadership
in science and industry.

It is also necessary for industrial engi-
neers to carry rescarch and development
directed to the creation of products and serv-
ices which can be adapted to immediate or
future practical use. Were this not done, in-
dustry would inevitably slow down due to a
lack of new and better products. The steady
rise in the standard of living would halt,
gradually to slip backward and downward.

The general public judges the results of
scientific discovery on the basis of the prod-
ucts and services that are delivered to it.
A profound discovery that stops with dis-
covery cannot be appreciated outside the
world of science. A good example of this is
found in our own field. The mathematical
work of Maxwell was a wonderful achieve-
ment, but it lay dormant, as far as the gen-
eral public was concerned, for more than
twenty years. It took the work of Hertz,
Marconi, and the many hundrecs of radio
scientists and engincers of more recent years
to translate Maxwell’s mathematics into
world-wide communications, radio broad-
casting, television, radar, facsimile, and the
many other services of radio and electronics
that are within the common experience of
people today.

World War Il gave science a new mean-
ing to the average man. Science and engi-
neering provided the instruments with which
the war was fought and won. We, the radio
scientists and engincers, made an enviable
record in the war. Radio was the only
means capable of providing the kind of com-
munications necessary in a war of speed and
movement, fought on a global scale. Radar
helped beat back the enemy in the air, and
sonar stopped him at sea. Shoran enabled
our armed forces to make pin-point bomb-
ing attacks in darkness and through over-
cast. Loran guided our planes to tiny
islands lost in the vastness of ocean space.
The proximity fuze brought destruction and
consternation to enemy land forces and air-
craft, and television gave long-range eyes to
airplanes and projectiles.

These and the accomplishments of ‘engi-
neers working in other fickls were a remark-
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able demonstration of the power of science
and engineering to supply the technical basis
of industry. The relcase of atomic energy,
overshadowing as it did all other wartime
developments, was positive proof that sci-
ence had stepped into a more dominant role
in the affairs of man. With this more
dominant role the responsibilities of the
engineer have been greatly increased.

Unlimited horizons of technological prog-
ress stretch ahead through scientific in-
vestigation. It has been demonstrated, time
and time again, that the scientific method is
the key to unlocked doors of the future.
For this reason, it is all the more regrettable
that, knowing this to be true, we have not
applied it more extensively to the solution
of purely human problems.

In the application of science to industry
the engineer has played the principalrole, but
his technological accomplishments often
have not been properly applied. It is proper
to place the chief blame for this unsatisfac-
tory application on those leaders of business
and government who guide and direct na-
tional and world affairs. However, the engi-
neer can take small comfort from this fact,
for he has failed to develop the all-important
quality of leadership outside of his profes-
sion. He has left in other hands, often hands
less skilled than his, the job of controlling
the benefits of his creative work.

The results of our purely engineering
efforts are manifest in the many material
assets we have today. But we, as engineers,
have done little to see that these benefits are
distributed in a way that will do the most
good for the greatest number of people. We
have, in general, been satisfied with develop-
ing the tools for a better life but have taken
little or no responsibility for their use and
applications by society.

Now, the engineer must reorient his
thinking. He must act in a way that will give
his special training and abilities greater in-
fluence on industry and on society. He must
adjust his ideas to a new set of standards for
personal conduct. The responsibilities that
go with any type of engineering are enor-
mous, and now more than at any other time
in the world’s history the “man in the street”
should be able to look to the engineer for
guidance in a scientific world. 'am confident
that application of the orderly thinking
and the precise methods of science to the
problems of society would pay as high
dividends as they have in the production of
material wealth.

Considered strictly from the engineering
viewpoint, any man who engagcs in this
profession must assume certain basic obliga-
tions. To begin with, before even taking up
the study of engincering, he must analyze
his own nature to determine whether he is
responsive to the exacting demands of scien-
tific endeavor. e must acknowledge the
rigid discipline of intellectual attainment,
and he must place truth, with regard to
humanity as well as to science, above all
other considerations.

Today's engincer owes it to his profession
to acquire as much education and basic
training as it is within his power to obtain.
It is not enough, however, to study the
physical sciences alone. The modern engi-
neer, in addition to his special training, must
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know the broad principles of psychology,
economics, and political science. He must
know something of ethics, as well as of logic.
In other words, he must be a citizen as well
as a scientist, for he needs to relatc his
achievements in science to the whole of
human endcavor.

Some years ago, it was sufficient if an
engincer possessed the requisite technical
knowledge to do his job; qualities of leader-
ship were not a necessary attribute. Grad-
ually, as industry expanded, however, it
became nccessary to find members of the
profession who could exercise guidance over
other engineers, groups of technicians, and
other workers.

\WVith this new demand, it became cvi-
dent that many engineers had to have some-
thing more than technical competency. Ad-
ditional requirements included the ability
to handle men, to understand the motives
that actuate them, and to plan programs of
research, development, and production that
would bring the greatest benefit to the
organization for which the work was being
done.

Now, it is equally evident that this new
responsibility must be extended beyond the
relatively narrow limits of the engineering
laboratory. The present period has been
called the Age of Science. If the description
is apt, then we nced more scientists and
enginecrs in positions of leadership. They
must extend their influence into the levels
of management in both business and govern-
ment and accept the responsibilities that go
with leadership.

This thought brings us back to the field
of human relations. Many scientists and
engincers feel that they do not have time,
as men of other professions do, to participate
in activities unrelated to their work. I dis-
agree with that idea completely. I see no
reason why an enginecer cannot take as much
part in business and public affairs as lawyers,
physicians, and educators. We should break
out of our professional shell and become
better citizens. In fact, I think a broadening
of interest would make us better engineers.

Here is the most fertile field for thegrowth
of our profession. By finding ways and means
of impressing the proved methods of science
upon the many other forms of human
activity, we can make a significant contri-
bution toward the development of a better
life.

It is axiomatic that knowledge precedes
understanding. We are constantly amazed,
however, at the small amount of knowledge,
analysis, or understanding that enters into
what are called “solutions” to some of the
major problems of business and government.
But, you ask, what can we, as engineers, do
about it?

Inreply, let me first ask a question. What
do you do, as an engincer, when confronted
with a complicated problem in the labo-
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ratory or workshop? You gather all the in-
formation on the subject that is obtainable
and you study it in relation to your problem.
If more information is needed, you do re-
scarch. You find out the facts—all of them,
not just some of them. You analyze the
facts, evaluate them, test their effects, and
calculate the results. By these orderly and
often laborious processes, you arrive at a
solution. Seldom are you so fortunatc as to
find the answers by a “flash of genius.”

Few people outside of scientific circles
know about this simple formula—the “sci-
entific method.” Fewer still use it. I can
think of no valid reason why this formula
should not be just as successful in solving
other problems of industry and cven the
problem of organized society as it is in deal-
ing with the problems of physical science.

This situation holds the answer to our
original question of what to do. There is a
clearly indicated need in nearly all levels of
business and society for the well-disciplined
mental processes of the engineer. As an ad-
vocate of the “scientific method,” in circles
outside of vour profession you can exert a
profound influence on community life, busi-
ness, and government. But first you must
convince others of your availability for ex-
pert counsel and leadership. You must
abandon the “ivory tower.”

Most of you have probably noted how
the art of public relations is moving rapidly
into the front rank of management circles.
Here is an art that recognizes the high value
of developing good impressions. Its practi-
tioners specialize in examining management's
policies to determine their public relations
aspects, and, where necessary and desirable,
to interpret them in the most effective man-
ner possible.

Industrial management's increasing use
of public relations methods, particularly in
recent years, reflects its acceptance of a
wider responsibility to society. \Vithout loss
to private enterprise and individual initia-
tive, there is greater recognition of the inter-
dependence of the various forces involved in
community life.

\Why is management accepting this wider
responsibility? The answer is, I believe, that
management—on an ever-rising scale—is
giving greater consideration to human val-
ues—values that are assuming larger impor-
tance as this civilization of ours grows more
complex.

Science isin the publiceye as it never was
before, and we should take advantage of it.
A few scientific and technical men have re-
cently become articulate in the world of pub-
lic affairs, but if science is to continue to
deserve respect many others must do like-
wise. We must not let the new voice of sci-
ence die out, for it is one of the most effec-
tive means of achieving sound public rela-
tions for engincering.

I know of no time in the history of science
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and engineering when conditions were more
favorable for our professional growth and
leadership. In the radio industry, we are par-
ticularly fortunate. The new radio services of
frequency-modulation broadcasting and tel-
cvision are just getting started as great new
services to the public, and the many miracles
of wartime rescarch are available for appli-
cation to peacetime uses. The development
and use of these and other scientific discov-
cries yet to be made are a challenge to our
ability as engincers; they also represent new
opportunities for leadership.

The requirements for leadership are sim-
ple, yet exacting. In the engineering field,
they call for a broadening of interest, and an
exercise of duty over and beyond the tech-
nical limits of our profession.

\We must acquire a greater knowledge of
human behavior, business operations, and
social institutions. Only by doing so can we
be prepared to accept greater responsibili-
tics.

We must develop a feeling for leadership
and a confidence in our ability to provide it.
WWe must emerge from our laboratories to
take a greater part in community affairs. We
must extend our influence into the level of
management in both business and govern-
ment, and we must be ready to accept posi-
tions of lcadership at that level. We must be
articulate in the expression of our ideas and
concepts, and we must learn to speak in
words free of technical terminology. Above
all else, we must maintain the integrity of
the engineering profession.

I have noted, with deep concern, a few
instances in which false engineering concepts
have been supported by men of supposedly
good professional standing. This is both dan-
gerous and unrealistic; for science permits no
compromise with truth.

As competition grows, enginecers will be
subjected more and more to commercial and
political pressures for the sake of expediency.
These pressures must be resisted with all of
our power. Dishonest engineering counsel
can have ill effects of far-reaching signifi-
cance and can do great harm to our profes-
sion. It can even damage our economic struc-
ture and weaken national security.

As professional men, zealous of our posi-
tion in society, we must be prepared to deal
summarily with those who would lower our
standards. In engineering, there is no substi-
tute for intellectual honesty. \We must insist
on the “scientific method” in our every un-
dertaking.

In conclusion, I want to emphasize that
society for too long a time has tolerated in-
efficiencies in human relations that we, as
engineers, would never countenance in the
laboratory. There is the challenge to leader-
ship! I urge you to accept it. Only by ac-
ceptance of higher responsibility with the
engineer fulfill the great promise of his pro-
fession.
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Magnetic Deflection of Kinescopes®
KURT SCHLESINGERT, ASSOCIATE, L.R.E.

Summary—This paper investigates some basic principles in the
operation of systems for magnetic deflection of television tubes. In
the first part, the energy of the deflecting field is calculated for vari-
ous deflection angles and beam voltages. It is found that sweep am-
plifiers are preferably operated with a positive rate of change of plate
current. This causes a considerable plate-voltage drop, for which ex-
pressions are given. The efficiency of sweep generators is discussed
and a method is indicated to determine the power dissipation in the
sweep output amplifier.

The second part deals with the transients during the retrace and
their elimination. A theory is given for resistance damping. Practical
results are presented for a special method of damping by secondary
emission within the sweep amplifier.

In part three, some basic forms of sweep distortion are discussed
and means for their correction are indicated. Two characteristic dis-
tortions are found to be due to the resistive components of either the
tube or the load. These distortions are of opposite sign. Nonlinearity
of the tube characteristic is found equivalent to an emgphasis of low-
frequency components in the spectrum of a sawtooth wave.

The fourth part describes a sweep circuit of improved efficiency.
This circuit operates with power feedback and uses a diode as
switching element. Flyback energy is rectified and the resulting di-
rect-current power added to the plate power supply.

PART 1
GENERAL PROPERTIES OF DEFLECTION CIRCUITS

N DESIGNING a sweep supply for magnetic deflec-
1[ tion, the question of power requirements and effi-

ciency is of primary importance. Power input, effi-
ciency, and the number and size of tubes in the output
amplifier vary widely in receivers of different design. It
is therefore desirable to have general expressions for the
energy of the deflecting field as a starting point from
which the total power input, and thus the cfficiency,
can be calculated.

Equation (1) indicates the peak-to-peak amplitude
of a magnetic field of a length /o which deflects a cathode
ray of given voltage E from —3ja through the axis of
symmetry to +3a:

5.34/E
]=__\/_

(84
-sin (—2—> (ampere turns per centimeter). (1)
0

In this equation the dimensions are volts, centimeters’
and ampere-turns per centimeter. From this field
strength at full deflection the maximum energy content
of the deflecting field may be estimated:

E, = 0.63-10~% - 1I*-V (joule). (2)

This assumes that the volume IV comprised by the yoke
is filled by a homogencous ficld J1. In practice this con-
dition holds to a good approximation if the density of
the windings is distributed along the neck-periphery
according to a cosine law.

* Decimal classification: R583.6. Original manuscript received by
the Institute, July 16, 1946; revised manuscript received, December
9, 1946. Presented, 1.R.E. New York Scction, October 2, 19406.

Patentable subject matter included in this paper is, or will be,
protected by applications for Letters Patent.

{ Columbia Broadcasting System, Inc., New York 22, N.Y.

If the field energy is dissipated at the end of each
cycle, the power supply to the yoke follows from (2) by
multiplication with the sweep frequency:

W, = E; f (watt). (3)

This value may be expressed in terms of the yoke
inductance Lg and the peak-to-peak amplitude I of the
sweep current:

IV/ = 1/2Lo[o?’f. (321)

All of this power must be supplied only in the theo-
retical case of complete energy dissipation in a yoke
damping resistor. If a periodic tuning is used (Part II-
A), there is a useful overswing of 13.4 per cent which
reduces the power-supply requirements for a given
sweepwidth to 77 per cent of (4). With modern react-
ance scanning! this overswing becomes almost 100 per
cent, and the ficld is maintained chiefly by circulating
power at one-fourth of the wattage given in Table L.

The sweep frequency enters into the power equation
as a linear factor. This accounts for the fact that line
deflection requires about 250 times more power than
field deflection. It also indicates that horizontal deflec-
tion for sequential color television requires more than
twice the power input needed for black-and-white receiv-
ers. Additional power is necessary at these higher fre-
quencies to compensate for increasing losses in circuit
components and in the core material of the sweep trans-
formers.

Table I presents data for three commercial television
tubes which are representative for: (1) the narrow-angle

TABLE I
FieLp ENERGY AND POWER VALUES FOR HORIZONTAL DEFLECTION

Tube Type Symbol Dimension 12AP4 10BP4 o u:sc‘}_lpll"m).
Deflection angle degree 30° 50° 50°
Yoke length I centimeter 8 S S
Yoke diameter Do centimeter 5 S 5
Yoke volume V centimeter? 150 100 100
Plate voltage E volt 7000 8000 30000
Ficld strength H AT percentimeter 15 44 85
Ampere turns 60 230 425
Deflection current I amperes peak 0.5 1.8 3.0

to peak

Ficld energy 6/ joules 2.22X1074  12.2X10°¢ 45 X1074
Ficld power supply

for black and white

Televigion (15.75

kifocycles) Wy watt 3.5 19 70

for color Television

(31.5 kilocycles) W, watt 7.0 38 140
Plate bucking volt-

age for 100 micro-

microfarad plate

capacitance (7) e volt —149 —276 —500
Peak retrace voltage ey volt 41650 -}-3000 45500

direct-viewing type of prewar receivers (12AP4); (2)
the modern wide-angle direct-viewing type (10PB4);
and (3) a Lypical projection-receiver tube (5T14). The
plate voltages for the first and second types are of the

1 See 4 of Additional References.
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same order, about 8000 volts, while the projection tube
operates at 30,000 volts.

The main difference between prewar and postwar
systems lics in the magnitude of angular deflection,which
increased from 30 to 50 degrees. The length and volume
of the deflecting yoke have been reduced corresjond-
ingly, but this is more than outweighed by the incrcase
in the angle of deflection and higher anode voltages.
Accordingly, field energies have increased from 6 to 20
times, and power requirements are growing at an even
faster rate as special applications, such as color televi-
sion, make higher sweep frequencies necessary.

Fig. 1 shows a typical circuit arrangement for a sweep
amplifier. Damping means are not shown. A pentode
is used as constant-current generator. The grid-volt-
age input has approximately sawtooth wave form, but
may have to be slightly predistorted to correct for dis-
tortions in the plate circuit. (See Part I11.) The plate
load L, is predominantly inductive, and may be either
the yoke inductance itself or the input impedance of a
sweep transformer. The size of this inductance is limited
by the condition that the half-period of the resonant
plate circuit should not exceed the flyback time:

m/L,C,=T. C))

= + i R 1\
b
(b)

Fig. 1—Sweep amplifier: measurements of bucking voltage
and cfficiency.

Under these conditions, the load may be considered
as a pure inductance for the forward stroke of the sweep.
At a constant rate of change of the plate current, there
will then be a constant voltage drop across this in-
ductance. This voltage drop will be either subtractive or
additive with respect to the plate supply e, depending
on whether the sawtooth input has a positive or negative
rate of change. At first glance it may therefore appear

PROCEEDINGS OF THE I.R.E—Waves and Electrons Section

advantageous to have the plate current decrease during
the sweep period so that the voltage across L, may be-
come scries-aiding. This mode of operation is impracti-
cable, how ever, because the retrace is slowed down ex-
cessively by lack of plate voltage during the flyback.
The oscillograms (Fig. 12 (a) and (b)) show the output
current of the same sweep amplifier for both types of
operation. The superiority of a grid input with positive
rate of rise is clearly evident. By virtue of these same
facts, push-pull operation is not advisable for high-
frequency sweep generators, because operating condi-
tions are quite dissimilar in the two phases of the circuit.

The following discussion is limited to systems with
rositive rate of rise of plate current during the sweep.
(Sce Fig. 1.) The bucking voltage e_ may then be writ-
ten as follows:

1 !
= ’l_—p'Lp’pf

©)

where p =T fis the lyback ratio, and ¢, is the amplitude
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of the plate-current sawtooth. This voltage seems to °

increase with sweep frequency. However, if the rela-
tion (5) between the plate inductance and flyback speed
is taken into account, the bucking voltage proves to be
independent of frequency. Instead, it is the plate-cur-
rent amplitude 7, which has to be increased in propor-
tion to the sweep frequency in order to keep the field
energy and picture size the same. By combination of
(2), (5), and (6) there results
RGLE _
\V2oop

- = — ,TIT[; \/EI/CP_ (volt).

(6)

This expression contains only the field energy and plate
capacitance, but not the sweep frequency. Numerical
values for this counter electromotive force are listed in
Table I. They are calculated under the assumption of
a total plate capacitance of 100 micromicrofarads and
a flyback ratio of 1 to 7. As compared to prewar re-
ceivers, the plate-bucking voltage is found to have
increased from —1350 to about —300 and —500 volts
for direct viewing and projection receivers, respectively.
The plate-voltage supply has to exceed these values
by about 100 volts, which becomes rather unwieldy.
Modern developments are therefore striving to reduce
the actual voltage of the B-supply by generating addi-
tional direct voltages during the flyback period.

The positive voltage peak during retrace given in Ta- -

ble I is calculated from:

ey = %"p\/Lp/Cp- (N

The ratio of the coil voltages during the two phases of
the sweep follows from (7), (5), and (4) in terms of the
flyback ratio:

(8)

Multiplying the plate voltage by plate current and
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averaging over 1 cycle yields the following power bal-
ance:

W, = dwes — 1/2-Lpi,’ /(1 — p) = W. = Wy

where 7, is the average plate current. This shows how the
field energy W; is deducted from the power supply W,
to yield plate dissipation W, of the tube. The efficiency
of the sweep generator may then be formulated for cir-
cuits which dissipate all of the field energy at the end of
each sweep:

n 1 i 9

In Fig. 1(b), the plate bucking voltage e_ is indicated
at the peak-reading diode voltmeter V. This permits the
measurement of the plate dissipation W,, knowing the
average plate current .

Measurements of this type were made with a sweep
generator for color television (31,500 cycles per second)
which used resistance damping across the yoke. The
. plate dissipation of three type 807 tubes in parallel was
found to be 50 watts. The field power was of the same
order, 45 watts (see Table I, column 2). Hence, the
over-all efficiency of a system of this type is less than
50 per cent. Methods for improvement are discussed in
Part IV of this paper.

PART II
DAMPING OF FLYBACK TRANSIENTS

At the end of each sweep, magnetic encrgy is stored
within the deflecting yoke. If the flow of current is
suddenly stopped, and if no means for dissipation of the
stored ficld energy are provided, oscillations are bound
to occur. Persistence of these transients during the next
forward stroke is harmful to the picture presentation.
The traditional procedure was to dissipate the ficld en-
ergy completely during, or immediately after, each re-
trace: To this end, a damping resistor may be connected
across the yoke, through a small series capacitor or
through a diode. The latter method secures the highest
retrace speed and good deflection efficiency by allowing
a complete reversal of the coil current. Finally, in mod-
ern high efficiency circuits with power feedback, the
damping resistor is replaced by the plate impedance of
the sweep amplifier itself (see Part IV).

A. Resistance Damping

The basic circuit for resistance damping is shown in
Fig. 2(a). It has a damping resistance-capacitance net-
work in parallel to the transformer output. The output
system then becomes a resonant circuit with low Q
factor. The damping resistor renders this system aperi-
odic. In contrast to diode damping, which operates im-
mediately after completion of the retrace, resistance
damping is active during the flyback.

For the purpose of analysis, the system in Fig. 2(a)
is redrawn and shown in Fig. 2(b) as it appcars looking
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in from the load inductance Lo. The tube is shown as
the generator of a current 74, having a source imped-
ance of R,/m? where m is the turns ratio of the sweep
transformer.

The actual yoke current may then be found for any
matching condition x=+/Ly/L, by multiplying the
plate current 7, by the factor

2x
1+ x?

which reaches an optimum of /2 for equality of L,
and Lo, in an ideal transformer. In practical transform-

io/ip = m/2- (10)

m ZCPI L. Ic
(b)

Fig. 2—Resistance damping of transients.

ers with a coupling coefficient 2 <1, the optimum of cur-
rent step-up lies nearer Ly =2L,.

In Fig. 2(c), the inductances L, and L, are lumped
into L, and the yoke shunt resistance R’, and capaci-
tance C’, are neglected. These simplifications are justi-
fied if the tube is cut off during flyback, and if the damp-
ing resistance R is small enough to prevent oscillations
at the natural frequency of the yoke:

(Eg=
If the system of Fig. 2(c) is exposed to a current in-

put of unit step wave form, oscillatory transicnts are
set up in the coil as described by (12):

ir =1 — ¢¥(cos QU — 5/Q-sin- Q)

R <} (1D

(12)
where

§ = R/2L (13)

is the decrement of the system. The actual frequency
Q=+/w—8 is always lower than the frequency
w=1/+/LC of the circuit without losses. The condi-

tion for this circuit to be aperiodic may then be written

as follows:
i/
R=2 1/— .
C

(14)
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For unit current input, the deflection current through
the coil then becomes

ip=1—¢?(1 = &).

(15)

The voltage across the coil and the current through
the damping resistor are given by the following equa-
tions:

(16)
(17)

All of these functions are shown in Fig. 3. This graph
vields the interesting result that the current through the
voke exceeds the current input by 13.4 per cent
(0.134=1/¢*). Apcriodic tuning thus offers an actual
cain of deflection sensitivity due to “flyback-resonance.”

e = 1-R-e¥(1 — 161)
in = 1-e8(1 — 8t).

S

4744 2L Vel
ng 1T 1
g7 ML
Loz
‘ffj'/’////‘x
r’/:'///\
' < 3 ,i-»-f/s_" st

Fig. 3—Vohage, power, and current wave forms for
unit step current input.

IFig. 4 shows further that the flyback is complete at a
time when

8T = 4, (18)
Combining this with (13) and (14) vields
T = RC. (19)

The flyback time ecquals the time constant of the
damping ncetwork. By combination of (14) and (19) we
are now in a position to obtain the following optimum
values for the damping resistance and capacitance:

R =4L)T (20)
C = T*/4L. (21)

These expressions contain the yoke circuit inductance
and the flyback time as the only variables. They arc in
good agreement with experience.

The theory gives further information about the fly-
back voltage across the coil. The voltage peak is found
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to be the product of the deflection current amplitude
and the damping resistor:

(yoke) e, = IoR, (22)

or, in terms of the yoke inductance and flyback time,

(yoke) e, = JTo-4L/T. (23)

From (11) and (20) it may be deduced that the re-
trace time Tre of a voke with resistance damping is

Fig. 4—Diode damping: grounded-plate and grounded-cathode cir-
cuits. A bypass capacitor may be connected across the damping
resistor R.

considerably longer than its free flyback, T,. Compari-
son with (4) shows this ratio to be:

TRC To = (24)

=I|m

From (23), (24), and (4) it follows that the back-kick
voltage of the loaded voke has the same peak value,
though not the same waveform, as for free retrace (see
(7).

Fig. 5 shows the results of a more complete theory for
a current input with gradual cutoft. The graphs show
the flvback voltage, the deflection current, and the
actual retrace time for various values of the parameter
0/T,. 8 is the retrace time of the actual current in-
put and Ty is the flvback time of the field for a unit
step input. It will be scen from the graphs that the
deflection current stays practically constant regardless
of the input retrace time. However, the flyback voltage
across the yoke depends in a large measure on the cutoff
rate of the input. If the input and output flyback are
equal, the back-kick voltage drops to about one fourth
of the value for the unit step input. This indicates that a
grid-voltage wave form with fast flvback is desirable if
it is intended to extract high direct voltage from the
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sweep generator. Fig. 5 also shows how the flyback
speed of the ficld depends on the input retrace. Ap-
parently the field flyback is slowed down somewhat,
but this influence is moderate. The actual flyback time
increases about 70 per cent if the retrace time of the
drive and of the yoke circuit are equal.

FLYBACK / 0
TIME O
'
&
o CA] 1o [k} 10 "
L
e
‘- :
YOKE 1
113
CURRENT i @
!
1
2 8
o L3 L] 3 20 To
|
1
B $IGNAL! wavEFQRW
|
t
| |
------ fwes !
FLYBACK
s — g b
VOLTAGE ! I @
.\t\"f" .

° X1 10 3 10 To

Fig. 5—Yoke current, flyback time, and voltage as
functions of current cutoff rate.

B. Diode Damping

If diodes are used as damping clements they have to
be conductive during the forward stroke but noncon-
ductive during the retrace, so that deceleration of the
flyback is avoided. Damping of the primary of the sweep
transformer, as shown in Fig. 4(a), is quite efficient.
However, it necessitates a separate filament winding
which adds capacitance and requires high-voltage in-
sulation. The pulse polarity may be reversed and the
diode cathode grounded, if the sccondary winding is
used to energize the diode as shown in Fig. 5(b). The
damping action may be adjusted at a resistor R in
series with the diode. The diode then acts as a switching
clement which connects R across the load during the
forward stroke and disconnects it during the retrace.
The flyback speed will then be as high as the circuit
capacities permit (sec (4)) and is unimpaired by the
damping resistor. Satisfactory operation of thesc cir-
cuits requires very close coupling between the various
windings of the sweep transformer. Such coupling is
not too readily obtained at the higher harmonics of the
scanning frequency.

C. Damping by Secondary Emission

In Fig. 6 there is shown a very attractive method
which is especially suitable for high-frequency deflection
at high power levels. The system operates with damping
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by secondary emission from the plate of a tetrode out-
put stage. During the forward stroke, the power ampli-
fier operates with screen potential above plate potential.
This condition is easily obtained due to the inductive
voltage drop across the sweep transformer. As a result,
secondary emission passes freely from plate to screen
and establishes during the forward stroke a shunt re-
sistance across the transformer which is sufficiently low
to render the output system aperiodic. During the re-
trace period the plate potential reaches a positive peak
value far in excess of the screen bias. This stops any
secondary emission temporarily, so that a fast flyback
is achieved due to the absence of conductivity across the
transformer input. No cutoff is employed at the No. 1
grid.

Fig. 12(d) shows the wave forms of plate and screen
current. The screen current stops completely during the
flyback but recurs at peak value immediately after
completion of the retrace. This current pulse extracts
sufficient power from the plate circuit to absorb its
transients. The oscillograms (Fig. 12(b) and (c)) are
taken with the same circuit arrangement using a pen-
tode, type 8001, with separate leadout for the No. 3 grid
(suppressor). In Fig. 12(b), the No. 3 grid was tied to
the screen, thus converting the pentode into a tetrode.
The plate current is found to be free from transients.
In Fig. 12(c), the No. 3 grid is connected to cuathode,
and the transients reappear.

Fig. 6—Damping by secondary emission.

A deflection generator of this type is being used in the
color-film pickup installations of the Columbia Broad-
casting System which operate with a dissector-type
tube. The circuit comprises two type 8001 power pen-
todes which have their suppressor grids connected to
the screens. Operating at 37,800 cycles per second, the
system requires a power input of 150 watts and dclivers
100 watts into the yoke. Due to the low plate capaci-
tance, a current step-up transformation of 25 to 1 is
possible, with a flyback ratio of 11 per cent. Regardless
of the usual instability associated with secondary
emission, systems of this type have yiclded trouble-free
operation over a considerable period of time.

PART II1
[LINEARIZATION OF THE SWElP

In a sweep amplifier using a pentode with linear grid-
voltage wave form, some typical distortions of the yoke
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current are caused by the resistive components of cither
the tube or the load. The first influence prevails in high-
frequency systems, the second in low-frequency sys-
tems. The resulting speed variation of the sweep is of the
nature of an acceleration or deceleration, respectively,
during cach sweep period. Both distortions may be cor-
rected by suitable predistortion of the plate-current
wave form, as will be shown.

Lp

°
2

R e e B e SN — E——

Fig. 7—Distortion by tube resistance and its correction.

Fig. 7(a) shows the output amplifier of a horizontal
sweep generator. In such a system, the plate reactance
becomes comparable to the plate resistance of the tube.
In Fig. 7(b) the tube is replaced by an equivalent con-
stant-current generator which is loaded by the plate re-
sistance 7, in parallel to the input impedance L, of the
sweep transformer. Assuming a plate current with con-

stant rate of rise:
. i
iy = Ip—,

H (25)

the current 7, through the load inductance then be-
comes
_ t—7r(1 —et/7)

L= 1p '

a

L= Lﬂ/’Yﬂ (26)
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or in series form:

NORONC!

n

(27)

15 1, 1l

This is shown in Fig. 7(c) for the case of 7=1/3-11. It
is found that the scanning speed is too slow at the start,
but reaches its correct value at the end of the sweep. The
lack of high-frequency response in the sweep amplifier
is thus responsible for a scanning nonlinearity of the na-
ture of an ecceleralion.

This type of distortion may be corrected by suitable
predistortion of the plate-current wave form in the
sweep amplifier. Fig. 7(d) shows one such method of
linearization. A high-pass filter C,R, is inserted between
the sawtooth voltage generator J and the sweep am-
plifier 2. The time constant R,C, of the correcting net-
work is of the same order as, or smaller than, the sweep
period II. By itself, such a network introduces sweep
deceleration along cach line as indicated. The over-all
nonlincarity may thus be conveniently corrected by ’
variation of R,.

i

0:€x=0 x=200"
b:Cxfx=BOus, Cx*
80

T'O".‘ 146.02 360

1500

0-003 41

Fig. 8—Distortion through nonlinearity of tube
characteristic and its correction.

Another method for correcting for sweep acceleration
is shown in Fig. 8. Here, the high-frequency emphasis
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is obtained by a cathode-bypass capacitor of critical
size. The graph indicates the position of vertical bars as
observed on the face of a kinescope. The bars were
keyed at equal time intervals and were obtained from a
signal generator operating at the 15th harmonic of the
horizontal sweep frequency. Graph (a) is taken with
grounded cathode (infinite bypass capacitor). It shows
a small degree of sweep acceleration at the start of each
line. Curve (b) is obtained with a cathode time constant
of approximately one-half the line period. The correct-
ing action of this high-pass filter is clearly evident.

It is worth mentioning that a similar type of sweep
distortion may be caused by nonlinearity of the tube
characteristic. This factor produces a sweep accelera-
tion, i.e., it acts as though the lower Fourier compo-
nents of the sweep were better transmitted than its
higher harmonics. Tube nonlincarity may thus be cor-
rected by high-frequency compensation as described.
Using this technique, it becomes possible to operate
sweep systems as class A-B amplifiers. In so doing, plate

.current and power input can be markedly reduced. The

nonlinearity of the tube characteristic may also be
utilized to correct for the opposite type of distortion,
known as sweep deccleration. This distortion is fre-
quently cncountered in systems for low-frequency de-
flection, and will be considered below.

An example of the deceleration type of distortion is
given in Fig. 9. This distortion occurs if the frequency
response is deficient at low frequencies. Fig. 9 shows the
typical circuit of a low-frequency sweep amplifier with
output transformer. At the low sweep frequencies, the
rcactance in the yoke circuit Lo is no longer large as
compared to the yoke resistance R,. The equivalent
schematic of Fig. 9 shows a constant-current generator
loaded by a pure inductance L. in parallel with the lossy
inductance Lo/7y. The frequency response of this system
shows a drop at low frequencies. The wave form of the
resulting sweep was calculated in a similar manner as
above. If the current input rises linearly with time:

iy=1T,1/V, (28)
the yoke current becomes
. Lo 1 Lo+ T
fo = ]ﬂ._z._. [1 — evr); () o (29)
ro V )
or in scries form,
A% N
L 1 L <_> <_>
B ] gt : AW (30)

Litle V. rVl 2! 3!

This is shown in the graph of Fig. 9 for the case
7/V =0.6. Apparently, the speed of the scanning move-

- ment decreases during the sweep, and would reach zero

after a sufficiently long time. Thus, deceleration is found
to result from a lack of low-frequency response in sweep
amplifiers. The correcting predistortion of the grid
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voltage may be found in the following manner. The
Heaviside function of the system in Fig. 9 is

LO

“Iz% Lo

,e—l/r’

/ (31)
i.e., the load current 7, for a unit step current input. If
some predistorted plate current with unknown wave
form i, is fed into the system, the resulting load cur-

rent will be

t
a - y B
10 —‘f 1p6) '11(1—0)(10- (32)
1]
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Fig. 9—Distortion by yoke resistance and its correction.

By postulating that this becomes a lincar function of
time, an integral equation is obtained for the plate cur-
rent?:

constant, (33)

todi
f —Llo-nindp = Ki; K =
0 (10

The solution is a wave form which contains only the first

and sccond powers of time:

, 1t
= Ki(1+ _> ,
T

2 Thisisanintegral equation of the Volterra type. See .71, Whit-
tacker and G. N. Watson, “A Course of Modern Analysis,” 1944,
p. 221, section 11.31.

(34)

e T
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This signal is readily generated with a circuit of the
type shown in Fig. 9(d). This circuit comprises two in-
tegrating networks in tandem. A linear-voltage saw-
tooth appears across the first capacitor Ci, while a
parabolic-voltage wave form is obtained across the sec-
ond capacitor C; by integration of the current sawtooth
through .. At a tap along 7., it is thus possible to extract
any desired proportion of linear and quadratic terms of
{ as required by (34). In this way linearity correction of
low-frequency sweep transformers may be carried out
successfully.

Fig. 10—Linearization circuit for sweep amplifiers.

A practical driver circuit for general linearity control
of sweep amplifiers is shown in Fig. 10. This system
produces a voltage sawtooth of constant amplitude, but
with an adjustable degree of acceleration or decelera-
tion, including zero distortion. The circuit combines the
double-integration feature of Fig. 9 and the variable hi-
pass from Fig. 7. Triode I is a pulsed discharge tube
while a cathode-follower stage 2 is used as isolation am-
plifier. The variable high-pass filter R;C; counteracts the
integrator system RyC, to a degree which may be ad-
justed at the resistor R;. The wave forms at various points
of the circuit are indicated in Fig. 10. The oscillograms
(Fig. 12 (e) and (f)) show actual output wave forms as
obtained from the same input for two different adjust-
ments of this system.

PART IV
A Sweer CIrcUlT OF IMPROVED EFFICIENCY

To overcome the need for a power supply of high volt-
age and wattage in color receivers, a special sweep sys-
tem wds developed in the Columbia Broadcasting Sys-
tem laboratories.

This circuit is based en the principle of reclaiming
rather than dissipating the energy of, the magnetic field
at the end of each cycle and feeding it back into the
B-supply for the sweep amplifier. In this way, the fly-
back energy will assist the direct-current power supply
in raising the plate voltage for the output tube, and thus
aid in driving plate current through the tube. While this
happens, the energy stored in the yoke is rapidly used up
and the unwanted transients are eliminated. Conversion
of the field energy into the plate circuit of the power
stage acts much like an equivalent step-up of the
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B-supply voltage, so that operation of the system may
be maintained with a direct-current power supply oper-
ating at a reduced voltage.

If a system of this type reclaims K per cent of the
field energy for its direct-current supply, the over-all
efficiency improves from 7, without feedback (9) to

70

"7 1= Kno
The power feedback acts like a battery of
Ae = K 7o €0 volt (36)

in series with the power supply voltage eo.

The high-efficiency circuit for sweep generation is
shown in Fig. 11. The system contains no resistive ele-
ments whatever in the deflection circuit I and 2. In-
stead, energy is extracted, after the retrace period, from
the transformer field by the use of a separate damper
coil 3 which is connected to a low-impedance diode 4.
The polarity of the pulse output from the damper coil is
such that the diode is conductive only during the sweep -
period, but not during the flyback. (See Fig. 12(g).) Pos-
itive charges are thus accumulated across the capacitors
5 and 6, which are connected by an inductance 7. The
oscillogram (Fig. 12(g)) shows in three consecutive lines
the wave forms of plate voltage, sweep current, and diode
current as they occur in this sweep generator. It is ap-
parent that the plate voltageis constant during the sweep

Fig. 11—High _ef‘ﬁcieqcy svstem for wide angle deflection com-
bined with high-voltage generation.

and has a positive peak during the flvback. By trans-
formation and rectification of this peak in a separate
diode 8, an anode voltage of 8C00 is obtained for op-
eration of the kinescope. The current through the effi-
ciency diode 4 is nearly constant during the sweep
and ceases during the retrace. Immediately after the fly-
back, however, the diode current reappears at a peak
value which is about three times the average direct cur-
rent supply. During this part of the cycle, the accumu-
lated energy of the field is converted into pulsating
direct-current energy across the capacitor 5. If close
coupling is achieved between the damper coil 3 and the
secondary coil 1, this system is capable of eliminating
transients, while additional direct voltages of the order
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of 100 volts are built up across the capacitors 6 to assist
the flow of plate current.

Figs. 12(h) and (i) show the pulsating component of
the rectified voltage across the first and second filter
capacitors, 6 and &8 respectively. Between input and

(@)

(e) ®

(®) (h) 0)

Fig. 12—Oscillograms of wave forms in sweep generators.

a)—Sawtooth drive with negative rate of change. Plate current
shows sluggish .retrace.

(b)—Tetrode damping. Grid voltage and plate current with sup-
pressor connected to screen. Sawtooth drive with positive rate
of change. No transients.

(c)—Tetrode damping. Grid voltage and plate current with sup-
pressor grid to ground. Transients in plate circuit are shown.

d)—Damping by sccondary emission. Tetrode sweep amplifier.
Suppressor at screen voltage. Plate current and screen current
are shown.

(e)—Linear sawtooth drive. Qutput shows acceleration distortion.

(f)—Linear sawtooth drive. Output shows deceleration distortion.

(g)—High-efficiency circuit: wave forms of plate voltage, sweep
current, and diode current.

(h)—Rectification of flyback power. Voltage at first filter capacitor.

(i)—Rectification of flyback power. Voltage at second filter capacitor.

PROCEEDINGS OF THE I.R.E—Waves and Electrons Section

821

output voltage, a delay of almost an entire line period
is observed. This appears plausible if the network 5-6-7
is considered as one section of a low-pass filter with a
cutoff frequency at about one-half of the sweep
frequency. (Cs=Cs=0.02 microfarad, L,;=20 milli-
henries.) The parabolic ripple of the plate-supply volt-
age leaving the filter is used as correction for sweep dis-
tortions introduced by the damper circuit. The only
distortion left is a slight deceleration which is readily
corrected by a variable grid-coupling element 9-10,
with relatively short time constant,

With this system, it is possible to obtain wide-angle
deflection at a sweep frequency of 37,800 cycles per sec-
ond, using less than 70 watts input at 350 volts. The
direct-voltage increase was measured as 80 volts, so that
the output amplifier tube, type 815, was operating with
an actual plate supply of 430 volts. The direct-current
feedback power amounted to 18 watts, which is almost
one-half of the total field energy. The over-all efficiency
of this type of scanning supply has therefore been im-
proved from 45 to about 65 per cent. The additional
high-voltage supply brings the over-all economy of the
system close to 70 per cent.
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Electronic Indicator for LLow Audio Frequencies”
A. E. HASTINGSYt, ASSOCIATE, L.R.E.

Summary—An instrument which indicates the frequencies of the
components in a periodic complex electrical waveform is described.
The frequencies are displayed on four parallel linear scales on a
cathode-ray tube. The scales can be set up, witbout frequency cali-
bration and with an accuracy of 3 per cent, from design equations de-
veloped in this paper. The range of indication is from 1 cycle to 1
kilocycle per second. The performance is described, and limitations
on the rate of sweeping the frequency bands and the effects of tran-
slents are discussed.

* Decimal classification: R371.1. Original manuscript received by
tlléfwlnstntute, March 8, 1946; revised manuscript received, January 6,

t Naval Research Laboratory, Washington, D. C.

INTRODUCTION

N THE SOLUTION of a particular problem, a need

J-[ has arisen for the rapid analysis of complex audio

wave forms. The component frequencies may be as

low as a few cycles per second. The frequencies and ampli-

tudes of the complex wave form may vary with time, so

that it is desirable to analyze the wave form as rapidly as

possible. The required analysis amounts to the rapid dis-
play of amplitude versus frequency.

A number of methods of obtaining this display sug-

gest themselves. The arrangement allowing the most
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rapid analysis consists of a large number of resonant ele-
ments, with a means for displaying the amplitudes of os-
cillation against frequency. The reed type of frequency
meter is an example of this method. The disadvantages
are the bulkiness of the large number of elements, par-
ticularly for the lower frequencies, the difficulty in
maintaining equal amplitude response from clement to
clement, and the difficulty in obtaining suitable sclec-
tivity for each element.

A sccond general method is that of sweeping the reso-
nant frequency of a single element through a frequency
band and displaying the amplitude response against {re-
quency. There is a finite response time inherent in any
resonant circuit which limits the rate of sweep, and since
here a single clement has to cover a range of frequencics,
this method of analysis then is necessarily slower than
the one first described. There is the simplicity of a single
resonant element only, and certain other advantages de-
pend on the type of tuned circuit employed and on the
method of its use.

Two types of clectrical elements exist with variable
resonant frequency. The common inductance-capaci-
tance circuit is impractical at low frequencies, as it is
difficuit to vary its resonant frequency and to obtain
very great selectivity. The second type,! an amplifier
with bridge-controlled feedback, has the advantages of
widely adjustable selectivity and of constant Q over any
frequency range.

A third general method of analysis is that used in the
superheterodyne wave analyzer. Here the single element
is operated at fixed frequency, and the frequency band
is made to sweep over this frequency. This frequency
can be much higher than the frequencies to be measured,
an advantage when these frequencies are low. The single
clement can be carcfully designed as to response charac-
teristics. Features of the heterodyne method include the
complexity of the circuits, the variation of Q with fre-
quency, and the slowness of analysis, since the sweep
rate is limited by response time as in the second method.

The design of instrument chosen for this work com-
bines the first two methods. The required frequency
range is divided into four parts, each part swept simul-
tancously with the others by a single selective circuit
using a bridge-controlled feedback amplifier. The ampli-
tude responses of the four selective circuits are displayed
on four scales simultancously as a function of frequency
on a single cathode-ray tube. By sweeping the beam of
the cathode-ray tube in a particular manner, linear
scales are obtained. Each scale may be made to cover a
range of frequencies within certain limits independently
of the others.

In the work for which this instrument was designed,
only a rough measurement of amplitudes of the fre-
quency components was desired. While the sensitivity
of the instrument could be obtained by calibration, the
limited amplitude scales do not allow much accuracy of

. ' H. H. Scott, “A new type of sclective circuit and some applica-
tions,” Proc. 1.R.E., vol. 26, pp. 226-236; February, 1938.
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reading. Accordingly the instrument is called simply a
frequency indicator. :
DESCRIPTION OF INDICATOR

Fig. 1 is a block diagram of the arrangement. The au-
dio input drives four channels, cach covering a range of
frequencies and including a tuned amplifier, a clipper,

and a mixer. :
w010
SIGHAL
NPUT _
ocuUs
JUrEo, CU m"“ P ‘m:‘xsr‘rv VOLTAGE
AV?LIFIER 1 - G[VENLYON €T¢ SUPPLY
& ey vnmc:; l
Sy
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Fig. 1—Block diagram of frequency indicator.

The tuned amplificr consists of an amplifier with in-
verse feedback through a Wien bridge. The bridge bal-
ances to a null in output at one frequency only. At this
frequency the feedback is zero and the amplifier operates
with full gain, while at other frequencies the feedback is
so degenerative that the amplifier output is sensibly zero.
This provides a tuncd amplifier with variable selectivity
and variable frequency, controlled by variable resistors
in the amplifier and bridge. The clipper, or rectifier, re-
moves one half of the amplifier output, essentially a sine
wave, to obtain an upward deflection only on the screen
of the cathode-ray tube. The mixer allows the clipped
signal to deflect the beam of the cathode-ray tube for
one quarter of the time and from a particular base line.

The outputs of the four channels are displayed on a
single cathode-ray tube. This display is accomplished by
a four-pulse generator and the four mixers. The genera-
tor has four output channels, with a square pulse oc-
curring in cach in succession. All square pulses are of
equal length, following cach other in time with no over-
lapping and with no gaps between them. Each pulse
drives one mixer, which allows the clipped audio signal
in its channel to pass, together with a voltage which
forms a base line, for the duration of the pulse. All four
mixer outputs are combined and passed through a de-
flection amplifier to the vertical deflecting plates of the
cathode-ray tube. The square pulses are short relative te
the period of the frequencies to be measured, so that
many of them occur during a single cycle of the signal
frequency. The cathode-ray beam is swept slowly in a
horizontal direction by a voltage derived from motor-
driven variable resistors ganged with the variable resis-
tors in the bridge circuits, so that a particular null fre-
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quency of any bridge, and a maximum gain in the asso- The cathode-ray tube is blanked between sweeps. The
ciated amplifier, always occurs at the same horizontal ~sweep rate can be varied by changing gears in the motor
position on the cathode-ray screen. The cathode-ray drive.

Fig. 2—Panel view of indicator.

Fig. 3—View showing variable resistors for sweep and bridge
circuits.

beam, then, traces out a part of the output signal from

one channel above the lowest base line, rises to the next If the cathode-ray tube is swept with a voltage which
base line and traces out a part of the signal from the changes at a constant rate, the resulting frequency
second channel, and so on to the fourth line, when it scales are nonlinear. The indicator has a resistance net-
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Fig. 4—Circuit for amplifiers and electronic switches.

drops and traces a successive part of the signal from the work, including the motor-driven resistors, which pro-
first channel. The resulting pattern appears as a continu- vides a sweep voltage varying with time in such a
ous display of frequency against amplitude for the four manner as to produce linear frequency scales. The
channels, each above the other. Since the sweep rate is  voltage supplied to this network and the network re-
low, a long-persistence screen aids in visual observation. sistance values depend on the scale ratio of maximum
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to minimum frequency, which is chosen the same for
cach scale. A simple voltage regulator holds the supply
voltage at the required value. Equations are given which
allow calculation of the supply voltage and resistance

—OOUTPUT B
Q8+

rOOUTP\JT A

OUTPUT O ALL TUBES-6SHT GT

Fig. 5—Four-pulsc gencrator.

values in the sweep circuit and of the resistance values
in the bridge circuits for any scale ratio. The frequency
range of cach scale, except for its ratio of maximum to
minimum, is independent of that of the others and can
be determined by plug-in capacitors of value calculated
from a given equation.
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ANALYSIS

The Wien bridge, the tuned amplifier, and the sweep
circuit used in the frequency indicator are best under-

stood by circuit analysis.

I WOV RS SR

N\
Ty Ry
AR
e
nR' R
FAAMAAMAA— L AW
e

Fig. 7—Circuit of Wien bridge used in amplifiers.
!

The form of the Wien bridge used is shown in Fig. 7.
The input voltage to the bridge is e with angular fre-
quency w, and the output voltage is ¢’. At some angular
frequency of the input voltage, e’ will be zero. It can be
shown that the conditions for this null are

1

Fig. 2 is a front view of the frequency indicater. The wo = 25fo = > and n = 2.
cathode-ray tube, its controls, scale ratio and selec- C\/(rs + Ri)(re + R2)
B+325v
o :
Y-ASTIGMATISM
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[ PP S S %E}%pq ] 3 /l
R6 RE ]
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HIGH VOLTAGE SUPPLY

Fig. 6—Power-supply and cathode-ray-tube circuits.

tivity controls for each scale, and terminals for a time
switch appear on the panel. The switch can be used for
operating a camera shutter after every sweep. Fig. 3
shows the gear drive, the variable sweep and bridge
resistors, the cam-operated blanking and timing
switches, and the plug-in capacitors for ecach range.
Figs. 4, 5, and 6 show the circuit details.

If the two 7g's are ganged and varied together, the null
frequency can be varied continuously. The variation is
inverse, resulting in a very nonlinear scale if the varia-
tion is over too wide a range. If the range is restricted
on a single scale, substitution of fixed vatues C gives a
mecans of changing scales. The scale range of 2.2 to 1
used gives harmonically related scales with sufficient
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overlapping and allows the linearization described later.
The other condition for a null requires z=2. It is con-
venient to use 7 as a means of introducing positive or
negative fecedback which is independent of frequency,
giving control of selectivity, and # is made variable.

If ¢ is made the output of an amplifier and ¢’ the in-
verse feedback to its input, and if there is no signal in-
put to the amplifier, the input and output are related
through the gain p without feedback by

e+ ue’ = 0.

It may be shown by a comparison of differential equa-
tions of the circuits that this arrangement is equivalent
to a resistance-inductance-capacitance circuit in which
the parameter 7 determines the damping. For
n=1/(u—1) the circuit is critically damped. For higher
values of # the circuit becomes oscillatory with angular
frequency wo. This is the condition of operation em-
ployed in order to realize high selectivity. Sus-
tained oscillation may occur if 2 exceeds the value
" (2u+3)/(u—3). The Q of the circuit is given by

Q—i— p+n+1
Af 3n+342u—pun

where Af is the bandwidth. A Q of about 15 used is a
compromise for high selectivity and reasonably small
response time. The selectivity is constant along the

scale and on any scale. The time constant of the cir-
cuit is

'r=g-- (1)

=f

With Q=15 and f=35, this time constant is about 1
second. The gain u is not a critical quantity in this cir-
cuit, since variation of 7 also determines the damping
and sclectivity. The g used is about 60, and 7 is 2.09.
R, and R, are here considered equal; they are used to
compensate for variations in the 7y's in the practical
application.
Ri and C are fixed, and the two 7g's are ganged and
rotated at a constant angular velocity. Let
T =time required to sweep cathode-ray beam across
full scale (3 to 20 scconds)
t=time required to sweep cathode-ray beam along
scale to distance x
fo=value of null frequency at beginning of scale
(1=0) (2.5 to 20 cycles per sccond)
afo=valuc of null frequency at end of scale ({=1)
x =distance of beam along scale, measured from fo to
any distance f
I=length of scale (4 inches)
Rg=maximum value of 7, (¢=0) (75,000 ohms)
a=scale ratio fi to fo (2.2).
It can be shown that if

Ry

a—1

Ry =

@)
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then
a—1

fo 27aCRy

)

and the frequency for a maximum in amplifier output
varies according to the law

= L - @

(a — 1) (1—%>+1

For a linear scale under the above conditions, it is re-
quired that

f=/e [1—{-%(11—1)]. (5
If fis eliminated from (4) and (5),
¢
- Jhel
T
x = g (6)
a— (a—1) =

Then a voltage, varying with time in such a manner
that the deflection as given by this equation is obtained,
must be applied to the horizontal deflecting plates of
the cathode-ray tube. The circuit of Fig. 8 has been
devised to produce this voltage e; balanced to ground.
R; and R, are fixed and the 7¢'s are variable resistors
ganged and rotated synchronously with those in the

Ry fe Rs
........ A
vvvvvvvv

l—€-,——=f=——8; —

Fig. 8—Circuit producing nonlinear sweep voltage.

Wien bridge, the 7¢'s varying from zero to Ry (100,000
ohms). The position of the beam of the cathode-ray tube
along the scale may be found as

5
ReR3l —
T
x = ; (7
(R4 + Rg)? — Ry? — (R4Re 4+ Re? — R3Ry) ?

providing the supply voltage to the sweep circuit is
maintained at the value

ki [m + R¢ - Ra]
Ry Re— Ryl

L, =

2 ®)

R R R
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E is the sensitivity of the cathode-ray tube in volts per
unit deflection (about 70 volts per inch). Comparing
(6) and (7), it is seen that these relations must hold:

(Re+ Re)? — R3?

= 9)
RiR, (
and
RiR¢ + R¢® — RiRs
=gt (10)
R3R;
These give the following conditions on Ry and Ry in
terms of the maximum value Rg of rg:
R, = R (11)
T et — 1
and
R
a® -1
Substituting (11) and (12) in (8) gives
HTra+1
L] a
2 La—1

In the indicator used, R;=357,000 ohms, R;=206,000
ohms, and E =370 volts. The instrument can be set up
for a varicty of scales within the practical limits on fo
and a. If these two quantities are given, the required
values of Ry, C, R3, Ry, and E can be determined from
(2), (3), (11}, (12), and (13).

In an instrument of this type, where one sclective
circuit sweeps a frequency band, it is obvious that the
circuit must accept any one frequency for alimited time.
Supposc a sine-wave signal with a frequenceyf. A Fourier
analvsis carried out by any mcthod would give the
amplitude of the single-frequency component, in this
signal, assuming the signal continuous from — = to
to 4 = . If only a limited number of periods of the signal
exist, however, the Fourier analysis gives an a mplitude-
frequency spectrum with a maximum at . Any device
which carries out this same analysis over a limited nuni-
ber of periods must produce at best a broadened re-
sponsc, no more sclective than that given by the spece-
trum of the Fourier analysis. In the indicator under
consideration, the time during which the sclective
circuit is exposed to a single-frequency signal decreases
as the rate of sweep is increased. At relatively high
rates, the circuit is exposed to the signal only for a few
signal periods, and accordingly the normal amplitude-
frequency response is much broadened.

It lhas been shown that the indicator requires a cer-
tain time to respond to a change in input signal. Thus
when the frequency of the tuned amplifier is swept
continuously over the fixed frequency of an input signal,
the resulting resonance curve of amplitude versus time
is distorted. This distortion increases with rate of
sweep, and since reading the input frequency involves
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locating the peak of the resonance curve, the rate of

sweep is limited by the scale accuracy desired. Walther?,
who has considered this problem in a general way, con-
cludes that the maximum rate of sweep must be less
than the square of the bandwidth. Here the rate of

sweep is a maximum at the end of the scale. If this
condition is used, it can be shown that the minimum
time of sweep for the linear scale becomes

Q*a — 1)
afo

which requires longer periods for low-frequency scales.
This relation gives order of magnitude only.

Another limitation on the rate of sweep occurs when
the individual cvcles of the amplifier output, as dis-
plaved on the screen of the cathode-ray tube, are much
extended. Suppose that a maximum in the resonance
curve can be located within one period of the output
frequency. It can be shown that if € is the allowable
error of location expressed as a fraction of full-scale
value, the time of sweep is given by

Tmin = (14)

1
T = 15
',{ut ( )

Table I shows calculated values of these sweep times
and measured crrors for typical adjustments of the
parameters.

TABLE 1

Erfect or TIME OF SWEEF ON ACCURACY

Indicated

frequeney

roveles per
second

Sweep time
(seconds)

Error
per cent

e=1fT
per cent)

Tm

a
{secords?

Scale, 2.5 to 5.5 evcles per secnd. Input frequency, 4.5 cycles per second.

._3' 5.4 1n 14 438
7 4.8 [ 6
20 4.0 2 2
Scale S to 11 eveles per second. Input frequency, 9.0 ¢ycles per second.
3 10 2 9 6
v 1 9 . 3 24
20 0.1 1 il
Scale, 10 to 22 cycles per secend. Innut frequency, 18 eveles per second.
3 200 Q 3
7 19N S 2 a2
20 18RS b 1
Scale, 20 to 44 cycles prr sccond. Inpus frequency. 36 cycles per second.
3 7 £ =
7 3 0 1 [¢
20 6 0 0 g
Qg a—1
Tiayv, = Q=15
of a=2.2

PrLRFORMANCE
The peak corresponding to any frequency can be
located on the scale with an accuracy of 1 per cent of
full scale. The indicator can be arranged for a particular
set of linear scales, setting the sweep supply voltage and
the resistance values and choosing the correct capacitor

2 C. H. Walther, “m‘”ﬂ dic grenzen der analyziergeschwindigkeit
bei frequenzgemischen, Wissenschaftliche Veriffentlichunger aus
dem Siemens-Konzern, vol. 14, no. 1, pp. 56-63; 1935.
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vahtes according to the design equations, with a maxi-
mum error of 3 per cent of full seale. A variation of 10
per cent in line voltage has no effect on aceuracy. \With
the gain controls at maximum, the minimum signal
required to produce foll-scale deflection of 1 inch is
abont 0.05 volt, varving less than 30 per cent between
ceales and along any one seales The lower Himit of fre-
quency ix set by the conpling circuits at about 1 evele
per second. The higher Timit s somewhat indefinite,
Sinee the rate of the fonr-pulse generator is § kilocyeles
per second, only small pavts of a high-frequeney sine
wave from the taed amplitiers are displaved, and com-
ponent frequencies much over 1 Lilocvele are so poorly
displaved as to distort the peak locating the frequency.

As has heen shown, the time vequired to sweep a seale
inereases as the seale is lowered in frequeney. Table 1
<hows the correlation of the errors in performance with
the errors predicted by the analvsis for one setup of the
indicator. Fquation (13), which gives one cerror in
locating the frequency peak, expresses the actual error
quite welll Equation (1), intended to give onty order of
magnitude, predicts much better than this,

Since the tuned amplifiers operate like high-Q cir-
cuits, they have response and decay times given by
(1). For a given Q, 7 becomes relatively large at low
frequencics and may be an appreciable part of the time
of sweep. If a high-level transient, such as a sudden
surge of input voltage or of line voltage, is applicd toa
tuned amplifier operating at low frequency, the time
required to damp the resulting response may extend
over an appreciable part of the seale. If these transient
disturbances oceur very frequently, a low-frequency
scale may be quite obscured by the responses. Close
regulation of power supplivs would be advantageous in
removing disturbances due to line transients, but all
power supplics must then he regulated tomake the
calibration independent of line voltage. There are
compensating features which accomplish this result if
no supplies are regulated.
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A Coaxial Load for Ultra—High—Frequency
Calorimeter Wattmeters

WILLIAM R, RAMBOT, SENIOR MEMBER, LR.E.

Summary—A design is described for a broad-band coaxinl water
lond suitable for use in ultra-high-frequency calorimeter watt-
meters. The load utilizes a water-filled coaxial line as an attenuating
section. The low input impedance of this line is matched to the
standard transmission-cable impedance in a broadband matching
section using a tapered dielectric composed of titanium dioxide.

Several requirements influenced the design: the needs for broad-
band impedance characteristics, sturdy construction, small physical
size, and for the ability to measure low powers quickly, being of
prime importance. As a practical illustration, a brief description is
given of a unit designed to operate in the 1000- to 3000-megncycle
frequency ranges and the 5- to 150-watt power range.

INTRODULTION

COMMON method for obtaining an accurate
absolute measurement of ultra-high-frequency
energy is that in which the clectrical encrgy is

changed to heat energy which can be measured by
ordinary calorimetric methods.

The initial problem in the design of such a calorim-
eter wattmeter is that of converting the clectrical

* Decimal classification: R245.6. Original manuscript received
by the Institute, May 23,1946; revised manuscript received, October
S, 1946. This paper is based on work done at the Radio Research
Laboratory of Harvard University, under contract OLMsr-411 with
the Office of Scientific Research and Development, National Defense
Research Committee, Division 15,

t Formerly, Radio Research Laboratory. Harvard University,
Cambridge, Mass.; now, Airborne Instruments Laboratory, Mincola,
New York.

enerey 1o heat energy. This i done invariably by dis-
sipating the electrical energy in a resistive circuit cle-
ment of a nature appropriate to the frequency of the
power to be measured. At ultra-high frequencies, coaxial
circuit clements are commonly used and a coaxial load
is normally desired.!

The ideal load clement would combine small physical
size and sturdy construction, with an clectrical design
resulting in an input impedance that is a real quantity,
constant in value over the frequency range in which
measurements are desired. 1t is possible to realize this
goal to a practical degree with two gencral types of
load clements. In the first, cnergy is dissipated in a
lossy material and the resultant heat is transferred to.an
air or liquid coolant in which it can be measured. Water-
cooled carbon resistances or lengths of “lossy” cable are
examples. In the second, the electrical energy is con-
verted to heat directly in the liquid which forms a dissi-
pative medium. An example is a salt-water load. Such
circuit elements find uses other than in connection with
power measurement, particularly as broad-band ter-
minations.

The power converted to heat in the load element is

1 R, C. Shaw and R. J. Kircher, “A coaxial-type water {load and

associated power-measuring apparatus,” Proc. I.R.E., vol. 35, pp.
84-87; January, 1947.
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measured by the rate of change of temperature in a
fixed mass of coolant, or by the temperature rise in a
given flow of coolant. Actually, the heat energy can be
measured by a number of conventional techniques, and
this discussion will be limited to the design of a particu-
lar type of coaxial load.

GENERAL DESCRIPTION

The load to be described is divided into two series
sections: an attenuating line in which the radio-fre-
quency energy is dissipated, and an untuned matching
line which transforms the input impedance of the at-
tenuating section. to match the normal characteristic
impedance of the coaxial transmission lines used in the
ultra-high-frequency range. A simplified cross-sectional
view is shown in Fig. 1.

The diameters of the metallic inner and outer con-
ductors are constant throughout, are identical in the
two sections, and are chosen consistent with those of the
connectors and cables with which the load is to be used.
This is done to minimize discontinuities that would be
introduced by sudden changes in diameters even
though the ratios were to remain constant.

As a dielectric, ordinary tap water is used in the
attenuating line, and it is in this that the radio-fre-
quency energy is dissipated. In the matching sections,
a tapered dielectric composed of titanium dioxide per-
forms the functions of transforming the input im-
pedance of the attenuating section to the transmission-
cable impedance. Since there is no reduction in clear-
ances between inner and outer conductors, as would
exist if metallic tapers or quarter-wave sections were
used for matching, the peak power that can be handled
in the load is limited only by the cable itself. The proper-
ties of the dielectric do not impose a practical limit.

The incorporation of the load in a circulating water
system permitting calorimeter measurements is simple
in that it is only necessary to provide means for introduc-
ing the water at the input end of the line and removing
it at the shorted end. Small holes in the outer conductor
are satisfactory. No glass is used; this, coupled with the
durability of the titanium dioxide, makes for a sturdy
unit.

ATTENUATING-SECTION CONSIDERATIONS

The input impedance of the attenuating line will be
an-essentially real value approximating its characteristic
impedance if the total attenuation in decibels is large
and if the attenuation per electrical wavelength along
the line is small. The relatively low loss in tap water
in the ultra-high-frequency range? satisfies the latter
condition. On the other hand, the high dielectric con-
stant of water reduces the velocity of propagation in a
completely water-filled line so that a long electrical
length, and large attenuation, can be obtained in a
physically short section.

2 The loss tangent for water at 25 degrees centigrade and at 3000
megacycles is 0.15.

PROCEEDINGS OF THE I.R.E.—Waves and Electrons Section

August

The attenuation in a given line can be calculated from
transmission-line equations and will be found to vary

with frequency both from the change in electrical

length of the line and because the loss of ultra-high-
frequency energy in water is not constant with fre-
quency. In the practical case, a line whose length in air
approaches one wavelength at the lowest frequency to
be measured provides ample attenuation for most pur-
poses. From the electrical standpoint, the longer the
line, the better.

The impedance of the line is affected also by the
dielectric constant of water, which varies with tempera-
ture.® It is advisable, therefore, in order to maintain
matching, to restrict temperature changes to the mini-
mum required to provide a satisfactory indication on
the calorimeter thermometers or thermocouples. For a
given maximum power to be measured, this is done by
regulating the rate of flow of water.

Little time is required for such a system to stabilize
enough to permit a calorimeter measurement. This is the
result of the small quantity of water to be heated, and
the fact that the radio-frequency energy is dissipated
directly in the water coolant. The water capacity in the
attenuating section in Fig. 1 is small in practical lines,
and can be reduced still further by tapering the outer
conductor of this coaxial section toward the short-cir-
cuit point. At low frequencies the improvement usually
does not justify the trouble of making long tapers.

MATCHING ATTENUATIAG
i secTion T SECTION Kooty

CIRCUIT

SUVERED SURFACE— K = —
l 7 = VTS -
—_— -
T - 2 T =
Z LT)TANULM DIOXIDE TAPER = = >
CABLE CONNECTOR

U1 AND COLD>
THERM:
JUNCTIONS

/DRECT)ON OF WATER FLOW
CALIBRATING POWER
HEATER ELEMENT

Fig. 1—Coaxial water load (simplified cross section; not to scale).

MATCHING SECTION

While the attenuating-line input impedance is nearly
constant and real, it is also low because of the high
dielectric constant of water. It is usually necessary to
match this low impedance to 50 ohms, and to do so in an
untuned matching section if frequency sensitivity is to
be avoided. This is done in a coaxial line of uniform
conductor dimensions, but with an exponentially
tapered dielectric. This dielectric is composed of a
titanium-dioxide compound so mixed and fired as to
produce a material of very Jow loss, of extremely high
imperviousness to water, and with a dielectric con-
stant approximating that of the water in the attenuating
section.’

In order to realize fully the dielectric properties of

@ For example, the dielectric constant of water at 3000 megacycles
varies from 79 at 0 degrees centigrade to about 60 at 80 degrees
centigrade. .

¢ The loss is a function of both frequency and the mixture. A
typical value of loss tangent for the dielectric, used in the example
described in the next section, is 0.0004.

5 The titanium-dioxide mixture used in the test loads was prepared

and fired by the Laboratory for Insulation Research at the Massa-
chusetts Institute of Technology.
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' the titanium dioxide, it is essential to have excellent
* contact between dielectric and conductor. It was found
" impractical to mo.d the dielectric around a platinum
; center conductor because of different coefficients of ex-
| pansion. Meta!ls, otler than platinum, of good electrical
} conductivity would melt in the high temperatures
{ reached during the firing cycle for the dielectric. A
| satisfactory solution lay in extruding the titanium-
dioxide sample with a hole along the axis of the unfired
cylinder. After the firing process, the surface of the hole
was silvered by drawing a silver paste through it and
then baking to deposit a silver coating in very close con-
' tact with the dielectric.

Titanium dioxide, when fired, has a hardness in the
order of 9 on the Brinnel scale; this precludes the pos-
sibility of fashioning a taper, after firing, in any manner
other than grinding with a diamond wheel, a laborious
process. It was found much simpler to machine an ex-
ponential taper on a lathe, using a template as a guide
in place of the normal taper attachment, while the ti-
tanium dioxide was in an unfired state and of a “chalky”
composition. Thus, a cylinder of the material was first
extruded from a dough with the inner conductor hole
down the center axis. Then the outer surface was ta-
pered while the substance was still in a green condition,
with allowances left for shrinkage in the firing process,
and the unit was then packed in sand and fired. Follow-
ing this, the inner hole was silvered, as was a band
around the outer surface at the large diameter end. The
outer band may then be soldered directly into the outer
conductor of the coaxial line, thus not only providing
a water-tight joint between matching and attenuating
lines but also guaranteeing a nearly perfect impedance
‘match because of the similarity of line dimensions and
dielectric constants at the junction point. The center
conductor of the attenuating section can be soldered
into the silvered hole in the dielectric.

The exponentially tapered dielectric provides an im-
pedance match in which a constant change of impedance
per wavelength down the line is maintained. The actual
change per wavelength can be kept small to provide a
nearly reflectionless match even in a line of short
physical length. This is the result of the long electrical
length of a line having the high average diclectric con-
stant of the air and titanium-dioxide combination. In
cases where the required impedance change is small, a
lincar taper may be substituted for the exponential
taper with little loss in impedance-matching properties.
If it is desired to use an exponential taper, its dimen-
sions may be calculated by determining a characteristic
impedance and velocity of propagation along the line
under the assumption that the line inductance is uni-
form and determined by conductor dimensions, and
that the capacitance per unit length is the series sum of
the two varying capacitances whose dielectrics are of
air and titanium dioxide.
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As was the case with the attenuating line, the longer
the taper, the better. With reasonable conductor di-
mensions the impedance of the attenuating line may
run as low as 10 to 12 ohms, requiring an impedance
transformation in the matching section of 4 or § to 1 to
match the norma) 50-ohm cable impedance. To keep the
voltage-standing-wave ratio introduced on a 50-ohm
line under 2 to 1 at the lowest frequency to be trans-
mitted, the taper should have a physical length in the
order of a half wavelength. As the frequency is in-
creased, the standing-wave ratio improves rapidly. A
practical case is cited in the next section.

APPLICATION

The development of this water load was undertaken
to satisfy the need for an accurate wattmeter operating
in the 1000- to 3000-megacycle range capable of measur-
ing continuous-wave powers in the order of 50 watts
and with impedance characteristics without external
tuning at least as good as the available broad-band
antennas.

The final load utilized a 9-inch attenuating line with a
maximum diameter of # inch. The length of the ti-
tanium-dioxide taper was 6 inches. The inner-con-
ductor diameter was held to 0.05 inch, a Cromax
wire being used in the attenuating section.® The unit
was assembled as previously described; no glass was
used, and hence no glass-to-metal seals were required.

Measurements of the voltage-standing-wave ratio
introduced on a 50-ohm line terminated in this
load showed a maximum value of 2 to 1 at 1000 mega-
cycles and an average of less than 1.5 to 1 between this
frequency and 3100 megacycles, the highest at which
measurements were made. The impedance variations
that did exist fluctuated rapidly with frequency due to
the long electrical length of the matching section. An
increase in matching-section and attenuating-line
lengths would reduce the standing-wave ratio.

The total volume of water in the load is less than 1§
cubic centimeters, so that the dissipation of only a few
watts of power provides a readable temperature rise in
a water flow sufficiently rapid to reduce the required
reading time to from 10 to 15 seconds. If desired, a crys-
tal probe inserted in the matching line will provide an
instantancous indication of relative power suitable for
equipment-tuning purposes.

The radio-frequency power-handling capabilities are
determined by permissible temperature rise and rate of
flow of water. Dissipations in the order of 150 watts
can be handled without trouble. An attenuating line 30
inches in length and 1 inch in diameter easily handled
continuous-wave powers of 1 to 2 kilowatts.

¢ While some loss occurs in the water-cooled resistive center con-
ductor, the principal radio-frequency loss still takes place in the
water diclectric.
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Charts for Resonant Frequencies of Cavities
R. N. BRACEWELLT

Summary—Six charts are given which may be used for designing
cylindrical resonant cavities whose cross sections ure circles, con-
centric circles, squares, or rectangles. Anew method of representing
multiple-resonance phenomena is used, to which the name ‘‘mode
lattice” has been given. The mode lattice is an alignment chart
which relates the size and shape of a cavity with resonant wave-
length for a large number of modes. Points distributed on a lattice
represent the modes. The equations involved, the method of use,
and the special advantages of each chart are described, together
with the method of construction.

A set of equations has been derived for calculating the effect of
small changes in dimensions or wavelength for resonators of all the
above shapes.

INTRODUCTION

HE APPLICATION of resonant cavities to
Tmicrowavc apparatus has reached a stage where
a great bulk of known results relating to higher
modes of vibration should be made available in numeri-
cal form to designers. Early papers on cavity resona-
tors, for example those of Hansen,! Borgnis,*? and
Ledinegg,* were concerned solely with lower modes be-
causce they were the ones to be put to immediate use,
and many formulas given for numerical calculations
were suitable only for the fundamental modes. In-
creasing use of ringing cavities has required detailed,
quantitative knowledge of higher modes both for direct
utilization and to enable steps to be taken to suppress
or avoid unwanted modes. The present work was ini-
tiated by the need to design a ringing cavity.
Nomography,s the art of graphical representation of
formulas, provides the means of displaying the be-
havior of resonant cavities. Each problem in nomogra-
phy has to be considered with the object of finding the
chart most suitable for the purpose. Advantage should
be taken of the peculiarities of the problem, and the
first solution which suggests itself should not be accepted
without a comparison with alternatives. Hansen' has
given a chart which finds the natural frequencies of
transverse magnetic modes in circular cylinders whose
length and diameter are cqual. It could readily be

* Decimal classification: R084 X R119.32. Original manuscript re-
ceived by the Institute, March 185, 1946; revised manuscript received,
July 21, 1946.

t Formerly, Commonwecalth Council for Scientific and Industrial
Rescarch, Radiophysics Laboratory, Sydney, Australia; now, Caven-
dish Laboratory, Cambridge, England.

1\, Hansen, “A type of electrical resonator,” Jour. Appl. Phys.,
vol. 9, pp. 654-663; October, 1938.

2 . Borgnis, “Die eclektrische grundschwingung zylindrischer
hohlriiume,” Hoclifrequenz. und Elektroakustik., vol. 54, pp. 121-128;
October, 1939.

3 F. Borgnis, “Die konzentrische leitung als resonator,” Hoch-
frequens, und Elektroakustik., vol. 56, pp. 47-54; August, 1940.

‘¢ E. Ledinegg, “Das feldlinienbild der dem kreiszylindrischen
hohlraum zugeordneten schwingungstyps,” Hochfrequenz. und
Llektroakustik., vol. 62, pp. 38-44; August, 1943.

¢ ('}reek véuos =law and ypapw=write. The exhaustive work of
M. d'Ocagne, “Traité de Nomographie,” Gauthier Villars, Paris,
1899, second edition, 1921, does not seem to have been superseded.

claborated to deal with cylinders of any length and
diameter, but although ingenious it is already clumsy
in view of the simple operation it performs. A com-
pletely new means must be sought. X

Attention to the problem has resulted in the develop-
ment of the “mode lattices.” These charts preserve
simplicity and reduce the mechanical operations of
getting a solution to a minimum. The clear visual pre-
sentation which has been achieved results in easy pic-
turing of the spectral distribution in cavity resonators
and reduces likelihood of errors. An alignment system
is used whereby a set of allowed values of the variables
corresponds to a set of collinear points. The continuous
variables are distributed continuously along lines while
isolated points scattered over the plane reflect the
presence of discontinuous quantities. An attractive
feature of the present method is the representation of
the natural modes as a lattice of discrete points, a
property which is appropriate to an cigenvalue prob-
lem.

A graph, in common usec, consists of a family of
families of straight lines in addition to the co-ordinate
families. This, of course, results in great congestion so
that this means of representation is at a disadvantage
in comparison with a mode lattice for charts of moderate
size. For very large charts of unusual accuracy, and for
charts concerned with a single mode, the straight linc
graph is suitable, but for a 10-X -7-inch chart covering
many modes the simplicity of the mode lattice com-
mends it. There is a close geometrical relationship be-
tween the two types of chart, which are in fact dual
figures.

In this paper a cylinder is defined as a honiogencous
dielectric region bounded by two perfectly conducting
parallel planes and a conducting surface, which is gen-
erated by a straight line moving normal to the planes
and passing through a closed curve. Thus, prisms and
coaxial cylinders are included in the definition. Shapes
not treated are the elliptic cylinder,® sphere,” spheroid,
and cllipsoid. All these shapes are susceptible of repre-
sentation by mode lattices except the sphere, which is
trivial.

The idea of a lattice chart is applicable to vibration
problems other than electrical, such as the acoustic
resonances of rooms and the mechanical vibrations of
plates.

As it is necessary, in dealing with resonant cavities,
to have a good grasp of the subscript notation, full
definitions of the three indexes are given in the list of

¢ L. J. Chu, “Electromagnetic waves in elliptic hollow pi f

: ) G ptic hollow pipes o

metal,” Jour. Appl. Phys., vol. 9, pp. 583-591; September, 1938,

from which mode constants may be obtained for a few modes as
functions of eccentricity.

7R. L. Lamont, “Wave Guides,” Methuen, London, 1942, p. 77.
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symbols. The subscripts refer in order to the .gular,
radial, and axial co-ordinates. There are two ays of
regarding the number triplet (/, m, 2) spec/ing ‘a
mode: first, as certain quantities appearing i1a par-
ticular solution of the field ecquations, and scccdly, as
properties of a physically pictured field patternA defi-
nition based on the first outlook can be maddcorecise
bu v be difficult to frame a rule which ads to
the ,esult when the field pattern i= k. .. quali-
tatively well enough to sketch it roughly, bunot to
write the equations. Definitions of the second -pe for
circular and coaxial cylinders have been given y Bar-

row ! \licher.® Kirkman and Kline? have sl n that
t “een for m does not held f radial
patl . that in coaxial resonators tl« . inition
may leac to different values for different ratn of the
radii. The definition cannot be interpreted -1 :tly in
other cases, e.g., the TMg, in a circular “ler. A
fur lifficulty arises with TE mode- :oaxial
) wer the proper serial numix i, 1.e.,
whetner the counting should start fron +. - unity.
Barrow and Mieher have counted fre ut the
advantage of the second method, w' 1 kere,
is that corresponding modes for « coaxial
cvlinders receive the same namec. ! cnce is
such that one mode passes continu > other
as the diameter of the inner coaxi. shrinks
to zern Borgnis? has used the pro- taking
t! ‘pts from the associa: empty
cv... . Kirkman and Kline ha-: wvor of
the present system. In the list ¢! defini-
tions of the subscripts have bevi 1 e diffi-
culty of counting “half-period var. + ooericdic
fun- * s is avoided by asclemi -« 1 rosofa
fic ponent.
How 10 Usi 1111 L il

Circular Cylinders

7 moof the present st it - lify the
c 1s relating to the sths of
cavities so that their design r «t confi-
dently and quickly, and with the msien risk of
arithmetical error. Choice of unit=. 2 g ardle in

numerical work, has been climinated by oing, on
the face of the charts, the symbols €, w. ¢ anc Lng only
dimensionless quantitics D\ lI.1v charts,
thercfore, work equally well with inches e ntirsters, or
meters, and confine themscelves strictiy to thic elevant
design quantities, viz., shapc, wavclenzth, 'l mode.
Thus, there is no mention on the charts of-oots of
Bessel functions.

The accuracy obtainable is of the order of 1 er cent.
If four-figure accuracy is required, ¢.g., 10 costruct a

such as

8 W. L. Barrow and W. \WW'. Micher, “Natural oscillatiis of elec-
trical cavity resonators,” Proc. LR.E.. vol. 28, pp. 184-71; April,
1940

»R. A. Kirkman and M. Kline, “The transverse clectr modes in
coaxial cavities,” Proc. LR.E., vol. 34, pp. 141-17P, Janury, 1946.
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fixed wavemeter with a predetermin
following formula (Lamont?) may b

where, for TM waves, xim is the
and for TE waves Xm is the mth ro
the velocity of a plane wave in. the :
length and a tke radius of the cyliﬁ‘gex
This formula may be rewritten :

a

QREROS
A x s \L/) ¥
where D is the diameter of the cylinder. i

The form of the wavelength equation a
cylinders having any shape of cross section W

(&) ree32)
\ T\ /)

verse dimension.

TasLE ]

MobpE ConsTANTS FOR CIRCULAR CYLINDERS

TE Modes TM Modes

Kim Xim Kim Xlm
TEy 0.3435 1.841 TMa 0.5859 2.40% -
TEn 0.9452 3.054 TMu 1.4878 3.832
TEn 1.488 3.832 TM:a 2.672 5.136
TEy 1.788 4.201 TMg 3.087 5.520
TEa 2.865 5.317 TMy 4,124 6.380
TE. 2.880 5.331 TMa 4.987 7.016
TEuq 4.170 6.415 TMy 5.835 7.588
TE» 4,556 6.706 TMxn 7.179 8.417
TEn 4.987 7.016 TMo 7.588 8.654
TEq 5.701 7.501
TE;; 6.510 8.015
TEq, 7.383 8.536

In tke case of circular cylinders the mode constant

is given by
Lim . !
sz = <——‘> (4)
™ |

An extensive table of the necessary roots for use with
this equation has been given by Smith, Rodgers, and ’
Traub,!® and some are given here as Table 1.

Having seen the formula represented by Charts 1

10 D. B. S. Smith, L. M. Rodgers, and E. H. Traub, “Zeros of Bes-
sel functions,” Jour. Frank. Inst., vol. 240, pp. 301-303; April, 1944.
This paper gives 164 roots from 0 to 25, to four and five decimal places.
Errors in these roots are noted by J. C. P. Miller in “Mathematical
tables and other aids to computation, 11,” no. 13, pp. 48—49; January,
1946.

T e
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Charts for Resonant Frequenc:1es of Cavities
R. N. BRACE\VELLT

Summary—Six charts are given which may be used for designing
cylindrical resonant cavities whose cross sections are circles, con-
centric circles, squares, or rectangles. A new method of representing
multiple-resonance phenomena is used, to which the name ‘‘mode
lattice” has been given. The mode lattice is an alignment chart
which relates the size and shape of a cavity with resonant wave-
length for a large number of modes. Points distributed on a lattice
represent the modes. The equations involved, the method of use,
and the special advantages of each chart are described, together
with the method of construction.

A set of equations has been derived for calculating the effect of
small changes in dimensions or wavelength for resonators of all the
above shapes.

INTRODUCTION

HE APPLICATION of resonant cavities to
Tmicrowave apparatus has rcached a stage where
a great bulk of known results relating to higher
modes of vibration should be made available in numeri-
cal form to designers. Early papers on cavity resona-
tors, for example those of Hansen,! Borgnis,?® and
Ledinegg,* were concerned solely with lower modes be-
cause they were the ones to be put to immediate use,
and many formulas given for numerical calculations
were suitable only for the fundamental modes. In-
creasing use of ringing cavities has required detailed,
quantitative knowledge of higher modes both for direct
utilization and to enable steps to be taken to suppress
or avoid unwanted modes. The present work was ini-
tiated by the need to design a ringing cavity.
Nomography,® the art of graphical representation of
formulas, provides the means of displaying the be-
havior of resonant cavities. Each problem in nomogra-
phy has to be considered with the object of finding the
chart most suitable for the purpose. Advantage should
be taken of the peculiarities of the problem, and the
first solution which suggests itself should not be accepted
without a comparison with alternatives. Hansen! has
given a chart which finds the natural frequencies of
transverse magnetic modes in circular cylinders whose
length and diameter are cqual. It could readily be

* Decimal classification: R084 XR119.32. Original manuscript re-
ceived by the Institute, March 15, 1946; revised manuscript received,
July 21, 1946.

t Formerly, Commonwecalth Council for Scientific and Industrial
Research, Radiophysics Laboratory, Sydney, Australia; now, Caven-
dish Laboratory, Cambridge, England.

L\W. Hansen, “A type of clectrical resonator,” Jour. Appl. Phys.,
vol. 9, pp. 654-663; October, 1938.

2 F. Borgnis, “Die clcktrische grundschwingung zylindrischer
hohlriume,” Hochfrequens. und Elcktroakustik., vol. 54, pp. 121-128;
October, 1939.

3F. Borgnis, “Die konzentrische leitung als resonator,” Hoch-
frequenz. und Elektroakustik., vol. 56, pp. 47-54; August, 1940.

‘*E. Ledinegg, “Das feldlinienbild der dem kreiszylindrischen
hohlraum zugeordneten schwingungstyps,” Hochfrequenz. und
Llektroakustik., vol. 62, pp. 38-44; August, 1943.

¢ Greek vépos =law and vypagw=write. The exhaustive work of
M. d'Ocagne, “Traité de Nomographie,” Gauthier Villars, Paris,
1899, second edition, 1921, does not seem to have been superseded.

claborated to deal with cylinders of any length and
diameter, but although ingenious it is alrecady clumsy
in view of the simple operation it performs. A com-
pletely new means must be sought. ,

Attention to the problem has resulted in the develop-
ment of the “mode lattices.” These charts preserve
simplicity and reduce the mechanical operations of
getting a solution to a minimum. The clear visual pre-
sentation which has been achieved results in easy pic-
turing of the spectral distribution in cavity resonators
and reduces likelihood of errors. An alignment system
is used whereby a set of allowed values of the variables
corresponds to a sct of collinear points. The continuous
variables are distributed continuously along lines while
isolated points scattered over the plane reflect the
presence of discontinuous quantities. An attractive
feature of the present method is the representation of
the natural modes as a lattice of discrete points, a
property which is appropriate to an eigenvalue prob-
lem.

A graph, in common use, consists of a family of
families of straight lines in addition to the co-ordinate
families. This, of course, results in great congestion so
that this means of representation is at a disadvantage
in comparison with a mode lattice for charts of moderate
size. For very large charts of unusual accuracy, and for
charts concerned with a single mode, the straight line
graph is suitable, but for a 10-X -7-inch chart covering
many modes the simplicity of the mode lattice com-
mends it. There is a close geometrical relationship be-
tween the two types of chart, which are in fact dual
figures.

In this paper a cylinder is defined as a homogeneous
dielectric region bounded by two perfectly conducting
parallel planes and a conducting surface, which is gen-
erated by a straight line moving normal to the planes
and passing through a closed curve. Thus, prisms and
coaxial cylinders are included in the definition. Shapes
not treated are the elliptic cylinder,® sphere,” spheroid,
and ellipsoid. All these shapes are susceptible of repre-
sentation by mode lattices except the sphere, which is
trivial.

The idea of a lattice chart is applicable to vibration
problems other than electrical, such as the acoustic
resonances of rooms and the mechanical vibrations of
plates.

As it is necessary, in dealing with resonant cavities,
to have a good grasp of the subscript notation, full
definitions of the three indexes are given in the list of

¢ L. J. Chu, “Electromagnetic waves in elliptic hollow pipes of
metal,” Jour. Appl. Phys., vol. 9, pp. 583—59{); Scptcmbc?,p1938,
from which mode constants may be obtained for a few modes as
functions of eccentricity.

7 R. L. Lamont, “Wave Guides,” Methuen, London, 1942, p. 77.
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symbols. The subscripts refer in order to the angular,
radial, and axial co-ordinates. There are two ways of
regarding the number triplet (I, m, n) specifying ‘a
mode: first, as certain quantities appearing in a par-
ticular solution of the ficld equations, and secondly, as
properties of a physically pictured field pattern. A defi-
nition based on the first outlook can be made precise
but it may be difficult to frame a rule which leads to
the same result when the field pattern is known quali-
tatively well enough to sketch it roughly, but not to
write the equations. Definitions of the second type for
circular and coaxial cylinders have been given by Bar-
row and Mieher.® Kirkman and Kline? have shown that
the definition given for m does not hold fer all radial
paths, and that in coaxial resonators tle definition
may lead to different values for different ratios of the
radii. The definition cannot be interpreted strictly in
other cases, e.g., the TMgyo in a circular cylinder. A
furtber difficulty arises with TE modes in coaxial
cylinders over the proper serial number of a root, i.c.,
whether the counting should start from zero or unity.
Barrow and Mieher have counted from zero, but the
advantage of the second method, which is used here,
is that corresponding modes for circular and coaxial
cylinders receive the same name. The correspondence is
such that one mode passes continuously into the other
as the diameter of the inner coaxial conductor shrinks
to zero. Borgnis® has used the present notation, taking
the subscripts from the associated modes in the empty
cylinder. Kirkman and Kline have argued in favor of
the present system. In the list of symbols new defini-
tions of the subscripts have been attempted. The diffi-
culty of counting “half-period variations” of nonpericdic
_functions is avoided by a sch-eme of counting zeros of a
ficld componcent.

Fow 1o Uskt THE CHARTS
Circular Cylinders

The aim of the present set of charts is to simplify the
calculations relating to the resonant wavclengths of
cavities so that their design may be carried out confi-
dently and quickly, and with the minimum risk of
arithmetical error. Choice of units, a major hurdle in
numerical work, has heen climinated by avoiding, on
the face of the charts, the symbols €, g, ¢ and using only
dimensionless quantities such as D/X. The charts,
therefore, work equally well with inches, centimeters, or
meters, and confine themselves strictly to the relevant
design quantitics, viz., shape, wavelength, and mode.
Thus, there is no mention on the charts of roots of
Bessel functions.

The accuracy obtainable is of the order of 1 per cent.
If four-figure accuracy is required, e.g., to construct a

_*W. L. Barrow and W. W. Micher, “Natural oscillations of clec-
;n;gl cavity resonators,” Proc. LR.E,, vol. 28, pp. 184-191; April,
940.
ROA. Kirkman and M. Kline, “The transverse clectric morles in
coaxial cavities,” Proc. L.LR.E,, vol. 34, pp. 14P-17P, January, 1946.
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fixed wavemeter with a predetermined wavelength, the
following formula (Lamont?) may be used:

fimn =24/
lmn—'2

<x1m 2 2
) to M)

where, for TM waves, x1n is the mth root of Ji(x) =0,
and for TE waves x5, is the mth root of J';{x) =0, v is
the velocity of a plane wave in the medium, L is the
length and a tke radius of the cylinder.

This formula may be rewritten

G)-()+3®)
A T 4 f) @)
wlere D is the diameter of thie cylinder.

The form of tle wavelength equation applying to
cylinders having any shape of cross section is

G)-rri®) @

K .. is called the mode constant, and possesses two
series of values, one for TE and one for TM modes,
for a given shape of cross section. D is a specified trans-
verse dimension.

TasBLE I

MobpE CoNsTANTS FOR CIRCULAR CYLINDERS

TE Modes TM Modes

Kinm Xim Kim Xim
TEn 0.3435 1.841 T Mo 0.5859 2.40S -
TEn 0.9452 3.054 TAMny 1.4878 3.832
TEn 1.488 3.832 TM:a 2.672 5.136
TExn 1.788 4.201 TMo 3.087 5.520
TEa 2.865 5.317 TMy 4.124 6.380
TE,: 2.880 5.331 TMy 4.987 7.016
TEgn 4.170 6.415 TMa 5.835 7.588
TEn, 4.556 6.706 TMzn 7.179 8.417
TEo 4.987 7.016 TMo 7.588 8.654
TEn 5.701 7.501
TEy, 6.510 8.015
TE; 7.383 8.536

In tle case of circular cylinders the mode constant

is given by
Xim 3
Kin={—). (4)
™

An extensive table of the necessary roots for use with
this equation has been given by Smith, Rodges, and
Traub,® and some are given here as Table 1.

Having scen the forinula represented by Charts |

19 1), B, S. Smith, L. M. Rodgers, and E. L. Traub, “Zerosof Bes-
sl functions,” Jour. Frank. Inst., vol. 240, pp. 301-303; April, 1944,
T'his paper gives 164 roots from 0 10 25, to four and five decimal places,
Errors in these roots are noted by J. C. P. Miller in “Mathematical
;:)\{;lécs and other aids to computation, [1,” no. 13, pp, 48-49; January,
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Charts for Resonant Frequencies of Cavities
R. N. BRACEWELLTY

Summary—Six charts are given which may be used for designing
cylindrical resonant cavities whose cross sections are circles, con-
centric circles, squares, or rectangles. A new method of representing
multiple-resonance phenomena is used, to which the name ‘‘mode
lattice” has been given. The mode lattice is an alignment chart
which relates the size and shape of a cavity with resonant wave-
length for a large number of modes. Points distributed on a lattice
represent the modes. The equations involved, the method of use,
and the special advantages of each chart are described, together
with the method of construction.

A set of equations has been derived for calculating the effect of
small changes in dimensions or wavelength for resonators of all the
above shapes.

INTRODUCTION

r HE APPLICATION of resonant cavities to
Tmicrowa\'c apparatus has rcached a stage where
a great bulk of known results relating to higher
modes of vibration should be made available in numeri-
cal form to designers. Early papers on cavity resona-
tors, for example those of Hansen,! Borgnis,?® and
Ledinegg,* were concerned solely with lower modes be-
cause they were the ones to be put to immediate use,
and many formulas given for numerical calculations
were suitable only for the fundamental modces. In-
creasing use of ringing cavities has required detailed,
quantitative knowledge of higher modes both for direct
utilization and to enable steps to be taken to suppress
or avoid unwanted niodes. The present work was ini-
tiated by the need to design a ringing cavity.
Nomography,® the art of graphical representation of
formulas, provides the means of displaving the be-
havior of resonant cavities. IZach problem in nomogra-
phy has to be considered with the object of finding the
chart most suitable for the purpose. Advantage should
be taken of the peculiaritics of the problem, and the
first solution which suggests itsclf should not be accepted
without a comparison with alternatives. Hansen! has
given a chart which finds the natural frequencies of
transverse magnetic modes in circular cylinders whose
length and diamecter are cqual. It could readily be

* Decimal classification: RO8I X R119.32. Original manuscript re-
ceived hy the Institate, March 15, 1946; revised manuscript received,
Julv 21, 19406,

1 Formerly, Commonwealth Council for Scientific and Industrial
Rexearch, Radiophysics Laboratory, Svdney, Australia; now, Caven-
dish Laboratory, Cambridge, England.

YA, Hansen, *A tyvpe of electrical resonator,”™ Jour. Appl. Phys.,
vol. 9, pp. 654-653; Octolwr, 1938.

*F. Borgnis, “Die clektrische grundschwingung  zylindrischer
hohlriume,” Hochfrequenz. und Elckiroakustik., vol. 54, pp. 121-128;
October, 1939,

3 F. Borgnis, “Dic konzentrische leitung als resonator,” Hoch-
Srequenz. und Elcktroakustik., vol. 6, pp. 47-54; August, 1940,

¢ E. Ledinegg, “Das feldlinienbild der dem kreiszyvlindrischen
hohlraum  zugeordneten  schwingungstyps,”  Hochfrequenz.  und
Llekiroakustik., vol. 62, pp. 38-44; August, 1943,

t Greek vépos =law and ypadw =write. The exhaustive work of
M. d'Ocagne, “Traité de Nomographic,” Gauthier Villars, Paris,
1899, sccond edition, 1921, does not seem to have been superseded.

claborated to deal with cylinders of any length and
diameter, but although ingenious it is already clumsy
in view of the simple operation it performs. A com-
pletely new means must be sought. :

Attention to the problem has resulted in the develop-
ment of the “mode lattices.” These charts preserve
simplicity and reduce the mechanical operations of
getting a solution to a minimum. The clear visual pre-
sentation which has been achieved results in easy pic-
turing of the spectral distribution in cavity resonators
and reduces likelihood of errors. An alignment system
is used wherceby a set of allowed values of the variables
corresponds to a set of collinear points. The continuous
variables are distributed continuously along lines while
isolated points scattered over the plane reflect the
presence of discontinuous quantities. An attractive
feature of the present method is the representation of
the natural modes as a lattice of discrete points, a
property which is appropriate to an eigenvalue prob-
lem.

A graph, in common use, consists of a family of
families of straight lines in addition to the co-ordinate
families. This, of course, results in great congestion so
that this means of representation is at a disadvantage
in comparison with a mode lattice for charts of modcrate
size. For very large charts of unusual accuracy, and for
charts concerned with a single mode, the straight line
graph is suitable, but for a 10-X -7-inch chart covering
many modes the simplicity of the mode lattice com-
mends it. There is a close geometrical relationship be-
tween the two types of chart, which are in fact dual
figures.

In this paper a cylinder is defined as a homogencous
dielectric region bounded by two perfectly conducting
parallel planes and a conducting surface, which is gen-
erated by a straight line moving normal to the planes
and passing through a closcd curve. Thus, prisms and
coaxial cylinders are included in the definition. Shapes
not treated are the elliptic cylinder,$ sphere,” spheroid,
and cllipsoid. All these shapes are susceptible of repre-
sentation by mode lattices except the sphere, which is
trivial.

The idea of a lattice chart is applicable to vibration
problems other than electrical, such as the acoustic
resonances of rooms and the mechanical vibrations of
plates.

As it is necessary, in dealing with resonant cavities,
to have a good grasp of the subscript notation, full
definitions of the three indexes are given in the list of

¢ L. J. Chu, “Electromagnetic waves in ellipt - pi
: \ g b ptic hollow pipes of
metal,” Jour. Appl. Phys., vol. 9, pp. 583-591; Scptcmbcl:_ pICQSS,
from which mode constants may be obtained for a few modcs as
functions of eccentricity.
" R. L. Lamont, “Wave Guides,” Methuen, London, 1942, p. 77.
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symbols. The subscripts refer in order to the angular,
radial, and axial co-ordinates. There are two ways of
regarding the number triplet (/, m, 1) specifying ‘a
mode: first, as certain quantities appearing in a par-
ticular solution of the field equations, and secondly, as
properties of a physically pictured field pattern. A defi-
nition based on the first outlook can be made precise
but it may be difficult to frame a rule which leads to
the same result when the field pattern is known quali-
tatively well enough to sketch it roughly, but not to
write the equations. Definitions of the second type for
circular and coaxial cylinders have been given by Bar-
row and Micher.® Kirkman and Kline? have shown that
the definition given for m does not hold fer all radial
paths, and that in coaxial resonators thke definition
may lead to different values for different ratios of the
radii. The definition cannot be interpreted strictly in
other cases, e.g., the T Mg, in a circular cylinder. A
furtber difficulty arises with TE modes in coaxial
cylinders over the proper serial number of a root, i.e.,
whether the counting should start from zero or unity.
Barrow and Micher have counted from zero, but the
advantage of the sccond method, which is used here,
is that corresponding modes for circular and coaxial
cylinders receive the same name. The correspondence is
such that one mode passes continuously into the other
as the diameter of the inner coaxial conductor shrinks
to zero. Borgnis® has used the present notation, taking
the subscripts from the associated modes in the empty
cylinder. Kirkman and Kline have argued in favor of
the present system. In the list of symbols new defini-
tions of the subscripts have been attempted. The diffi-
culty of counting “half-period variations” of nonpericdic
_functions is avoided by a scteme of counting zeros of a
ficld component.

Fow 10 Usk THE CHARTS
Circular Cylinders

The aim of the present sct of charts is to simplify the
calculations relating to the resonant wavclengths of
cavities so that their design may be carried out confi-
dently and quickly, and with the minimum risk of
arithmetical error. Choice of units, a major hurdle in
numerical work, has been eliminated by avoiding, on
the face of the charts, the symbols €, g, ¢ and using only
dimensionless quantities such as D/A. The charts,
therefore, work cqually well with inches, centimeters, or
meters, and confine themselves strictly to the relevant
design quantities, viz., shape, wavelength, and mode.
Thus, there is no mention on the charts of roots of
Bessel functions.

“The accuracy obtainable is of the order of 1 per cent.
If four-figure accuracy is required, e.g., to construct a

_*W. L. Barrow and W. W. Micher, “Natural oscillations of elec-
(11;)‘1‘1?)] cavity resonators,” Proc. I.R.E., vol. 28, pp. 184-191; April,
°'R. A. Kirkman and M. Kline, “The transverse clectric modes in
coaxial cavitics,” Proc. LR.E., vol. 34, pp. 14P-17P, January, 1946.
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fixed wavemeter with a predetermined wavelength, the
following formula (Lamont”) may be used:

s v /‘/<x;,,.>?+ n?

tmn = 2 - 'E (1)
where, for TM waves, xi» is the mth root of Ji(x) =0,
and for TE waves x ., is the mth root of J’;(x) =0, v is
the velocity of a planc wave in the medium, L is tle

length and a tke radius of the cylinder.
This formula may be rewritten

<D >2 <x1m>2+ n®/D\?
A T 4 <_L—> 2)
wkere D is the diameter of the cylinder.

The form of the wavelength equation applying to
cylinders having any shape of cross section is

<2>2 [{ + ”2 D 2

K. is called the mode constant, and possesses two
series of values, one for TE and one for TM modes,

for a given shape of cross section. D is a specified trans-
verse dimension.

TasBLE |

Mobe CoONSTANTS FOR CIRCULAR CYLINDERS

TE Modes T M Modes

Ky, Xim Ky Xim
TEy 0.3435 1.841 | TMqg 0.5859 2.405 -
TEy 0.9452 3.054 TAMny 1.4878 3.832
TEa 1.488 3.832 TMy 2.672 5.136
TE3y 1.788 4.201 TMq: 3.087 5.520
TEq 2.865 5.317 TMy 4.124 6.380
TEn 2.880 5.331 T M 4.987 7.016
TEg 4.170 6.415 TMy 5.835 7.588
TEx»n 4.556 6.706 TMn 7.179 8.417
TEn 4.987 7.016 TMeg 7.588 8.654
TE¢ 5.701 7.501
TE; 6.510 8.015
TEy 7.383 8.536

In the case of circular cylinders the mode constant

is given by
Xim B
Kim=|—]). )
™

An extensive table of the necessary roots for use with
this equation has been given by Smith, Rodgers, and
Traub,'® and some are given here as Table T

Faving scen the formula represented by Charts |

10 ). B.S. Smith, L. M. Rodgers, and E, FL. Traub, “Zeros of Bes-
sel functions,” Jour. Frank. Inst., vol. 240, pp. 301-303; April, 1944.
This paper gives 164 raots from 0 16 25, to four and five decimal places,
Errors in these roots are noted by J. C. P. Miller in “Mathematical

t:ll{;l(’cg and other aids to computation, 11,7 no, 13, pp, 48-49; January,
1946.
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and II, we come to their actual use. Typical problems

which they handle are as follows:
(a) Given dimensions and wavelength at resonance,
what mode is excited?
(b) Given the dimensions and desired mode of os-
cillation, what should the wavelength be?
(c) Given mode and wavelength, find the dimensions.
(d) Find the line spectrum of a given cylinder.
(e) What is the critical wavelength for transmission
in a given mode through a circular cylinder?
Inspection of the charts makes the solution of the
first four problems clear. Critical diameters may be read
off in wavelengths on the D/X scale (against the column
of modes on its Jeft in the case of Chart 1), or at the
intersections with the D/X scale of the labeled mode
lines TEn, TMa, ctc., for Chart II.
Note that at the critical wavelength

e K (5)
(&) - x |

If the cavity is filled with material of dielectric con-
stant k, A is taken to be the wavelength of a plane wave
in that medium, viz.,

¢

fkl/Z ’

Points of interest which appear from the charts are
these: the TEmn and T Mm, modes coincide; there are
no TE im0 modes; there are no TEgs or T Moo, modes;
the fundamental may be cither the T Moo or TEmn
according to the shape—the former for squat, the lat-
ter for long cylinders; squarc cylinders (D=L) have
the fundamental modes equal; T Moy, is called the fun-
damental transverse magnetic (or fundamental elec-
tric) mode; and the TE:, and TE;» modes are very
close together.

Transversals are best drawn across a chart by the
use of a line engraved on cclluloid, or a taut thread.
Opaque straight edges are not recommended. In ring-
ing-cavity design it is good to rule pcrmanent trans-
versals for reference purposcs. A typical use to which
the mode lattice may be put is scen in the case of a
ringing cavity which is tuned by moving an cndplate.
The scales of Fig. 1 have been dircctly graduated in
wavclength and length of cavity. Dashed lines indicate
the extreme tuning positions in the desired 7o mode.
The undesired modes which may give responses within
the same band of frequencies can be found by counting
the mode points enclosed in the heavy boundary.

Chart 11 gives a bird’s-cye view of over 200 modes in
the circular cylindrical resonator. Conscquently it
shows at a glance the line spectrum of a cylinder,
where the modes are congested, and what happens if a
resonant cavity is used in a band other than that for
which it was intended. Tnstead of marking the mode
points individually as in Chart I, the complete lattice

Bracewell: Resonant Cavily Charts
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has been drawn and lattice intersections mark the

mode points. Apart from this difference, this chart is
identical in use with the first.

cm

.¢.
4
*

25 LT T T ey
= -
26 Y
27—
. * .
§

Fig. 1—A direct reading mode lattice.

--------- Nominal limits of band.
The cavity will respond to modes enclosed within this
boundary at frequencies within the operating band.

Universal Nomogram

Cylinder resonators possess a curious property. If a
cavity is resonant at a given length and wavelength,
then the wavelength at which it will resonate, if the
length is changed, can be calculated without knowledge
of the transverse dimensions or the mode of oscillation.
Cross section and mode are assumed constant save that
a change in the axial subscript # can be taken into ac-
count.

It is, thus, possible to construct a chart valid for el-
liptical cylinders, hexagonal prisms, and quite irregular
cylinders, which performs the very useful function of
directly indicating the variation of length with wave-
length. The tunable ringing cavity provides an example
where the chart may be used to examine the effect of
axial motion of an endplate. Again, it may be desired
to adjust the wavelength of an existing cavity which is
not amenable to calculation or which for some reason
does not behave as predicted. Utilizing the experi-
mental information regarding wavelength, the cor-
rection to be made to the length is obtained directly
from the chart.

Of course, some sacrifice has to be made to obtain
such versatile nomograms. In this case the initial in-
formation required includes knowledge of one solution
of the wavelength equation. This may be obtained from
another chart of this series or it may be experimental. If
the latter, the transverse dimensions are not required;
it is not cven necessary to know the mode of operation,
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To see why this property exists, consider the general
wavelength equation for cylinders.

D\? n® /D\?
O ret®)
A 4 \L

where the mode triplet is (Imn), L=Ilength of cylinder,
A =wavelength, the mode constant K is a function
of the mode, and the shape of the cross section D is a
transverse dimension.

Keeping the mode and transverse dimensions con-
stant, this may be rewritten

1 1 /n\?
1 <—> = constant, (7)
A2 4 \L

Hence, if a solution of the wavelength equation
is given in the form of a pair of corresponding values of
X and L/n, then further pairs may be deduced at once.

To use Chart 111, mark off on the vertical scales the
pair of values corresponding to a known resonance.
Join these points by a straight line, and let it intersect
the reference axis in a point P. Then all straight lines
through P connect values of L and X for which resonance
will occur.

Any units may be used provided the same unit is
used for both L and \. If it is desired to read L in
inches and \ in centimeters, this may be arranged in
the obvious way by providing one of the axes with
additional graduations on its blank side. As the units
are quite arbitrary, the user may diminish or increase
L and X\ by any convcnient factor which makes the
chart casier to usc.

“Square Prism

Except for the disposition of the mode points in
the plane, Chart 1V is identical with those for circular
cylinders. Many more modes, however, are nonexistent.
In the circular cylinder the only imgpossible modes are
the TEmo and the TEM. In the prism they are the
TEmo, TEoon, and TMomn, T3 10n, and TEM. A good
deal of degeneracy is visible on this chart. Because of
the square cross section, fea is cqual to fape for both T
and TM moedcs, but in practice slight departures from
squarencss will cause the modes to separate. A further
degeneracy, through which the TEjmn and T'Mimn
modes have the same frequency, occurs also in rectangu-
lar prismatic cavities.

If the dimensions of the prism arc aXaX L, the wave-
length equation is

&\’ % n? < « )’ ®)
<5\> = Min & TR

where the mode constant is given for hoth classes of
modes by

Ko = 312 4 m?). (9)
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Coaxial Cylinders

Much more complicated mathematical equations
have to be solved in the case of coaxial cylinders.
Bessel functions of the second kind, which were ex-
cluded from hollow cylinders because they possess a
singularity at the origin, are now allowed since the
origin is no longer in the cavity. The wavelength equn-
tion is as above:

() -xmt5(3)
) T a\L

where the mode triplet is (Imn), L=length of cylinder,
D =outside diameter, A =wavelength, and the mode
constant K im=(xim/m)2 but the need for satisfying
boundary conditions over two circles introduces an in-
volved equation for x;» which is the mth root of

Jlgn) T

Vi(ga)  Vi(x)

(10)

for TM imn,

(11)

and of
Ji'(gx) Ji'(x)
Yi(gx)y Yi(x)

where g=d/D, d =diameter of the inner cylinder.

The roots of these cquations have not been ade-
quately tabulated. In order to plot them as a function
of ¢ on Chart V, some values were obtained from
Jahnke and Emde" and some were calculated by the
Mathematical Group at Radiophysics Laboratory.

An explanatory diagram shows how the chart is to
be used. Each mode point is to be constructed sep-
arately by drawing a linc from a point on the D/\
axis determined by d/D and the subscripts Im to the
origin of the D/L scale, and marking its intersection
with the required 7 axis. Corresponding values of D/L
and D/X are now indicated by straight lines through this
intersection as with the circular cylindrical charts.

If interest is centered on resonators having a par-
ticular value of d/D, the complete pencil through the
origin of the D/L scale may be drawn to give a modc
lattice for that shape of resonator. For this and similar
purposes the mode lattice blank of Chart VII may be
used.

The transverse clectromagnetic or conventional
modes of vibration of the coaxial resonator, for which

for TE;mn

(12)

(13)

are independent of the ratio of diameters, and there-
fore the mode points 7'M may be permanently
marked on the chart. These are modes which cannot be
supported in the absence of an inner conductor. Al-
though often referred to as the fundamental mode, it

. ME. Jahnke and F. Emde, “Tables of Functions,” Dover PPublica-
tions, New York, N.Y., 1943,
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will be clear by inspection of the chart that the TEAM o0 where

mode is not necessarily the mode with the lowest or d
even the sccond lowest frequency. In squat resonators g=—
for which D/L>1.531 the fundamental transverse- b
magnetic mode (7 Mgyo) will have a lower frequency.
The fundamental conventional mode thus behaves like
the fundamental transverse-electric mode of the circular
cylinder without inner conductor. 2 1
A — — )

(16)

The wavelength equation is probably more familiar in
the form

Nomogram for Rectangular Prism Resonators

Just as Chart V was developed from Chart 1 to ac-
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Chart V—Nomogram {or couasial resonators.
commuodate a shape parameter in the transverse section, An explanatory diagram shows the method of ob-

so is Chart VI related to the chart for square prisms

taining single solutions for a prism. To construct a
(Chart IV). Advantage has been taken of the simple

complete mode Lattice for prisms with a particular
algebraic expression for the mode constant toreplace the  cross-scction shape (a-'d), proceed as follows. With the
familics of curves of Chart V7 by an alignment syvstem. desired point on the (a b anis as center, project all the

If the dimensions of the prism arc a X6 XL, the wave-  points in the lower part of the chart on to the (a/\)

length equation is axis. Join all the projected points 1o the origin of the

. . ) (a/L) scale. This pencil, together with the n lines al-
a\? ne o/ a\* v veniatd sl = (e Sl sl
<_)\_> o = <_L_>' (14) ready existing, constitutes the required lattice.
Tndl How tHE CHARTS ArRE CONSTRUCTED

The charts presented with this paper have been de-
1+ @) (15) signed for general utility. Charts are often required with

A lm
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special characteristics such as higher accuracy over a
restricted range of variables and fewer modes, and
scales reading directly in terms of D, L, or \.

Circular Cylinders

Three sets of information are required to construct
Charts I and 11: the scale cquations, the terminal
points of the convergent pencil on the D/A scale, and

Lattice points defining solutions
of the aquation

(Ef-mmms)*z _
e/
:;;j

L—"1
uem ~.//
Z4

\
f
\
= ~ M o«
c & & ¢
n-oj }‘_Pz ==
y-O- = PI ’;‘

Fig. 2—The basis of Chart 1.
u = m(D/N\)?
v = my(D/L)?

pulg = 1/[1 4 n2in/dm,).

the position of the # supports. Referring to Fig. 2, the
lengths # and v arc measured in opposite directions
along the parallel D/x and D/L scales from arbitrary
origins. The scale equations which enable the scales to

be graduated are
D 2
My <—>
A

D 2
m e
’(L)

where m; and m. are the scale moduli which are chosen
so as to make the scales approximately equal in length
for the desired ranges of variables. From the origin of
the @ axis, which may not always be on the chart, a
pencil of lines is drawn to points on the # axis for which

I

(18)

(12

v

I

(19)

1= mKin.

Table I gives the values of K ;... If ¢ is the separation of
the scales and p, is the distance of the lines of constant
2 from the v axis, then

Pn 1

q niny
1

(20)

41,

There is a quick graphical method of placing the
n supports, by constructing their points of inter-
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section with the line (0, 0), which does not require
explicit knowledge of the scale moduli. Draw the line
(0, 0) and choosc values of D/N and D/L such that
(D/N\) +(D/L)=N/2 where N is an integer. The line
joining these values cuts the line (0, 0) at a point lying
on the required line a=N. The point so constructed
is simply the position the lattice points 7Moo, (for
which L/A=n/2) would have if this mode existed. If
it were desired to incorporate a scale of L/X=constant
in the chart, it could thus be done by properly graduat-
ing the line (0, 0).

It is possible to construct a skeleton chart, such as
Chart VII on which the D/N and D/L scales and the
n=constant family are marked, before the cross section
of the cylinder is specified. As soon as the series of mode
constants K, is given, the chart may be completed,
but even if only incomplete information is availablc,
such a chart can immediately utilize it to the maximum.
An irregular cylinder may.be under consideration for
which it is feasible to calculate one or two roots. One
or two ways of the convergent pencil can then be drawn,
and a useful number of lattice points established. Con-
versely, an experimental result relating to a noncircular
cylinder of particular size and shape may be incor-
porated in the chart to deduce resonant frequencics for
other sizes and aspect ratios, and even some other
modes.

In the charts here presented, the principle described
above has been applicd to construct charts for coaxial
cylinders and rectangular prisms, cases where the serics
of constants K. is a function of the shape of the cross
section. A skeleton chart is given, in cach case leaving
the shape of the cross scction unspecified. An additional
chart is incorporated on the same sheet which auto-
matically marks off the mode constants along the D/A
axis as soon as the cross section is chosen. This device
enables the lattice to be constructed wholly or in part
according to requirements. Alternatively, a set of com-
plete lattices might have been presented for an assort-
ment of cross-section shapes. With the present arrange-
ment the user is placed in the position of being able
to do this casily himself, on the skeletons provided, for
the shapes which interest him.

The charts have now developed without undue com-
plexity to the stage of handling eight variables. These
are, for the coaxial cavity resonator, diameter of outer
cylinder; diameter of inner cylinder; length; class of
mode (TEor TM); angular, radial, and axial subscripts;
and resonant wavelength. Advantage has been taken of
the discrete nature of some of the variables, and some
dimensionless parameters have been introduced to
achieve this on what would normally be a five-variable
chart.

Universal Nomogram

Two parallel axes, along which lengths are measured
In opposite directions by the co-ordinates # and v, LO-
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gether with the line joining their origins, form the basis
of Chart 111 (Fig. 3). The scale equations are:

1
1 = m; antilog <— ;)

. nt
v = m, antilog <— ZL—2 :

u

(21)

(22)

ve O

u= 0
v

Fig. 3—The basis of Chart 111
U = Mz
v = — Mazy
z; = antilog (— 1/A?)
2, = antilog (— n%/4L?)
log (z1/z2) = — 1/N + u?/4L2

Square Prism

The scale equations are

o
a\?
uw = m\—
Y
a 2
v = M2 <E>,

and the position of the 2 supports is given by

_P_"=__1___. (25)

q nmy

(23)

(24)

4mo

W
Fig. 4—The basis of Chart VII.

1w = ma/N)?
v = — ma(a/L)?

w = — ny(a/b)?
pafq = 1/[1 4 n2mi/4ma)
pn/Q = /11 4 n¥mi/dms].

Couxial Cylinders and Rectangular Prism

The left part of Chart V is identical with Chart I,
and the right side fulfills the auxiliary function of repre-
senting graphically the roots of (11) and (12) as func-
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tions of d/D. The y axis of this graph is graduated with
a functional scale such that ordinates are proportional
to the mode constant Ki.. This allows the two halves
to be united by causing the y and » axes to coincide to
form a composite chart.

In the case of Chart VI, which is similarly conceived,
the explicit expression for Kin suggests combining two
alignment systems, one similar to Chart 1V, the other
to project values of Kin on to the a/\ axis according to
(15). Fig. 4 shows the co-ordinate system used, and the
scale equations are

a 2
% =m|— 26
(5) (26)
a 2
v =my| — 27
(3) (27)
a 2
w=mz|—]. 28
(%) (28)
The position of the supports is given by
. 1
Do —; (29)
q nimy
4my
and
m 1
2o, = (30)
Q iy
4ms

SoME DIFFERENTIAL FORMULAS

A number of differential expressions may be derived
from the wavelength equation for cylinder resonators.
These enable various rates of change to be calculated
and the effect of small deformations or changes in design
to be estimated.

In the following relations, which apply to circular
cylinders, coaxial cylinders, and prisms, the mode and
the shape of the cross section remain constant. Thus, if
the outside diameter of a coaxial cavity is changed, the
inner diameter is assumed to change in the same pro-
portion.

Diameter Constant

aA 172/ N\?
— <__ (31)
oL 4 \L
N n?/A\%4L
B, SRALE, -
A 4 \L/ L
Wavelength Constant
oL L 4L°
—_— = (33)
oD D u2\*D
oL L/n\? &D
— =<1 = > }— . (34)
L I D
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The essential equations for constructing the charts

Length Constant - :
are summarised on Figs. 2, 3, and 4.

233
i _ l o A (35)
aD D 4L°D
B 1 \Y 5D LisT oF SymMBOLS
—== {1 —( : >}—- (36) a=side of square prism, side of rectangular
A L/n D prism in the & direction, radius of circular
SuMMARY OF FORMULAS cylinder . .
b =side of rectangular prism in the y direction
Circular Cylinder a, b=constants
o — d=smaller diameter of coaxial cylinders
Simn = B, /<&>~+ Lt D=diameter of circular cylinder, larger di-
2 1 an L ameter of coaxial cylinders, any transverse
D\? %y n® /D\? dimension of a general cylinder or prism
<_> = ( > = <—> E =electric field intensity
b 2 5 AL L. =axial component of electric field
DN\* n? /D \? fimn=natural frequency of the mode TEm, or
<_> =&m+ <Z> T M 1
. Ji(x) = Bessel function ‘of first kind of order I
¥m 18 the mth root of Ji(x) =0, for TAf waves H=magnetic field intensity

Xim is the mth root of J{ (x) =0, for TE waves H.=axial component of magnetic field

Kim = (%1m/7)? = mode constant for circular cylinder. Kim, K=mode constant, determined by transverse
i field pattern and shape of section
(See Table I.) L=length of circular cylinder, length of
When the wavelength is critical, coaxial cylinders, length of prism
(I, m, n) =number triplet specifying mode of reson-

&)
—)= K. ance
A (Im) =number pair specifying field pattern in
transverse plane
I=(for circular and coaxial cylinders) the

a\* n*/a\? coefficient of the angular co-ordinate 6 in

— =K.+ — q . g .

\ 4 the circular function describing the varia-

. tion of a field component in the angular
K, = 12 *m? : . .

i 2+ g*m?) direction, or the number of full period
variations undergone by any non-zero field
component as § varies from 0 to 27

y =(for prisms) the integer specifying the
A= ———— - — . number of half-wave variations through
I\ /m\? TN which a standing wave pattern extends

b in the x direction
m=(for circular and coaxial cylinders) the
serial number of the root equal to the value

Rectangular Prism

a
il

Coaxial Cylinders

D\® [xi\® n2/D\Z assumed at the wall by the argument of the
<T> = <~T—) it Z<f) Be§se.l function or derived function de-
scribing the variation of angular component
X 1m is the mth root of Ty(gx) = T'y(x) for TM imn of electric field along a radius, or the num-
X1m is the mth root of Uy(gx) = U (x) for TE ., ber of zeros of angular component (in the
74x) 71 (x) case of TE modes) or of axial component
Tu(x) = — Uilx) = — (1{1 the case of TAf modes) of elec-
Vi(x) Yi(x) tric field lying on any non-nodal radius,
d counting that at the wall but not that
g = ) which may occur at the center. For coaxial
. . ] cylinders m takes the value of the associ-
(2)'= e n <B>* ated simple cylindrical mode into which the
)\ m I field pattern passes as the radius of the

o X inner cy-linder approaches zero
Kim = <—) =(for prisms) the integer specifying the

™

number of half-wave variations through
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which a standing-wave pattern extends in
the y direction
n =integer specifying the number of half-wave
variations through which a standing-wave
pattern extends axially; this definition ap-
plies to all cylinders and prisms
my, mq, mz=scale moduli
p.=the distance of an n support from the v
axis
p»=the distance of an m support from the w
axis
g=d/D for coaxial cylinders, a/b for rectangu-
lar prisms, separation of # and v axes
Q =separation of # and w axes
TE =transverse electric, E, =0
T M =transverse magnetic, H,=0
(u, v) =line co-ordinates
v=the velocity of a plane wave in a dielectric
medium
w=line co-ordinate axis
xim=the mth root of an equation containing
Bessel functions of order /

Contributors to Waves
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Y.(x) =the Bessel function of the second kind of
order /
2;, 2= variables
(r, 8, z) =cylindrical co-ordinates
(x, v, 2) =cartesian co-ordinates
A = the natural wavelength of a cavity, i.e., the
wavelength of a plane wave traveling in an
unbounded dielectric medium similar to
that in the medium, at the natural fre-
quency of the cavity; A=v/f
\.=the free-space wavelength corresponding to
the critical frequency for transmission
through a cylinder.
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puted from the intensities of speech and un-
wanted sounds received by the ear, both as a
function of frequency.

534.78 1920

Premodulation Clipping in A.M. Voice
Communication—K. D. Kryter, J. C. R. Lick-
lider, and S. S. Stevens. (Jour. Acous. Soc.
Amer., vol. 19, pp. 125-131; January, 1947.)
Saving of 14 decibels in carrier power can be
achieved, without loss in intelligibility, by 24
decibels of premodulation peak clipping fol-
lowed by 24 decibels of lincar gain to obtain
100 per cent modulation.

534.78 1981

More on Speech Clipping—W. W. Smith.
(OST, .vol. 31, pp. 18-22; March, 1947.)
Stresses the importance of design and operating
details and gives some new circuits, including
a full-wave series clipper maintaining constant
load on a resistance-capacitance driving cir-
cuit and a high-level half-wave clipper-filter
system for use with 8000- to 10,000-ohm loads
and anode voltages up to 2000. For an carlier
article see 1724 of 1946; see also 933 of April.

534.78:621.317.35 1982

Waveform Analysis of Speech—]J. Drey-
fus-Graf. ( Helv. Phys. Acta, vol. 19, pp. 404—
408; December 18, 1946.) The nature of specch
and hearing are expressed as far as possible in
terms of analogous clectrical circuits of which
a block diagram is given.

534.78(23.03) 1983
Effects of Distortion on the Intelligibility
of Speech at High Altitudes—G. A. Miller and
S, Mitchell, (Jour. Acous. Soc, Amer., vol. 19,
pp. 120-125; January, 1947.) Using mask-
microphone equipment at altitudes of 40,000
fect intelligibility can be improved by ampli-
tude limitation; it may also be desirable to
filter out frequencics below 500 cycles. A suni-
mary was abstracted in 3522 of January.

534.833.4~8 1984

Absorption of Supersonic Waves in Water
near One Megacycle—L. W. Labaw and A. O.
Williams, Jr. (Jour. Acous. Soc. Amer., vol.

19, pp. 30-34; January, 1947.) Absorption
measurements between 1.09 and 1.30 mega-
cycles do not confirm carlier measurements in-
dicative of a strong absorption peak near 1
megacycle, but a fairly reliable upper limit of
the absorption cocfficient has, been obtained.

534.851 1985
Improved Theory of the Light Pattern
Method for the Modulation Measurement in

Groove Recording—]J. Hornbostel. (Jour.
Acous. Soc. Amer., vol. 19, pp. 165-169;
January, 1947.)

534.851 1986

Sound Embossing at the High Frequencies
—M. Morse. (Jour. Acous. Soc. Amer., vol.
19, pp. 169-172; January, 1947.) Cptimum
loading, stylus dimensions, etc., for em-
bossing at 5000 cycles.

534.851:621.395.813 1987
Wire Recorder Wow—A. W. Scar. (Jour.

Acous. Soc. Amer., vol. 19, pp. 172-178;
January, 1947.)
551.596.1 1988

Calculation of Sound Rays in the Atmos-
phere—P. Rothwell. (Jour. Acous. Soc.
Anter., vol. 19, pp. 205-221; January, 1947.)

551.596.1:534.22-8 1989

Ultrasonic Propagation in Open Air—
H. K. Schilling, M. P. Givens, W. L. Ny-
borg, W. A. Piclemecier, and H. A. Thorpe.
(Jour. Acous. Soc. Amer., vol. 19, pp. 222-
234; January, 1947.) Absorption and scattering
properties at frequencies up to 30 kilocycles.

621.395.623 1990

A General Theory of Passive Linear Elec-
troacoustic Transducers and the Electro-
acoustic Reciprocity Theorem. Part 2—
H. Primakoff and L. L. Foldy. (Jour. Acous.
Soc. Amer., vol. 19, pp. 50-58; January, 1947.)
Continuation of 264 of 1946. If a transducer is
considered to consist of media characterized
by appropriate linear relations between stress,
strain, electric and magnetic polarization,
charge and current density, and electric and
magnetic field intensity, the validity of the
linear relations and the “reciprocity relations”
assumed in part I can be established provided
certain sufficient conditions are satisfied. These
conditions are: (a) that the cocfficients in the
constitutive relations satisfy certain “sym-
metry conditions;” (b) that no magnetostric-
tive media and no static magnetic field, or no
piczoelectric media and no static charge densi-
ty, are present in the transducer; and (c) that
the tranaducer does not radiate electromagnetic
waves from its surface.

621.395.623.64.08 1991
Headphone Measurements and Their
Interpretation—D. W. Martin and L. ]J.
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Anderson, (Jour. Acous. Soc. Amer,, vol. 19,
pp. 63-70; January, 1947.) Fundamental head-
phone data are presented in a form suitable
for users; the importance of analysis of the per-
formance on different wearers is emphasized.
Requirements for an improved artificial car
. are outlined,

621.395.623.8 1992

Radio Translation—(1¥Vireless 1orld, vol. 53,
no. 3, p. 96; March, 1947.) At Lake Success
six low-power transmitters on frequencies of
about 120 megacycles radiate the original
speech and translations in five languages.
United Nations General  Assembly delegates
carry small receivers, with simple dial switches.
These have a working range up to 200 yards.

621.395.625 1993

Lateral Recording: Part 1—\V. H. Robin-
son. (Communications, vol. 27, pp. 26, 28;
February, 1947.) The first of a scries of papers
giving a genceral discussion of average clectro-
magnetic and crystal cutters, groove depths,
disks, volumec indicators, measuring cquipment,
frequency runs, styluses, cutting angles, scratch
filters, and pickups.

621.395.625.3 1994

Recent Developments in the Field of Mag-
netic Recording—S. J. Begun. (Jour. Soc.
Motl. Pic. Eng., vol, 48, pp. 1-13; January,
1947.) A new tyvpe of magnctic tape recorder is
described using 8-millimeter coated paper tape.
Frequencies up to 5000 cycles can be recorded
with a tape speed of 7.5 inclies per second.

621.395.625.3 1995

A Magnetic Sound Recorder of Advanced
Design—R. J. Tinkham and J. S. Boycrs.
(Jour. Soc. Mot. Pic. Eng., vol. 18, pp. 29-35;
January, 1947.) “Characterized by good fre-
quency response, low distortion, freedom from
‘wow' and flutter, and lock-in synchronous
drive.”

621.395.625.3 1996

Magnetic Sound Recording on Coated
Paper Tape—H. A. Howcll. (Jour. Soc. Mot.
Pic. Enc., vol. 48, pp. 36—46; January, 1947,
Discussion, pp. 46—19.) The factors affecting
the choice of magnetic material and backing
medium arc considered; this leads to a discus-
sion of the performance of paper tape recording
systems. The propertics of a recently developed
tape are shown graphically.

621.395.625.3:778.5 1997

Magnetic Sound for Motion Pictures—
M. Camras. (Jour. Soc Matl. Pic. Eng., vol.
48, pp. 14-24; January, 1947, Discussion, pp.
25-28.) Advantages and  disadvantages of
magnctic sound recording on motion picture
film. High-quality recording apparatus is dae-
scribed and curves showing frequency response
and distortion are given,

621.395.625.6:621.383.49 1998
The Use of Sulphur-Thallium Photocells in
Sound Pictures—Kolomiec. (See 2199.)

AERIALS AND TRANRSMISSIOR LINES

621.392+4537.291 1999

Study of the Simultancous Propagation of
a2 Guided Wave and of an Elcctron Beam of
Approximately Equal Velocity—P. Lapostolle.
(Compt. Rend. Acad. Sci. (Paris), vol. 224,
pp. 268-270; January 27, 1947.) For the sys-
tem of a cylindrical guide formed of a dielectric
of high permittivity, metalized on the outside
and with an axial hole through which the clec-
tron beam passes, three waves are found to be
propagated in the direction of the beam, one
slightly faster than the beam and without
change of amplitude, the others slightly slower,
onc increasing in amplitude and the other de-
creasing. Sce also 1317 and 1330 of June and
2003 below,

PROCEEDINGS OF THE I.R.E.—Waves and Elecirons Section

621.392.029.64 2090

On Propagation in Curved Guides of Cir-
cular Cross Section—M. Jouguet. (Compt.
Rend. Acad. Sci. (Paris), vol. 224, pp. 549-
551; February 24, 1947.) A summary of the
results and conclusions of previous papers
noted in 1320 of June and back references, 1005
of May, and 1667 and 1668 of July.

621.392.029.644-621.396.611}:621.384.6 2001

Cavities and Waveguides Associated with
Charged Particle Accelerators—Kahan. (Sce
2200.)

621.392.029.64:535.231.2 2002
The *‘Black Body” for Radio Waves—
Malov. (Sec 2059.)

621.392.029.64:621.385.029.64 2003

Study of the Various Progressive Guided
Warvres Capable of Propagation in Interaction)
with an Electronic Beam—P. Lapostolle.
(Compt. Rend. Acad Sei. (Parnis), vol. 221,
pp. 558-560; February 24, 1947.) An extension
of the work described in 1999 above to the case
where the clectron velocity may have any value
whatever. Only E¢ waves are considered. Cer-
tain waves are propagated with neither attenu-
ation nor gain, others with cither attenuation
or gain. Conditions arc given for the various
possible types,

621.392.1 2004

Equations for Generalized Transmission
Lines—S. Frankel. (Elec. Commun., vol. 23,
pp. 329-331; September, 1946.) The differen-
tial equations for voltage and current at points
not near discontinuities of a two-wire lossless
line are extended to lossless lines consisting of a
multiplicity of conductors of arbitrary cross
section.

621.392.2.025.3 2005

Propagation along an Electrically Long
Symmetrical Three-Phase Line when a Trans-
mitter is Applied Between One Phase and
Earth—A. Chevallier. (Compt. Rend. Acad.
Sei. (Parig), vol. 219, pp. §9-90; July 17, 1944.)

621.392.2.025.3 2006
Attenuation of High-Frequency Waves
along an Electrically Long Symmetrical Three-

Phase Line—A Chevallier. (Compt. Rend.
Aead. Sci. (Paris), vol. 219, pp. 157-138§;
July 31, 1944))

621.392.3 2007

Directional Couplers—\V. W, MNuamford.
(Proc. LLR.E,, vol. 35, pp. 160-16S; February,
1947.) Describes the principles governing the
independent mecasurement of the direct and
reflected waves in an unmatched transmission
line. The usc of multiclement “tapered-cur-
rent” couplers is considered as a means of in-
creasing the bandwidth. Application of the
method to give a known attenuation and to
enable power to be measured is also discussed.

621.392.4.08:621.397.5:621.396.67 2008

Application of Transmission Line Measure-
ments to Television Antenna Design: Parts
1 and 2—Hamilton and Olsen. (See 2262.)

621.392.5 2009

Spiral Delay Lines—K. H. Zimmermann,
(Elec. Commun., vol. 23, pp. 327-328; Scp-
tember, 1946.) A brief discussion of design and
applications with particular reference to the
K-71 line which has a characteristic impedance
of 950 ohins and a delay time of 0.042 micro-
scconds per foot. .

621.396.621.2 2010

Recciver Acrial Couplings for Mcdium
Warvcelengths—S. W. Amos. (Jour. Bril.
I.R.E., vol. 6, pp. 144-161; July-August,
1946. Discussion, pp. 161-164.) A discussion
of the electrical nature of an outdoor aerial
and the problems arising when it is coupled to
the aerial input circuit of a receiver. Equations

Avgust

and curves are given to show the variation of
gain and sclectivity with various types of
aerial coupling. The two desirable features, high
voltage transfer and high selectivity, are mutu-
ally conflicting, but it is possible to obtain 80
per cent efficiency in gain and in sclectivity at
half optimum coupling. Appendixes give a de-
tailed mathematical analysis of mutual in-
ductance coupling, and a tabulation of exact
and approximate formulas derived in the

paper.

621.396.67 2011

The Antenna Laboratory—(Enz. Exp. Sta.
Neuws, vol. 18, pp. 3-24 and 33-40; Dccember,
1946.) A scrics of papers describing successful
wartime methods and cquipment for testing
the performance of airborne and other acrials
by the usc of scale modcels. The papers arc
entitled: “The Antenna Laboratory,” by E. E.
Drecse; “Miniature Antennas—A New Tool
for the Antenna Designer,” by G. Sinclair;
“Equipment for Determining Aircraft Antenna
Characteristics,” by D. C. Cleckner; “Simula-
tion of the Characteristics of Direction Finder
Antennas,” by W, E. Rife; “Accuracy of An-
tenna-Pattern  Mecasurements,” by R. A.
Fouty; “Gonstruction of Modecls,” by P. H.
Nelson; and “Antennas Mounted on Vehicle

{Radiation Pattern Determined by Model
Technique},” by E. A. Jones.
621.396.67 2012

Recent Theories of the Aerial: Parts 1 and
2—E. Roubine. (Onde Eleet., vol. 27, pp. 32-
37 and 37-64; January and February, 1947))
An clementary treatment intended for non-
spucialists. To be continued.

621.396.67.011.2 2013

Note on the Expression for Mutual Im-
pedance of Parallel Half-Wave Dipoles—
K. J. Afianasiev. (Proc. [.R.E., vol. 35, p.
48, January, 1947.) Additional note to 23 of
February.,

621.396.674.011.2 2014

Special Aspects of Balanced Shielded Loops
—L. L. Libby. (Elcc. Commun., vol. 23, pp.
332-33%; September, 1946.) Reprint of 25 of
February.

621.396.677 2015

Metal Lenses for Radio—“Cathode Ray.”
(Wireless World, vol. 53, pp. 84-88; March.
1947.) A concisc account of the properties and
construction of the directive lenses designed at
the Bell Telephone Laboratories. For a more
detailed description see 1013 of May.

621.396.677 2016

Radiation Patterns of Ground-Based An-
tennas—R. B. Jacques. (Eng. Exp. Sta. Neus,
vol 18§, pp. 24-33; Deccember, 1946.) The out-
put of the aerial to be tested was compared
with that of an aerial of known pattern, using
a moving airborne transmitter.

621.396.677 2017

Fundamental Beam Patterns—D. C. Cleck-
ner. (OST, vol. 31, pp. 23-26; March, 1947.)
A simplified method of plotting aerial charac-
teristics,

621.392 2018

An Introduction to Transmission Lines
[Book Review]—C. J. Mitchell. Harrap and
Co., London, 64 pp., 3s. 6d. (Wireless 1World,
vol. 53, p. 83; March, 1947.) A simple approach
to the subject that “can be thoroughly recom-
mended.”

CIRCUITS AND CIRCUIT ELEMENTS

537.525.72:621.396.6 2019

Elcctrodeless Discharges and Some Allied
Problems—G. 1. Babat. (Jour. 1.E.E. (Lon-
don), part III, vol. 94, pp. 27-37; January,
1947.) “Electrodeless discharges in high-fre-
quency clectromagnetic ficlds were investigated



1947

in conditions where the ratio of lincar dimen-
gion ! of the discharge space to the electromag-
netic wavelength X in air was 1073<I/A< 107
at frequencies between 10° and 102 cycles. The
power introduced into the discharge space
varied from fractions of a watt to 100 kilo-
watts, and the electric field strength was varied
between tens and hundreds of volts per centi-
meter. There are two different types of dis-
charge: “E-discharges,” in which the clemen-
tary conductance currents are continued by
dieclectric currents, and “H-discharges,” with
elementary conductance currents in the form
of closed curves.”

537.533.7 2020
Interruption of Electron Beams—P. Sclme.
(Compt. Rend. Acad. Sci. (Paris), vol. 218, pp.
992-993; June 26, 1944.) A combination of two
pentodes and two thyratrons giving establish-
ment and suppression times which are negligible
in comparison with the short exposure time.

538.244+621.3.013.1 2021

Theory of Ferromagnetic Inductances: Pro-
duction and Use of Harmonics—P. Bricout.
(Gen. Elec. Rev., vol. 55, pp. 61-74; February,
1946.) A theory based on the method of repre-
sentation of hysteresis cycles previously given
(1746 of July). Tables and graphs permit rapid
harmonic analysis of the current intensity.
Practical methods are described of isolating
odd harmonics and of using them for local de-
formation of sinucoidal currents. This tech-
nique has proved usefulin improving the opera-
tion of triphase dry or contact rectifiers.

621.3.078.3 2022

A Generalization of the Nyquist and Leon-
hard Stability Criteria—\W. Frey. (Brown
Boveri Rev., vol. 33, pp. 59-65; March, 1946.)
For Nyquist's rule for stability, see 1932 Ab-
stracts, p. 279; for Leonhard's see 567 of 1946.
In the present paper, the underlying principles
are considererd mathematically; the conditions
under which the zcros of a function f(z) of a
complex variable z all have negative real parts
are drerived, where f(z) has a finite number of
poles of any order. A more general form of the
Nyquist and Leonhard criteria, whose applica-
“tion is not restricted to electric circuits, is
then deduced.

621.314.3 2023

Some Considerations Concerning the In-
ternal Impedance of the Cathode Follower—
H. Goldberg. (Proc. L.R.E., vol. 35, pp. 168-
169; February, 1947.) Discussion of 42 of 1946.

621.316.722 2024

Regulator of Effective Alternating Voltage—
L. LcBlan, (Comp. Rend. Acad. Sci. (Paris),
vol. 224, pp. 643-645; March 3, 1947.) A
Wheatstone bridge has two opposite constant-
resistance arms-while the other two arms are
fine nickel wires in vacuo. It is ennnected across
the resistive load and balanced for a particular
voltage. The out-of-balance voltage, due to a
change of the supply voltage, is amplified and
applied to the grids of a balanced triode system.
The anodcee of this system are fed from the two
halves of @ transformer sccondary whose
primary is included in one supply lead. The
variation of the primary impedance acts as an
automatic rheostat. Supply voltage variations
are divided by a factor of the order of 1000. A
circuit diagram is given,

621.310.722.2:621.314.632 2025

Some Notes on the Copper-Oxide Rectifier
and the Thermionic Tube in the Voltage-Dou-
bling, Circuit—R. R. Gilmour. (Proc. I.R.E., vol.
35, pp. 213-216; February, 1947.) Discusses
the relative merits of the two rectifiers for a
particular application requiring  portability,
40 milliamperes output into 500 to 5000 ohms,
nll)ility to withstand short circuits and low rip-
ple.

Abstracts and References

621.317.757:.518.4 2026
Second Harmonic Calculator—W, L. Det-
wiler. (Communications, vol. 27, pp. 16-17, 28;
January, 1947.) Permits rapid graphical de-
termination of harmonice distortion.

621.318.4:621.316.974:538.532 2027
The Field of a Coil between Two Parallel
Metal Sheets—Moullin. (See 2077.)

621.318.7 2028
Conditions for Common Frequencies in
Ladder Networks, of Any Length, Terminated
by Identical Circuits Differing from the Inter-
mediate Circuits—M. Parodi. (Comp!. Rend.
Acad. Sci. (Paris), vol. 218, pp. 965-967;
June 19, 1944.) :

621.316.4:621.315.614.63 2029

Metallized Paper Capacitors—]J. I. Cornell.
(Communications, vol. 27, p. 22; January,
1947.) A short account of self-healing capacitors
produced by high vacuum vaporization of
aluminium, tlie coatings being 25 to 100 milli-
crons in thickness. Breakdown at a weak spot
in the dielectric vaporizes the film there and
redeposits it as oxide, which is a good insulator.
A noninductive winding method is used for the
larger capacitors, which are considerably
smaller than thosc of similar value built from
metal foil and paper. A 0.1-microfarad capacitor
for a direct-current working voltage of 200
being only £ inch long and § inch in diameter
while the corresponding metal-foil capacitor is
approximately 1% inches long and % inch in di-
ameter, Summary of Rochester Fall Mecting
paper.

621.392:003.62 2030

Shorthand Circuit Symbols—A. W, Keen.
(Wireless World, vol. 53, pp. 99-101; March,
1947.) Details of a simplified system, supple-
mentary to existing practice, to save time in
drawing circuit diagrams. It could be used with
advantage to distinguish equivalent circuits
from actual circuit diagrams.

621.392.4 2031

A Note on Phase Correction in Electrical
Delay Networks—A. J. Ferguson. (Canad. Jour.
Res., vol. 25, scc. A, pp. 68-71; January, 1947.)
By mecans of mutual inductance between the
coils and capacitance across them, the third and
fifth order terms in the expression for the varia-
tion of phase shift with frequency can be elim-
inated. A simple relation between the circuit
constants is found for this case.

621.392.5 2032

Geometrical Considerations in Connection
with the Theory of Electric Four Terminal Net-
works [Thesisj—] van Slooten. N. V. Philips’
Glocilampenfabricken Research Laboratory,
Eindhoven. Reprints are available. (Philips
Tech. Rev., vol. 8, p. 287; September, 1946.)
The first part discusses the propertics of
quadripoles as impedance transformers. The
second gives methods of determining the char-
acteristics of the resultant quacripole obtained
by connccting in scries or parallel two lossless
quadripotes whose transformer propertics arc
wnown. A Cayley diagram is given for the
series connection. Brief summary only.

621.392.52.011.2 2033
The Direct Setting-Up of Z,, for Closed
Mesh Networks from the Network Diagram:
Part 1—S. A. Stigant, (Bcama Jour., vol. 54,
pp. 28-36; January, 1947.) Tle impedance
tensor, Z 4, of a mesh network can be written
down directly in full detail from the network
diagram. The aff axea may be cither loop or
branch currenta. In the present article loop
currents are considered. To be continued.

621.392.52.015.33 2034

Trangition Time and Pass Band—C. C.
[caglesficld, (Proc. LRI, vol. 35, pp. 166-
167; February, 1947.) Fourier transforms are
used to define two functions which may be re-
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garded as definitions of pass band and transi-
tion time for a network subjected to a step-
function voltage. The numerical relation be-
tween these functions is that usually quoted,
but this approach avoids the “ideal filter.”

621.392,52.015.33 2035

Transient Response of Filters—V. Bele-
vitch: W. E. Thomson. (Wireless Eng.,
vol, 24, pp. 93-94; March, 1947.) Criticisms of
a statement in a letter by E. T. Emms (662
of April) that when a voltage cos wql.1 is ap-
plied to a band-pass filter the envelope of the
output transient is the same as the output
voltage produced by a unit step in the equiva-
lent low-pass filter. This statement is shown to
be untrue, in general, being valid only for a
narrow-band filter.

621.394/397).645 2036

Capacitance - Coupled Intermediate-Fre-
quency Amplifiers—M. J. Larsen and L. L.
Merrill. (Proc. L.R.E., vol. 35, pp. 71-74;
January, 1947.) Discusses the design and per-
formance of attenuating traps for television
intermediate-frequency amplifiers above 20
megacycles, using double-ended damping to
minimize changes in response due to com-
ponent variations.

621.394/.397).645.3 2037

Cathode-Excited Linear Amplifiers—J. J.
Muller. (Elec. Commun., vol. 23, pp. 297-305;
September, 1946.) The advantages of cathode-
excited power amplifiers are outlined. “The
use of neutralizing capacitances, having values
which differ from the internal capacitances
of the vacuum tubes, in combination with
appropriate rcactances between the grids of
symmetrical stages, permits control of power
amplification, stability and feedback.” The
distortion characteristics of a cathode-cxcited
stage arc illustrated by reference to inter-
modulation measurements made on a 60-kilo-
watt two-channel transmitter.

621.395/.396].645.36 2038

The Twin Triode Phase-Splitting Amplifier
—7J. D. Clare. (Electronic Eng., vol. 19, pp. 62—
63; February, 1947.) A practical circuit modifi-
cation used to operate the twin triodes under
optimum conditions and to give a flat “gain
versus frequency” response over a very wide
audio band.

621.396.611.1:621.316.5 2039

The Energy O tput of an Oscillatory Cir-
cuit Excited by a Periodically Interrupted Con-
tinuous Current—]J. Cayrel. (Compt. Rend.
Acad. Sci. (Paris), vol. 218, pD. 109-111; Janu-
ary 17, 1944.) Experiments show that when a
mercury interrupter is used, the output cffi-
ciency approximates to 100 per cent proving
that the current break occurs in a time very
short with respect to the natural frequency of
the oscillatory circuit. Interrupters with solid
contacts gave anomalous results,

621.396.611.4:534.2 2040

New Method for Calculating the Propertics
of Electromagnetic Resonators—P. Grivet.
(Compt. Rend. Acad. Sci. (Paris), vol. 218, pp.
71-73; January 10, 1944.) An adaptation to
the case of clectric vibrations of Raylcigh's
method for mechanical vibrations. For applica-
tions of this mecthod sce 2041 below.

621.396.611.4:534.2 2041

The Natural Wavelength of Cortain Electro-
magnetic Resonators—P. Grlvet. (Compt.
Rend. Acad., Sci. (Paris), vol. 218, pp. 183-185;
January 31, 1944.) The method described In
2040 above is applied to calculate the natural
wavelengths of a cylinder, a ring of rectangular
acction, a rhwmbatron, and a sphere.

621.396.615 2042

Tho Calculation of Triodo Oscillators—J.
Queflelee, (Compt. Rend. Acad. Sci. (Parls),
vol. 219, pp. 449-451; November 6, 1944.)
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Calculation based on the assumptions that the
triode operates well below saturation, that the
characteristic is linear, and that grid current is
negligible.

621.396.615.14:621.385.029.63/.64 2043
The Traveling-Wave Tube as Amplifier at
Microwaves—Kompfner, (See 2286.)

621.396.615.142 2044
A Wide-Tuning-Range Microwave Oscil-
lator Tube—Clark and Samuecl, (Sec 2291.)

621.396.615.142 2045
Transit-Time Effects in Ultra-High-Fre-
quency Class-C Operation—=-Dow. (See 2290.)

621.396.645 2046

Cathode-Coupled Triode Amplifiers—N. I.
Korman. (Proc. I.R.E., vol. 35, p. 48; Janu-
ary, 1947.) Commecent on 3811 of 1945 (Sziklai
and Schroeder).

621.396.645:621.318.572 2047

Photo-Counters and Poisson’s Law—A,
Blanc-Lapierre. (Compt. Rend. :cad. Sci.
(Paris), vol. 218, pp. 188-190; January 31,
1944.) A study of the output fluctuations of ont
amplifier excited by equal, short, and random
impulses of Jow density, The serics of ¢z
charges of a photucounter can be satisfactorily
used, and Poisson’s law is in general obeved.
For high denaties, see 2048 below.

621.396.645:621.38 2048

Shot Effect and Fluctuations at the Output
of a Linear Amplifier—A. Blanc-Lapicrre,
(Compt. Rend. Aead. Sci. (Paris), vol. 218, 1p.
2722274, February 14, 1944) Extension of 2047
above to high impulse densttics, using a photo-
electric multiplicr tube instead of a photo-
counter. Two fuormulas are given from which the
output law for any input Jensity may be de-
duced; the imiting form of this law as the dens-
ity increases indefinitely is Gaussian,

621.396.645.36 2049

Push-Pull Amplifier with Direct Coupling—
S Petralia and R, Ricamo. « Nuoro Com, vol, 3,
pp. 185-197; Junc 1, 1946, In Italian with
Enelish summary.) A battery-fed push-paull
amplifier with linear frequency mesponse to
6000 cycles and pain of the order uf 1 33010%
The output is connected to a cathode-rav
oscilloscope. Drift is low Jtter 3 minutes opera-
tion.

021.396.645.371 2050

The Anode Follower - II.  H. Briges.
(R.S.G.B. Bull, vol. 22, pp 138 1435 Manh,
19470 A full acenunt of the projerties of o cir-
cuit in which negative fecdlock is applied to a
single tube omphfier. Praetical Jorails of de-
sign are piven, with ooveral appdications

621.396.645.371.020.4 2051
The Parallel-T Bridge Amplifier \. R,
Hilan, «Jowr. P EF | cLondone, part 11, vol.
D4, pp. 42 51, Tantary, 1947, A discussion on
the design and perfirmanee of low-frequency
amplificrs using nepitive feedbrek through a
paradlel-T Lridge netword: to obtain selectivity,
“Two basic farms ot the circuit gpiving svm-
metrical selectivity are analyvzed, and a method
of varying the selectivity, while maintaining
the magnitude and frequency of the peak
amplification eomstunt, is indicated.”

621.390.602.2 2052

Guillotine Tuner for F.M.—(Elrctronics,
vol. 20, p. 136; IF'ebruary, 1947.) A variable
inductance tuning system in which a blade is
inserted between the turns of a two-turn eoil
to change their seli-inductance and mutual
inductance.

621.396.662.34.029.3 2053
An RC Audio-Frequency Filter—P. N.
Nicld. (R.S.G.B. Bull., val. 22, pp. 141-145;
March, 1947.) A ladder-type filter with a pass
band eentered usually at about 1000 cycles.
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621.39.09 2054

Electrical Transmission in Steady State
[Book Review]—P. J. Selgin. McGraw-Hill
Book Co., New York, N. Y., 427 pp., §5.00.
(Communications, vol. 27, p. 33; January,
1947.) Fundamental circuit, field, and network
principles, with detailed analysis of circuit
characteristics. Field theory and Maxwell's
equations are considered for ultra-high-fre-
quency, where lumped circuit concepts ceasc to
apply, and coupled circuits and three-conduc-
tor systems are studied.

621.396.69 2055

Radio Components for Export. [Book Re-
view]—Radio Component Manufacturers Fed-
cration, London. (Elec. Times, vol. 111, p.
211; February 13, 1947.) A new cutalogue giv-
ing a comprehensive survey of the products of
leading British firms, Printed in  English,
French, and Spanish.

GENERAL PHYSICS

534.213 2056

Propagation of Plane Elastic Waves in a
Heterogencous Medium—2\I. Paroci. «Cumpt.
Rend. Acad. Sci. (Paris), vol. 218, 1p. 69 71,
January 10, 1944, The propagation «f such
waves 1noan infnite heterogencous medium
sutistics the quadnipole equation. The case !
propagetion aleng an arbitrary Line was dis-
cussed tn 2149 of 1944,

534.213:548.0:537 2057
Propagation of Elastic Waves in a Piezo-

electric Medium—>M. Cotte. Compll Rend,
dcad, Sciv (Panis . ovoll 2180 o 445-447,
Muarch 13, 1944

535.13 2058

On the Ellipsoidal Theory of Wave Propa-
gation [Linisons Ondulatoires] - J. Direvtus-
Graf, (Mol Py Ada, val 19, 1500 309404
December 181940 In Frendtios v new theory
Pared o the pranciaes of Fermat, of Huy-
chens, bl 1 superpesition, leads to the re-
plecement o the Poanting enerey veotor by an
Clipeond withe tocuzes Gt the tronsontoer and
recerver e e de fnoson L Thas enabdes the
provlens ot JDittnoctien of aosydienical Wave Jront
o be solved by clomientooy mathematics, For
the case of ditraction Ly an absorbing soreen,
the new theony wves much simgder tormulas
than the Frosnelimteprds It thas theory is cor-
rect, dl the Glessicnd theorno s bused an that of
Moaswdliimvialve Lorundbanaonte] phase ofror of
3 deprees Corroction ot thas errar s NeCessary
for the sduton of peobt lene sacl us that of the
diffrection o aoeptaern gl wave tront ot the elpe
of o oscreens To hojae 8 expressed that com-
Pretent cutics Wi commient i the new theory.

535.231.2:621.392.020.64 2059

The *“‘Black Body" for Radio Waves— N
Nalov. v Jowr. Py USSR vel 10, no. 4,
pr. 383 3NS 090 Southawaorth Las indicated
that in onler to ol tan o puare woeling wave
inoaowave guide closcd b oometadlic piston, o
shghtly absarbing phote sould Yee placed in
front ot the piston. This plate Gaeetheer with the
space between it and the piston acts as a “black
ln)d.\'.” This pives a new method for which
formulas are donvedd oo nvestigating the
clectrical propertics af meterials ot verv-high-
frequency. See also ZE LEkop, Teor. F T2,
vol. 10, no. 6, ppr. 195-498; 1036, In Russiun )

535.329-15:535.81 2060

Dispersion of Several Optical Glasses in
the Near Infra Red- J. Ramadier. (Compt.
Rend. clead. Sei (Parisy vl 224 . 535-557;
IFchruary 24, 1947))

535.33.072-15:539.2 2061
Infra-Red Spectrographic Study of Molecu-
lar Groups —]J. Lecomte, () Champetier, and
P. Clément. (Compt. Rewd. Acad. Sei. (Paris),
vol. 224, pp. §53-555: February 24, 1947))

August

535.376 2062
Cathodo-Luminescence—A. V. Moskvin.
(Bull. Acad. Sci. (U.R.S.S.), sér. phys., vol.
9, nos. 4-3, pp. 429—462; 1945, In Russian.)
The most important properties of substances
which become luminescent, when excited by an
clectron beam, are discussed, and a number of
experimental curves are given. A theoretical
interpretation of the phenomenon is offered.

535.376 2063

On Cathodo-Luminescence of Solid Phos-
phors—E. A. Ab. (Budl. Aced. Sci. (U.R.S.S)),
sér. phys, vol. 9, nos. 4-3, pp. 467—4068;
1943, In Russian.) Experiments werce conducted
with Ca\WOy, Zn-Si0O\In, and ZnBO:Mn.
Curves are pletted showing the spectral dis-
tribution of radiation and the cffect of tem-
perature on the performance of these sub-
Stances.

537.291 2064

The Motion of Positive Ions in the Electric
Field in a Gas—I.. Sena. (Zh. Eksp. Teor. Fiz.,
vol. 16, no. S, pp. 734-738; 1946. In Russian.)
An English version was noted in 1405 of June.

537.523.4 2065

The Strbng Current Stage of an Electric
Spark in a Gas at Atmospheric Pressure.
Parts 1 and 2—1. S, Marshak. (Zi:. Eksp. Tceor.
Fiz, vol, 16, no. 8, pp. 703-717 and 718 727,
1946, In Russian, with Enghsh sumnury.
Current-versus-time and  voltage-versus-tnme
curves caleulated from encerey considerutions
are obtained. The nature of the limitatinn of
current density increase at a later stage of the
disclisrge is explained.

537.525 2066

On the Oscillation of the Electron Plasma—
L. Landon. «Zk. Eksp. Teor. Fiz., vol. 10, no. 7,
pp. ST4-380; 1946. In Russiant Equations
are derived determining the oscillations arising
in a plisma owing to the initial unbalinced
distnibution of c¢lectrons. It is shown that these
oscillations decrease with time. The penetration
of an external oscillating field into the plisma
i< .dso considered.

537:525.5 2067

Spontancous Electrical Oscillations in
Low-Pressure Arc Discharge—B. Granovsky
and L. Byvkhovskaya. (Jour. Phys. (USSR,
vol. 10, no. 4, pp. 331-339; 1940 Four d:it-
ferent modes of oscillation depend upon dis-
charge conditions and especially upon whether
the cathiode spot is free or anchored. Graphs
show the dependence of the frequency and peak
amplitinde of these ascillations upon pressure,
current, and are length.

537.525.5 2068

Rate of Growth of Current in Arc Dis-
charges—K. D. Frooeme. '+ Nature Londont,
vol, 139 . 126 January 25, 19477 Discusses
the characteristics of the high-intensity, short-
duration type of discharge through small gas
tubes, A tuller account will be published later

537.531:535.341 2069

Measurement of X-Ray Absorption Coeffi-
cients—J. Devaux and A Guinier. «Compt.
Rend, Acad Sci.Parisy, vol. 218, pp. 318320,
February 21, 194403 A monochromatic beam
passes successively through  two  fonization
chambers to which veltages of opposite sign are
applicd. These chambers are separated by the
absorbing material: the first has low sensitivity
which ix controlled by the displacenient of a
screen, with micremeter adjustment, in front of
the coilecting electrode. In equilibrium  the
ionization cnrrents in the two chambers are
cqual and opposite. The apparatus is cali-
brated by noting the micrometer reading cor-
responding to absorbing material of known
composition and thickness. A thickness varia-
tion uf 1 micron in sheet aluminum 0.235 mitli-
meter thick causes a galvanometer spot de-
flection of 4 centimeters.
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537.533.9:778.3 2070

A New Method for Studying the Mecha-
nism of the Photographic Action of Electrons—
P. Scline. (Compt. Rend. Acad. Sci. (Paris),
vol. 219, pp. 60-62; July 10, 1944.)

537.562:551.510.535 2071

On the Mean Encrgy of Electrons Released
in the Ionization of Gas—G. Drukarev. (Zh,
Eksp. Teor. Fiz., vol. 16, no. 6, pp. $83-188;
1946. In Russian, with English summary.) As
an electron released by ionization gives up its
cnergy during a large number of coliisions, the
mean encrgy of the clectron is larger, under
certain conditions, than the thermal energy of
the remainder of the gas. The conditions under
which the electrons may be regarded as a gas
having a temperaturc are considered, a formula
for this temperature is derived and applicd to
the jonosphere. An English version appears in
Jour. Phys. (U.S.S.R.), vol. 10, no. 1, pp. 81-84;
1946.)

538.114:539.23/.24 2072
Theory of the Structure of Ferromagnetic
Domains in Films and Small Particles—C.
Kittel. (Phys. Rev., vol. 70, pp. 965-971;
December 1-15, 1946.) Discussion of “the
theory of the domain structure of ferromag-
netic bodies whose smallest dimension is com-
parable with the thickness of the Weiss do-
mains as found in crystals of ordinary size.”

538.22 2073
Thermoremanence and the Theory of
Metamagnetism—IE. Thellier. (Compt. Rend.
Acad. Sci. (Paris), vol, 223, pp. 319-321;
August 12, 1946.) Recent researches on the
thermoremanence of FegOsee and certain baked
carths show that these substances are meta-
magnctic, i.e., paramagnetic and ferromag-
netic, simultancously. The essentiai character-
istics of this condition arc described by J.
Becquerel (Congrés de Strasbourg, “Le Mag-
nétisme,” vol. 1, pp. 97-139, 1939; see 3597 of
1946). Three important differences are noted
between isothermal remanence and thermo-
remanence; theory must allow for these.

538.221 2074

On the Exchange Interaction of the Valence
-and Inner Electrons in Ferromagnetic (Transi-
tion) Metals—S. Vonsovsky. (Jour. DPhys.
(US.S.R.), vol. 10, no. 5, pp. 468-475; 1946.)

538.245 2075

On the Connection between the Magnetiza-
tion and Hysteresis Curves of Polycrystalline
Ferromagnetic Bodies—N. Poptzov and I..
Tchernikova. (Zh. Eksp. Teor. Fiz., vol. 16,
no. 6, pp. 513-522; 1946. In Russian, with
English summary.) The connection is con-
sidered  between  the magnetization  and
hysteresis curves of soft polycrystalline ferro-
magnetic substances having a small degree of
magnctic anisotropy, such as permalloy and
alsifer. Specimens of polycrystalline cobalt were
also examined.,

The experimental hysteresis curves agree
with theoretical curves computed from E.
Kondorsky's formula (591 of 1944) over the
whole range of magnetic-field values from zero
to the corrcive force of the specimen concerned.
Full English  translation  in Jour. Phys.
(L.S.S.K,), vol. 10, no, 1, pp. 85-91; 1940,

538.245:539.185.9 2076

Necutron Polarization and Ferromagnetic
Saturation—F. Blaoch, R. 1. Condit, and 1L
. Staub. (Phys. Rev., vol. 70, pp. 972 973;
December 1-15, 1946.)

538.532:621.316.974:621.318.4 2077

The Ficld of a Coil Between Two Parallel
Metal Sheets—1, B, Moullin, (Jour. 11512
(London), part 111, vol. 94, pp. 78 -84 January,
1947.) An investigation of the problem of 2
circular coil of any radins with its plane parallel
to two infinite and perfectly conducting planey
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separated by any distance. The exact expres-
sion for the field when the sheets are close to-
gether is derived, giving the absolute calibra-
tion for an “attenuator” of this type. The re-
sults obtaincd are applicable to the case of a
coil enclosed in a cylindrical screening can with
closed ends. Sce also 821 of 1941.

538.56:535.42 2078

On a Problem of Diffraction of Electro-
magnetic Waves at the Surface of Separation
of Two Media—L. Robin. (Compt. Rend. Acad.
Sci. (Paris), vol. 218, pp. 135-136; January 24,
1944.) A treatment of the case of an infinite
diffracting plane. The solution is not limited to
sinusoidal functions of the time; the two media
are conductors, and the scalar equation of
propagation of spherical waves is valid. Sce
also 2079 below.

538.56:535.42 2079

A Problem of Propagation and of the Dif-
fraction of Electromagnetic Waves at the Sur-
face of Separation of Two Media—L. Robin.
(Compt. Rend. Acad. Sci. (Paris), vol. 218, pp.
989-990; Junc 26, 1944.) An application of
Maxwell’s equations to the case treated in 2078
above.

538.56:535.421 2080
On a Theorem in the Theory of Diffraction
and Its Application to Diffraction by a Nar-
row Slit of Arbitrary Length—DNM. Leontovitch.
(Zh. Eksp. Teor. Fiz., vol. 16, no. 6, pp. 474-
479; 1946. In Russian, with English summary.)
The problem of a plane clectromagnetic wave
incident on a thin plane perfectly conducting
screen with an aperture of arbitrary shape can
be reduced to that of a similar wave incident
on a perfectly reflecting lamina of the same
shape as the aperture. In the special case of a
narrow slot, it can be solved completcly.

538.566 2081
The Field of a Plane Wave Near the Surface
of a Conducting Body—V. Fock. (Jour. Phys.
(US.S.R.), vol. 10, no. 5, pp. 399-409; 1946.)
Expressions are derived for the field at any
point on or near the surface of a convex body of
finite conductivity. From a knowledge of the
distribution of the currents induced by an
incident planc wave, an approximate solution
can be obtained for the case of diffraction by a
conducting convex body of arbitrary shape.

538.691:531.553 2082

The Hodoscope—]. Loeb. (Onde Elec., vol.
27, no. 238, pp. 27-31; January, 1947.) A dis-
cussion of the principles and possible applica-
tions of an instrument by means of which the
trajectory of an clectrified particle in a sta-
tionary magnetic field can be traced without
calculation.

541.183.26:621.352.36.011.2 2083

The Effect of Physical Adsorption on the
Electrical Resistance of Activated Carbon—
R. Mclintosh, R. S. Hainces, and G. C. Benson.
(Jour. Chem. Phys., vol. 15, pp. 17-27; Janu-
ary, 1947.) Mecasurements of resistance
changes duc to adsorption of various vapours.

537.228.1 2084

Piczoelectricity [Book Review]—W. G.
Cady. McGraw-Hill Book Co., New York and
London, 806 pp., $9.00 or 45s. ([ilec. Rev.
(London) vol. 139, p. 1028; December 20, 1946
Jour. Appl. Phys., vol. 17, pp. 1130-1131; De-
cemnber, 1946.) A detailed survey of the whole
dnmain of crystal physics that centers around
piczeoclectricity. ““I'o the mature physicist and
gerious regearch student the work will be in-
valuable. . .. Fhe technical applications are
only treated insofar as they illustrate the
seientific side of the subject.”

GEOPHYSICAL AND EXTRA-
TERRESTRIAL PHENOMENA

523.5:621.396.82 2085
The Giacobinid Mcteor Shower, 1945 -J. 5.

847

Hey. ( Nature (London), vol. 159, pp. 119-121;
January 25, 1947.) A morc detailed account of
the observations discussed in 1753 of July.

523.53 2086

Derivation of Meteor Stream Radiants by
Radio Reflexion Mecthods—]. S. Hey and G.
S. Stewart. (Naiure (London), vol. 158, pp.
481-482; October 5, 1946.) With 150 kilowatt
peak power on vertical pulse transinission
(wavelength of 4 to 5 meters), definite correla-
tion is found between ccho reception peaks
and the Quadrantid and Lyrid meteor showers
in January and April, 1946. ‘Ihe echoing sourcc
is sensitive to aspect and a technique is de-
scribed whereby the activity and radiant dirce-
tions of the main meteor streams can be ob-
served both by day and night in all weathers.

523.7:621.396.822.029.62 2087

On the Radio-Frequency Emission from
the Sun: Part 1—]. V. Garwick. (Compt. Rend.
Acad. Sci. (Paris), vol. 224, pp. 377-379; Febru-
ary 10, 1947.) Deductions from the hypothesis
attributing the emissions to the rotation of clec-
trons round the lines of force of a magnetic
ficld H are discussed and compared with Ap-
pleton’s results (323 of 1940). Agreement be-
tween the theoretical and experimental curves
indicates that for wavelengths above 5§ meters
the radiation intensity is proportional to 23,
Possible explanations are suggested for the dis-
crepancies between theory and experiment for
wavelengths from 2 to 5 meters. For part 2 see
1758 of July.

523.72:621.396.822 2088

Origin of Radio Emissions from the Dis-
turbed Sun—D. F. Martyn. (Nalurc (London),
vol. 159, pp. 26-27; January 4, 1947.) A theory
accounting for solar radio cmnissions associnted
with sunspots. Radiation may occur by virtue
of an “extraordinary” mode of oscillation of the
ionized gases above the chromosphere.

523.745:550.384 2089

Relations between Solar Activity and
Fluctuations in the Magnetic Declination at
Lyons—]). Dufay and P. Flajolet. (Compt.
Rend. Acad. Sci. (Paris), vol. 218, pp. 46-48;
January 4, 1944.) A graph of the mean ampli-
tude A of declination fluctuationsand the Wolf-
Wolfer relative number S for sunspot activity
for the years from 1884 to 1933 gives a correla-
tion coefficient between A and S of +0.45 for
the decreasing phase and of +4-0.76 for the
increasing phase. At Paris Brazier has found,
for the years 1884 to 1917, a mean value of
-+0.33. Sce also 2090 below.

523.745:550.384 2090

The Annual Variation of the Magnetic
Declination Fluctuations at Lyons and Its Re-
lations with Solar Activity—]. Dufay and P.
Flajolet. (Compt. Rend. Acad. Sci. (Paris),
vol. 218, pp. 162-164; January 24, 1944.) De-
tailed analysis of the data for the period 1884
to 1933 confirms the results of Kostitzin regard-
ing the retardation of the autnmn maximum
and its large amplitude during the increasing
phasce of solar activity. During the decreasing
phage, on the contrary, there iy a tendency for
the maxima to be displaced in the opposite sense
and the spring maximum hecomes the moreim-
portant. This can be attributed to two causes:
(a) solar activity generally increases more
rapidly than it decreases; and (b) the progres-
give diminution of the latitude of the sunspots
during the cycle makes them more and more
effective. See also 2089 above.

523,746 2091

Structure of Sunspots— G. J. Odgers. (AMon.
Not. R. Astr. Soc., vol. 106, no. 2, pp. 101--107.)
“Fhe possibility that a sunspot is merely a
region in which the product of the absorption
cocfficient and the deusity is higher than that
of the diglk is exaunined.” Solution of the cqua-
lions of radiative equilibriun ghows that the

B R R
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observed contrast between spot and disk can be
explained by increased density inside the spot.
Other features of spots are explained similarly,

523.781945.07.09"°:621.396.812:551.510.535
2092
Radio Observations during the Solar
Eclipse of July 9, 1945—N. D. Papalxsi. (Bull.
Acad. Sci. (U.R.S.8.), sér. phys., vol. 10, no. 3,
pp. 237-242; 1946. In Russian.) The {ollow-
ing preliminary conclusions were obtained from
a general survey of the observations: (a) the
predominant role of the ultraviolet radiation
from the sun in the ionization of all layers of
the ionosphere is confirmed; (b) the density of
the ionization of the F: layer diminished by 20
to 30 per cent of the average value some 40 to
50 minutes after totality; (¢) during the
photon cclipse the direction of the signals re-
flected from the F» layer was altered, which
indicates curvature of this layer; and (d) dur-
ing the period corresponding to the corpuscular
cclipsc for particles, with velocities of the order
of 500 kilometers per second, peculiar perturba-
tion effects were observed in the state of ioniza-
tion of the whole depth of the ionosphere from
the Fz layer to the E layer.

523.781945.07.09°7:621.396.812:551.510.535
2093

On Radio Observations during the Solar
Eclipse of July 9 1945—Ya. L.Al'pert and B.
N. Gorozhankin, (Bull. Acad. Sci. (U.R.S.S.),
sér.phys., vol. 10, no. 3, pp. 245-251; 1946. In
Russian.) Observations were carried out near
Moscow to dctermine the cfiects of the ultra-
violet nad corpuscular radiations from the sun
on the jonization of the upper layers of the
atmosphliecre and to investigate the possib'e
curving of the reflecting regions of the iono-
sphere during the photon cclipse.

The main results were: (a) it was confirmed
that the ultraviolct radiation from the sun
determines the ionization of the E layer, and
the measured azimuth values of retlections from
the F; layer are consistent with the assump
tion that a certain curvature of the laver
takes place during the ultraviolet cclipse of
sun; and (b) the ionosphere appears to be
affeeted by the corpuscular radiation from the
sun and in particular by particles with velocities
of 400 to 600 Lilometers per second.

523.78'¢1945.07.09'':621.396.812.551.510.535
2094
On the Results Obtained in the Investiga-
tion of the lonosphere during the Solar Eclipse
of July 9, 1945—A. N. Kozantsefl. (Bull.
Acad. Sci. (U R.S.S)), sér. phys., vol. 10, no.
3, pp. 201-207,; 1946. In Rusiian.) Observa-
tions were made at a temporary fonwsphere sta-
tion ncar Leningrad. The ficld intensitics of
the Leningrad and Kuibishe!? radio-telephone
stations (at frequeacdies of the order ot 7
megacycles) were also compared at thi: point.
The observations have confirmed the pre-
dominant role of the ultmviolet rudiation
from the sunin the ionization of the ionosphere.
Thus an abrupt Jdiminution of the absorption,
and thercfore of the innization ol the luwer lay-
ers, was observed «uring the optical ceclipse,
together with a decrease in the ionization of
the F oregion. The ceffeets of the corpuscular
cclipse were much less obvious, but the gradual
increase in the field intensity two hours before
the eclipse was probably due to the corpuscular
cclipse for fast particles in accordance with
Milne's calculations.

523.78.'*1945.07.09"":621.396.812.029.62/.63
2095
Observations of the Ultra-Short-Wave
Propagation during the Solar Eclipse of July 9,
1945—N. [. Kabanoff. (Bull. Acad. Sci.
(U.R.S.S)), stér. phys,, vol. 10, no. 3, pp. 275~
276; 1946. In Russian.) Army radar stations
were used for observing signals reflected from
obstacles such as hills, tall buildings, or masts,
Obscrvations were carried out at hundreds of
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places in the zone of the cclipse over distances
up to several tens of kilometers. The main
preliminary conclusions rcached from a statis-
tical analysis of the data are as follows: during
the total eclipse an increase of 135 to 20 per cent
in signal amplitude was observed for distances
of 20 to 60 kilometers at decamcter and meter
wavelengths, but for distances of 15 to 20
kilometers the corresponding increase was much
smaller; no increase was observed for distances
2 to 10 kilomcters at meter and decimeter
wavelengths.

523.784¢1945.07.09":621.396.812.029.64 2096

Observations of the Variations of the Ultra-
Short-Wave Intensity during the Solar Eclipse
of July 9, 1945—N. V. Ozipofi. (Bull. Acad.
Sei. (U.R.8.S.), sér. phys., vol. 10, no. 3, pp.
281-284; 1946. In Russian.) Obscrvations were
carried out at wavclengths of 1.44 and 4.00
meters over a distance of 35 kilometers due
south of Moscow. Preliminary studics were
made during the six months preceding the
celipse. During the cchipse the expected in-
crease in the ficld intensity was observed, ac-
companicd by rathier strong tfading. The muxi-
mum held intensity did not quite coincide with
totality; this was probably duc to thie presence
of the fading. It was thus establishea that dur-
ing the cclipse the conditions of radio trans-
mission approached for a short period those pre-
vailing at night.

535.338.4:551.593.9 2097

A New Method of Molecular Spectrum
Analysis with Application to the Spectrum of
the Night Sky—D. Barbier. (Compt. Kend.
Acad. Sci. (Paris), vol. 224, pp. 385-397;
February 10, 1947))

537.591 2098
Showers of Mesotrons and of Slow Particles

—J. Daudin. (Com:ft. Rend. Acad. dei.  Punisy,
vol. 218, pp. 192-193; Junuery 31, 1944
Apparctus tur observation comjrises throe

rounters in o mass of lead and a Walson cham-
Ler with lead partition, Results are disqussed.
For further results sce 2099 belov..

537.591 2099
Showers of Mesotrons and of Slow Parti-
cles—]. Duaudin. (Compt. Rend. Acad. Sei
(Paris', vol. 218, pp. 275-270; Felruary 14,
1944 A discuszion of further results obtained
with the appuratus described in 2098 L bove.

537.591 2100

Probable Existence of a Particle of Mass
990 m, in Cosmic Radiation—L. Le¢jrince-
Ringuet and M. Lheritier. (Compt. Rend. Acad.
Sei. (Parig), vol. 219, pp. 618-620; Decembr
13, 1944.)

537.591 2101

Some MNecsotron Observations by Simul-
tancous Registration at Two Stations—F. A,
Benedetto, (Phys. Rev., vol. 70, pp. 817-820;
December 1-15, 1946.) Mean life range near
sei level was estimated at 9.7 2 3 kilometoers
By corrclating ground  values of mesotron
intensity  with variations in the heights ot
which pressures from 1000 to 100 millibars oc-
cur, it is inferred that two production levels
for mesotrong exist at approximately 5.5 to
16 kilomcters.

537.591 2102

Multiple Scattering and the Mass of the
Meson—H. A. Bethe. (Phys. Rer., vol. 70, pp.
§21-831; December 1-15, 1946.) Multiple
scattering by the atoms of the gas in a cloud
chamber can cause large apparent curvature of
tracks. An analysis shows that all published
meson tracks arce compatible with a unique
mass of about 200 electron masses. Sce also
1428 and 1429 of Junec.

537.591 2103
On the Fine Structure of Zenithal Curves
of the Cosmic Radiation—G. Cocconi and V.

August

Tongiorgi. (Phys. Rev., vol. 70, pp. 850-852;
Deccember 1-15, 1946.)

537.591 2104
The Mean Lifetime of the Meson—G.

Cocconi and V. Tongiorgi. (Plys. Rev., vol.
70, pp. 835-859; December 1-13, 1946.)

537.591 2105

On the Mean Life of Slow Mesons—A>\I.
Conversi and O. Piccioni. (Phys. Rev., vol. 70,
pp. 839-873; December 1-13, 1946.)

537.591 2106

On the Disintegration of Slow Mesons—\I.
Conversi and O. Piccioni. (Phys. Rer., vol. 70,
pp. 874-881; December 1-15, 19406.)

537.591 2107

A Note on the Proton Hypothesis of the
Primary Component of Cosmic Rays—N.
Arley. (Phys. Rer., vol. 70, pp. 975-976;

December 1-135, 1946.)

537.591.15 2108
The Density Spectrum of the Extensive
Cosmic-Ray Showers of the Air—G. Cocconi,
A. Loverdo, and V. Tongiorgi. (Phys. Rer.,
vul. 70, PP, §41-849; December 1-15, 1946.)

537.591.15 2109

Experimental and Theoretical Evaluation
of Density Spectrum of Extensive Cosmic-Ray
Showers—H. Cocconi, A. Loverdo, and V.
Tongiorgi. (Phys. Rev,, vol. 70, pp. §46-349;
December 1-13, 1946.)

537.591.15 2110

Penetrating Particles in Air Showers—G.
Cowcont, AL Loverdo, and V. Tongiorgi. «Phys.
Reo, vol. 70, pp. 832-854; December 1-13,
1946,

537.591.15 2111

The Density Spectrum and the Origin of
Extensive Atmospheric Cosmic-Ray Showers—
G Coccont. Phys. Rer., vol. 70, p. 975, De-
cember 1-13,1940.)

537.591.15 2112

The Main Results Obtained by the Pamir
Expedition for the Investigation of Cosmic
Rays —D. V. Skobel'tsyn. (Bull. Acad. Sci.
(L.R.S.5)), s¢r. phys., vol. 9, no. 3, pp. 250-258;
1945, In Russian.) A brief report on the work
o! the expedition whose main task was the
investigation of showers and nuclear fission at
a height of about 3800 meters. See also 1441 of
June.

537.591.15 < 2113

The Problem of Fluctuations in Cosmic
Radiation Showers—2\1. Della Corte. ( Nuoro
Cim, vol. 3, pp. 142-151; June, 1940, In
Italian, with English summary.)

538.566.3 2114

Mcasurements of Changes of the Phase
Paths of Radio Waves in the lonosphere—]J.
W Findlay. ( Nature (London), vel. 139, pp.
58.539: Junuary 11, 1947.) A rmodification of
the pulsc method is described whereby both
the mugnitude and the sense of a change of the
phise path can be determined. The method
was used to study the changes of the phase
path of pulses retlected from the E and F lavers,
using wavelengths of 150 and 75 meters. On
20 occusions during obscervations of the E
ln_\_'-:r Dellinger fade-outs occurred, their start
being marked by a rapid reduction of the phase
pn_[h. of the order of 1 kilometer in about a
minute. The recovery of the echo enrresponded
with a slower increase of the phase path. The
rgsulls are discussed and possible explanations
given.

538.7+4[523.7:538 2115

A Theorctical Interpretation of Terrestrial
and Solar Magnetism—J. Mariani. (Compt.
Rend. Acad. Sci. (Paris), vol. 218, pp. 555-586;
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April 3, 1944.) A new geometrical interpreta-
tion based on a Riemann torsion space,

551.508.19 2116
Pressure and Temperature Measurements
in the Upper Atmosphere—N. R. Best, E.
Durand, D. I. Gale, and R. J. Havens. (Phys.
Rev., vol. 70, p. 985; December 1-15, 1946.)
A description of experiments using a V-2
rocket in New Mexico. Measurements were
made up to 90 kilometers above sea level.

551.510.535+4523.746+621.396.812 2117

Ionosphere Review—T. W. Bennington.
(Wireless World, vol. 53, pp. 108-111; March,
1947.) A discussion of the correlation between
solar activity and ionosphere effects, with pre-
dicted sunspot numbers to 1951 and details of
working frequencies for radio transmission
during 1947.

551.510.535:537.562 2118

On the Mean Energy of Electrons Released
in the ionization of Gas.—Drukarev. (See
2071.) .

551.593.9 2119

Altitude of Emission of the Light of the
Ijight Sky—P. Abadie, E. Vassy and Mme.
E. Vassy. (Comp!l. Rend. Acad. Sci. (Paris), vol.
218, pp. 164-166; January 24, 1944.) The re-
sults obhtained at the Pic du Midi can be ex-
plained by the assumption of two thin emitting
layers, one at a height of 900 to 1000 kilometers
and another at 65 to 70 kilometers, the zenith
emission of the lower layer being slightly the
weaker. A single thin or thick layer will not
explain the results.

551.594.12 2120

Ionic Equilibrium in the Lower Atmosphere
—1J. Gilbert. (Compt. Rend. Acad. Sci. (Paris),
vol. 224, pp. 584-587; February 24, 1947.)
Discussion of the results of various investi-
gators shows that (a) the equilibrium rela-
tions of Gish and Sherman are applicable if
account is taken, apart from Aitken nuclei, of
centers not acting as condensation nuclei;
(b) the number of supplementary centers at
Chambon is sensibly constant (about 30,000);
and (c) the number of centers at Paris is much
higher in winter than in summer.

551.594.21:539.16.08 2121
On the Application of Wilson’s Mechanism
to Thunder-Clouds—]J. Bricard. (Comp!. Rend.
Acad. Sci. (Paris), vol. 224, pp. 487-489;
February 17, 1947.) The presence in the cloud
of large particles and the operation of Wilson's
mechanism can account for the local field incre-
ments responsible for luminous discharges.

551.594.6:523.746.5 2122
Ionospheric Fluctuations of Sudden Origin
and the Eleven-Year Solar Cycle—R. Burcau.
(Compl. Rend. Atad. Sci. (Paris), vol. 219, pp.
461-463; November 6, 1944.) Obscrvations
from 1930 to 1944 of sudden increases of the
mean level of atmospherics on a wavelength of
11,000 mcters, show a close connection be-
tween the frequency of their occurrence and
the changes of solar activity. Both curves show
the 11-year cycle, with no phase difference.

551.594.6:621.39.029 2123

Effect of Wavelength on the General Level
of Atmospherice—R. Burcau. (Compl. Rend.
Acad. Sci. (Paris), vol, 219, pp. 349-351;
October 9, 1944,) Automatic recording of Atmos.
pherics on wavelengths from 25,000 to 115
meters and ohservations on shorter waves (85
to 20 meters) show that the range of sources
of atmospherice decreascs from over 3000
kilometcrs for 25,000-meter waves to about 46
kilometers for 26-meter waves. Special features

of the cffects observed on the shorter waves .

are discussed and also a crevasse gsometimes
found in the atmosplierics curve for 11,000-
meter wavelength.,

Abstracts and References

537.591 2124

Les Rayons Cosmiques: Les Mésotons.
[Book Review]—L. Leprince-Ringuet. Editions
Albin Michel, Paris, 373 pp., 330 {r. (Rev.
Sci. (Paris), vol. 84, pp. 432-433; October 15,
1946.)

LOCATION AND AIDS
TO NAVIGATION

621.396.824 2125

Lateral Deviation of Radio Waves at Sun-
rise—W. Ross and E. N. Bramley, (Nature
(London), vol. 159, p. 132; January 25, 1947.)
An account of observations made at Slough on
the 6.05-megacycle, British Broadcasting
Corporation transmitter in Cumberland during
April and May, 1946; the sunrise line being
then approximately along the transmission
path. “The bearings immediately following the
maximum usable frequency condition were
usually some 10 or 20 degrees to the cast of the
true direction, which was afterwards gradually
approached.” Calculations of bearing deviation
based on changes with time of the equivalent
height of reflection agreed with the directional
observations.

621.396.93 2126
Radio Direction-Finding—(Eleclrician, vol.
137, pp. 1213-1215; November 1, 1946.) Sum-
maries of the following papers read before the
Institution of Electrical Engincers Radio Sec-
tion:—“The Use of Earth Mats to Reduce the
Polarization Error of U-Type Adcock Direc-
tion-Finders,” by R. L. Smith-Rosc and W.
Ross; “The Development and Study of a
Practical Spaced-Loop Radio Direction-Finder
for H.F.,” by W. Ross; “Site and Path Errors,”
by W. Ross; “Experiments on Conducting
Screens for a U-Type Spaced-Acrial Radio
Direction-Finder in the Frequency Range
600-1200 Mc/s,” by R. R. Pecarce; and “The
Location of Thunderstorms by Radio Direc-
tion-Finding,” by F. Adcock and C. Clarke.

621.396.93:621.396.663 2127

The Design of Electromagnetic Radio-~
goniometers for Use in Medium-Frequency
Direction-Finding—]. H. Moon. (Jour. 1.E.E.
(London), part III, vol. 94, pp. 69-77; Janu-
ary, 1947.) An investigation into the causcs of
errors and an account of modifications designed
to reduce them. The more important results ob-
tained with a new and improved design are
tabulated; this design is shown to be 6 decibels
better in signal-to-noise ratio than any exist-
ing design and has a maximum instrumental
error of less than 4% degree.

621.396.9334621.396.96 2128

Radar Navigation—(Jour. I.E.E. (London),
part IIIA, vol. 93, no. 2, pp. 511-512; 1946.) A
discussion led by H. B, Law on 1789 to 1791
and 1793 of July. Dippy and Jones: Woods and
Carter.

621.396.933 2129

A Review of Radio Aids in Aviation—C. B.
Bovill. (Jour. 1.E.E. (London), vol. 6, pp. 250~
272; December, 1946.) An introduction to the
applications of the radio art to aeronautics,
with a discussion of some of the technical and
practical problems involved.

621.396.96 2130

The Maximum Range of a Radar Set—K.,
A. Norton and A. C. Omberg, (Proc. .LR.E.,
vol. 35, pp. 4-24; January, 1947.) Formulas arc
developed for calculating the mnaximum range,
The parameters considered are atmosplieric
attenuation, transmitted power, acrial gains,
transmission-line losses, noise factor of the
receiver, visibility of the pulse depending on
the pulse width, receiver handwidth, pulse re-
currence frequency and type of display, ex-
ternally generated noise including fluctuation
nolsc from apace or the sun, and position of the
acrials with respect to the ground as it affects
the polar diagrams and the cffective echolng

849

arca of the target. The effective arca of
spherical reflectors is considered in detail in
terms of Fresnel zones and the derived formulas
are applied to calculate the intensity of radio
reflections from the moon, A table gives values
of the various parameters for twenty different
radar equipments together with the derived
range indexes. An appendix gives formulas for
the characteristics of elliptical ground-reflec-
tion Fresnel zones on a plane ecarth,

621.396.96:535.39 2131
Frequency Dependence of the Properties of
Sea Echo—Goldstein. (See 2218.)

621.396.97:621.396.664]:621.392.029.64 2132
High-Speed Waveguide Switch—Bishop.
(Sec 2253.)

621.396.96(71)

Radar Development in Canada—F. H.
Sanders (Proc. I.R.E., vol. 35, pp. 195-200;
February, 1947.) A brief survey of the visit of
the Canadian group to England in 1939, of the
visit of the Tizard Mission to North America
in 1940, and the subsequent development and
production of radar in Canada.

621.396.96 2134

Radar—What It Is [Book Review]—]. F.
Rider and G. C. B. Rowe. J. F. Rider, New
York, N. Y., 1946, 80 pp. $1.00. (Proc. I.R.E.,
vol. 35, p. 190; February, 1947.) For the aver-
age nontechnical reader.

MATERIALS AND SUBSIDIARY
TECHNIQUE

535.37 2135

Decay of Zinc Sulphide Type Phosphors—
H. A. Klasens and M. E. Wise. (Nature
(London), vol. 158, pp. 483-484; October 5,
1946.) A calculation of luminescence intensities
over the whole decay period. Sce also 1808 of
1946.

535.37 2136
On the Mechanism of the Luminescence
of Phosphors—V. V. Antonov-Romanovski.
(Bull, Acad. Sci. (U.R.S.S.), sér, phys., vol. 9,
nos. 4-5, pp. 369-390; 1945. In Russian.) A
critical survey of the present state of knowl-
edge, including some of the author’s results.

538.114:669.15.24 2137
Magnctoresistance and Domain Theory of
Iron-Nickel Alloys—R. M. Bozorth. (Phys.
Rev., vol. 70, pp. 923-932; December 1-15,
1946.) Domain theory is applied to iron-nickel
alloys to predict the ratio of tension to mag-
netic field at which the resistivity is equal to
that of a normal unmagnetized alloy. The
theory is accurately confirmed by measure-
ments. The difference between the resistances
measured in (a) a transverse, and (b) a longi-
tudinal magnetic field is independent of the
domain distribution in the normal state.

538.221 2138

Ferromagnetic Propertics of the Com-
pounds MnMi; and Fe3C—C. Guillaud.
(Compl. Rend. Acad. Sci. (Paris), vol. 219, pp.
614-616; December 13, 1944.)

538.3:539.215.2 2139

The Electrical Constants of a Material
Loaded with Spherical Particles—L., Lewin
(Jour. 1.E.E. (London), part III, vol. 94, pp.
65-68; January, 1947.) A theoretical investiga-
tion of the permittivity and permeability of a
mixture consisting of a homogenecous matcerial
in which particles are embedded. Air bubbles as
“particles” in dlelectrics and iron-dust cores
are considered. The perieability may depart
from unity or be complex even when none of the
substances is ferroinagnetic,

546.2874-679.5 2140

Plastics and Silicones—(Gen. Iilec. Rev.,
vol. 50, pp. 47-48; Janunary, 1947.) A list of
new developments,

]
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549.514.1:537.228.1 2141

A Theory of the Control of Twinning in
Quartz—W. A. Wooster. (Nalure, (London),
vol. 159, pp. 94-95; January 18, 1947.) The
theory accounts for the production of sub-
stantially single-crystalline specimens by the
application of a torque at temperatures some-
what lower than the a—§f transition point.
Sece also 1874 of 1946.

620.2:621.396.69(213) 2142
Choice of Materials for Tropical Radio
Equipment—D. F. Livingstone and J. W.
Whitehead. (Jour. I.E.E. (London), vol. 6,
pp. 172-176; September-November, 1946.) A
brief guide intended to assist in the examina-
tion of materials and radio equipment to de-
cide whether or not they are suitable for tropical
use. No details of tropicalization mecthods or
specific tropical components are included.

621.314.63.621.315.59 2143

The Thermal Encrgy of Rectification—H. I.
Amirhanov. (Bull. Acad. Sci. (U.R.S.S.), sér.
phys., vol. 5, nos. 4-5, pp. $47-456; 1941, In
Russian with English summary.) A scmicon-
ductor placed between two clectrodes become=
a rectifier if the electrodes are kept at different
temperatures, Experiments with Cu:O aad
PLS are described and the results tabulated
and curves plotted. The direction of rectifica-
tion depends on whether the conductivity of the
sample is of the election or hole type. The dis-
tribution of resistivity in the barrier layer was
also investigated. A theorctical interpretation
of the results is given.

621.315.6:621.396 2144

New Dielectric and Insulating Materials in
Radio Enginecring—(Jour. I.E.E. (London),
part 111, vol. 94, pp. 58-59; January, 1947.)
Sumuinary of Institution of Electrical Engincers
Radio Scction discussion led by J. C. Swallow
and C. P. Britton.

621.315.616.018.14 2145

A Note on the Effect of Combined Carbon
Monoxide on the Power Factor of Polythene—
W. Jacksonand J. S. A. Forsyth. (Jowr. I.E.E.,
(London), part I11, vol. 94, pp. 55-37; January,
1947.) Slight concentrations of carbon mon-
oxide in the original ethylene gas are sufficient
to cause an appreciable increzse in the power
factor of the polymer. Power factars of pureand
impure polythene are shown graphically. For
previous worlk see 2765 of 1945,

621.315.616.9.015.5 2146

Intrinsic Electric Strength of Polythene—
W, G. Oakcs. ( Nature, (I.ondon), vol. 139, pp.
29-30; January 4, 1947.) Measurcments of the
direct-current  clectric strength support  the
predictions of Fréhlich's theory.

621.318.23 2147
The Design and Application of Modern
Permanent Magpnets —A. J. Tyrrelll (Jour.
1.E.E. (LLondom), vol. 6, pp. 178-213; Sep-
tember-November, 1944.) A short acceount is
given of the development of permanent mag-
netic atloys, with a table of the properties of
many commercial magnet materials. Methords
of measurement of the magnetic properties and
performance  are  discussed.  Manufacturing
problems, heat treatment, stabilization, and
methods of magnetization are fully treated.
The general principles of design are considered
and detailed design procedure is given for the
types of permanent magnets required in lond-
spealiers, meters, motors, generators, etc. The
design of mapnetron magnets requires special
treatment and is only mentioned bricfly. Ap-
plications are considered with particular refer-
cnce to the use of Ticonal-G alloy, for which
magnetic characteristic graphs are given.

621.318.23 2148
Discussion on the Design and Application
of Modern Permanent Magnets—G. L, Ham-

PROCEEDINGS OF THE I.R.E.—Waves and Electrons Section

burger. (Jour. 1.E.E. (London), vol. 6, pp.
247-248; December, 1946.) A discussion with
special reference to Tyrrell's paper (2147
above.)

621.318.323.2.042.14:621.317.331 2149

Measurement and Control of Interlaminar
Resistance of Laminated Magnetic Cores—
Franklin (See 2170.)

621.357.6 2150

Electroforming for Precision—H. R. Clau-
ser. (Sci. Amer., vol. 176, pp. 15-17; January,
1947.) The outstanding characteristics of elec-
troforming are the extremely high surface
smoothness attainable, the very close dimen-
sional tolerances possible, and the ability to
produce intricate shapes accurately.

621.357.9 2151

Electrolytic Polishing and Superfinishing—
R. Mondon. (Tech. Mod. vol. 38, pp. 281-286;
December 1-15, 1946.) Dissolving the succes-
sive surface lavers makes it possible to examine
their properties. Electrolytic polishing may be
of considerable vulue in studying fatigue in
metals.

621.791.353:669.018.21 2152

Mectallic Joining of Light Alloys: Parts 1
and 2—{(Lsght Metals, vol. 10, pp. 20-32 and
103-108; January and February, 1947.) General
discussion of mncthods of joining thin light-
weight allovs, und of the mctallurgical aspects
of soft-soldering. Details are given of the
many difierent soft solders which have been
suppested  for aluminum. The lack of co-
ordinzted investigation and of field test re-
cults is stressed. To be continued.

621.798:021.396.694 2153

Genceral Principles of Valve-Crate Design—
R. A. L. Cule. Elee. Commun., vol. 23, pp.
320-32¢; September, 19406.)

669.018.56:621.318.22 2154

Formable Magnets—(S¢i. Amer., vol. 170,
p. 36: Jenuary, 1947.) Two new magnetic
alloys, Cumco and Cunife, are soft enough to
be machined and c¢an be punched or even
drawn inte wire, thus allowing mugnets to be
made of any size or shape.

6069.3.019.2 2155

Micrographic Study of Copper. Detection of
Inclusions, Hardening, Recrystallization and
Micro-cracks —P. A, Jacquet. (Tech., AMod.,
vol. 3§, p. 280; November 15, 1946.) Summary
of a paper pubitshed in Bull. Soc. Frang
Méie! 1945 inrst half o1 veard, See also 048
of 194¢ ( Jucquet).

669.721.891+069.721.5.891. 2156

Rates of High-Temperature Oxidation of
Magnesium and Magnesium Alloys—T. L.
Leontis and F. N. Rhines. (Mctals Tecinol.,
vol. 13, tech. publ noo 2003, 28 pp.; June,
1946. Discussion, vol. 14, tech. publ. no. 2039,
pp. 7-9; January, 19471 The lincar oxidation
was measured in the temperature range 412 to
575 degrees centigrade. The rate was found to
vary exponentially with the abeolute tempera-
ture. Alloying increases the rate of the melting
point is appreciably lowered. A protective
oxide film is formed Gt low temperatures, a
nonprotective loose scal- at higher tempera-
tures. These results are explained theoretically.

669.738:620.193.23 2157

Comparison of Elecctro-Plated Finishes
Under Humidity Tests—I:. k. Halls: F. Tawv-
lor. (Metallurgia, Manchr, vol. 35, pp. 137—13.9;
January, 1947)) Cominent on 1485 of June,
and Taylor's reply. A table is given of the
comparative behavior of relatively thin clec-
troplate coatingg, with and without passivation,
on soft iron, when subjected to cycles of the
W. T. Board K 110 test. Nofe. Universal
Decimal Classification of 1485 should read
620.193.23,

Aungust

678.1.001.5(773) 2158

Rubber Laboratory—(Sci. Amer., vol. 176,
pp. 33; January, 1947.) A short account of
research activities at the University of Illinois.

678.7:539.31:534.213 2159

Acoustic Determination of the Physical
Constants of Rubber-Like IMaterials—A. \V,
Nolle, (Jour. Acous. Soc. Amer., vol. 19, pp.
194-201; January, 1947.)

679.5 2160

Taking the Stress out of Styrene—C. A.
Breskin. (Sci. Amer., vol. 176, pp. 11-14;
January, 1947.) Details of annealing processes
for removing thermally or mechanically in-
duced strains from moulded parts.

679.5:621.3 2161

The Growing Importance of Plastics in the
Electrical Industry—G. Hacfely. (Becama Jour.,
vol. 54, pp. 14-19; January, 1947: Elcclrician,
vol. 137, pp. 1760-1762; December 20, 1946.)
Summaries of a paper presented before the
Institute of Electrical Engineers Installations
Section. For another account see 1122 of May.

679.52621.3?5.92 2162
Pre-Heating by High-Frequency Currents
Maddock.—(See 2196.)

678.1:62 2163

Rubber in Engineering [Book Notice]—
H. ). Stationery Office, London. 10s. (Goxt.
Publ. (London), p. 14; November, 1946.) Joint
publication of the Ministry of Supply, the Ad-
miralty and the Ministry of Aircrait Produc-
tion.

MATHEMATICS

518.5 2164

Machines Speed Science—(Sci. News Let.
(Washington), vol. 5t, pp. 51-52; January 25,
1947.) Discusses the operational principles of
the Harvard Mark I1 automatic sequence-con-
trol calculator, built for use at the Naval
Proving Grounds, Dahlgren, Virginia, to solve
problems of guided missile flight and of bomb
and shell trajectories.

518.5:621.317.733 2165
Bridge Type Electrical Computers—\\'. K.
Ergen. (Phys. Rev., vol. 71, p. 138; January 15,
1947.) Based on the Wheatstone bridge, with
the resistances of three arms proportional to
dificrent quantitics, Developments include a
bridge used for the solution of the quartic
cquation of a linc in bipolar co-ordinates. Sum-
mary of American Bhysical Society paper.

517.564.4(083.5) 2166

British Association for the Advancement of
Science. Mathematical Tables. Part-Volume
A: Legendre Polynomials [Book Review]—
Committee for the calculation of Mathematical
Tables. Cambridge University Press, Cam-
bridge, 1946, A42 pp., 82. 6d. ( Nalure (London),
vol. 159, p. 46; January 11, 1947.) P.(x) is
tabulated for integers » {from 2 to 12, and for
the range x=0 to 6 at intervals of 0.01.

518.61 2167

The Escalator Method in Engineening Vi-
bration Problems [Book Review]—]. Morris.
Chapman and Hall, London, 270 pp., 2ls.
(Jour, Sci. Insir., vol. 24, p. 140; May, 1947)
The solution by this method of simultancous
lincar equations and Lagrangian f{requency
equations is fully investigated, with special
reference to stiffiness and vibmtion problems.
This is the comprehensive account referred to
in 463 of March.

MEASUREMENTS AND TEST GEAR

621.3.087:621,38 2168
Electronic Recording Instruments—(See
2248.)



1947

621.317.323.027.7:537.533.73 2169

Diffraction of Non-Monokinetic Electrons;
Application to the Measurement of High Alter-
nating Voltages—J. J. Trillat. (Compl. Rend.
Acad. Sci. (Paris), vol. 223, pp. 322-324;
August 12, 1946.) With a nonmonokinetic
beam of electrons and a sinusoidal accelerating
voltage, the usual spots given by a thin sheet
of mica are replaced by “comets” with bright
heads near the center of the diffraction pattern
and tails thinning out radially, finally vanishing
completely. Knowing, from X-ray measure-
ments, the constants of the mica sheet, the
radial length of the tail of a comet of known
order terminating nearest the center of the
diffraction pattern can be used to determine
the peak value of the accelerating voltage, from
about 10 to 100 kilovolts.

621.317.331:621.318.323.2.042.14 2170

Measurement and Control of Interlaminar
Resistance of Laminated Magnetic Cores—R.
F. Franklin. (4.5.T.M. Bull.,, no. 144, pp.
57-61; January, 1947.) An instrument is de-
scribed for testing, under simulated operating
conditions, films applied to sheet steel. A num-
ber of individual multiple contacts to which
voltage is applied are pressed against the in-
sulating surface under predetermined condi-
tions of voltage, pressure, and temperature;
. and the total current through the contacts is
measured. The results obtained have been
found more useful than those given by the
present American Society for Testing Materials
test; the new test has proved of great value in
the study of insulating films and their applica-
tion to steel sheets and punchings.

621.317.336.029.63 2171

Impedance Measurements with a Non-
Tuned Lecher System—J. M. van Hofweegen.
(Phillips Tech. Rev., vol. 8, pp. 278-286,
September, 1946.) From voltage measurements
along the Lecher wircs when loaded by the
impedance to be measured, the reflection factor
is determined. The impedance can then be
calculated: a graphical mecthod is described.
Details are given of apparatus suitable for use
with decimcter waves.

621.317.382.08:621.392.3 2172

A Coaxial-Type Water Load and Associated
Power-Measuring Apparatus—R. C. Shaw and
J. R. Kircher. (Proc. 1.R.E., vol. 35, pp. 84-87;
January, 1947.) Describes its design, construc-
tion and use with a thermistor bridge for mcas-
uring pecak pulse powers of a megawatt at
wavclengths of 10 to 40 centimeters with an
accuracy of 5 to 10 per ¢ nt.

621.317.4 2173

A.C. Mecasurements of Magnetic Proper-
ies—H. W. Lamson. (Communications, vol.
27, p. 19; January, 1947.) An iron-cored in-
ductor should be represented by a reactance
wl. carrying the magnetizing current, and in
parallel with a core-loss resistance R carrying
the loss current, the combination being in series
with a copper-loss resistance Recarrying the full
exciting current. A method ig described for the
stuldy of magnetic cores which cnables all
necessary data to be obtained, including the
hysteresis angle, which is the phasc lag of the
magnetizing current with reference to the excit-
ing current. Summary of a Rochester Fall
Mecting paper.

621.317.651.029.3 2174

Tachometric Audio-Frequency Meter—Ii.
Kasner., ([ilectronics, vol. 20, pp. 121-123;
February, 1947.) “Iiccles-Jordan scale of two
triggger circuits divide the audio input frequency
and produce two-phase output for driving a
synchronous motor and magnetic-dras tacho-
meter. Frequencies from 30 to 450 cycles are
indicated directly by a pointer, with 0.5 per
cent accuracy.”
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621.317.715.5 2175

Equipment and Appliances: High-Sensi-
tivity Mirror Galvanometer—(Eleclrician, vol.
137, p. 1202; November 1, 1946.) A low-re-
sistance instrument with a period of 15 to 20
seconds and necgligible zero creep, particularly
suitable for permeability and magnetic meas-
urements. With an 850-ohm coil, the sensi-
tivity at l-meter scale distance is 16,000

millimeters per microampere or 100 milli-
meters per microvolt.
621.317.726 2176

An Automatic~Slideback Peak Voltmeter
for Measuring Pulses—C. J. Creveling and L.
Mautner. (Proc. I.R.E., vol. 35, pp. 208-211;
Fcebruary, 1947.) Automatic slideback is pro-
vided by the amplified and rectified output
from a diode in series with the pulse source.
The error is less than £ 6 per cent for repetition
frequencies of 50 to 5000 cycles and pulse dura-
tions of 4 to 15 microseconds. An improved
version has an crror of less than £ 2 per cent
over the range 25 to 10,000 cycles.

621.317.738 2177
Finding the Inductance of R.F. Coils—R.
M. Crotinger. (ST, vol. 31, pp. 54-56; March,
1947.) The circuit and details of a mains-oper-
ated electron-coupled oscillator having a fre-
quency range of 2 to 16 megacycles. A grid
current meter is used as an indicator.

621.317.76 2178

An Instrument for Short-Period Frequency
Comparisons of Great Accuracy—H. B. Law.
(Jour. 1.E.E. (London), part III, vol. 94, pp.
38-41; January, 1947.) Phases of the two 100-
kilocycle inputs are compared in a phase dis-
criminator, the output of which controls a
trigger circuit. Trigger pulses operate an ac-
curate chronometer which thus measures the
time period between consecutive beats, Com-
parison of frequencies differing by 1 part in 108
can be made to an accuracy of 1 part in 101
over the period of a single beat.

621.317.761 2179

A Frequency Meter for the 100-kc to 50-Mc
Range—A. J. Zink, Jr. (Communications, vol.
27, pp. 10-11, 37; January, 1947.) Containing
an internal calibrating oscillator using a 100-
kilocycle crystal, a calibrated oscillator with
tuning range from 1 to 2 megacycles in five
200-kilocycle stages, and flexible coupling for
external signals.

621.317.761:621.396.621 2180
A 100-kc Frequency Standard for Receivers
—J. N. Whitaker. (Communications, vol. 27,
pp. 24, 39; February, 1947.) A small unit, with
100-kilocycle crystal oscillator in aperiodic
circuit, adjustable to zero beat of harmonics
with Burcau of Standards transmissions.
Marker signals arc obtained at 100-kilocycle in-
tervals throughout the receiver tuning range.

621.317.79:621.396.611 2181

The Design of a Universal Automatic Cir-~
cuit Tester, and Its Application to Mass-Pro-
duction Testing—R. C. G. Williams, J. E.
Marshal, H. G. T. Bigsmire,and J. W. Crawley.
(Jour. I.E.E. (London), part 111, vol. 94, pp.
20-26; January, 1947.) A differential tube
amplifier circuit compares impedances in the
unit under test with standard impedances,
alternating and direct currents being uscd suc-
ceugively. Connection into the unit is made
through the tube-holders. Operation is auto-
matic and small transmitter-reccivers have
been tested at a rate of 20 per hour.

621.392.4.08:621.397.5:621.396.67 2182

Application of Transmission Line Mcasure-
ments to Television Antenna Design, Parta 1
and 2—I1amilton and Olyen, (See 2262.)
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OTHER APPLICATIONS OF RADIO
AND ELECTRONICS

518.5:621.317.733 2183
Bridge Type Elecctrical Computers—Ergen.
(See 2165.)

534.321.9:620.179.1 2184

Supersonic Applications—M. E. Hutter,
(Elec. Times, vol. 111, pp. 162-165; February
6, 1947.) Use of supersonic waves for flaw de-
tection and marine depth sounding.

536.48 2185

On the Possible Use of Brownian Motion
for Low Temperature Thermometry—]. B.
Brown and D. K. C. MacDonald: A. W. Law-
gson and E. A. Long. (Phys. Rev., vol. 70, pp.
976-978; December 1-15, 1946.) Criticism of
483 of March, and the authors’ reply.

537.533.7 2186
Interruption of Electron Beams—Selme.
(See 2020.)

537.533.8 2187
Simple Means of Observing Electron
Images—S. Goldsztaub. (Comp!l. Rend. Acad.
Sci. (Paris), vol. 219, pp. 445-446; November
6, 1944,) The X-rays emitted when clectrons
strike a very thin anticathode are observed
either by coating it with fluorescent material
or by applying photographic paper. A resolv-
ing power of the order of 0.1 millimeter is ob-
tainable. Considerably larger images can be ob-
tained by using Lenard window technique.

621.3:629.1.001.4 2188

Little Shakers Test Big Structures—]J.
Markus, (Sci. Amer., vol. 176, pp. 6-10; Janu-
ary, 1947.) For another account see 1147 of
May.

621.3.013.2:544 2186

Amplified Radio Frequencies Identify
Chemical Elements—(Sci. News Let. (Wash-
ington), vol. 51, p. 71; February 1, 1947.) A
new method developed by F. Bloch, W. W,
Hansen, and M. Packard at Stanford Univer-
sity. Substances are rotated in a powerful mag-
netic field and the atomic resonance frequen-
cies are used for identification.

621.318.572:531.76 2190

An Electronic Decimal Counter Chronom-
eter—S. S. West (Electronic Eng., vol. 19,
pp. 3-6 and 58-61; January and Fcbruary,
1947.) The counter uses a sct of scale-of-ten
units which enable time intervals to be read
dircctly to five significant figures on a row of
meters scaled from 0 to 9. Each unit comprises
a scale-of-two and a scale-of-five circuit, whose
operation is dcscribed in some detail, with a
circuit diagram but no component values,
The pulse-shaping circuit used to convert an
arbitrary input signal to the waveform re-
quired by the counter consists essentially of a
two-tube trigger circuit giving an output of
discontinuous steps even when the input wave-
form is continuous. Two such trigger pairs are
used in the switching circuit which introduces
and cuts out a crystal-controlled 100-kilocycle
oscillator at the start and finish of the timne in-
terval to be measured. The number of cycles
counted in the interval is shown by the posi-
tions taken up by the meter pointers, which
remain stationary until the reset push button
is pressed. The tubes usced are EF50 high-fre-
quency pentodes. Congiderable numbers of
these chironometers have been manufactured
and they have found many applications in the
accurate measurement of short timc intervals.
A modified version provides a time-interval
generator of high accuracy.

621.318.572:539.17 2191

Electronic ‘Stopwatch” Timos Atomic
Particles—(Sci. News Lel. (Washington), vol.
51, p. 61; January 25, 1947.) Opcration depends
upon the synchronization of clectrical counters

T R




852

which serve as pulse detectors. Timing to 107°
seconds is accomplished by measuring the de-
lay inserted in order to synchronize the
counters.

621.318.572:621.396.645 2192
Photo-Counters and Poisson's Law—

Blanc-Lapierre. (See 2047.)

621.365:621.396.615.141.2 2193

High-Frequency Heating—(Gen. Elec. Rev.,
vol. 50, pp. 25-26; January, 1947.) Develop-
ment of magnetron equipment for industrial
applications.

621.365.92 2194
The High-Frequency Heating of Noncon-
ducting Materials—F. J. Jolly. (Trans.
A.S.M.E., vol. 69, pp. 155-162; February,
1947.) An explanation of the theoretical basis
and practical limitations of high-frequency di-
electric heating, and brief descriptions of its
applications in various industries.

621.365.92:62 2195
High-Frequency Induction Heating—E.
May. (Engineer (London), vol. 183, pp. 178-
180; February 14, 1947.) Survey of industrial
applications: melting, surface hardening, braz-
ing, soldering, etc. About 500 kilowatt hoursis
needed per ton of metal melted; equipment
cost is about £100 per kilowatt output; run-
ning cost about £1 per 100 kilowatt hours.

621.365.92:679.5 2196

Pre-Heating by High-Frequency Currents
—A. J]. Maddock. (Elec. Commun., vol. 23,
p. 291--296; September, 1946,) The advantages
to be gained by the pre-heating of plastic pre-
forms are discussed in relation to high-fre-
quency heating. The effect of the physical
properties of the material on equipment design
is considered. The variation of heating time
with specimen thickness is shown graphically
for various types of phenolic thermosetting
materials.

621.38.001.8:62 2197

Electronics in the Caterpillar Tractor
Plant—A. A. McK. (Electronics, vol. 20, pp.
104-109; February, 1947.) A general descrip-
tion of nearly 50 different applications of ciec-
tronics, used with the object of improving
safety of personnel, or quality or speed of pro-
duction.

621.38.001.8:621.313.2 2198
Electronic D.C. Motor—(Gen. Elec. Rev.,
vol. 50, p. 28; January, 1947.)A power supply
using secaled ignitrons gives zero to full-speed
regulation by armature-voltage control, or
zero to base-speed regulation by armature-
voltage control with field control above base
speed, for drives from 75 to 600 horsepower.

621.383.49:621.395.625.6 2199

The Use of Sulphur-Thallium Photocells in
Sound Pictures-—~B. T. Kolomiec. (Bull. Acad.
Sei. (U.R.S.S.), sér. phys., vol. 5, nos, 4 and S,
pp. S06-509; 1941. In Russian with English
summary.) Sulphur-thallium photocells can be
used for the reproduction of sound, When they
were tested in three Leningrad cinemas, it was
found that: (a) amplifier photocascades were
unnecessary, (b) the sound-reproduction ap-
paratus was simplified and the rectifier require-
ments became less stringent, (c) the photocells
produced no noise, and (d) the low input re-
sistance removed the influence of electrostatic
induction on the amplifier output stage. Sound
reproduction was thus improved.

621.384.6:[621.392.029.64621.396.611 2200

- Cavities and Waveguides Associated with
Charged Particle Accelerators—T. Kahan,
(Compt. Rend. Acad. Sci. (Paris), vol. 224, pp.
548-549; February 24, 1947.

621.385.833 2201
“Shadow-Cast” Replicas for Use in the
Electron Microscope—H. Thielsch. (A etals

PROCEEDINGS OF TIIE [.R.E— Waves and Electrons Section

Technol., vol. 13, tech. publ. no. 1977, 10 pp.;
February, 1946. Discussion, vol. 14, tech.
publ. no. 2039, pp. 1-2; Jannary, 1947.) Trans-
parent replicas of collodion or formvar are
coated with a thin metallic film by vacuum
evaporation. Manganese has been found to
give excellent results. For most evaporations
the angle between the replica surface and the
line from filament to replica should be about
40 to 50 degrees. Numerous photographs show
the results obtained.

621.385.833 2202

On the Disturbing Potential Due to Ellip-
ticity of Electrostatic Lenses—F. Bertein.
(Compt. Rend. Acad. Sci. (Paris), vol. 224, pp.
560-562; February 24, 1947.) A mecthod is
given for calculating the corrective potential
appropriate to the ellipticity defect of the
system. Sce 1521 of June.

621.386.1 2203

X-Ray Tube with Great Intensity and
Point Focus—S. Goldsztaub, (Compt. Rend.
Acad. Sci. (Paris), vol. 224, pp. 458-459;
February 17, 1947.) The electron beam isfo-
cused by means of electronic lenses and a spot
of diameter only 0.2 millimeters is obtained.
With a beam current of 1 milliampere at 30
kilovolts, the brightness is of the order of 475
watts per millimeter squared.

621.386.1:539.4 2204

X-Ray Method of Measuring Poisson’s
Ratio—R. F. Hanstock and E. H. Lloyd.
(Engineering (London), vol. 163, pp. 68-70;
January 17, 1947.) An electron diffraction
method. Some results obtained for hiduminium
RRS56 alloy are given.

621.386.1.032.2 2205

X-Ray Tube with Movable Anticathode—
A. J. Rose. (Compt. Rend. Acad. Sci. (Paris),
vol. 224, p. 460; February 17, 1947.) Uses a
flexible metallic tube to permit displacement
of the anticathode. Short exposures with high-
energy beams are thus obtained.

621.386.84:620.179.1 2206

20 Million-Volt X-Ray Machine Pene-
trates Heavy Steel Sections—(AMaterials and
Methods, vol. 25, p. 138; January, 1947.)
A betatron specially designed for industrial
radiography and capable of detecting flaws
from <& to ys-inch in diameter in forgings,
welds, ctc., up to 2 feet thick.

621.389:535.61-15 2207

Infra-Red Equipment for ‘‘Night”’ Vision—
(Engincer (London). vol. 183, p. 170; February
14, 1947.) Bricf reference to wartime applica-
tions by British Services; midget submarine
attacks on the “Tirpitz,” the sinking of the
Bergen floating dock, identification of friendly
aircraft, etc, The complete signaling equip-
ment weighs 13 pounds; the equivalent Ger-
man “Sechund” weighs 16 pounds.

621.39.001.8:61 2208
Electromedical Equipment. Berman Loca-
tor—(Gen. Elecc. Rev., vol, 50, p. 37; Janu-
uary, 1947.) Audible signals rise in pitch as the
probe approaches a metallic foreign body.

PROPAGATION OF WAVES

551.510.535+523.746-+-621.396.812 2209
Ionosphere  Review—Bennington.  (See
2117.)

551.594.6:523.746.5 2210

Ionospheric Fluctuations of Sudden Origin
and the Eleven-Year Solar Cycle—Burcau.
(Sce 2122.)

621.396.11.029.64:517.942 2211

Asymptotic Solutions for the Normal
Modes in the Theory of Microwave Propaga-
tion—C. L. Pekeris. (Jour. Appl, Phys.,
vol. 17, pp. 1108-1124; December, 1946.)
Several extensions of the “W.K.B.” method for

August

the asymptotic solution of differential equa-
tions are considered, particularly in the case of
solutions to the normal-mode theory of micro-
wave propagation. An outline is given of this
theory for propagation in an atmosphere with
a horizontally stratified refractive index, the
case of a surface duct being emphasized. In a
study of “leaky modes” the “aim has been to
obtain explicitly the terms after the leading
one in the asymptotic expansion of the solu-
tion, in order to have an estimate of the order
of magnitude of the error introduced by the
use of the leading term only.”

Equations are given for the first correction
terms to the phasec-integral solution for the
characteristic values of the normal modes. An
alternative asymptotic solution for the case
of leaky modes, which includes first correction
terms, is also given. See also 507 of March.

621.396.619.029.6 2212

Propagation of Amplitude- and Frequency-
Modulated Short-Wave Oscillations—Hdlzler,
Gecks, and Kamphausen, (Sec 2236.)

621.396.81.029.6 2213
Very-High-Frequency and Ultra-High-Fre-
quency Sigaal Ranges as Limited by Noise and
Co-Channel Interference—E. . Allen, ]Jr.
(Proc. LLR.E., vol. 35, pp. 128-136; February,
1947. Discussion, pp. 136-152,) “Theoretical
ground-wave ranges for smooth-earth and
standard-atmosphere conditions are shown for
frequency-modulation and television broad-
cast services and for mobile services for fre-
quencies between 30 and 3000 megacycles.
Practical limits of antenna size and antenna
gain are discussed. The effects of external
noise, terrain, and penctration of buildings are
considered and their probable trends with fre-
quency are indicated, together with the need
for comprehensive data for their evaluation.

“A comparison is made between theoretical
ground-wave and tropospheric ranges com-
puted for 50 megacycles and the results of con-
tinuous ficld-intensity measurements made at
various distances, from which it is concluded
that theoretical ground-wave curves can be
used as reliable measures of service ranges.
Theoretical ground-wave curves are found not
to be direct measures of probable ranges of
tropospheric interference and it is suggested
that a factor of 2 be applied to the station-
separation distances obtained from such curves
at 50 megacycles, with the probability of larger
factors for higher frequencies.

“Two families of curves, one for sporadic-E-
layer and one for F-layer transmission, showing
skip distances as a function of frequency for
the frequency band under consideration, are
derived from the National Bureau of Stand-
ards' measurements of layer characteristics at
Washington, D. C., for the purpose of estimat-
ing the occurrence of interference from one
other co-channel station. The effect of increas-
ing the number of stations is investigated, and
estimates of five times the single-station inter-
ference for sporadic-E-layer and three times
for F-layer interference are made.

“Combining the above factors, an estimate
is made of comparative service areas at 46 and
105 megacycles for frequency-modulation
broadcast stations of 1 kilowatt and 340 kilo-
watts cffective power, and the reduction in
area due to the effects of external noise, hills,
and station interference by bursts and sporadic-
E- and F-layer propagation.”

In the discussion C. M. Jansky points out
the importance of the paper in that it records
the evidence on which the Federal Communi-
cations Commission decided to assign to fre-
quency-modulation broadcasting, frequencies
of about 100 instead of 50 megacycles. He
quotes Dellinger who considers that ionospheric
interference on both frequency bands is very
small.

Armstrong considers that calculations of
fields based on propagation in a standard at~
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mosphere are inadequate as fading is not con-
sidered. He points out that interference due
to sporadic-E is greater than that predicted by
the author.

Carnahan and Brown also stress the serious
effects of fading at points beyond the horizon.

De Mars gives graphs of theoretical signal
variation with distance for different trans-
mitting aerial heights assuming a standard at-
mosphere, and also of observed signal varia-
tions, and shows that the author’s estimates
are “not in accord with observations and
measurements in any portion of the frequency
band under consideration.” The author’s reply
is given.

621.396.81.029.62 2214

Field Intensities beyond Line of Sight at
45.5 and 91 megacycles—C. W. Carnahan,
N. W. Aram, and E. F. Classen, Jr. (Proc.
1.R.E., vol. 35, pp. 152-159; February, 1947.)
The effects of tropospheric propagation condi-
tions on the median value of the ficld strength
and on fading are compared for the two fre-
quencies over a path of 76 milcs.

621.396.812:523.78¢1945.07.09” :551.510.535
2215
Various Papers on the Solar Eclipse of
July 9, 1945 and Its Effects on Propagation
and the Ionosphere (See 2092 to 2096.)

" 621.396.824 2216
Lateral Deviation of Radio Waves at Sun-
rise—Ross and Bramley. (See 2125.)

621.396.945 2217

Radio-Geological Conditions for Radio
Communication in Mines—V. Fritsch. (Radio
Welt, vol. 1, pp. 39-43 and 59-64, November
and December, 1946.) A discussion of the
effects of different types of strata, the occur-
rence of faults, etc., on underground radio
ficld strengths.

621.396.96.029.64:535.39 2218

Frequency Dependence of the Properties
of Sea Echo—H. Goldstein. (Phys. Rev.,
vol. 70, pp. 938-946; December 1-15, 1946.)
Measurements were made at 9.2, 3.2, and 1.25
centimeters at grazing incidence over a wide
range of sea states. The wavelength depend-
ence of a quantity termed the “sea-echo cross
section per unit area of the sea surface” was
found to lie between A° and A4, and a modi-
ficd drop theory is proposed which assumes
the presence of drops whose diameter is of the
order of A.

RECEPTION

551.594.6:621.39.029 2219
Effect of Wavelength on the General Level
of Atmospherics—Burecau. (See 2123.)

621.396.619.13/.14 2220

Technical Topics—N.F.M. Reception—
G.G. (OST, vol. 31, pp. 30-32; March, 1947.)
A discussion on narrow-band frequency-
modulation reception in the amateur bands,
puinting out some of the advantages of phase
modulation.

621.396.619.13 2221

Some Investigations on Oscillations with
Frequency Modulation [Thesis}—F. L. I1. M.
Stumpers. N, V. Philips’ Glocilampenfabricken
Research  Laboratory, Eindhoven. Reprints
are available. (Philips Tech. Rev., vol. 8, pp.
287-288; September, 1946.) The frequency
spectrum occurring with  different kinds of
modulation is calculated. Interference, noise,
and disturbances are Investigated. Distortion
is ealeulated by Fourler analysis and the series
of Carson and Fry, and by theauthor's alterna-
tive method. Results are compared with ex-
periment. “A new method for determining the
distortion of the measuring cmitter directly
from the spectrum deserves attention.” Brief
gummary only,
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621.396.62.029.6 2222

Design of Communication Receivers for the
Naval Service with Particular Consideration
to the Very-High-Frequency and Ultra-High-
Frequency Ranges—T. McL. Davis and E.
Toth., (Proc. L.R.E., vol. 35, pp. 201-207;
February, 1947.) Owing to the close proximity
of many transmitting and receiving aerials on
a ship, mutual interference is probable. Meth-
ods of avoiding this by suitable design of the
high- and intermediate-frequency stages are
discussed.

621.396.621.029.62 2223
An Improved Receiver for Two Meters—
C. F. Hadlock. (@ST, vol. 31, pp. 35-40;
March, 1947.) Details and circuit diagram of a
superheterodyne receiver having an inter-
mediate frequency of 10.7 megacycles and a
superregenerative second detector.

621.396/.397.621.004.67 2224

The Servicing of Radio and Television
Receivers—R. C. G. Williams. (Jour. I.E.E.
(London), vol. 94, part III, pp. 11-19; Janu-
ary, 1947.) A comprehensive survey of the
responsibilities, personnel, and ecquipment
problems of the service organization and the
interrelationship between service and design.
All relevant statistics are shown graphically.
See also 222 of February.

621.396.621(492)4¢1943/1945" 2225

Secret Production of Radio Receivers in
Occupied Territory—“One out of many.”
(Philips Tech. Rev., vol. 8, pp. 337-340;
November, 1946.) An account, with photo-
graphs, of many ingenious methods of construc-
tion used in Holland.

621.396.645:621.38 2226

Shot Effect and Fluctuations at the Output
of a Linear Amplifier—Blanc-Lapierre. (See
2048.)

621.396.822:621.317.7.089.6 2227

Factors affecting the Accuracy of Radio
Noise Meters—H. E. Dinger and H. G.
Paine. (Proc. L.R.E., vol. 35, pp. 75-81;
January, 1947.) Experimental work is needed
to make an increase in the absolute accuracy
of noise measurements possible, though some
of the more serious errors can be avoided by
proper design, construction, calibration, and
operation.

621.396.822:621.396.621 2228
Input Circuit Noise Calculations for F.M.
and Television Receivers—W. J. Stolze.
(Communications, vol. 27, pp. 12-13, 51;
February, 1947.) Discusses the three factors—
total noise, sensitivity, and signal-to-noise
ratio—that must be taken into consideration
in efficient design of the input stages of such
receivers and presents formulas for calculating
thermal agitation noise, shot noise, and induced
grid noise. Total noise calculations are made
for the grid of a frequency-modulation receiver
radio-frequency amplifier stage.

621.396.822:621.396.621.029.64 2229
A Note on Noise and Conversion-Gain
Measurements—W. M. Breazcale. (Proc.
1.R.E., vol. 35, pp. 31-34; January, 1947.)
“The development of microwave receivers,
with a low-gain converter as the first stage,
has made it desirable that the noise level and
the conversion gain be determined independ-
ently of the following intermediate-frequency
amplifier. Often this converter is a crystal with
a conversion gain less than one, This paper dis-
cugses some of the general procednres that
have been used to measure microwave-con-
verter noise levels and conversion gaing.”

621.396.823 2230

Interference Problems Arising from Indus-
trinl Electronic and Electromodical Apparatus—
(Jour. I.E.I. (London), part 111, vol. 94, pp.
57-58; January, 1947.) Sumnmary of Institution
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of Radio Engincers’ Radio Section discussion
led by M. R, Gavin,

621.396.823:621.327.43 2231
Radio Interference by Fluorescent Lamps—
(Light and Lighting, vol. 40, p. 40; Fcbruary,
1947.) A summary of a paper by L. F. Shorey
and S. M. Gray at the recent convention of
the American Illuminating Engincering Soci-
cty. The authors conclude that interference
can be reduced to a negligible amount by a
combination of screening and filtering.

621.396.96.029.62:523.3 2232

Radio Reflection from the Moon [at 120
Mc]—Z. Bay. (Electronics, vol. 20, pp. 196,
198; February, 1947.) An electrochemical
method of cumulation was used to distinguish
the signal from noise. The equipment is being
used to measure solar radiation at 2.6 meters.

STATIONS AND COMMUNICATION
SYSTEMS

621.3 (494) “1945” 2233

High-Frequency, Communications, and Re-
mote Control Engineering—(Brown Boveri
Rev., vol. 33, pp. 43-47; January—February,
1946.) Progress in 1945 in the design of beam
and multichannel tclephony and telegraphy
equipment, ultra-high-frequency, frequency-
modulation radio systems for the police and
fire services, short-wave telephone and tele-
graph transmitters of 1 to 10 kilowatts, broad-
casting transmitters, high-frequency heating,
carrier telephone, and remote control equip-
ments,

621.391.63 2234

Transmission with Light—R. H. Milburn.
(Radio Craft, vol. 18, pp. 62-63, 139; January,
1947) For short-range communication a NE-
30 ncon tube is used as the light source, with
a suitable lens system for focusing the light on
the receiving photoelectric cell. Modulation
of the light is effected by a 3-stage amplifier of
conventional design fed from a microphone or
gramophone pickup. With a simple resistance-
capacitance amplifier following the photocell,
good reproduction is obtained at short dis-
tances.

621.394.44:621.396.619.16 2235

The Basic Principles of Multi-Channel
Transmission with Modulated Impulses—
H. J. v. Baeyer. (Brown Boveri Rev., vol. 33,
pp. 65-69; March, 1946.) By modulating
periodic pulses several channels can be “multi-
plexed” on the same carrier and resolved at the
receiver by phase-discriminating equipment;
the pulse recurrence frequency must be at least
twice the highest frequency in the intelligence
to be communicated.

621.396.619.029.6 2236

Propagation of Amplitude- and Frequency-
Modulated Short-Wave Oscillations—E. I16lz-
ler, F. I1. Gecks, and G. Kamphausen. (Elck-
trotech. Zeit., vol. 65, pp. 133-138; April 20,
1944.) Single sideband transmission with car-
rier suppression, as used between Berlin and
New York, reduces very considerably the dis-
tortion and signal variations often found in
short-wave communication. The use of fre-
quency-modulation for further noise reduction
introduces new disturbances whose origin is ex-
plained by multipath transmission. The tech-
nical aspects of such cffccts are discussed.
Results with model equipment indicate the
possibility of evaluating directly the disturb-
ing cffect of neighboring transmitters.

621.396.619.13 2237

Frequency Modulation—K, R. Sturley.
(Jour. I.E.E. (I.ondon), part 111, vol. 94, pp.
84-88; January, 1947.) Discusgsion of 4047 of
1945,

621.396.619.13 2238
Frequency-Modulation in Broadcasting—
(Nature (London), vol, 159, pp. 15~16; Janu-
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ary 4, 1947.) Summary of 3751 of January
(Kirke).

621.396.619.13 2239

A New System of Frequency Modulation—
R. Adler. (Proc. LLR.E., vol. 35, pp. 25-31;
January, 1947.) Desciibes the development of
the phasitron modulator in which a radial
electron strecam in a concentric structure is
shaped into a wavelike pattern which progresses
continuously around the cathode. The axial-
modulating magnetic field curves the paths of
the clectrons in the plane of rotation so
that the strecams of clectrons reaching the
segmented anode are advanced or retarded ac-
cording to the magnetic field. The faults of
early models and the steps taken to correct
them are analyzed.

621.396.619.13 2240

Some Investigations on Oscillations with
Frequency Modulation (Thesis)—Stumpers.
(See 2221.)

621.396.619.13:621.396.712 2241

B.B.C. and F.M.—(Wireless World, vol. 53,
p. 95; March, 1947.) The British Broadcasting
Corporation has invited tenders for a fre-
quency-modulation transmitter for experi-
mental transmissions; such transmissions are
at present being radiated cach cvening from
6 P.M. to midnight on 90.3 megacycles from
the Alexandra Palace.

621.396.65 2242

Two Multichannel Microwave Relay Equip-
ments for the United States Army Communi-
cation Network—R. E. Lacy. (Proc. 1.LR.E.,
vol. 35, pp. 65-70; January, 1947.) Sets
AN/TRC-5 and AN/TRC-6 use pulse-position
modulation of 1-microsecond pulses giving 8
channels with a pulse rate of 8000 pulses per

second. Audio performance and radiation
characteristics are given.
621.396.65 Vanguard 2243

Radio Facilities in H.M.S. Vanguard—
(Elcc. Times, vol. 111, p. 151; January 30,
1947.) A long-range duplex transmitter, Type
DS10, provides continuous waves and tele-
phone channels for two-way communications
with Great Britain and South Africa. For an-
other account see Electrician, vol. 138, pp.
346-347; January 31, 1947.

621.396.72 2244

Planning and Constructing a 1-kw Studio-
Transmitter Building—H. G. Stephenson, Jr.
(Communications, vol. 27, pp. 9-11, 51;
February, 1947.) Details of a station erected at
Centralia, Illinois, including studios isolated
from external noise, with baffles in the forced
ventilating system, soundproot teletype room,
etc.

621.396.72.029.62 2245

H.F. A.M. Broadcasting for Small Com-
munities—S. Tarzian, A. Valdettaro, and
M. Weigel. (Communications, vol. 27, p. 27;
January, 1947.) A report of results obtained in
hilly limestone country around Bloomington,
Indiana. The acrial consisted of 8 coaxial
units mounted vertically and hanging from
the top of a 200-foot tower. With a radiated
power of 200 watts on a frequency of 87.75
megacycles, field strengths of 120 microvolt
per meter have been measured at a point 21
miles from the transmitter. The advantages
of such systems for local broadcasting are
stated. Summary of a Rochester Fall Mecting
paper.

621.396.931 2246

The Development of Police Communica-
tions—S. C. Austin. (Proc. I.R.E. (Australia),
vol. 8, pp. 4-12; January, 1947.) A compre-
hensive account of methods of radio communi-
cation from early to present day systems, as
used in Australia. The general communications

PROCEEDINGS OF THE I.R.E.—Waves and Electrons Section

networks of the chief cities are described, with
more detailed accounts of the mobile equipment
for patrol cars, launches, motor cycles, and for
personal use; descriptions and photographs of
the equipment are given and the frequencies
used are stated. Early types were continuous-
wave only, but this has been superseded by
telephony. The chief difficultics encoun-
tered, such as the climination of frequency
drift, and the methods used to overcome them,
are described. Initial frequency-modulation ex-
periments on very-high frequency are men-
tioned.

621.396.931.029.6 2247

V.H.F. Space Radio Train Communica-
tion—L. G. Sands. (Teleg. Teleph. Age, vol.
65, pp. 10, 12, 31; February, 1947.) Frequency
bands of 158 to 162 and 186 to 216 megacycles
are used. Experiments have been carried out
with frequencies near 2600 megacycles. Train-
to-train range varies between 4 and 12 miles
and station-to-train range between 10 and 30
miles, the transmitter power being about 10
watts.

SUBSIDIARY APPARATUS

621.3.087:621.38 2248

Electronic Recording Instruments—(Elec.
Eng., vol. 66, pp. 36-44; January, 1947.)
Summary of the following talks given at a
session of the 1946 American Institute of
Electrical Engineers Summer Convention in
Detroit devoted to electronic recording in-
struments for potentiometric and bridge-type
measurements: “A Brief History [of Electronic
Recording Instruments),” by W. R. Clark;
“Electronically Operated Instruments for In-
dustrial Mecasurements,” by A. J. Hornfeck;
“D.C. to A.C. Conversion Systems,” by W. P.
Wills; “The Input Transformer Problem,”
by A. J. Williams, Jr. “A New High-Speed
Recording  Potentiometer,” by V. L. Par-
segian; and “Sweep-Balance Recorders,” by
G. Keinath and R. K. Hellmann.

621.316.53.029.5/.6 2249

A Design of Heavy-Current Contact, Par-
ticularly for Radio-Frequency Use—A. J.Mad-
dock. (Jour. I.E.E. (London), part 111, vol.
94, pp. 52-54; January, 1947.) A high-pressure,
small-arca type, capable of carryving 75 amperes
at 20 megacycles and 150 amperes at power
frequencics.

621.316.546.032.43:621.317.329 2250

Potential Distribution at the Igniter of a
Relay Valve with Mercury Cathode—N. War-
moltz. (Philips Tcech. Rer., vol. 8, pp. 346—
352; November, 1946.) Curves are given show-
ing the field strength at the mercury surface
for different thicknesses of the igniter wall.
The measurements were made of a 100-to-1
scale-model. The mechanism of the igniticn is
discussed.

621.317.79.087.6 2251

New Statistical Recorders of Electromag-
netic Variations—F. Carbenay. (Comp!l. Rend.
Acad. Sci. (Paris), vol. 219, pp. 443-445;
November 6, 1944.) Pen recorders based on the
method of muitiple time constants previously
noted (1336 of 1942). Three identical elements
are generally included for recording either on
threc wavelengths or for three components of an
clectromagnetic field. Each element comprises
a coil suspended by a steel wire in the air-gap
of a magnet, with oil damping. Such an ar-
rangement has a principal time constant T
and a much smaller sccondary constant 4,
}vhich is equal to the ratio of the moment of
incrtia of the system to the damping coefficient.
If T is the period of natural oscillations, T
='21r\/rr., A sensitivity of 1 millimeter per
microampere can be obtained with a restoring
cm.mlc of 0.6410° centimeter gram sccond
units per radian, a coil resistance of 15,500
ohms, magnet flux 1.14X10'° maxwells and
natural period 17 seconds.

August

621.394.324:629.135 2252

Airborme Teletype Printer—R. A. Vander-
lippe. (Telegr. Teleph. Age, vol. 65, pp. 6-8;
February, 1947.) Model 31, weight 35 pounds,
can be used in any two-way voice installation.
Operation of the keyboard modulates a radio-
frequency signal at a frequency between 1615
and 1275 cycles. Some of the energy is fed
back into the receiver giving a local copy of the
message. On reception the signal is passed
through a band-pass filter and an amplitude
limiting circuit to a frequency discriminator
yiclding a positive voltage for marking and a
negative voltage for spacing.

621.396.664:621.396.96]:621.392.029.64 2253

High-Speed Waveguide Switch—D. K.
Bishop. (¥ireless Eng., vol. 24, pp. 67-70;
March, 1947.) Alternate radio-frequency pulses
are switched at a rate of 500 per second into
the two aerials of a radar installation. Thee
switch consists of a T-junction in a rectangular
wave guide transmitting the Hio mode, the
side arms being closed alternately by vanes on
two disks rotated in synchronism with the
pulses. The effective open time of the switch
1550 microseconds, is long enough to receive
reflected pulses from targets at ranges up to
150 miles. The switch operates on wavelengths
of 9.8 to 10.2 centimeters and will handle a
peak power of 500 kilowatts.

621.396.665.029.64 2254

An Attenuator of ¢‘S”-Band Energy—
H. R. Meahl. (Proc. I.LR.E,, vol. 35, pp. 211-
213; February, 1947.) A 4-inch length of con-
centric line has, in its inner conductor, a 1-inch
gap which can be partly bridged by a hollow
metal cylinder sliding on the inner conductor.
The gapactsasa wave guide whose dimensions
can be varied to give attenuations from 6 to 50
decibels.

621.396.682:621.314.634 2255

Voltage Multiplier Circuits with Selenium
Rectifiers—E. W. Chadwick. (Communica-
ions, vol. 27, p. 14; January, 1947.) Selenium
rectifiers have a lower impedance than corre-
sponding tubes in a high-voltage supply unit
and may be used with larger capacitors, thus
giving better regulation. Voltage doubler and
tripler circuits permit television sets to be run
from a 115-volt mains supply without a mains
transformer.

TELEVISION AND PHOTOTELEGRAPHY

621.396/.397].621.004.67 2256
The Servicing of Radio and Television
Receivers—Williams. (See 2224.)

621.397 2257

The Development of Photo-Telegraphy—
W. C. Lister. (Electronic Eng., vol.”19, pp.
37-43; February, 1947.) Apparatus of historical
interest is bricfly described with illustrations.
Transmitting and receiving processes used in
various workable systems are compared, and
possible methods of synchronization are dis-
cussed.

621.397 2258

New Phototelegraph Equipment: Part 1—A
Picture System for the Press—(Elecironic
Eng., vol. 19, pp. 46—48; February, 1947.) A
Muirhead-Jarvis equipment, including the
mechanical design of the scanning and optical
systems and the electrical arrangements for
synchronization and phasing. Selection of
scanning rate and drum speced gives a choice
of time of transmission and quality of repro-
duction for a given picture size.

621.397 2259

New Phototelegraph Equipment: Part 2—
Cable and Wireless Facsimile Equipment—
(Electronic Eng., vol. 19, pp. 49-50; February,
1947.) A brief description of a crystal-controlled
system using frequency modulation of an
audio-frequency subcarrier. The terminal
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aquipment is designed for alternative reception
5r transmission. Details of the scanning mech-
anism and the optical system are given. Trans-
mission may be over any line or radio-tele-
phone channel.

621.397.26 Vanguard 2260

Picture Transmission by Radio—(Elec.
Times, vol. 111, p. 145; January 30, 1947.)
Apparatus installed in H.M.S., Vanguard and
working with the ship’s transmitter. A con-
stant-speed motor drives the drum carrying
the picture and the traversing head gives a
135 lines per inch scan. For another account
see Electrician, vol. 138, pp. 346-347; Janu-
ary 31, 1947,

621.397.335 2261

Television Synchronizing—W. T. Cocking.
(Wireless World, vol. 53, pp. 90-94; March,
1947.) A survey of some of the problems, with
a detailed discussion of the action of a slicer,
or double limiter, circuit to minimize the
effect of pulling on whites.

621.397.5:621.392.4.08:621.396.67 2262
Application of Transmission Line Measure-
ments to Television Antenna Design: Parts 1
and 2—G. E. Hamilton and R. K. Olsen.(Com-
munications, vol. 27, pp. 8-9, 36 and 32, 40;
January and February,1947.) The first two of a
.series of papers. Analysis is given for the case
of a transmission line terminated by a complex
impedance, with particular reference to stand-
ing-wave ratio, angular position of voltage
maximum and minimum, and the surge im-
pedance of the line. Actual measurement
techniques are described, with practical details.

621.397.5:621.396.619.16 2263

Transmission of Television Sound on the
Picture Carrier—G. L. Fredendall, K. Schle-
singer, and A. C. Schroeder. (Proc. I.R.E.,
vol. 35, p. 46; January, 1947.) Discussion by
E. R. Kretzmer of 1382 of 1946, analyzing
pulse-width modulation when the time shift
of a pulse edge varies as the instantaneous
modulating signal at the instant at which the
pulse edge actually occurs.

621.397.5:778.5 2264

. Television and the Motion Picture Theater
—L. B. Isaac. (Jour. Soc. Mot. Pic. Eng.,
vol. 47, pp. 482-486; December, 1946.) A
discussion, from the exhihitors’ standpoint, of
the various problems involved.

621.397.5(44) 2265

Television in France—A. Ory. (Wirrless
Eng., vol. 24, p. 93; March, 1947.) Correction
of a statement in an article abstracted in 270
of February to the effect that the equipment
of the R.D.F. television studio is all of German
manufacture. This statement is erroneous, as
the whole of the equipment was both designed
and manufactured in France.

621.397.5(71) 2266

Television and F.M. Plans for Canada—
G. W. Olive. (Communications, vol. 27, pp. 20-
21; January, 1947.) Discussion of problems and
future possibilities.

621.397.6 2267

Some Special Tubes used in Television—
(Télév., Frang., no. 10, pp. 12-13; February,
1946.) Diagrams and brief descriptions of prin-
cipal characteristics.

621.397.62 2268
’I“elevision Receiving Equipment [Book
Review]—lliffe and Sons, London, second

edition, 354 pp., 128 6d. (Wireless World,
vol. 53, p. 89; March, 1947.) Brought up to
date, with many chapters rewritten and some
additional material.

TRANSMISSION
534.78 2269
More on Speech Clipping—Smith. (See
1981.)

Abstracts and References

621.317.761:621.396.61 2270

The BC-221 Frequency Meterasa V.F.O.—
H. W. Johnson. (0ST, vol. 31, pp. 43-47;
March, 1947.) Details of its adaptation with-
out impairing its use as a frequency meter. See
also 3099 of 1946.

621.396.61.029.62 2271

Low-Cost Six-Meter "Phone—C. V. Cham-
bers. (ST, vol. 31, pp. 13-17; March, 1947.)
A description and circuit diagram of a 15-watt
50-megacycle transmitter. The second har-
monic of a 25-megacycle crystal is obtained
from a triode-tetrode oscillator with sufficient
output to drive directly a low-power amplifier,

621.396.615.142 2272

Current and Power in Velocity-Modulation
Tubes—L. J. Black and P. L. Morton. (Proc.
I.R.E., vol. 35, p. 43; January, 1947. Discus-
sion by P. J. Wallis and S. G. Tomlin of 3843
of 1944.

621.396.619.13/.14 2273

Development of the Cascade Phase Shift
Modulator [for F.M. Transmitters]—(Radio,
vol. 31, pp. 11-15; January, 1947.) Distortion
in phase-shift modulators may occur as non-
linearity of phase modulation or as the result
of amplitude modulation of the signal. The
paper describes in detail a circuit employing a
100-kilocycle crystal oscillator and six pen-
tode-triode resistance controlled modulators.

621.396.619.14 2274

Wide-Angle Phase Modulator—H. K. Brad-
ford. (Electronics, vol. 20, pp. 100-103; Febru-
ary, 1947.) “Technique for phase modulating a
crystal-controlled carrier, whereby two com-
ponents of fixed phase difference are amplitude
modulated and added to give the output, is de-
scribed. Circuit can be used to give frequency
modulation, or modified to give amplitude
modulation.”

621.396.619.231.029.62 2275

Investigations on Suppressor Grid Modula-
tion at Ultra-High Frequency—S. K. Chat-
terjee. (Electrotech., no. 19, pp. 41-51; Decem-
ber, 1946.) An experimental investigation at
40 megacycles. Main results are high over-all
efficiency (20 per cent) and good lincarity of
the modulation characteristic.

VACUUM TUBES AND THERMIONICS

621.314.632:546.289 2276

Properties of Welded Contact Germanium
Rectifiers—H. Q. North. (Jour. Appl. Phys.,
vol. 17, pp. 912-923; November, 1946.) Con-
struction and tests of these rectifiers are de-
scribed. Welded contact has advantages of
mechanical ~stability, very-low-forward and
high-backward resistance, low contact capacity
at zero bias, logarithmic direct-current char-
acteristic over wide current range, and high
harmonic power output as microwave gener-
ator. Loss- and noise-ratio measurements are
also described.

621.316.722.1:621.384.5 2277

A Voltage Stabilizing Tube for Very Con-
stant Voltage—T. Jurriaanse. (Philips Tech.
Rev., vol. 8, pp. 272-277; September, 1946.)
By using a carefully prepared molybdenum
cathode and depositing a thick layer of molyb-
denum on the tube walls by cathode sputtering,
the stabilized voltage varies by not more than
a few volts for different samples of the same
type and the variation with time is not more
than % volt per 1000 working hours. Ambient
temperature, also, has little effect on the
working voltage.

621.383 2278

Elimination of the Residual Current in
Photoelectric Cells—A. Lallemand. (Comgt.
Rend, Acad. Sci. (Paris), vol. 223, pp. 856-
857; November 18, 1946.) Difficulties due to
residual current can be very considerably re-
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duced by using only a small portion of the
cathode, with electrostatic or magnetic lenses
between it and the corresponding portion of
the anode, which can be.pierced and provided
with a small collecting disk behind the hole. A
S-stage multiplier on this principle has been
constructed, with magnetic lenses forming an
clectronic image of the photocathode succes-
sively on each multiplier, the residual current
from the small collecting electrode being 80
times less than from the guard electrode. With
this device it has been possible to show that
the light reflected or diffused by a photoelectric
layer is by no means negligible, and also to
measure the gain realized by giving the photo-
sensitive layer in an ordinary cell the form of a
black body.

621.383:537.533.8 2279

Application of Secondary Emission of Elec-
trons to Multiplier Tubes—A. Lallemand.
(Rev. Sci, (Paris), vol, 84, pp. 131-136; August,
1946.) A review of the phenomena of secondary
emission from pure metals, alloys, and complex
layers, and their practical use in electron multi-
pliers.

621.383.42 2280

Parallel Operation on Several Barrier-Layer
Selenium Photocells—M. Delattre. (Comp.
Rend. Acad. Sci. (Paris), vol. 218, pp. 112-113;
January 17, 1944.)

621.383.42:535.215.4 2281

Investigation of Uniformity of Sensitivity
Distribution over the Surface of Selenium
Photocells—I. A. Vladimirov. (Bull. Acad.
Sci. (U.R.S.S.), sér. phys., vol. 5, nos. 4-5, pp.
499-502; 1941. In Russian with English sum-
mary.) Apparatus is described for recording
this sensitivity distribution.

621.383.42:535.215.6 2282

On the Gaseous Nature of the Non-Con-
ducting Layer in Selenium Photocells—D. I.
Arkadiev. (Bull. Acad. Sci. (U.R.S.S.), -sér.
phys., vol. 5, nos. 4-5, pp. 503-505; 1941.
In Russian with English summary.) If a
selenium rectifier photocell is placed in a high
vacuum, the only way in which its electrical
and photoelectric properties can be changed
is by the formation of selenium amalgam when
the mercury vapor is not completely frozen
out. Previous suggestions that the rectifier layer
consists of adsorbed gascous molecules or other
volatile compounds are not supported by these
experiments.

621.383.5:620.196 2283

The Influence of Impurities on the Recti-
fier Photo Effect of Cuprous Oxide—V. E.
Laskarev and K. M. Kosonogova. (Bull. Acad.
Sei. (U.R.S.S.), sér. phys., vol. 5, nos. 4-5, pp.
478-493; 1941. In Russian with English sum-
mary.) If cuprous oxide cellsare prepared by re-
duction during tempering in salt solutions (of Li,
Na, K, Be, Zn, Pb, U) an extra maximum oc-
curs in the red and infrared region of the
gpectrum (0.75 to 1 micron). The position of
the maximum is determined by the content of
the metallic impurities introduced and is the
same for all the above metals. For large im-
purity contents the principal maximum at
wavelengths=0.54 micron disappears. The
introduction of impurities causes an abrupt in-
crease in the absorption by cuprous oxide in
the red region of the spectrum; it has a marked
effect on the dissociation work of the barrier
layer. A thermoprobe method revcals, in Cu0
photocelis, the existence, between the upper
clectrode and the barrier layer, of a layer of
oxide which has electronic conductivity.
Analysis of the results suggests a new struc-
tural scheme for Cu,0 cells. The stability of
these cells when temperature varies is increased
if impurities are introduced. For relatively
large amounts of impurity this stability is of
the order of fifty times that for photocelis pre-
pared by cathode sputtering. All the ohserved
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phenomena can be explained on the assump-
tion that the electropositive impurities result
in localized levels whose height is greater than
that of the oxygen levels in CuzO.

621.385.029.63/.64 2284

Theory of the Beam-Type Travelling-
Wave Tube—J. R. Pierce. (Proc. LR.E,,
vol. 35, pp. 111-123; February, 1947.) The
theory is developed assuming small signals.
The equations predict three fonward waves, one
increasing and two attenuated, and one back-
ward wave which is little affected by the clec-
tron beam. The dependence of the wave
propagation coefficients on voltage, current,
circuit loss, and other properties of the trans-
mission mode, together with expressions for
gain, noise, and power are given and illustrated
graphically. Appendixes deal with (a) the field
in a uniform transmission system due to im-
pressed current (such as an clectron stream)
in terms of the parameters of the transmission
modes, and (b) wave propagation along a helix.

621.385.029.63/.64 2285

Traveling-Wave Tubes—]J. R. Pierce and
L. M. Field. (Proc. I.LR.E., vol. 35, pp. 10&-
111; February, 1947.) Describes a tube with a
gain of 23 decibels at 3700 megacycles and
power output of 0.2 watt. The bandwidth
between the 3 decibel points is 800 megacycles.
A qualitative account of its opcration is in-
cluded; for theory see 2284 above.

621.395.029.63/.64:621.396.615.14 2286

The Traveling-Wave Tube as Amplifier at
Microwaves—R. Kompfner. (Proc. I.R.E.,
vol. 35, pp. 124-127; February, 19:7.) The
inner conductor of a concentric line consists
of a wire helix such that the velocity of propa-
gation is about one-tenth of the velocity of
light. If an clectron beam of voltage of the
order of 2500 and about the same velocity as
that of the traveling field is shot along the
axis of the helix, the line acts as an amplifier
of radio-frequency power passing along it. A
description of the early development of these
tubes in England and expressions for power
gain and noise factor are given.

621.385.1 2287

Time Constant of the Ignition of the Dis-
charge in Rarefied Gases—]. Moussiegt.
(Comp!l. Rend. Acad. Sci. (Paris), vol. 223, pp.
659-661; October 28, 1946.) A simple theory
is given, with formulas, in general agreement
with the results previously reported (940 and
941 of April) for the effect of various factors on
the value of the current maximum for inter-
mittent gas discharges.

621.385.1.029.62/.63+621.396.6 2288

Radar Vacuum-Tube Developments—]J. J.
Glauber. (Elcc. Commun., vol. 23, pp. 306—
319; September, 1946.) The development, and
factors influencing the design, of high-power
transmitting triodes for pulsed- and continu-
ous-wave operation in the 200 to 600 megacy-
cle band are discussed. Brief details of air-
cooled tubes suitable for pulsed operation are
given below: L200: operating frequency 200
megacycles; power output per pair 150 kilo-
watts (duty cycle 0.01); directly heated thori-
ated tungsten cathode; squirrel-cage type grid
connecting to a ring secal; re-entrant anode.
LA00: operating frequency 400 megacycles;
generally simnilar to L200 but shorter anode.
LG0OE: operating frequency 600 megacycles;
power output 25 kilowatts. 8C22: operating
frequency 400 megacycles; directly heated
cathode specially arranged to reduce electro-
mechanical force between adjocent elements
thereof; filament power 1.35 kilowatts; power
output 500 kilowatts. 6C23: operating fre-
quency 600 megacycles; power output 600 kilo-

watts; indirectly heated cathode requiring
lower filament power input than 8C22.

Brief details of tubes suitable for continuous-
wave operation are given below: 6C22: di-
rectly-heated water cooled tube, having smaller
grid-to-filament spacing than LGOOE and larger
filament area; output power 250 watts as an
oscillator at 600 megacycles and 500 watts as
an amplifier with a driving power of 100 watts.
LGOONR: air-cooled version of 6C22. 8C23:
an improved tube developed from 8C22, hav-
ing modified grid structure and reduced anode
diameter. Incomplete tests using forced air
cooling indicate a power output of 500 watts
at 400 megacycles with an anode dissipation
of 1 kilowatt: with water cooling, power out-
puts of 2.7 kilowatts and 1 kilowatt (anode
dissipation 5 kilowatts) are anticipated at 400
and 600 megacycles, respectively. 6C23: carly
tests on this tube under continuous-wave op-
erating conditions are described.

621.385.1.032.216 2289

Periodic Variations of Anode Current in
Vacuum Tubes with Oxide Cathodes—R.
Champeix. (Comp!l. Rend. Aced. Sci. (Paris),
vol. 223, pp. 786-788; November 13, 1946.)
The anode current in some of these tubes
varies periodically, the periods observed rang-
ing from 15 minutes to 4 hours. In some cascs
the current curves are approximately sinu-
soidal, but more frequently the maxima, which
may be thrce times the minima, are sharply
peaked. The cffect is observed much more
often with low than with high cathode tem-
peratures and appears to be related to modifica-
tions of the cathode saturation current. See also
3810 of January.

621.396.615.142 2290

Transit-Time Effects in Ultra-High-Fre-
quency Class-C Operation—W. G. Dow.
(Proc. I.R.E., vol. 35, pp. 35—12; January,
1947.) “Effects discussed are electron-transit
reactance; clectron-transit phase-delay angle;
cathode back-heating; use of a screen grid to
improve cfficiency; changes in optimum shunt
impedance; secondary emission; and anode
back-heating by sccondary electrons. It is
pointed out that by increasing voltage and
current density, simultaneously, the frequency
and power can be raised without sacrificing
efficiency or bandwidth. An equivalent circuit
is described which takes account of certain
important transit-time effects.”

621.396.615.142 2291

A Wide-Tuning-Range Microwave Oscil-
lator Tube—]J. W. Clark and A. L. Samuel.
(Proc. I.R.E., vol. 35, pp. 81-83; January,
1947.) Describes the design of the 2K48 reflex
velocity-modulation tube and its associated
cavity resonators tuning from 3000 to 6000
megacycles and 5000 to 10,000 megacycles, re-
spectively.

621.396.615.142 2292
Current and Power in Velocity-Modulation
Tubes—Black and Morton. (Sce 2272.)

621.397.6 2293

Some Special Tubes used in Television—
(Télév. Frang., no. 10, pp. 12-13; February,
1946.) Diagrams and brief descriptions of prin-
cipal characteristics.

MISCELLANEOTUS

001.4:621.38 2294

Is “‘Electronics” Overworked?—“Cathode
Ray.” (Wireless World, vol. 53, pp. 43-45;
February, 1947.)

061.31 2295

British Commonwealth Scientific Official
Conference, London, 1946. Report of Proceed-
ings [Book Review]—H. M. Stationery Office,

PROCEEDINGS OF THE I.R.E—Waves and Electrons Seclion

London, 73 pp., 1s. 3d. Terms of reference:
“To consider the best means of ensuring the
fullest possible collaboration between Civil
Government Scientific Organizations of the
Commonwealth and to make formal recom-
mendations for the approval of the Govern-
ments represented.”

061.6 2296

20th Annual Report of the Council of the
[British] Institution [of Radio Engineers]—
(Jour. Brit. I.R.E., vol. 6, pp. 130-142; July-
August, 1946.)

061.6:[526-+55] *¢1946.0729/.08.2" 2297

Summary Report on the Extraordinary
General Assembly of thesInternational Union
of Geodesy and Geophysics (JUGG), Cam-
bridge, England, July 29 to August 2, 1946—
J. M. Staff. (Terr. Mag. Atmo. Elec., vol. 51,
pp. 509-515; December, 1946.)

371.3.621.3 2298

I.E.E. and Further Education Grants—
(Electrician, vol. 137, p. 1292; November 8,
1946.) The Ministry of Labour scheme en-
ables university or Institution of Electrical
Engincers graduates, whose war service has
prevented tompletion of practical training, to
take a specially designed course.

371.3:621.3 2299

E. R. A. Apprenticeships—(Elec. Rev.
(London), vol. 140, p. 342; March 7, 1947.)
This scheme, involving attendance at college
for one or two days each week, while not a
substitute for full-time university training,
makes a useful contribution to the training of
clectrical engineers.

384:654.196(73) 2300

U. S. Radio Statistics, 1947—(Telc-Tech.,
vol. 6, p. 39; January, 1947.) A table of output
of broadcast receiving sets from 1922 to 1946,
and of ecconomic statistics for 1946.

519.283:62 2301

Engineering and Quality Control—P. L.
Alger. (Elec. Eng., vol. 66, pp. 16-19; January,
1947.) Describes a systematic procedure for
taking samples, measuring them, and plotting
the results on charts so that variations of im-
portance can be noted before they become seri-
ous. The fundamental laws of chance on which
this procedure is based are briefly discussed.
See also 2421 of 1946.

621.38(083.72) 2302

“Tron”—(Toule la Radio, vol. 14, p. 43;
January, 1947.) Short definitions of 30 of the
“tron” family, many of which are simply trade
names.

621.396.621.004.67 .~ 2303

Manual of Radio Practice for Servicemen
[Book Review]—E. G. Beard. Philips Electrical
Industries of Australia, Sydney, 496 pp.
(Proc. I.R.E. (Australia), vol. 7, p. 33; Novem-
ber, 1946.) A comprchensive treatment which
should prove useful both to the serviceman and
the radio engincer.

621.396.97:06.013 2304

Broadcasting. Copy of the License and
Agreement Between His Majesty’s Post-
master General and the British Broadcasting
Corporation, November 29, 1946. [Book
Notice]—H.M. Stationery Office, London, 3d.
(Govt. Publ. (London), p. 6, December, 1946.)

621.396.97:06.013 2305

Broadcasting. Draft of Royal Charter for
the Continuance of the British Broadcasting
Corporation for which the Postmaster General
Proposes to Apply [Book Notice]—H.M. Sta-
tionery Office, London, 2d. (Gov!. Publ. (Lon-
don), p. 6; December, 1946.)




You see the entire response curve at a glance
HAR-CAM

PROCEEDINGS OF THE L.R.E. August, 1917 33A



DO YOU NEED

TRANSFORMERS

BALTIMORE
“Radio Heatd [ cC.p
o 22, 1947,
wi H New 2
H
- slon; May 27, 1947
Sofar.*
1 22, 1947
instead of sponding time and money to develop ’“‘YL“ 9 N -
your own special method of voltage adjustment, '
make usec of these Acme Electric onginoceored trans- BUFFALO-NIAGARA
former deosigns with time-proven, tap - changing *Micro-Micro Wave Radar,” by M. G. Nichol-
son, Jr., Colonial Radio Corporatlon; May 21, 1947

foatures. £
Election of officers; May 22, 1947

These general physical designs can be
engincered to exactly the electrical char-
actoristics roquired for your product —
using standard parts. Economy demon-
strated beforo your eyes.

Cepar Rarips

“Iniportance of Stylus and Groove Fit in Rec-
ord Reproduction,® by D. A. Andrews, Radio Cor-
poration of America; May 7, 1947

CINCINNATI

Spring Technical Conference; May 3, 1947

CHicaco

®Interconnecting Facilities for Television
. § Broadcasting,® by W. E. Bloecker, American Tcle-
M'°"’“"‘9 type' 12, pvovnd'ed phone and Telegraph Company; May 16, 1947
with tap-changing panel with Election of Officers; May 16, 1947
windings to pvaide any con-
nections needed. Available in

ratings from 35 to 2500 VA. “Mathless Mict "by P.N v
sity of Florida; May 22, 1947

Electlon of Officers; May 22, 194

CLEVELAND

CoLumsus

l *Helical Antennas,” by J. D. Kraus, Ohio State
University; May 16, 1947
*Diclectric Antennas,” by G. E. Miller, Ohlo
State University; May 16, 1947
Election of Officers; June 18, 1947

Mounting type 141 with windings

enclosed in end bells. Primary tap DaLLas-ForRT WORTH

changer on front indicating ratings. *Electronics as Applied to Industrial Insts
Available in ratings from 35 to ) mente,” by T. C. Dudiey, Foxboro Company; May
500 VA, ; & 8,1947.

*Western Electric Company F.M. Broadcast
Tranemitters,” by J. B. Bishop, Bell Telephone Lab-
oratories; May 22, 1947

DayTON

*Instruments for the Detection of Nuclear
Radiations,” by J. Heyd, Monsanto Chemical Com-
pany; May 8, 1947.

Mounting type )50, lead holes E ) | Election of Officers; May 8, 1947

on bottom or sidé¢ of half shell.
Primary tap changer on top.

Available in ratings from 35 2o " - *New Rescarch Facilities in the Engineering
i - School at Penn State,” by E. Walker, Pennsylvania

EMPORIUM

VA.
ki 4 State University;May 9, 1947.
| Houston
For fuv(h.er IBI R Gt O S e *Recent Trends {n Vacuum-Tube Design and
for Bulletin 168. / b Manufacture,” by E. Atkins, Tungsol Lamp
sl Worke, Inc.; May 29, 1947.
A(ME ElE(TRI( (0RPORAT|0N Election of Officers; May 29, 1947
44 WATER ST. CUBA, N. Y. LONDON (ONTARIO)
*Cathode-Ray Oscillography,” by R. Wiiton,

[ ] | Bach-Simpson Limited; May 23, 1947
Election of Officers; May 23, 1947

l Los ANGULES

*Radar {n War and Peace,” by L. A. DuBridge,
California Institute of Technology; May 20, 1947,

A PROCEBDINGS OF THE LR.E August, 1947



Will you be the first
to invent the “Advoice”?

MONTREAL oo ““'
-

-y T
“Theory of F.M. Broadcast Antennas,” by e e
G. Glinski, Northern Electric Company, Ltd.;
May 28, 1947.

*Premodulation Speech Clipping,” by W. W. H
Dean, Radio Corporation of America Victor Com-
pany, Ltd.; May 28, 1947.

Election of Officers; May 28, 1947.

e

New York

*Television Receivers,” by A. Wright and
E. Clark, Radio Corporation of America; April 2,
1947,

“New Techniques in Television Synchronizing
Signal Generators,” by E. Schoenfeld, Industry
Service Laboratory; May 7, 1947.

*Instrumentation for Television Receiver De-
velopment,” by W. F. Bailey, Hazeltine Electronics
Corporation; May 7, 1947.

Election of Officers; June 4, 1947.

PITTSBURGH
®Color Television,” by D. Balthis, Westing-
house Radio Division; March 10, 1947.
*The University of Pittsburgh Cyclotron,” by
A.J. Allan, University of Pittsburgh; April 14, 1947.
Election of Officers; June 9, 1947.

PORTLAND
“The Lanac System of Air Control and Navi-
gation,” by E. E, Harper, Hazeltine Electronics
Corporation; May 22, 1947,

et ey & e
“The Work of the Bell Telephone Laborator- | i We me'an ad}',emslr'lg ’l'n s.tores by continuous
fes,” by M. J. Kelly, Bell Telephone Laboratories; | Magnetic Recording . . .”Advoice” is just a name . . .
May 27, 1947. . . cehl 3
«Some Practical Applications of Slotted Line . call your instrument anything you wish! Tht'a idea
Measurements,” by R. R. Ehiger, KGW-FM; June is sound. Why not put grocery specials on wire
5. 1947, Roanttich recordings? Or maybe you've got a better idea.
“The Mobile Radio Telephone System,” by | If our thought or your inspiration prompts
?5' S. Dewire, New York Telephone Company; May a design for a wire recorder, remember what Brush wire
1947, : .
Election of Officers; May 15, 1947. recording components offer:

SACRAMENTO
“Magnetic Tape Recording,” by N. D. Web-
ster, McClatchy Broadcasting Company; May 20,
1947. |
Election of Officers; May 20, 1947.

S1. Louis |
“Train Communication Systems,” by 1. E.
Verbarg, The Missouri Pacific Railroad Company;
May 22, 1947.
Election of Officers; May 22, 1947.

SaN Dieco

*Split Anode Magnetrons,” by J. L. Bowers, |
Consolidated-Vultes Aircraft Corporation; May 6,
1947,

“The Design of Glass-B Amplifiers,” by D. C.
Kalbfell, Kalbfell Laboratories; May 16, 1947.

“Application of Carrier-Type Communication
to Power Lines,” by W. U. Dent; June 3, 1947.

1

SEATTLE
“Tracking Submarines With Sonar,” by C. K- | 5 i
Stedman, Boeing Aircraft Company” April 18, 1947. These latest developments in magnetic

*Principles of Servomechanisms,” Ly G. L. recording equipment can now be obtained for
Hoard, University of Washington; May 9, 1947. & . .
=k radio combinations and other uses. Brush
ORONTO 0 . .
"Facsimile,” by F. A. Hester, Radlo Inventions A SLGLLIEC oA read}f to GSSIS_t FOUR WAL O
Inc.; May 19, 1947. particular use of magnetic recording components.

Twin CiTies
*Design Coneiderations of a Pulse Time Modu-

ceiamriocns by The Brush Development Co.
March 11, 1947,

(Covlmead S apaga To) 3405 Perkins Avenue +« Cleveland 14, Ohio
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6t A
Andrew “KNOW- Hm
i M k w E l D"":.“r Continued from page 35A)

In F m a es -y - - : *Loudspeaker Design Considerations,” by

M. R. Jones. Cinaudagraph Speakers. Inc., April
16, 1947
Election of Officers; July 1. 1947,

WASHINGTON
“A Conslderation of the Factors Affecting the
Design of Turnstile Antennas,” by G. H. Brown,
Radio Corporation of America Laboratories; May

L4 Andrew CO

. Congr, 23, 1947
NA"ZGER, chief eﬁ "i‘“’ﬂles LES‘TER H. “Electronic Heating,” by F. M. Rives, General
FM Station, WEL gineer of Ohio’s firse Electric Company; June 16, 1947,

technically oy D. 'n Columbus, on ,
R standing installation
ransmission |{ ) [ ForT WAYNE
su ' Ine syst .
W’;{}f'ed b?' Andrew Co. and l‘ny 7"1 ES “High-Frequency Amplitude Modulation,” by
‘LD with the stalled b}' | S. Tarzian, Consulting Engineer; May 19, 1947,

Andrew Engineers.asmsmnce of skilled

SUB-SECTIONS

The And MONMOUTH
il ndrew feputation for supply; “Recent Advznces in the field of Infrared,” by
Uty componens and f 'PP ying R. A. Weiss, Evans Signal Laboratory; April 16,
skill, already s '“ or engincering 1947. :
FM ﬁeld. Call ¢ eStabh'Shed in the “Cathode-Ray Flying Spot Scanner for Tele-
in solv; on Andrew for assi vision Signal Generator,” by G. C. Szlikai, Radio
Ing your FM problems! ISstance Corporation of America Laboratories; May 21,
° | 1947,

"‘ . PRINCETON
{
“Television Today.” by D. B. Smith, Philco

Corporation; May 7, 1947.
Election of Officers; May 7, 1947.

N P
/ PR
s
N ANDRE
r#w N gioves ’t’motl/::{l./:m. 150lation sectjgy, wit
4 Dansmis 5 /’;;l (] t’u/ulg two 31/~ r’/“) ] =
€ and expansion’: The following transfers and admissions
’I, ANDREW 1o Jounts, were approved on July 1, 1947, to be ef-
~ ’ ’
v Co. EQU'PMENT AT WELD fective August 1, 1947:
; ® Dupl; " .
J plicate 38" FM . Transfer to Senior Member
< pa.nSIOn Joints, e’bo .mnsmlss.on “nes
7 ali ﬁlu’ngs. WS, tower bfacke(s 'a::xj Andresen, E. H., 6530 N. Bosworth Ave., Chicago.
\ ® Hor; ¢ m
/T \ rizontal * "
- WELD (FAlbazooka sections for ¢ Caplan, R. S.. 1712 Hutchins St., Houston 3, Texas
NIV * Auxiliary g 7O WENs (AXB'”’“"ng Coe, R. L.. Radio Station KSD, St. Louis 1, Mo
J xb‘ ) e Y antenna fo, standby ¢ i Gardner, F. H., 11600 Sherman Way, North Holly-
vstance o WEI Crvice, wood, Calif.
/ 7\ auon of transmjssjop, Ffrsonnel in insta). Gunn, R., 4437 Lowell St., N.W, Washington, D. C.
/ /N tne and "bazook, ' Harris, F., Olleros 3738, Buenos Aires, Argentina
- '5"" Harvey, R. L., RCALaboratories, Princeton. N. J.
W \\ Honnell, M. A., Electrical Engineering Department,
: : Georgia School of Technology, Atlanta,
X ; \Ad > p ) Ga .
% 2R p i "Q’ Jasik, H., 867 South St., Roslindale, Mass.
. 79 N . * Kennedy, M. E., 415 West Lexington Dr., Glendale,
35 : Calif
! A < AL A + YR~ Y | Kihn, H., 30 Green Ave., Lawrenceville, N. J
i / \ ¥ Ay : %) Kulikowski, E. F., 4212—28 St. Mt. Rainier, Md.
s v\ X ! Lapham, E. G., R. F. D. 2. Rockville, Md.
' Vi - , ! Mautner, L., 103 Rhoda Ave., Nutley, N. J

Mayer. H. F, 17 E. Oneida St., Baldwinsville, N. Y.
McCachren, W. S, R.F.D. 2. Box 271, Alexandria,
Va
Morf, F. ., R.F.D. 1, Box 36, Little Silver, N. J
Oldfield, H. R., Jr., 109 Rugby Rd., Syracuse, N. Y.
Parker, C. V., 118 Forrester St., S\ ., Washington
20, D. C.
W Pensak, L., RCA Laboratories, Princeton, N. J
A . ) . DRE Rea, W. T., 180 Varick St., New York 14, N. Y.
N Reash, C. W., Box 11, Emporium, Pa.
A Robinson, E. B., 3436 Zola St., San Diego 6, Calif
R o] Schlafly, H. J., 702 Danforth St., Syracuse 8, N. Y
O Schooley, A. H.. 4035 Nichols Ave., S.W., Wash-
ington 20, D. C.
Siegelin, C. O., 1406 W. Fourth St., Plainfield. N. J.
Silberstein. R., 3904 Jocelyn St., N.W ., Washington
15, D. C.
BURTON BROWNE AOVESTISING (Continued on page 384)
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Put This Formula
To Work For You

WD.-.II.-“I-I.I.-I.-...'BIEI-
T

t
The formula 'R is a favorite and casily-rclnem:rcd solu-
tion to resistance problems. Radio and electromae Engineers
know that IRC offers the most complete ling of resistance
products in the industry ... a fixed or vagpble resistor for
most every requirement. . . with uniform dgpendability proved
by years of rigorous laboratory and fggld tests. Purchasing
Agents and material control executiveggike iRC’s service . . .
*on-time” deliveries . . . factory stg-pilcs of the most pop-
ular types and ranges from whichgghey can draw in emergency
... IRC’s distributor network, froviding speedy, 'round-the-
corner service for small ordefi@equirements.

Put this formula to work ffir you ... check below the catalog
bulletins in which you 2fe interested—tear out this page, and
mail it to us today wiffl your letterhead, giving your name and

INSULATED

FINGER-TIP

COMPOSITION title. International istance Company, 401 N. Broad Street, CONTROLS AND
INSULATED WIRE 1 3 1 : i ist- SWITCHES
WOUND RESISTORS Philadelphia 8, Pglinsylvania. In Canada: International Resist P

IRC types ance Company, did., Toronto, Licensee. Heds
BT & BW
J - o
O K i W Vi . O HH b ‘ @ s v g
15 WIS PR saiton oot s e A SOEE —— —— "l‘tj =
= | o ‘
[L22

P e - - > e —————
WIRE WOUND MATCHED PAIR POWER FLAT POWER VOLUME WIRE WOUND
RESISTORS RESISTORS RESISTORS RESISTORS CONTROLS POTENTIOMETERS
IRC type MW IRC type FRW IRC type DS IRC type W

rs

0 L L _u‘mﬂvm

O HIPRIREDIU CALANE MT4

%% =
°3 St - b
- , <«
iRy, - = 7
wirmivem s ‘e - e
= {
A, | - — . /""‘ _- >
VOLTMETER POWER RHEOSTATS WATER-COOLED PRECISION HIGH VOLTAGE HIGH POWER
MULTIPLIERS IRC types RESISTORS RESISTORS RESISTORS RESISTORS
M'PE 2‘;;8 PR & PRT IRC type LP IRC type MV IRC type MP

INTERNATIONAL

Whe

Power Resistors « Precisions » Insuloted Composition Resistorselaw Wottage Wire WoundseRh tseControlse Voltmeter MultiplierseVoltage DividerssHF and High Voltage Resistors
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CURRENTL

GORENSEN & COMPANY, INC.
anufactw of

M
VOLTAGE REGULATORS, NO

384

SORENSEN SYSTEM

f
The Sorensen systemg:-
AC electronic vo\tage re
lation prowd
curate resp
the sma\lest v.o\' 22
chang¢ with a mmlmd 3
wave distortion an i
regulntion accuracy

been incorp
Nobatfon "’
source o reg
voltage at

pilized D(}
tainable 10
models ope
95-125
()0 cycles.

voltage 18 ob-
tandard

AC source of

Among t

pattery-op
and in other
where it is d¢
place

girable to re-
uar-

fated powe

GENERAL AC REGULATOR SPECIFICATIONS

|nput Voltage Range (—1
(-2
Output Voltage Range { — 1

model) . .
model) . .
model) . .

model) .

Lload Range . .

Regulation Accuracy . .
Harmonic Distortion

Input Frequency Range
Inductive Power Factor Range

For standard voltage regulation, Sorensen
Mogdel 500 is a proven leader in its field—
compact, accurate and dependable. This
model typifies the Sorensen line of AC
and Nobatron all-purpose voltage regu-
lators. Let a Sorensen engineer help you
with your next voltage regulation problem.

95-125

190-250
110-120
.220-240

25-30,000 V. A,

Y2 of 1%

5% Max. (2% in *'S" Models)
50-70 cycles

Down to 0.7 P.F.

SORENSEN & (OMPANVY, INL.

375 FRIRFIELD AVENUE * STAMFORD, CONNECTICUT

PROCEBDINGS OF THE I.R.E

(Continued from page 364)

Sokoloff, . W.. 68-19 Burns St., Forest Hills, L.l
N.Y

Sundius, H. W., c¢/o The Southern New England
Telephone Co., 227 Church, New laven 6,
Conn.

Tarzian. S., 537 S. Walnut St., Bloomington, Ind

Trolese, L. G., 3569 Promontory St., San Diego 9.
Calif

Warner, S. E., 17 Lafayette Ave., East Hartford 8,
Conn,

Wells, L. V., 617 W. Lawrence Ave., Charlotte,
Mich.

Wiener, K. M., Bell Telephone Laboratories, I
Murray HIII, N. J.

Admission to Senior Member

Bernier, J. C., ¢c/o Polytechnique, 1430 St. Denis.
Montreal, Que., Canada

Coxhead, 11. B., Bell Telephone Laboratories, Inc.,
463 West St., New York 14, N. Y

Findlay, J. H., 6 Stonchenge Rd., Upper Montclair,
N.J

Hall, N. 1., Bell Telephone Laboratories, Inc., 463
West St., New York 14, N. Y.

Hapkins, P. E., 336 N. Edison St., Arlington Va

Martin, S. T., 20-B-103, Massachusetts Institute
Technplogy, Cambridge 39, Mass.

Marvin, P. R., ¢/o Milwaukee Gas Specialty 1.
pany, 722 Jackson, Box 461, Mil-
waukee 1, Wis,

Pernice, J. R., 4801 Connecticut Ave., Washington
D.C.

Toulon, P., 221 Park Ave., New York 17, N. Y.

Weil, R. T., Jr., 2162 Schenectady Ave., Brooklyn
3, N.Y.

Transfer to Member

Banks, F. A. O., 81 Troy St., Kitchener, Ont,,
Canada

Bauer, F., 1209 S. Weller, Springficld, Mo.

Bauman, H. W., 5123 N. Nagle, Chicago 30, 111

Bigler, R. R., Collins Radio Co., Cedar Rapid
Jowa

Blinzler, R. F., 558 Crescent Ave., Buffalo 14, N. Y

Bliss, ., 68 Theodore St., Newington, Conn.

Bloom, L. R., Department of Electrical Engineer-
ing, University of Illinois, Urbana, Il

Bond, F. E., Coles Signal Laboratory, Red Bank,
N. J.

Bromall, J. M., Hampton Rd. and Crefeld St
Philadelphia 18, Pa.

Buegler, J. A., 94 Maple Ave., Red Bank, N. J.

Cannon, J. F., 227 Church St., New Haven 6, Conn.

Carter. H. T., 48 Maple Ave., Madison, N. J.

Comstock, G. C., 160 Old Country Rd., Mineola,
12, 20 N

Crothers, M. H., ¢/o Electrical Engineering Depart-
ment, University of Illinols, Urbana, Il

Davidoff, S., 105 Avenue P., Brooklyn 4, N. Y.

Dorne, A., 126 N. Ocean Ave,, Freeport, N. Y

Dubbs, B., 1151 Stratford Ave., New York 59, N. Y.

Duszak, H., 341 S. Washington Ave., Moorestown,
N. J.

Fisk, R. E_, 43 Granada Ave., Long Beach 3, Calif

Frank, R. L., 142 W. 62 St., New York 23, N. Y.

Fristoe, H. T., Electrical Engineering Department,
Oklahoma Agricultural and Mechanical
College, Stillwater, Okla.

Garri, M. E., Misiones 172, 2. E, Buenos Aires, Ar-
gentina

Gilmartin, J. J., Jr., 24—79 Ave., New Hyde Park,
L.I,N. Y.

Goddard, E. G., Bldg. 212, Stanford Village, Stan-
ford University, Calif.

Halder, G. W., 14 Gay Head St., Jamaica Plain 30,
Mass.

Hammett, R. L., Box 8026, Dallas 5, Texas

Henry, E. A., 27 N. Dudley St., Camden, N. J

Hollander, G. L., 6147 Kingsbury Ave,, St. Louis,
Mo.
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Hull. R. W.. Rell Telephone Laboratorics, Inc.,
Murray Hill, N. J
Jacohi, T. E., 17 E. Browning Rd., Collingswood,

N.J
Jarvis, J., 29 Forest Rd., Dus SNLY.
Jenny, H K., ¢/o Rudy Herr, R.F.D. 8, Lancaster,
Je K. S.. Box 1663, Santa Fe, New Mexico

Jones, C. W., Box 85, Fairview Ave., Roberteon

Kaiser, H. R., ¢/o WWSW, inc., Rox 1555, Pitts-

burgh 30, I'a
| 8 R. B, ’te. Zayas—519, Box 647, Havana,
Cuba

Kenigson, R. R., 15 Crawford St., Alfred Vail
Homes, Eatontown, N. J.

K A. R., 1846 Mansficld Rd.. Toledo 12,
Ohio

Klaus, G. H., 723 Sunset Court, San Dicgo 8, Calit

Knauss, H. C., 30 Lancaster St., Cambridge 40
Mase.

K J. F., Jr., 39 E. Knowles Ave., Glenolden, a.

Kraus, C. R., The Bell Telephone Company of
Pennsylvania, 1835 Arch St., Philadelphia
3 Pa

Kucera, F. L., ¢/o Skodaworks, Ltd., Box 3108,
Johannesburg, South Africa

Lafierty, R. E., 415 Pleasant Ave., Ogdensburg,
N. Y

lane, R. N., 2210 San Gabricl, Austin, Texas

Left. B., 1930 N. Humboldt Rivd., Chicago 47, 111

Leslie, D. A., Box 237, Suva, Fiji

Levey, A. W., 1083 Fox St., New York 59, N. Y.

Loutit, J. A., 119 Oxford St., Cambridge, Mass.

Malone, J. P., Jr., 3431—91 St., Jackson Heights,
L.I.N. Y.

Maloney, T. E., 13 Crawford St., Eatontown, N. J.

Mendez, L., Radio Station HPX, Republic of
Panama

Miller, R. C., 121 Barnett St., Brookville, Pa.

Minton, M., 54 Moreland Court, Finchley Rd
London N.W. 2, England

Mitchell, J.H., Route 4, Box 1254, Tampa 7, Fla.

Nienaltowski. W., ¢/o Electronics Division, En-
gineering Department, Northern Electric
Company. Ltd., Box 369, Montreal, Que.,
Canada

Osorio, A. E., Acoyte 443, Buenos Aires, Argentina

Oyster, D. E., 533 Wiltshire Blvd., Dayton 9, Ohlo

Paramasivayys, G. S., Princlpal, Lingaraj College,
Belguam, India

Pennie, D. F., Box 114, Cranbury, N. J.

Rice, C. 1., 2163 James Ave., St. Pau!l 5, Minn.

Robbins, L. G., 2505 Palmer P1., S.E., Washington,
D.C.

Rothschild, R. F., 40 Cameron Ave., Hempstead,
L. I, N. Ya

Admission to Member

Andrews, D. R., 514 Dwight Ave,, Collingswood.
N. J.

Baer, C. E., 305 Williams St., Osborn, Ohio

Barbier, M. P., Albisriederstr 369, Zirich, Switzer-
land

Benfield, A. B., Westford Rd., R.F.D. 1, Concord.
Mass,

Benoit, R. C., Jr., 620 Maple St., Brooklyn, N. Y

Blumberg, M., 45 William St., Rochelle Park, N. J.

Bowen, R . 1886 S. Humboldt St., Denver 10,
Colo

Bridgman, J. M., Photographic Survey Co., Ltd.

DeHavilland Airport, Postal Station L., Toromto.
Ont., Canada

Chu, C., 43 Linden Lane, Princeton, N. J.

Cohen, J., 1616 Fltzgerald Lane, Alexandria, Va.

Corbell, P. 1., Jr., 551 Eaton Ave., Redwood City,
Calif

Cram, C. C., 4763 Lamont St., San Diego 9, Calif.
(Continued on page 424)
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Building the Transmitter

Here’s where your ideal transmitter takes shape . . . in
final assembly operation at the modern Westinghouse
plant in Baltimore. Here, the improvements specified
by you become reality as skilled workmen assemble
finished parts into complete, dependable transmitters.
All units are thoroughly tested before delivery.

SERVICE EVERYWHERE..... We®W 77,0 Goomation 7

Westinghouse has 17 parts warehouses, a staff of service
engineers on 24-hour call and 35 maintenance and re-
pair shops conveniently located . . . as close as your .
tglephoqe. Factory trained Commtxmcagons sales en- transmitters. Ask for B-3829 A ond 8
gineers in your area are also ready to serve you. kw, FM) or B-3850 (10 kw, FM)

These new books will give you a
complete picture of the operating ad-
vantages built into Westinghouse

.
.

= Westinghouse szttt

PLANTS IN 25 CITIES . OFFICES EVERYWHERE



o 0f your ideas!

. . . a truly modern design based on the recom- @® Visible, conventional-type tubes—nothing tricky.
f mend?tions of your industry and the years of @ Fuseless overload protection and excellent shield-
experience of our own engineers in operating ing, lead covered wire.
. five FM stations. ("’De-ion’’ circuit breakers used throughout.)
Now you can throw away the ‘“can opener”. O'Nb i Wk receivier. vestoters,

{ You won’t need one to get at the tubes—they’re (Only heavy-duty resistors are used throughout.)
all within reach of your finger tips, from the
front of the transmitter. This is what you asked
for ...and get...in all Westinghouse FM trans-
mitters. And here are a few more of those “ex-
amples” which help to make your operating
and maintenance job easier.

@ Individual voltage regulators for bus voltage and
high-voltage rectifier.
This “duo of experience” . . . yours and ours
.. assures these features, and more, in all West-
inghouse FM transmitters—1, 3, 10, and 50 kw.
® New 270° meters at eye level Your Westinghouse office will give you more
(You can see the grid and plate currents in all d(?talls or you can write to us at P.O. Box 868,
stages simultaneously.) Pittsburgh 30, Pa. 1-02105-A

o0 QHOCLOEREe 220 0
1ty ODQ 10 000

“ma

A —

CENTRALIZED CONTROLS ... all major controls are located on EASY TO MAINTAIN . .. full-opening doors, open vertical ar-
. the front panel to make simultaneous adjustments casy. All rangement of components and power outlets, facilitate inspec-

tubes are replaceable from the front of the cubicle. tion and maintenance. All access doors are electrically and me-
! chanically interlocked for safety of service personnel.

M s 3T P R R A watS

|
|

|| ONE-JOB, EYE-LEVEL METERS . .. pew 270° circular scale BUILDING BLOCK DESIGN . . . your Westinghouse 3 kw, FM
a meters are at eye level for easy reading. Each instrument oper- transmitter, a complete unit in a single cubicle, can be stepped-
ates in but one circuit, ¢liminating instrument switching.  up to 10 or 50 kw simply by adding cubicles. Each added

i ] cubicle is a complete rectifier or amplifier within itself. Thus,
f a minimum of inter-cubicle wiring . . . your assurance of a

quick, easy change-over.
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Unusually high capacitance in relation to physical
“ C.N. TYPE dimensions make Hi-Q ceramic capacitors the
ideal components for use where space is ex-
tremely limited. Recognized stability insures de-
S. I. TYPE per‘\d'oble performance through years of service
B T NG Individually tested for accuracy of physical di-

urez Coate . s
mensions, temperature coefficient, power factor
and dielectric strength. Available with axial
leads (C! type); parallel leads (CN type); Durez

_@G coated (Sltype). An experienced engineer willbe
glad to consult with you on your requirements.

C. . TYPE

OTHER COMPONENTS

| () e
FEED THRU AND STAND-OFF CAPACITORS

A 5
| 1800 Hi-Q o

WIRE WOUND {3
RESISTORS

'ELECTRICAL REACTANCE

€C 0O R P OR A T | O N
FRANKLINVILLE, N. Y.

(Continued from page 394)

Danner, O. G.. 4874 Montrose Dr., Fort Worth,
Texas
Davis. A., 53 Barker Ave., Eatontown, N. J
Duckwitz, W. G., 100 Victor Ave., Dayton 5, Ohio
Elkins, C. C., Jr., 3103 Douglas St., Dallas 4, Texas
| Eitiott, A. G., 19 West 91 St., New York 24, N. Y.
Fees, F. K., 404 Rutherford Ave,, Trenton, N. J.
| Felsenheld, R. A., 67 Broad St., New York 4, N. Y.
French, L. E., Collins Radio Co., Cedar Raplds,
lowa
Gibbons, T. J., 707 Patterson Rd., Dayton 9, Ohlo
Given, 1. K., 561 W. 163 St., New York 32, N. Y,
Greene, G. G., 66 Needham St., Newton Highlands
61, Mass.
Handelsman, M., 400 \V. Siebenthaler Ave., Dayton
§, Ohio
Hixson, J. D., 33 Holly Rd., West Belmar, N. J
Howasd, F. E., Jr., Compound Gate, NATTC,
Ward Island, Corpus Christi, Texas
Hunt, T. W,, 49 Park Lane, Frodsham, Via War-
rington, Lancs., England
Kadenacy, J., ¢/o Association of Polish Engineers,
9 Sussex Square, London W. 2, England
Kearse, G. P., 3844 Maypole Ave., Chicago 24, Ill.
Kenniger, A., 8 Galt St., Ottawa, Ont., Canada
Lawrence, T. B., Box 2509, Beaumont, Texas
Phillips, D. )., 28 Barrow Rd., Odd Down, Bath,
Somerset, England
Placek, J. H., 226 N. 82, Belleville, I11.
| Pree, W. G., 2500 W. 66 St., Minneapolis, Minn.
Richards, G. F., 117 St. Paul's P1., Hempstead, L.I.,
N.Y.
Sandlin, G. L., 6308 Malvey St., Fort Worth, Texas
Sherman, R., 235 Mt. Hope P, New York, N. Y,
Sigvaldson, J. M., 4815 Holly, Kansas City, Mo.
Smith, C. P., 34 Linnaean St., Cambridge 38, Mass.
Sperring, F. E., 26 Shinfield Rd., Reading, Berk-
shire, England
Stegner, V. J., R.F.D. 3, Box 188, Dayton 3, Ohio
Swantz, F. W., 204 S. Jackson St., Belleville, 111
Taylor, D. R., 371 Winchester St., Winnipeg, St
James, Manitoba, Canada

The following admissions to Associate
were approved on July 1, 1947 to be ef-
fective August 1, 1947:

Adison, J. C., 1343 Eddy, Chicago 13. Il

AhSam, J.. G.P.O. Box 77, Suva, Fiji

Allen, F. H., Western Electric Co., 120 Broadway.
New York, N. Y.

‘ Allison, L. ., 106 Tenhessee Ave., Alexandria, Va.

| Andrews. J. S., ¢/o Radio Station \WWBL], Dalton,

Ga.

Arispe, J. S.. San Martin 379, Buenos Aires, \r-
gentina

Arnold, D. C., 4200 Gardenia Ave., Long Beach 7,

Avery, W. B., Troy, Missouri

[

|

: Calif.
l Benedict, G. R., 417 Glen Echo Circle, Columbus,
(

Ohio

Bennett, D. J.. 27 Evans Ave., Toronto, Ont..
Canada

Bloom, W. E., 1840 Bryant Ave., New York 60,
N. Y

Boyer, W. H., 484 Lincoln St., York, Pa.

Boyle, B., 263 Flatbush Ave., Brooklyn 17, N. Y.

Branen, S. M., Box 428, Lake Charles, La.

Braun, C. G., 221 Washington St., Boonton, N. J

Brock, W. T., 112-20—178 Place, St. Albans. N. Y

Bruna. R. F.. 3901 Sheridan Rd., Chicago 13. 1I

Bugg, K. W., 9 St. Charles Ave., Montgotnery 7,
Ala.

Callihan, E. S., 520 W Pierce St., Houston 6, Texas

Capilla, A.. Corrientes 1237-B, Villa Maria,
F.C.C.A., Argentina

Castro, S., Vidal 2243, Buenos Aires, Argentina

Cerrato, E., Pasaje Los Territorios 2778, Buenos
Aires, Argentina

Clark,.J.B., 1257 E. Drive, Beaumont, Texas

Clough, L. D., Box 562, Galveston, Texas
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Conti, C., 669 E. 30 St., Paterson, N. J.
Cooke, W. H., 2501 Kenilworth Ave., Los Angeles,
Calif.
Copello, D. H., Seccion Comunicaciones, Base
Naval, Puerto Belgrano, Rca., Argentina
Crain, J. T., 2356 Fishcanyon Rd., Monrovia, Calif.
Crawford, E. W., 1644 Columbia Rd., Washington,
D.C.
Curry, W. H., 2655 N. E. Saratoga St., Portland,
Ore.
Eachus, E. D., 605 Union St., Schenectady, N. Y.
Elterman, L., 56 Barker Ave., Eatontown, N.J.
Epprecht, G., Wiedingstrasse 3, Zurich 3, Switzer-
land
Feick, J. C., Jr., U. S. Naval Station, Norfolk 11,
Va.
Fender, K. L., 930 S. Davis St., McMinnville, Ore.
Foster, F. H., 1537—46 St., Des Moines 11, Iowa
Forster, H. F., 26 Warwick Ave., Buffalo 15, N. Y.
Fuller, C. A., 1113 E. 107 St., Los Angeles 2, Calif.
Gellman, H. D., 2298 Bedford Ave., Brooklyn 26,
N.Y.
Ghosh, S. R., 71 Ramapura, Benares (U.P.), India
Gloor, B., Kurlistrasse 40, Oberwinterthur, Switzer-
land
Graziani, E. D., Rivadavia 829, Buenos Aires, Ar-
gentina
Green, J. W., 7781 W, Moreland Lane, San Diego
11, Calif.
Guardado, W., Florida 1065-8E, Buenos Aires,
Argentina
Gusler, F, C., 4319 Holland Dr., Des Moines, lowa
Hajduk, E. C., 5150 N. Mulligan St., Chicago 30, 111
Harhat, T., 715 N. Elizabeth St., Chicago 22, Ill.
Hastie, E. G., 2010 Pierce Mill Rd., N.W., Washing-
ton, D. C.
Held. R. W., 1441 North Ave., Bridgeport 4, Conn
Hiskin, J., Corrientes 3955 Dto. 3, Buenos Alres,
Argentina
Hoffman, L. E., 1100 Glendale Blvd., Los Angeles
26, Caiif.
Hogin, P, 36 Axtell Dr., Scarsdale, N. Y.
Hol R. H.. 635 Cascade Rd., Forest Hills, Pitts-
burgh 21, Pa.
Housenfluck, T. H., Jr., Box 178, Nederland, Texas
Hulteen, C. K., 1242B—24 St., Santa Monica, Calif
Hutton, J. E., 400 N. Madison, Siloam Springs,
Ark
Hyde, C. M., 2112 Emmaus Ave,, Zion. 1N
Ireland. G. B., 3901 N. Kilbourne, Chicago, Il
Jones, H. W., ¢/o Westinghouse International Co.,
40 Wall St., New York, N. Y.
Justus, J. R., 318 S. Elizabeth St., Angola, Ind.
Kent, T. A., 3803 Cottage Terr., Cottage City, Md.
Konigstein, M., Franklin Airloop Corporation,
43-20—34 St., L. 1
Krejcar, J. R., 9 Zapova, Prague 16, Czechoslovakia
Krulee, R. L., 19 Wilson Ave., Belmont 79, Mass.
Landis, J. J., 1151—23 St., Des Moines 11, fowa
Lawrence, J. G., 170 E. Hartsdale Ave., Studio E,
Hartsdale, N. Y
leavitt, W 4214 Nichols Ave W., Washing-
ton, D. C.
LeBoeuf, M. L., 611 D, Marysville, Calif.
Lulck, G. W., 1414—57 St., Des Moines 11, Iowa
Mack, A., 1349 Stratford Ave., New York, N. Y
Maitland, C. E., 46 Kenton Rd., Harrow, County of
Middlesex, England
Malagamba, R. A., Santa Rosa 1459, Vicente Lopez-
F.C.C.A., Buenos Aires, Argentina
Mannino, A. J., 7230 Hilltop Rd., Upper Darby, Pa.
Martinez, J., Chacabuco 1525, Buenos Aires, Ar-
gentina
McCall. E. A., 3504 E. 26 St., Kansas City 1, Mo,
McCall, W. A., 215 W, 23 St., New York 11, N. Y
McComas, A. D., Jr., 1016 E. North Ave., Balti-
more, Md.
McGinnesr, C. C., 3430 Euclid, Kaneas City 3, Mo.
Merkel, H. E., 712 North Nelson St., Arlington. Va.
Mignorance, F., Libertad 257-4, piso. R., Buenos
Aires, Argentina

(Continued on page 114)
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NEW, IMPROVED TONE ARM FOR

PARA-FLUX REPRODUCERS

All parts cast from
aluminum by new,
precision dies, under
high pressure.

{Trode-Mark)

22' in
o werenr

Frictionless hori-
2ontal  fulcrum
floated on Nco
Prene for silent
non-resonant
movement

Flexible wire leads
shielded through-
out with special
grounded bond be
tween arm and
swivel base.

Tone arm resting
stand supplied with Simple, single lock-
cach arm matching ing set screw (in the

design, equipped with durable, swivel base above

spring clip which prevents arm the turntable base) allows quick,
from being knocked on to turn- convenient height adjustment of
table tone arm level.

Here's a new, improved Tone ARM, model A-16, now available to users of
PARA-FLUX REPRODUCERS. It's a clean-cut, highly engineered job that em-
bodies unique features for finer, smoother operation. All parts are now die-
cast. Embodies new Arm Stand for ease in handling.

Doing one thing well . .

. specialized engineering in the design and manu-

facture of PARA-FLUX REPRODUCERS . . . has enabled us to achieve this most
efficient TONE ARM and interchangeable REPRODUCERS for affording the
most realistic reproduction of transcriptions.

Our old tone arm offered many advantages as evidenced by more than
1500 now in service at AM and FM stations. Users can now exchange these
old arms for the new Model A-16 Arm at a cost of only $15.00 . . . and can
have the advantages of these latest refinements by returning the old arm
either to us, or any jobber, listed below, and immediately obtain a new Arm,

without delay.

Universal

Reproducer
-

I" 4"
Lateral
Only
Reproducer

<

Vertical

Only
Reproducer

R-MC AUTHORIZED STOCKING JOBBERS:

Aibany, N, ¥Y.—E. E. Taylor Co.

Allentown, Penna.—Radio Electric Service Co.
Asheville, N. C.—Freck Radio, Refrigeration & Supply Co.
Atlanta, Ga.—Specialty Dist. Co,

Augusta, Ga.—Prestwood Electronics Co.
Binghamton, N. Y.—Federal Radio Supply
Boston, Mass.—DeMambro Radio Co.

Boston, Mass.—Radio Wire Television Co.
Buffalo, N. Y.—Dymac Inc.

Charleston, S. C.—Radio Laboratories, Inc.
Chattanooga, Tenn.—W. B. Taylor Co.

Chicago, IHl.—Concord Radio Corp.

Chicago, l1l.—Tri-Par Sound Systems

Chicago, lIl.—Walker-Jimieson, Inc.

Chicago, Ill.—Newark Electric Co.

Los Angeles, Calif.—Radio Products Sales, Inc.
Los Angeles, Calif.—Radio Specialties Co.
Madison, Wisc.—Satterfield Radio Supply Co.
Milwaukee, Wisc.,—Radio Parts Co., Inc
Philadelphia, Penna.—Algene Radio and Sound Co.
Portland, Ore.—United Radio Supply

Quincy, lIl.—Gates Radio Co.

Roanoke, Ya.—Leonard Electronics

Rochester, N. ¥.—Rochester Radio Supply

San Diego, Calif.—Coast Electric Co.

San Francisco, Calif.—San Francisco Radio Supply Co.
Scranton, Penna.—Fred P. Pursell

Topeka, Kansas—John A. Costelow Co.

Winston Salem, N. C.—Dalton Hege

Tuckahoe, N. Y.—Electronicraft

Washington, D. C.—United States Recording Co.

Descriptive Bulletin PR51, upon request

RADIO-MUSIC
CORPORATION

EAST PORT CHESTER, CONN.

August, 1947
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Truscon Radio Towers

SERVE THE WORLD

There are Truscon Radio Towers in almost every
state in the Union, and in many countries over-
seas. To meet varying conditions and require-
ments in these many installations, Truscon Radio
Towers are available in guyed or self-supporting '
types, either tapered or uniform cross section, and

1 Truscon Self-Sup-
porting Radio
Tower KFYR, Bis-
mark, N.D., 700
f1. obove ground.

2 Truscon Guyed
Rodio Tower,
WN A X, Yonkton,
S.D. 927 1. high

3 Truscon Self-Sup-
porting Rodio Ro-

diotor, KHAS,

Hastings, Nebr.

205 feet high.

can be built to any height for AM or FM service. 4 Truscon Self-Sup.

Call in Truscon Engineers during the early stages
of your plans for antenna installations. Their
experience assures satisfactory, trouble frec oper-
ation today—tomorrow —and during the years
to come. Truscon can help toward the correct
antenna decision—toward orderly and efficient

transition to the newest in radio.

Truscon engineering consultation is yours with-
out obligation. Write or phone our home office

at Youngstown, Ohio or any of our
numerous and conveniently located
district sales offices.

TRUSCON STEEL COMPANY

YOUNGSTOWN 1, OHIO
Subsidiary of Republic Steel Corporation

porting Tower,
Estonia Rodio
Stotion,Tollinn,Es-
tonio. 630 f1. high.
5 Truscon Guyed
< RadioTower, WKY,
Oktlohomo City,
Oklo. 956 ft. hig‘.
to top of FM An-
tenno.
v Truscon Guyed
6 Podio Tower
WGN, Chicogo,
111, 750 feet high.
4 Four Truscon Self-
Supporting Radio
Towers, WKBN,
Youngstown, O.
Eoch Tower 350
feet high,

Manufocturers of o Complete
Line of Self-Supporting Radio
Towers . . . Uniform Cross-
Section Guyed Radia Towers
-..Copper Mesh Ground Screen

...Steel Building Products,

(Continwed from page 43A4)

Mishra, N. D., Podar College, Naivalgarb, Jaipur”

State, [ndia
Mochring, W. D., 432 S. Cochiran St., Charlotte,
Mich

Morley, L. N., 5640 N. Fifth St., Arlington. Va
Mosler, G. M. F., R. L. Falcon 4923, Buepios Aires,
Argentina
Murdock, R. H., Radio Station KPBX, Beaumont,
Texas
Narasimham, T., Radio Wing, 1. M. T.C., T. Nagar,
Madras, S. India
Newman, M. M., 239 Plymouth Bldg., Minneap-
olis 2, Minn.
Norris, S. F., 32 Hillsdale Ave., Long Branch, N. J.
Odino, C. A.. Laprida 2363, Florida, Buenos Aires,
Argentina
Olson, A. L., 918 Webster St., Fort Wayne 2, Ind.
Patel, M. B., International House, 500 Riverside
Drive, New York 27, N. ) 4
Pedemenyou, M. L. F., Casilla de Correvs 3702,
Buenos Aires, Argentina
Pellegrinelli, G. L., 4048 Park Ave., New York 57,
N. Y.
Pritchett. W. A.. 519 S. Church St., Florence, S. C
Pucalik, A. T., 2917 \W. Adams St., Chicago 12, I}
Rao, R., 5 Veeranna's Garden St., A, Cleveland
Town, Bangalore, India
Rehberg, J. C.. 5047 W. Fulton St., Chicago 44, Il.
Rench, C. F., 259 Highland k. Dr.,, Tory, Ohio
Ribe, M. L., 314 Broad St., Eatontown, N. J.
Richardson, L. E., 450 Murray St., North Bay,
Ont., Canada
Rodberg. B. A., Cangallo 1286, Buenos Aires, Ar-
gentina
Rogers, C. L., 3012 N. Park Drive, East St. Louis,
1k
Rolf, P., Sonneggstrasse 63, Zilrich 6, Switzerland
Saunders, D. H., 4408 Klingle St., N.\W,, Washing-
ton, D. C.
Schoolberg, H., Box 17, Gibsonia, Pa.
Sheker, E. B., ¢, 0 Mrs. B, F. Baer, Gladyne, Pa
Sherman, J., 1414 Pennington Rd., Trenton 8. N J
Shoucair. S. F., 2515 K St., N.W., Washington
D.C
Skocpol, C. L.., 916 Snyder, Akron 7, Ohio
Smith, A, E., Alliance Manufacturing Co.. Alliance,
Ohio
Smith, R. T.. 12 Frazer Ave., Collingswood, N. J
Steffen, R. V., 4095 N. Sixth St., Milwaukee 12
Wis
Stenhouse. J. M., 545 W. Belden Ave., Chicago 14,
1.
Stramazzo, L. A., Calle San Martin 3970, Rosario,
Prov. Santa Fe, Argentina 3
Teodori, D. C., Salta 211, Buenos Aires, Argentina
Tippings. C. C.. Jr., 622 Center Point Rd., Cedar

Rapids, lowa
Turner, E. S., 1718 E. Fifth Ave., Columbue 3.
Ohio

Verbanee, W. R., 2008 N. Troy St.. Chicago 18, 111

Walding. N. N., 362 Karangahape Rd.. Auckland,
New Zcaland

Waldorf, L. E., 103 North University, Vermillion.
S. D.

Warreck, A.. Carnegic Institute of Technology.
Pittsburgh 13, Pa.

Washburn, W. M., Room 114, Humble Oil Refining.
Co.. Houston 1, Texas

Watschk2, M. V., 1011 Mohawk, Royal Oak, Mich

Wayne, C. R., 1810 W. Genessee, Syracuse, N, Y

Wharton, R, H., 703 Johnson St.. Gary, Ind.

Whittle, Q. W, 4219 S, Benton, Kansas City 4, Mo.

Williams, D. G., 839 Edmund Ave., St. Pau! 4,
Minn

Williams, M., Radio Station KCKN, Kansas City
6. Mo.

| Wixson, F. C., 16 Garrabrant Rd., Clifton, N. J.

PROCEEDINGS OF THE I.R.E,

Young. A. R,, 1100 N St., Lewis Apt., Sacramento,
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this is the house

‘that El-Menco built!

.7

IO NPT, ¥ R i)
vy VL AR P
e VX

D) N d

Ny

Size is not necessarily a sign of greatness. But when size is the result
of consistently steady growth, based on an ever-widening demand
for a product, then it is truly indicative of outstanding quality.

Year after year, in more and more instances, El-Menco Capacitors
become first choice with manufacturers who are proud of their
products.

Send for samples and complete specifications.

Foreign Radio and Electronic Manufacturers communicate
direct with our Export Department at Willimantic, Conn., for
information.

"+

THE ELECTRO MOTIVE MFG. CO., Inc., Willimantic, Conn. '-. ‘

& e on firm letterhead

e —— e <5 . -.“-_. Al for samples ond
\ g K B . S catalog.
% N - :
MOLDED MICA MICA TRIMMER

CAPACITORS
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YOU GET BOTH

WITH S.S. WHITE FLEXIBLE SHAFTS

OPTIMUM
CIRCVUIT
EFFICIENCY

MAXIMUM TUNING CONVENIENCE

ble shafts to couple variable elements to
their control knobs, you gain unrestricted
freedom in placing both the elements and

the knobs. This allows the elements to be

circuit efficiency and ease of assembly and
wiring, while the knobs can be centralized
in the most convenient control position.

And because these shafts are specially

engineered for remote control duty, they

operate as smoothly and sensitively as a |

direct connection. For the full story—

WRITE FOR THIS 260-PAGE

FLEXIBLE SHAFT HANDBOOK

which completely covers the subject of
flexible shafts and how to apply them
For your free copy write direct to us on
your business letterhead and mention your
position.

SSWHITE,\hysrriar ...

THE S. S. WHITE DENTAL MFG. CO

G 10 EAST 40th ST., NEW YORK 16, N. ¥, cm
FLEXIBLE SMASTS - FLERISIC SMAFT 100U o AIRCRAST ACCESSORIS
SMALL CUTIING AND GRINDING TOORS SPECIAL FOIMULA BUVAMRS
MOLDID REMITORS * PUASTIC §24C €V PASTICS

Oxe of Americas AARA Tndustrial Enterfrises

46A

By using S. S. White remote control flexi- |

mounted in the most favorable position for

| Walnut Street, Chicago 12, Il1,

PROCEEDINGS OF THE I.RE.

News—New Products

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

Voltage Regulators

Regulated direct current voltages at
high stable currents are available by utiliz-
ing a new line of voltage regulation units,
called Nobatrons, which have been an-
nounced by Sorenson & Company, Inc.,
37 SFairfield Ave., Stamford, Conn.

Nobatrons, available in six standard
models provide currents of 5, 10 or 15am
peres with output voltages of 6, 12, or 26
volts respectively. It is stated that regula
tion accuracy of 0.5%, maximum ripple
voltage (root-mean-square) of 19, and re-
covery time of one-fifth second make No-
batrons ideally suited for critical applica-
tions where constant direct-current volt
ages are required.

Midget Relay

Designed to ireet industrial needs for a
small, compact, low-cost relay, the Guard-
ian Electric Manufacturing Co., 1628 W
has re-
cently announced its Series 600 Relay. It
can be furnished with numerous contact
switch combinations, up to and including
four pole, double throw. Suitable coils pro-
vide many AC and DC operating voltages.
The maximum contact current is 8 am-
peres. It is stated that the short contact
blades in the switch assembly eliminate
contact “bounce.”

(Continued on page 48A4)
August, 1947



TWO POPULAR RECTIFIER TUBES
£

for broadcast,
communications,
and other work

... better built for
more hours of
topgrade performance!

RATINGS

GL-8008
S5v

Cothode voltage

current 7.5 amp 10 amp
Typical heating time 30 sec 30 sec
Anode peak inverse voltage 10,000 v 15,000 v

peak current 5 amp 6 oamp

avg current 1.25 amp 1.5 omp

T e W e R )

PROCEEDINGS OF THE L.R.B.

Heavy-duty bases, with large pin-con-
tact area, are on¢ of many features
that give these mercury-vapor phano-
trons the dependability nceded for
24-hour broadcast-station use—extra
reliability for police-radio, aviation,
and other exacting communications
work —the steady efficiency required
to convert power for small d-c indus-
trial equipment operating on full
schedule.

Minimum temperature rise 1S an espe-
cially valuable characteristic of Types
GL-8008 and GL-673. Installation ot
these tubes reduces the cooling prob-
lem for broadcast-station and factory
engineers.

Less mounting space needed . . . thisis
an important result of the straight-
side e¢nvelope design in contrast to
the bulb shape of older types. Main
tcnance men, too, report that the

GENERAL @) ELECTRIC

FIRS5T AND

straight-side contour makes Types
GL-8008 and GL-673 ecasier to han-
dle, and helps ward off accidental
tube breakage.

Sturdy, shock-resistant . . . these qual-
ities stem from the modern structural
design of the GL-8008 and GL-673—
their strongly braced cathodes, and
their nickel anodes which, lighter in
weight than others, put less strain on
the seal above them, enabling the
latter to withstand shocks and vibra-
tion better.

General Electric builds a complete line
of phanotron rectifier tubes—15 types
in all, matching every broadcasting,
communications, or industrial need.
Your nearby G-E tube distributor or
dealer will be glad 1o give you prices
and full details. Phone him today!
ElectronicsDepartment,General Electric
Company, Schenectady 5, N. ¥

GREATEST NAME

August, 1947

I'N

iR

N

GL-8008

4
&

G.E.'s new Transmitting Tube Manval
is the most complete book in.its feidi
Profusely illustrated; packed with ap-
plicotion dota. Over 600 large pages.

Price $2, with an annval service cherge
of $1 for new and revised poges fo
keep the manval wp-to-date. Order
direct from General Electric Company.

101-F3-808¢

ELECTRONICS
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COAXIAL CABLES AND CONNECTORS + INDUSTRIAL CONNECTORS, FITTINGS AND

CONDUIT PLASTICS FOR ELECTRONICS

48a

No. 146-108

e o« INDUSTRIAL ELECTRON
TUBE SOCKETS

To insure top performance and long uninterrupted tube life, leading
manufacturers of electron tube perated with Amphenol engineers
in designing these new Industrial Sockets. With 36 types currently avail-
able, and more to come, Amphenol Sockets today are available for
practically all electron tubes now in use

Amphenol Industrial Electron Tube Sockets combine the best of design
in terminals, contacts and insulation. Quick-connect screw type terminals
simplify testing in original eq it and the replacement of sockets in
older equipment. Cloverleaf contacts, an exclusive Amphenol feature
provide four full lines of contact to the tube pins and assure against loss
of conductivity under the heavy current loads of industrial applications
Insulation materials have been chosen to provide maximum physical
strength, high arc-resistance and reduced carbon tracking. Barriers
provide extra safety factors

These Amphenol Features Spell Top Efficiency
* First to comply with N.EM A, and Underwriters' specifications for industrial equip-
ment

* Rugged insulating barriers prevent lashover and arcing in humid and dusty indus-
trial applications

* Reversible binding screw terminals simplify wiring and maintenance

* Cloverleaf contacts four full length lines of contact with each tube pin

Sce your ports jobber, or write todoy, for full technicol ond
cost doto on Amphenol Industriol Electron Tube Sockers

AMERICAN PHENOLIC CORPORATION

1830 South 54th Avenue, Chicago 50, Minois

ANTENNAS +« RADIO COMPONENTS o

News—New Products

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

(Continued from page 46A4)

Portable Oscilloscope

A new portable three-inch oscilloscope
with laboratory refinements is now in pro-
duction, according to the Engineering
Products Department of the Radio Cor-
poration of America, Camden, N. J. This
oscilloscope’s frequency range and high
gain characteristics permit close examina-
tion of high-speed transients up to six meg-
acycles, and pulsed voltages of the order
of one micro-second for test analysis.

The major electrical components of the
new oscilloscope, Type WO-794, include
calibrated horizontal and vertical input
attenuators, high-gain horizontal an
vertical amplifiers, a synchronizing amph
fier, a time-base oscillator and sweep
generator, intensifving amplifier, low- and
high-voltage power supplies, and a three
inch high-contrast cathode-ray oscillo
scope

The triggered sweep feature makes th
unit particularly suitable for photographi
study of transient waveforms, for telev
sion signal expansion for checking square
wave time, and for checking irregularly
timed pulses. Z

Recent Catalogs

\What a large financing organization
advises its customers on radios will interest
most manufacturers. “Better Buymanship

Useand Careof R 5715 N0.25 in series
oflered by [{ousehold Finance Corporation,
919 North Michigan Avenue, Chicago 11,
111. Mailing cost § cents.

On alternating- and direct-current re-
lays, stepping relays and contact switch
assemblies, Catalog 10-A by Guordian
Electric Manufacturing Company, Inc
1621 \V. Walnut Street, Chicago 12, 11l

On Cannon “Quick Disconnect” Plugs
for the Electric Industry, a 76 page illus
trated catalog by Cannon Electric De
velopment Com par.y, 3209 Humboldt Street,
Los Angeles 13, Cahf
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Eveready” Radio Batteries
TRST" through the years

e T 39 > :\.%"‘-‘w ) ] Q
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1939 FIRST

compact "B" battery for
small portables. The
“Everendy” “Mini-Max’
No. 482 “B" battery, with
the space-saving flat-cell
design, did much to make
smaller portable radios
possible 1n their present
hghtweight form

1940 FIRST

B” battery for camera-
tvpe radios. The “Eve-
ready” “Mini-Max" No
467 "B’ battery. again
utilizing flat-cell design.
enabled radio designers
to produce personal or
camera-type radios.

1941 « FIRST

practical self-contained
hearing-aid battery. The
“Eveready” “Mini-Max”
No. 430-E hearing-aid
battery delivered so much
energy in comparison to
its small size that hearing
aids could be designed in
one compact unit.

:Q\,
g3
N\ ead
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)
AR
o A

1943 - FIRST

variable time-fuse battery.
The tiny battery that supplied
the energy for the VT famous
fuse duning the war was a
most important “FIRST.”

1945 * FIRST

midget pocket-radio bettery.
The “Eveready” “Mini-Max”
No. 412 “B” battery —scarcely
the size of a matchbox - made
possible the development of
the pocket radio.

1946 - FIRST

battery for radioactivity me-
ters. The "Eveready”™ “Mini-
Max” No. 493 “B” battery has
recently been developed to
power the famous Geiger
Counter used to measure ra-
dicactivity.

HESE developments are the result of

constant research in the world’s largest
dry-battery laboratory. Radio and electronic
engineers who have utilized the more
compact and more powerful “Eveready”
“Mini-Max” “B” battery have led the field
in developing lighter and better portable

radios.

August, 1947
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' ENGINEERS '

Unusual
The following positions of interest to | llllll/()l‘

Opportunity
I.LR.E. members have been reported as |

Jor BALION  TSILIIENSI | PHYSICISTS

The Institute reserves the right to refuse any !

| announ nt without givin eason for
PHYSICISTS | Py Rl Gy

‘ PROCEEDINGS of the |.R.E.
I‘IATHEMATICIANS | East 79th St., New York 21, N.Y.

PHYSICISTS AND ELECTRICAL ENGINEERS
For vacuum tube research. Apply by

Graduates

Experienced in microwaves

If you feel that your present con- and/or radar, for estab- |

nection does not offer maximum letter stating qualifications to Director of ! lished research and develop- |
opportunity for expansion, here’s Research, National Union Radio Cor-
poration, 350 Scotland Road, Orange, New | || ,am laboratory.

your chance to go places in aviation,
a field with a future! The Glenn L.
Marun Co. has available a number

Jersey. .

ELECTRICAL ENGINEERING TEACHERS

.. . Instructors, assistant and associatg pro- : .
of excellent positions . . . paying | fessors to teach electrical engineering at Excellent Opportunities

: " .| state university in the southecast. Salaries
$300 to $600, depending on experi $2.800 to $4.500 for mine months, depend- l

ence . .. for men with advanced col- | ing upon qualifications. Write full details
of education and experience. Box 467.

perience. Interesting research work RF.IF TRANSFORMER ENGINEER .
on Guided Missiles. Pilotless Air- Radio engineer with theoretical and 113 W. 42 St., N.Y. 18
! practical knowledge and experience in de-

craft, Fire Control Systems and Elec-  sign of RF-IF transformers. Familiar

9 : with modern practice and requirements in
tronics Equipment. Unusually com. FM and television receivers. Excellent

lege training and development ex- ' Write: Box IRE 131

plete engineering and laboratory = opportunity with established growing com-
pany. Write giving full details. Box 468.

equipment . . . millions of dollars |
in contracts for research and de- ENGINEET B o E I N G

velopment in the electronics, mis- A mid-western manufacturer has an LR SRBE ] GO @ PR R
. . opening for a graduate engineer with a
sile and propulsion fields. broad background in electronic circuit de- 1

sign and instrumentation. Experience with |

°
q 2 -a i pulse technique, servo-systems or teleme- H 0  H
erle today, outlining your ex tering proctlzdure isrparticularly desirable. H Igh Iy uallfled
perience, and find out what Martin | Unlimited opportunity in a specialized and .
Engineers and
. .
Physicists Needed

highly interesting field is offered. A com-
pl6%te résumé should be submitted. Box
469.

Men are especially needed ELECTRONICS ENGINEER

Electronics engineer wanted for a re-
sponsible position in development of in-

can offer you.

to do original work in

the /ollou'ingﬁelc/s: struments for radiation measurements. Development of:
Degree and several years experience plus ﬂsdvonic circuits \
. . initiative and ability to follow through e p i T RONERLS
Ta v A s A S UHF and YHF ant
1. R. F. Components, Wave desired. Background in instrumentation, Servomechanisms
Guides, etc. electronics associated with nuclear physics | o \
is advantageous. Box 470. | 3"“ "',"'l S'“‘d' of:
. L. ynamical systems
2. Pulse Techniques, Precision Electric circuits
=Tz . . . CHIEF ENGINEER Complex electronic systems
Timing, Indicator Circuitry, . ; ‘
1 ] Chief engineer and works manager by
I. F. Amplifiers, AFC, etc. first company to deliver projection tele-
k vision. H&yy experience Ultra }Iigh PR%BLE'}]{S are related to commercial
3. Microwave Antennae. Frequency circuit characteristics and me- siles, sﬁ},ii’y'lu.’.i'°5?"“2%‘?¢ S:Irﬁ;dof'?el:;
0 s . ?\?:glgﬂ'c;?y?uto 1:1 efngxr:fermg rgqulred, | a:'np'c bcl;p;:ortunity for adggg‘g:yme’nt to
. Servos anc ombputers. ham ayout ot radio chassis, pro- ose able to assume responsibility. Present
P duction and testing techniques. Resource- staff includes highly gualified physicists,

engineers and mathematicians and ensures
8 stimulating professional environment.
Liberal patent and publication policy.

fulness, initiative, foresight, sound judg-
ment, willingness to assume responsibility
for own decisions. Ability to enforce dis- |

Write immedia tely to:

Professional F . N cipline, to locate and eliminate unneces- | Apply to:
ofessional Lnlplo) ment Section | Aty overlieatil Silhry i Y Person::IYMonoger
THE GLENN weights need apply. United States Tele- - :
Y ENN L. MARTIN CO. vision Manufacturing Corporation, 3 West ' Boeing Aircroft Compony
61st Street, New York 23, N.Y. ‘ Seottle 14, Woshington

BALTIMORE 3. MD. ( Goxtitmsi 3¢ Pt et '
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e Electronic Engineers
® Physicists

e Senior Mechanical
Engineer

e Junior Mechanical
Engineer

—experienced in radar develop-
ment, servomechanisms and com-
puters.

—for airborne radar and guided
missiles projects.

—excellent opportunities—salar-
ies commensurate with experience
and ability.

Write to:
FARNSWORTH TELEVISION & RADIO
CORPORATION
fort Wayne 1, Indiana
Attention of:

J. D. Schantz

Research Department

WANTED
'PHYSICISTS
ENGINEERS

Engineering laboratory of precision
instrument manufacturer has interest-

ing opportunities for graduate engi-

neers with research, design and/or |

development experience on radio com-
munications systems, electronic & me-
chanical aeronavutical navigation in-
struments and ullra-high frequency &

microwave technique.

WRITE FULL DETAILS
T0
EMPLOYMENT SECTION

SPERRY
GYROSCOPE

COMPANY, INC.

Marcus Ave. & Lakeville Rd.
Lake Success, L.1.

PROCBEDINGS OF T!B LR.E.

I IRy

(Continued from page 50A4)

ELECTRONICS ENGINEER

A large research and manufacturing
company has openings for men with B.S.
or M.S. in physics or engineering. Ages
between 28 and 35 years. Must have 2
years experience on the development of
electronic measuring instruments. Ex-
perience in the design of radar circuits or
in servo-mechanism techniques. Box 471.

RADIO COMPONENT ENGINEER

Experienced in design of RF and IF
components and FM circuits essential,
Excellent opportunity for qualified man.
Please send a complete résumé. Automatic
Manufacturing Corporation, 900 Passaic
Ave., East Newark, New Jersey.

ENGINEERS—PHYSICISTS

Graduate enginecr or physicist for de-
sign and development of electronic instru-
ments is required by a large research
laboratory. At least three years’ ex-
perience in the field, familiarity with
pulse technique and broad band amplifier
design is essential. Living accommodation
arranged. Address: National Research
Council, Chalk River, Ontario.

ELECTRONICS ENGINEER

Electronics engineer capable of design-
ing and supervising construction of os-
cillator circuits from 15 kilocycles to 500
megacycles for use in quartz crystal net-
works and testing equipment. College
graduate preferred. Mid-western univer-
sity town. Salary open. Send full details
o; education and experience. Write Box
473

ENGINEERS—PHYSICISTS

Highly qualified engineers and physi-
cists needed in development of electronic
circuits, microwave components, UHF
and VHF antenna, and servomechanisms.
Highly qualified talent is also needed for
analytical study of dynamical systems,
complex electric circuits, and complex
electronic systems. Opportunities are un-
limited for the right men who are capable
of assuming responsibility. Write to Per-
sonnel Manager, Doeing Aircraft Com-
pany, Seattle 14, Washington.

ENGINEERS—PHYSICISTS

Eastern tube manufacturer has openings
for experiecnced men for electronic tube
and circuit research and development
work. Box 474

COMMUNICATIONS ENGINEER OR
PHYSICIST

The National Geophysical Company,
Inc. has an opening on its engineering
taff for a communications engineer, or
physicists with electronic training, who
is interested in research and development
work. Projects cover all phases of geo-
physical work. This position is permanent
Salary open. Write National Geophysical
Company, Inc. Research Laboratory, 8806
Lemmon Avenue, Dallas, Texas.

RADIO ENGINEER

Radio engineer development of military
receivers for low frequency and micro-
wave regions. Must have 3 to 4 years ex
perience in receiver design. Location New
York City. Salary up to $4,500. Box 476

(Continued on page 524)
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CAPITOL RADIO ENGINEERING INSTITUTE
Where Professional Radiomen Study

g FORLTT S
N ~UCCRERS

“CREl training builds into
the student a usable,

working knowledge of
practical radio engineer-
ing. 1t develops that sure
confidence in his own
ability which enables him
to go after thie better jobs
—and get them”.

’ CREI Offers the
Advanced Technical
Training that is
necessary to advance in

! Radio Electronics

CREI practical home study courses in

Radio-Electronics and Television Fngineer-

‘ ing will supplement your present radio ex-

perience with the advanced, modern tech-

nical training that can lead you to security
and a better-paying job.

Ours is an intensive program, but one
which fits into the most crowded schedule.
It is for those, only, who see the opportuni-
ties before them; those who see this urgent
need for trained technical ability to keep
pace with the rapid strides of the industry
in so many fields.

' Thousands of professional radiomen
have enrolled for CREI training since
1927. Many of them are men who are hold-
ing responsible positions today . . . many
are looking into the future with the fore-
sight and ambition to prepare for the better
jobs ahead.

l The CREI story can be important to
you . . . and to EVERY MAN who is
seeking a way to improve his position
in the radio ficld. Write us today for
our booklet and pertinent facts as they
apply in your own case. Please state

' briefly your education, radio experi-

| ence and present position.

“Since 1927”

CAPITOL RADIO

ENGINEERING INSTITUTE
An Acoredited Teochnloal Institute
E. . Riotske, Prosidens

Dept. PR-8, 16th & Park Rd., NW,

Washington 10, D.C.

Mombor of Nationn)l Home Btudy Counoll—Natlona)
Councll of Tochnioal Bchools—and Telovision
| Broadoastors Assoclation

S5la




FREQUENCY RANGE
54 1o 216 MEGACYCLES

The model 202-B is specificolly designed
to meel the needs of television ond FM
engineers working in the frequency range
from 54-216 mc. Following are some of the
outstanding features of this instrument:

RF RANGES—S54-108, 108-216 mc, =+ 0.5% oc-

curocy.
“VERNIER DIAL—24:1 gear ratia with main fre-
quency diol.
FREQUENCY DEVIATION RANGES—0-80 k¢;
0-240 ke.

AMPLITUDE MODULATION—Continuously vari-
able 0-50%,; colibrated ot 30% ond 50%

points,

MODULATING OSCILLATOR—Eight internal mod-
vlating frequencies from 50 cycles ta 15 ke,
availoble for FM or AM,

RF OUTPUT VOLTAGE—0.2 volt to 0.1 micro-
volt. Output impedonce 26.5 ohms.

FM DISTORTION—Less thon 2% ot 7S k¢ deviotion.

SPURIOUS RF OUTPUT—AI spurious RF voltages
30 db or more below fundamental.

Write for Catalog D

This Instrument was described editorially in Navember ELECTRONICS —reprints available on reques!

BOONTO

‘RADIO

BOONTON - N-J+ U-S-A- uf//)c"f(c‘if"

DESIGNERS AND MANUFACTURERS OF
THE Q METER - OX CHECKER
FREQUENCY MODULATED SIGNAL GENERATOR
BEAT FREQUENCY GENERATOR

4 AND OTHER DIRECT READING INSTRUMENTS

PILOT LIGHT
ASSEMBLIES

PLN SERIES—
NE-51 Neon Lamp

Designed for

Features

THE MULTI-VUE CAP
BUILT-IN RESISTOR
110 or 220 VOLTS
EXTREME RUGGEDNESS
VERY LOW CURRENT

Write for descriptive booklet

900 BROADWAY,

The DIAL LIGHT CO. of AMERICA

FOREMOST MANUFACTURER OF PILOT LIGHTS
NEW YORK 3, N. Y.
Telephone—Algonquin 4-5180
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(Continued from page 51A4)

INSTRUCTOR OR ASSISTANT PROFESSOR

Instructor or assistant professor to
teach courses in wire and radio commum-
cation and ultra-high-frequency tech
niques at a small New England Univer
sity. Prefer man 25-35 with advanced de
gree and industrial experience. Work be
gins Oct. 1, 1947. Salary dependent upon
qualifications. Box 477.

Positions Wanted
By Armed Forces
Veterans

In order to give a reasonably equal
portunity to all applicants, and to a\
overcrowding of the correspond
column, the following rules have be
adopted

The Institute publishes free of char
notices of positions wanted by .R.E. mer
bers who are now in the Service or have
received an honorable discharge within a
period of one year. Such notices should not
have more than five lines. They may be
inserted only after a lapse of one mon
or more following a previous insertion anc
the maximum number of insertions i
three per year. The Institute necessaril
reserves the right to decline any announce
ment without assignment of recason.

INVENTOR—ELECTRICAL ENGINEER

Training in theoretical mechanics and
electronics. Diversified experience. Har-
vard 1929. Desires part time position, re-
scarch and development, preferably on
unusual project requiring best funda
mental training and initiative. Location
g;i{verred, Washington or East coast. Box

JUNIOR ENGINEER

B.E.E, Cornell University, 1946. Age
21. Single. Desires position in radio, tele-
vision or electronics. Prefer Detrott arca.
Box 83W

SALES ENGINEER

M.S. in E.E, Boston College, 1940
B.S., Boston College, 1938. Age 30. Two
years teacher, public schools, college
physics. Fellowship, Boston College. De-
sires position in technical sales or applica-
tion engineering field. Has had experience
as research physicist, production engineer,
assistant sales engineer. Prefers New
England location. Box 85\,

ENGINEER

B.EE., Rensselaer, Army officer, Har-
vard and M.LT, training, teaching elec-
tronics at mght, college level, 3 years ex

Continued on page 544)
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P The new Presto 64-A transcription unit combines a number of rad-
ical improvements which are of first importance to broadcast stations,
N Ew l recording studios, and industrial and wired music operators.
.

P The turntable is directly gear-driven at both 33!4 and 78.26 rpm
and two separate motors are employed —one for each speed. Speed

Presto’s may be changed instantly at any time by turning a mercury switch,
without damage to the mechanism. No frictional, planetary, or belt
operated elements are used in this new drive mechanism.

Dual.Motor » The following points are of interest: Motors—Two 1800 rpm syn-
’ chronous. Speed —Total speed error is zero. Noise—At least 50 db
below program. Starting—Table on speed in less than one-eighth

Dire ct D rive ' revolution at 33'4 rpm. Adjustment — Construction is very rugged and
. no attention whatsoever is required — except lubrication.

msrn RECORDING CORPORATION

Brand of reproducer Is at the cuslomer's discretion 242 West 55th Street, New York 19, N.Y. - Walter P. Downs, Ltd., in Canada

WORLD'S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT & DISCS

[} FEDING )F TIE I.RE. August, 1947 §3a




FOR LOW HUM..
HIGH FIDELITY »

SPECIFY KENYON TELESCOPIC SHIELDED HUMBUCKING TRANSFORMERS

2

For low hum and high fidelity Kenyon tele-
scoping shield transformers practically
eliminate hum pick-up wherever high
quality sound applications are required.

v CHECK THESE ADVANTAGES

v LOW HUM PICK-UP . . . Assures high gain with
minimum hum in high fidelity systems.

+» HIGH FIDELITY . . . Frequency response flat with-
in = 1 db from 30 to 20,000 cycles.

» DIFFERENT HUM RATIOS . . . Degrees of hum re-
duction with P-200 series ranges from 50 db i
to 90 db below input level . . . made possible '
by unique humbuckling coil construction plus |
multiple high efficiency electromagnetic shields.

» QUALITY DESIGN . . . Electrostatic shielding
between windings.

» WIDE INPUT IMPEDENCE MATCHING RANGE.

~ EXCELLENT OVERALL PERFORMANCE . . . Rugged
construction, lightweight-mounts on either end.

» SAVES TIME . . . In design . . . in trouble shoot-
ing . .. in production.

Qur stondard line will sove you time ond money.
Send for aur cotolog for complete technicol dota on
specific types.

For ony iron cored component problems thot ore
off the beaten trock, consult with our engineering
department. No obligotion, of course.

KENYON TRANSFORMER C0., Inc.

840 BARRY STREET  NEW YORK, U.S. A.

NEWEST

LITTELFUSE Extractor Posts

make mounting and changing fuses E-A-S-Y!

Safe, “dead front” Liuelfuse Extractor
Fuse Mounting Posts are easy to install.
They save panel space—can be ganged

[ in rows with a common bus. O e
Fuse holder is in end of removable \ <P
|} knoh—unscrew it and fuse is quickly \ \
extracted and changed with fingers. N ‘
| Finger and screwdriver operated v [
types in 3AG and 4AG sizes now are /7 (% X \ [
| available. AR |
[ |1 | Catalog number 9 gives you complete * / \ [ 1]
| details, write for yours today. - v |
l ! ., ‘
| [ ] gkr__ E", | ‘ i |
| s 3
|| MITTELFUSE | 14] Cheopnatonl |||
|

| 4779 N. RAVENSWOOD AVE. . CHICAGO 40, U.S. A, ' :
|
|

| ‘l
| ‘ NITE-T-LITE - SWITCH-LITE - IGNITION-FRITZ - NEON INODICAT
ORS {

| SWITCHES - CIRCUIT BREAKERS - FUSES. MOUNTING AND ACCESSORIES | '

Positions Wanted

(Continued from page 52A4)

perience with LORAN, Countermeasures
equipment, and servos. 1 year experience
in the coke industry. Desires association
with the electronic industry in Boston,
Mass. Box 86W.

JUNIOR ENGINEER

Completing Junior Enginecring, two
non-clectrical courses for B.EE. degree
N.Y.U. Desires work in industrial clec-
tronics or sales engineering in metropoli
tan arca. Age 29. Details on request. Box
87W

ELECTRONICS ENGINEER

Experienced receiver and transmitter
design and production, F.M.,, AM.; B.S,,
London. Age 31. 1934-37, RX designer
large British radio firm; 1937-39 Air
Ministry production of airborne RX and
TX equipment; 1935-45 R.A.F. pilot, 3500
hours, transatlantic Captain; 1945 to date,
technical director of large broadcasting
station designing FM equipment, and color
television. Spcak French, well traveled.
Desire position Connecticut or New York
arca. Consider representation or sales en-
gineering. Box 88\V.

ENGINEER

B.S. in EE.; Graduate work, Ohi
State University, Princeton. Three years
civihan with A.G.F. development and re-
search engincer on H.F. and V.H.F, F M
and A.M. Mobile communications equip-
ment. One and a half ycars with AL AF.,
microwave R.C.M. development. Desires
equivalent position or sales engineer in
New York. Box 104\W.

RADIO ENGINEER

B.S.E.E. Age 24. Married. Some grad-
uate work, 2 years high frequency oscil-
lator and antenna design, development,
RCA. Hali year radio frequency engineer,
CBS. Half year microwave relay advisor,
Army Signal Corps. Desires highly re-
sponsible position. Box 105\WV.

AVIATION RADIO ENGINEER

I am interested in making another long
term affiliation in Aviation Radio with a
progressive and reputable company who
can advantageously use my 18 years of
pilot, receiver design and domestic and
foreign sales engineering experience. Box
106W.

JUNIOR ENGINEER

Graduating Michigan in June, 1947 wit}
BS.E.E, Tau Beta Pi, Eta Kappa Nu.
One vear Army experience with receivers,
radioteletype, low power transmitters (all
up to 30 MC). Speaks French, German
and English. HAM, first phone license.
Interested in production or development
work. Details on request. Box 107W.

SENIOR ELECTRONICS ENGINEER

Graduate engineer. 20 years experience,
receiver development, sound systems, uni-
versity teaching, sales promotion, adver-
tising, cditing electronics magazine. War
experience, airborne radar, some ex-
perience guided missiles. Interested in
development or application engineering.
liaison, advertising, personnel or editorial
position. Box 108W.

ELECTRONICS ENGINEER

Since 1922 in many phases; 10 vears in
broadcasting, 5 years a Chief Engineer, 5
years Naval Electronics (Commander)
Radiophone first license. Experienced
writer, speaker. Personable. Resumé of
experience on request. Box 109\W.

S4a PROCEEDINGS OF THE I.R.E. August, 1947



Positions Wanted

RADIO ENGINEER

B.S.E.E. 1943, University of Michigan.
Eight years radio service; 10 years ama-
teur, Class A; Ist Class radio-phone; 1
year industrial electronics research; Har-
vard-M.1.T. radar; New London, sub-
marine sonar and radar; 1 year instruct-
ing; present manager of manufacturing
concern, design, setup, sales and advertis-
ing. Box 110W

ELECTRONICS ENGINEER

B.S.E.E, Northeastern University in
September, 1947. Age 23. One and one-
half years experience with all types of
Naval Airborne radio and radar equip-
ment. Hold Ist Class radio-telephone li-
cense. Member Tau Beta Pi. Desires po-
sition as Junior Engineer in electronic
design, research or development. Further
details on request. Box 113W.

ENGINEER

Schools—N.C.E., Harvard and M.L.T.
Flying Air Corps officer. Presently engi-
neer in development laboratory. Familiar
with radio, radar, G.M., microwave tech-
niques. Desires industrial engineering po-
sition in laboratory or plant. Box 114W.

JUNIOR ENGINEER

B.S. in mathematics 1944, BS.EE,
June, 1947, University of Michigan. Mem-
ber Eta Kappa Nu. Two years Signal
Corps. Age 24. Single. Desires develop-
ment or production work in radio or elec-
tronics. Box 116W,

JUNIOR ENGINEER

B.E.E.,, 1947, Polytechnic Institute of
Brooklyn. Age 30. Married. One child.
Two years Army Radar Officer, Harvard-
M.L.T. radar school. Eta Kappa Nu. De-
sires position as a Junior Engineer in elec-
tronic design, development. Anywhere in
U.S. Box 118W

ELECTRICAL ENGINEER

Electrical engineer, age 21, single, in
terested in a position with opportunitie
for advancement, either industrial or aca-
demic. Good mathematical training. Some
teaching ability. B.S. in E.E,, Columbia.

Expect M.EE., Cornell, in September. |

Box 119W

ENGINEER (CANADIAN)

B.S. Electrical engineering, 1939. Six
years expericnce in maintenance and in-
stallation of Naval radar and radio equip-
ment. Last 3 years in administration_and
supervision. Present rank Lieutenant Com-
mander (Electrical). Licensed amatcur
since 1932. Age 30, married, 1 child. In-
terested in engineering, sales or represen-
tative position particularly in mantime
provinces or Newfoundland. Box 120W

ELECTRONICS ENGINEER

B.S.E.E, 1936. Five ycars civilian ex
perience radar circuit design; one year
development and design of computer air
cuits and guided missile controls. Ha
required graduate credits for M.SE.E
Age 32, married. Now employed in radar

tem design. Box 121W.
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VACUUM TUBE
VOLTMETER

MODEL 62

SPECIFICATIONS:

RANGE: Push button selection of five ranges—I1, 3, 10,
30 and 100 volts a.c. or d.c.

ACCURACY: 2% of full scale. Useable from 50 cycles to
150 megacycles,

INDICATION: Linear for d.c. and calibrated to indicate
r.m.s. valves of a sine-wave or 71% of the peak value
of a complex wave on a.c.

POWER SUPPLY: 115 volts, 40-60 cycles—no batteries.
DIMENSIONS: 4% wide, 6’ high, and 8%’ deep.
WEIGHT: Approximately six pounds. Immediate Delivery

uency 4, i
3
Elon an ""0!:
Qipmep, ' O3t

BOONTON NEW JERSEY

for
experienced
cooperation
“"Call
Cleveland”

 COSMALITE"
APPLICATIONS

These spirally laminated paper base Phenolic
Tubes are of two types . . .

#96 COSMALITE for coil forms In all standard
and broadcast receiving sets,

SLF COSMALITE for permeability tuners.
LOW COSTS QUICK DELIVERIES

Ask also about our spirally wound kraft and
fish paper Coll Forms and Condenser Tubes.

® Trade Mark registered,

7% CLEVELAND CONTAINER 4

6201 BARBERTON AVENUE CLEVELAND 2, OHIO

PRODUCTION PLANTS olso ot Plymouth, Wik, Ogdemburg, N, Y., Chicago, Il Detroit, Mich., Jamesburg, N. J
PLASTICS DIVISIONS ot Plymouth, Wisc., Ogdansburg, N, Y. + ABRASIVE DIVISION of Clevelond, Ohio
New York Sales Offica — 1186 Broodway, Raom 223
IN CANADA — The Cleveland Contalner Canado Ltd., Prescott, Ontorio

o S5A




- THERMOSTATIC METAL TYPE

DELAY RELAYS

PROVIDE DELAYS RANGING
FROM 1 T0O 120 SECONDS

EATURES:—Compensated for ambient temperature changes from
—40° to 110° F . .. Hermetically sealed; not affected by altitude, moisture
or other climate changes . . . Explosion-proof . . . Octal radio base . . .
Compact, light, rugged, inexpensive . . . Circuits available: SPST Nor-
mally Open; SPST Normally Closed.

PROBLEM? Send for “Special Problem Sheet” and Bulletin,

VOLTAGE OF 24V ! WITH AMPERITE
BATTERY & CHARGER | VOLTAGE VARIES
VARIES APPROX. ;| ONLY

0% | 2%

Amperite REGULATORS are the simplest, lightest, cheapest, and most compact method
of obtoining current or voltage regulation . .. For currents of .060 to 8.0 Amps . . .

BATTERY VOLTAGE

Hermetically sealed; not affected by altitude, ambient temperature, humidity.
Write for 4-page Illustiated Bulletin.

Remeerite co., 561 Broadway, New York 12, N. Y.

In Canada: Atlas Radio Corp., Ltd., 560 King St., W. Toronto

MODEL 2405

SPECIFICATIONS

| AMPERITE REGULATORS

VoIt - Ohm

NEW ENGINEERING
NEW DESIGN « NEW RANGES
50 RANGES
Voltage: 5D.C. 0-10-50-250-500-1000

at 25000 ohms per volt.
5A.C. 0-10-50-250-500-1000
at 1000 ohms per volt.
Current: 4 A.C. 0-.5-1-5-10 amp.
6 D.C. 0-50 microamperes—
0-1-10-50-250 milliamperes—
0-10 amperes.
4 Resistance 0-4000-40,000 ohms—4-
40 megohms

6 Decibel <10 to +15, +29, +43,
+49, +55
Output Condenser in series with

A.C. volt ranges

56A

NEW **SQUARE LINE'' metal
case, attractive tan"hammered”
baked-on enamel, brown trim,

. PLUG-IN RECTIFIER —
replacement in case of
overloading is as simple as
changing radio tube.

. READABILITY—the most

readable of all Volt-Ohm-
Milliammeter scales—5.6 inches
long at top arc.

Model 2400 is similar bvt has D). C. volis
Ranges at 5000 ohms per volt

Write for complete description

riplew

ELECTRICAL INSTRUMENT CO.

BLUFFTON

OHIO

PROCLEDINGS OF THE I.R.E

News—New Products

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

(Continued from page 48A4)

Pneumatic Hand Tool for
Solderless Wire
Terminals

\ trigger-type controlled, fast-acting
pneumatic-powered hand tool for produc-
tion line assembly of solderless electrical
terminals was presented by Aircraft-
Marine Products Inc., 1613 N. Fourth
Street, Harrisburg, I’a., at the 1947 Radio
Engineering Show. Made for wire sizes 22
to 14 and using the various solderless ter
minals manufactured by the company
this tool completes connections as fast as
an operator can insert the wire and pull
the trigger, and provides 2000 Ib. crimping
pressure from 85 lbs. air pressure with ex-
tremely low air consumption, the manu-
facturer states. The Show demonstrations
proved high speed even for unskilled opera-
tors, and ease in handling tight and hard-
to-reach connections.

Visual Alignment Unit

Harvey Radio Laboratories, Inc., 456 A
Concord Avenue, Cambridge 38, Mass
has announced two new units which, when
used together, provide a precise method of
visually aligning intermediate frequency
and tuned-coupled circuits in the range of
20 to 500 kilocycles. A linear sweep devia-
tion, adjustable from 0 to 70 kilocycles
peak to peak, is incorporated in the instru-
ment. The signal generator is Type 204-TS
and the oscilloscope is Tvpe 188-TS,

Continued on page 584)
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For Truly Fine

Sound Recording

The jewelled point, with
87° included angle, correct
radius and fine polish, cuts a
silent shiny groove for many
hours. When dulled or chipped.
these points may be resharp-
ened several times. Each re-
sharpened Audiopoint 1s
disc-tested to insure perfect
petformance. For this scrvice re-
turn points through your dealer.

PROCEEDINGS OF THE I RE

*
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Professional Recordists
Recommend . ..

Devigned for lhe frofesional - Guaranleed lo do a /nq/e.uama/  job

With These Three Outstanding Features

© INDIVIDUALLY DISC-TESTED ON A RECORDING MACHINE.
© EXPERTLY DESIGNED TO INSURE PROPER THREAD THROW.
® A PRODUCT OF THE MANUFACTURER OF AUDIODISCS —

AMERICA’S LEADING PROFESSIONAL RECORDING BLANKS.

Professional recording engineers know, from years of exper-
ience, that Sapphire Recording Audiopoints offer the ultimate in
recording styli. Made by skilled craftsmen to most exacting specifica-
tions and individually tested in our laboratories, these Audiopoints
are of consistent fine quality.

A good recording stylus requires a perfectly matched playback
point. The Sapphire Audiopoint for playback flls this need com-
pletely. In materials, workmanship and design, it is the finest playback
point obtainable. (Should not be used on shellac pressings.)

These Audiopoints are protectively packaged in handy cello-
phane covered cards—cards that are ideally suited for returning points
to be resharpened.

RECORDING SAPPHIRE

——
AUDIO DEVICES, INC.

444 Madison Ave.,
New York 22, N. Y.
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Turret Lug

Split Lug
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Board
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This groph shows frequency ronges
covered by eoch unit. Write us for
your full-size copy.

Five Standard
Slug-Tuned
LS3 Coils Cover
2 to 184 mc

For strip amplifier work, the
compact (114’ high when
mounted) LS3 Coil is ideal.
Also for Filters, Oscillators,
Wave-Traps or any purpose
where an adjustable induct-
ance is desired.

Five Standard Windings —
1, 5, 10,30 and 60 megacycle
coils cover inductance
ranges between 750 and
0.065 microhenries.

CTC LS3 Coils are easy to

CTC will custom-engineer
and produce coils of almost

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

(Continued from page 564)

Mega-Sweep Oscillator
Model No. 2

Announced by Kay Electric Company,
East Orange, N. J., this new model incor-
porates several new features. Carrier fre-
quency may be increased to 1000 megacy-
cles to cover color television bands. Low
amplitude modulation while sweeping is
now less than 1 decibel per megacycle. An
improved wavemeter provides netering
from 1000 megacycles to 1 megacycle. This
model, as well as model No. 1, has a fre-
quency sweep from 30 megacycles to 30
kilocycles. Both models feature a continu
ously variable attenuator.

Megacycle Meter

Fhe Measurements Corporation of
Boonton, N. J., now offers Model 59 for
determining reson
ant f{requency of
tuned circuits, an
tennas resonant
transmission lines
or any resonant cir-
cuits. It is a com-
pact oscillator con-
nected to its power
supply by a flexible
cord. The tuned-cir-
cuit coil is mounted
externally so that it
can be easily coupl-
ed to other circuits.
Essentially a “grid-
dip meter,” it adds
many new and im-

Twin Lead

Recognizing the need for a quaht
transmission line at reasonable cost, Amer-
ican Phenolic Corporation, 1830 So. 54 A

enue, Chicago 50, 1ll., has announced the
development of its Type 14-023 Polyethy|
ene Twin-Lead. The use of polyethylenc as
a superior insulation with low radio-fre
quency loss and desirable characteristics of
resistance to moisture and most solvent
provides an ideal dielectric for this 75-oh
transmission lines. With proper matching
and a standing wave ratio in voltage of less
than two to one, this new conductor will
safely handle two kilowatts. According t«
the manufacturer, this new heavy-dut
transmission line has loss characteristic
which are as much as ten times better than
the prewar transmission lines normall
used,

Decade Amplifier

Known as Model 102-A, the new Decade
Amplifier recently announced by Kalbfell
Laboratories, 1076 Morena Blvd., San
Diego 10, Calif., is designed to have higher
gain and more power output than units
previously available.

This instrument has an output im-
pedance of less than 25 ohms and can
used as a pre-amplifier for copper-oxide-
type voltmeters as well as for vacuum-t
voltmeters. It is built to deliver up to 50
volts at 10 ma. r.m.s., incorporates neg
tive feedback in addition to a fully reg
lated power supply, and is flat within 1
decibel from below 10 cycles to 1 meg
cycle. The amplification factors are X100,
X 1000 and X 10,000 on its three ranges.

assemble, one 14" hole iz all roved features: 3

you need. Et ch unit is du- p Continued on pageis9A4)
CPZETY rably varnished and sup- _

plied with required mount-
w ing hardware.
Terminal SPECIAL COILS

any size and style of wind-
ing...to the most particu-
lar manufacturer's specifi-
HPB cations.
Crystal

Cornselt CTC /0z '
T/rece - @/a/r

TYPE 102A Amplifier is one of the 102 Series
Line Amplifiers of which four different types are
avallable. The "A” is mostly used to drive the
line after the master gain control. It is quiet, has

excellent frequency characteristic and ample

pqwer output with low distortion products.

.

The Langevin Company

INCORPORATED

C(/»l/mnen/ Serevcce

Custem Engineering . .

. Stondordizea Designs ...

Guoronteed Moteriols ond Workmonship
CAMBRIDGE THERMIONIC CORPORATION |
456 Concord Avenue, Combridge 38, Moss.

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING

LO5 "ANGELES
1000 N. Sewecd 51 28

SAN FRANCISCO
1050 Hewerd 5. 3

NEW YORK
W68 . )
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News—New Products

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

N E_Y ?recious Metal Alloys
2" L

/' L ELECTRICAL CONTACTS ON POTENTIOMETENS
OV, & SLIF RINGS, RELAYS AND SWITCHES
e % =

(Continued from page 58A4)

New Electron Tubes \ ‘

Two new electronic tubes, Types GL-
5545 (upper) and GL-5513 (lower) have | |

al e

‘\

been announced by the Tube Division of | | Q

General Electric Company’s Electronics
Department, Thompson Road, Syracuse,
N. Y. The GL-5545 has three major indus-
trial uses: for 220-volt direct-current mo- |
tor-control work; in grid-controlled recti ‘
fier service; in separate-excitation ignitor
circuits. Called “climate-proof” because of |
its ambient temperature ranges from !

minus 55° to plus 70°C., the new tube has
a peak-to-average current ratio of 80 to 6.4
amperes and a high peak voltage of 1,500
volts. Its inert-gas content makes possible
the short heating time of one minute.

The very-high-frequency power tube,
Type GL-5513, with an output ranging to
2 kilowatts, has been designed for televi-
sion and frequency-modulation applica- |
tions under Class B and C conditions, and
with a frequency range up to 220 mega- |
cycles it may be adapted to dielectric
heating services employing the higher fre-
quencies. When used as a grounded-grid
amplifier in Class C telegraphy, the GL-
5513 has a tube output of over 2 kilowatts
with a power gain of ten. In Class B video |
service under synchronizing peak condi-
tions in a grounded-grid circuit, output
exceeds one kilowatt, with an approximate
power gain of 8.

Plant Expansions .

+ + At New Haven, Conn., by Eastern
Industries, Inc., to take over the produc- |
tion rights of the McIntyre Company,
manufacturers of precision pumps and
fluid motors.

*++*At Springfield, Illinois, by the
Gothard Manufacturing Company, for
dynamotor, inverter, and motor-generator
production, facilities for which were per-
chased from Pioneer Gen-E-Motor, Chi-
cago, who are discontinuing the manufac-
ture of these items.

PALINEY #7

SLIDING CONTACTS FOR POTENTIOMETERS
PALINEY #7 is being used for a contact
material on potentiometers wound with a
nickel-chrome alloy resistance wire. This
combination is consistently producing units
with life of better than one million cycles
and maintained accuracy of 0.1% or better
throughout the life of the unit.

NEY-ORO #28
SLIP RING BRUSHES

NEY-ORO #28 is a special alloy developed
as a contact brush material for uses against
coin silver slip rings. Laboratory tests and
reports from users indicate life of better
than 10 million revolutions with no elec-
trical notse.

7 ( i\\

’

"’MN\ ‘

Standard Ney precious metal
alloys with accurately defined
properties are now available
for prompt delivery in com-
mercial quantities, and our
Research Laboratory is ideally
equipped to develop and test
other special alloys to meet
your rigid specifications.

2 Write or telephone (Hartford 2-4271) our Research Department.

NEY
Ggorp/ THE J. M. NEY COMPANY 171 e1v STREET - HARTFORD 1, CONN.

SPECIALISTS IN PRECIOUS METAL METALLURGY SINCE 1812

(Continued on page 60A4)
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TWIN Powé; Supply

e

Electronically e
R Wi POER SUPEY

Regulated for e AR {
. * - A< "\

Precise f e e «;

Measurements

Two independent sources of
continuously variable D.C.
are combined in this one
convenient unit. Its double
utility makes it a most use- 2

ful instrument for laboratory and test station work. Three ®
power ranges are instantly selected with a rotary switch:

175-350 V. at 0-60 Ma., terminated and con-
trolled independently, may be used to sup- °
ply 2 separate requirements.
0-175 V. at 0-60 Ma. for single supply.
175-350 V. at 0-120 Ma. for single supply.
In addition, a convenient 63 V.A.C. filament source is pro-
vided. The normally floating system is properly terminated for
external  grounding when desired. Adequately protected
against overloads.
Twin Power Supply Model 210
Complete $115.00 F.O.B. Chicago
Dimensions: 16” X 8" X 8” Shipping Wt. 35 Ibs.
(Other types for your special requirements)

Output voltage variation less
than 1% with change from
0 to full load.

Output voltage variation less
than 1 V. with change from
105 to 125 A.C. line Volt-
age.

® Output ripple and noise less
than .025 V.

FURST ELECTRONICS

North Avenue at Halsted St., Chicago 22, Illinois
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% Flattype Series ZT Greenohms
are designed for handy stacking
whereby two or more units can be
banked and connected together or
separately as required. Just the
thing for high wattage in tight
spots. And just another touch of
Clarostat versatility . . .

sizes and wattage
65 and 75 watts.

¢ maximums of
40,000 and 50,000

In five standard
ratings—30, 40: 55

Respective resistanc
10,000, 20,000, 35,000,
ohms.

Flatted cera
with mounting colla

tal strip
jc tube on me
- rs riveted there-
sulated.

slipped
collars.

to. Resistor completely in
or Trods
aligned mounting

Mounting sCTews

tbrough
Rigid assembly
e spacing pbetween units {or

hEENBs a of ajr and good beat

free circulatio
dissipation-

% Write for Bulletin 113 containing com-
plete engineering data on this and other
types of famous Greenohm wire-wound
resistors.

CLAROSTAT MFG. CO., Inc. - 2857 N. 6w St., Brookiyn, N. X,

60A

News—New Products

These manufacturers have invited PROCEEDINGS

readers to write for literature and further technical
information. Please mention your |.R.E. afflliation

(Continued from page 59A4)

Hydrophone

Designed as a standard for underwater
sound-pressure measurements and acoustic

measurements in air, the Model BM-101

Hydrophone has been announced by the

Brush Development Company, 3405 I’er
kins Ave., Cleveland 14, Ohio. The fre-
quency  range in
water is from 100
cycles to 100 kilo-
cycles and in air
from 100 cycles to
20 kilocycles. The
unit consists of
a sound - pickup
head connected to
the preamplifier
housing by means
of a short length
of metal tubing.

The sound-pick-
up head consists
of a sensitive cry-
stal assembly sur
rounded by castor
oil and enclosed in
a rubber housing
The absence of
mechanically cou
pled elements con-
tributes  greatly
to the extended
frequency range
to which it is re-
sponsive

When used as a
microphone, the
unit is equivalent
to a Rayleigh disc
as far as diffrac
tion errors are
concerned, and it
can be used with
the same degree
of facility as any
other general purpose microphone. Due to
the small dimensions of the sound-pickup
head, this unit can be used as a probe for
investigating sound-pressure distribution
inside a pipe carrying sound, or inside ex-
ponential horns and other sound transmis-
sion systems,

Contact Modulated
Amplifier

For the measurement of d.c. and low-
frequency a.c. voltage in the microvolt
range and below, The Perkin-Elmer Cor-
poration, Glen Brook, Connecticut, an-
nounces that they are now manufacturing

[ a Geiger-Muller type contact-modulated
| amplifier. This amplifier is suitable for

(Continued on page 61A4)
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Antc-nnas

|

Vertical

Tubular Type
Steel
Alominum
Monel
Stainless

Premax Vertical Antennas have b
come universally popular because
their adaptability to the peculiar cond
tions existing in any locality. Their
lightness, extreme" strength and con
ductivity, together with the fact that
they are fully adjustable, have solved
many a difficult installation problem
In the field of amateur, commercial and
military radio, Premax Antennas are in
use in every part of the world. Avail
able in many types from the single-
section G-ft. to the 5 and G-section
types extending to 35 feet. Special
marine and mobile types may also be
had

Send at once to your jobber for a copy of the
NEW Premax Catalog. It shows the complete line
of Vertical Antennas in Steel, Aluminum, Monel
and Stainless, as well as Corulite Elements and
other elements for arrays. If your jobber can’t sup-
ply you, write direct, giving us his name

ﬂﬂlfldx /10’0/1101./5’

Division of Chisholm-Ryder Co., Inc.
4713 Highland Ave., Niagars Falls, N.Y,
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News—New Products

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

(Continued from page 60A4)

replacing sensitive suspension type gal-
vanometers in circuits of between § and
100,000 ohms resistance. It is not subject
to vibration, and its output is suitable for
actuating standard recorders, relays or
rugged d.c. meters. The manufacturer
states that it responds much faster than
sensitive galvanometers, being useful for
measuring current changes as fast as 10
cycles per second.

The amplifier has numerous specific ap-
plications in addition to general laboratory
use. In association with a radiation ther-
mopile, it is suited for the measurement
and recording of radiant energy, particu
larly in infrared spectrometers, When
used with aniron-contantan thermocouple,
temperature differences as low as 0.001
degree Centigrade can be measured and
-ontrolled. It may also be used with pho-
tronic cells for the measurement of minute
quantities of radiant energy in the visible
region.

The amplifier can be supplied for either
110-volt, 60-cycle operation or for 6-volt
battery operation. Its size is 107 X8"X8’,
and it weighs 25 pounds. Where 100-volt
operation js desired, an external power-
supply unit is furnished. This unit meas-
ures 14" X 6" X9".

Noise-Canceling Microphone

A new hand microphone with special
characteristics, called Model 15-D-NC,
has been introdueed by The Turner Com-
pany, Cedar Rapids, lowa. It is a hand
held dynamic microphone which is de
signed to cancel out background noise,
permitting only close-talking speech to
be transmitted. A unique arrangement O
the diaphragm balances out random sound
arriving at a distance, yet allows pickup
of ordinary speech directed at the front

If desired, a “push-to-talk” thumb
switch is built into the handle. The mi
crophone is available in 50, 200, 500 ohm
or high impedance input.

(Continued on page 631)
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MEASURE COMPLEX IMPEDANCES

IN POLAR COORDINATES . ..

Read Directly Impedance Magnitude
and Phase Angle With

Z-ANGLE

METER

A New Instrument For Electrical
and Electro-acoustic Measurement.

APPLICATIONS...

Loudspeakers Resonant Circuits—series or
Microphones parallel

Transmission Lines Transformers

Filters General Laboratory Measure-

Amplifiers Inputs and Outputs

FOR MEASUREMENTS OF ...

® Impedance (Z)
® Phase Angle ()
¢ Frequency

ments Range

0.5 to 100,000 ohms
90° (X.) thru 0° (R) to —90° (Xc)
30 to 20,000 c. p. s.

WRITE FOR COMPLETE INFORMATION TODAY

Engineering Representatives:
Chicago: 1024 Superior Street, Oak Park, Illinois
Phone: Village 9245
Hollywood: 623 Guaranty Building, Hollywood 28, California
Phone: HOllywood 5111

L

WRITE for

TECHNOLOGY INSTRUMENT GORP.
WALTHAM 54, MASSACHUSETTS

O N KKK AN
TRANSMITTING AND
SPECIAL PURPOSE TUBES

» . to do business with NEWARK!" So say
hundreds of outstanding meas in the Radio and
Electronic Field. And here's why:

BES ® COMPLETE STOCKS OF ALL STANDARD
I NMARK'S l\“ 0‘ ‘u MAKES, on hand at all times,
" Newof‘z your ® CONVENIENTLY LOCATED — Three great
Make P for all ;:or;scand warehouses centrally located in
too, .
source, F \
. elecC
needed radio @n ® INDUSTRIAL DEPT—statfed by technical
c por'S Brisk, com- men who specialize in Industrial requirements
tfront i
yent service assUres ® NEWARK IS WAL AGENT—Acting _under
e ‘ contract WAS{p)7-167, for distribution of TRANS.
U‘le de‘lVefY- MITTING & SPECIAL PURPOSE TUBES—largest
q stocks at lowest prices—for immediate dellvery!
— = .~ — » MAIL AND PHONE ORDERS
Q‘EV\:JO&K W TELEPHONE FILLED PROMPTLY
ey fo il e
|| 242W.554 51 N9 Circle 6-4060

ELECTRIC COMPanY. e
New York City Stores: 115.17 W. 45th St. & 212 Fulion St

August, 1917

o WRITE: 242-N WEST 55th
STREET, NEW YORK CITY

0l



SURPLUS
Equipment

General Radio Precision. Wavemeter,
Type 724-A, 16 kc to 50 megacycles,
0.25% accuracy, V.T.V.M. resonance in-
dicator, complete with accessories and
carrying case, nmew packed for ex-
port $200.00

RCA 5” Cathode Ray Scope model 160 B,
new, packed for export $135.00

RCA Voltohmyst model! 165, new, packed
for export $50.00

RCA Beat Frequency Audio Signal Gen-
erator, 30-15000 cps, model 154, new
packed for export $60.00

General Radio Signal Generator, model
804 B, 7.5 to 330 megacycles, 1 to 20,000
microvolts output, good working order

$275.00

Transformers, 115 volts to 60 cps pri-
maries:

1. 7500 volts 35 ma ungrounded,
Thordarsen $15.00

2. 6250 volts 80 ma ungrounded,
G.E 12

3. 5500 volts 2 ma, 6.3 volts 0.6
amps, 2.5 volts 2 amps potted 10.00

4. 500 volts S amps, 500 volts 5
amps, weight 210 pounds 50.00

High voltage switch, motor driven, 18000
peak volts at 5 amps DP ST $15.00

High voltage relay, 25000 volts, 35 amps,
60 cycles, D.P.D.T. 200 volts 60 cycle
coil $50.00

Ceramic Feed Thru Capacitors, threaded,
50 mmfd, 500 volts 15

SD-3 Radar Equipment, complete with
all accessories, operates on 115 volts,
60 cps, new

SA-1 and SA-2 Radar Transmitters, good
working order 115 V 60 cps

BC 947-A Radar Transmitters less power
supplies (10 cm)

Microwave Equipment, 1.25 cm, 3 cm,
and 10 ¢m, variety but smal) quantities
wave guide sections, fittings, con-
nectors, couplers, magnetrons kly-
strons, magnets, pulse transformers,
etc. Prompt quotation on specific items.

Type N connectors: UG 21, 22, 24, 25, 77,
83, 86, 245 U, immediate de-

'30151

lvery.

Fast Equipment AB 26 CR, for 6” diam.
72 ft. mast. consisting of steel base
plate, mast section coupling units, guy
cables with insulators, and anchor
sCrews, etc.

Oil Filled Capacitors, quantities of 2
mid, 600 volts, .25 mfd, 4000 volt, 2 x

075 mfd, 8000 v., .1 .1 7000 v, 2 mfd,
4000 v, etc.

ELECTRO IMPULSE
LABORATORIES
P.O. Box 250 Red Bank, N.J.
Red Bonk 6-4247

News—New Products

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

(Continued from page 61A4)

Recent Catalogs

**+0On “Flowrater” instruments for
measuring flow rate of liquids, by Fischer
& Porter Company, Hatboro, Pa. Write
Dept. 82-C, Catalog Sec. 25-E for Bulletin
No. 700.

* * *On coils, by The Pioneer Electric &
Research Corp., Forest Park, 111. Bulletin
1947 Perco.

* * *On controls and resistors, by Claro-
stat Mfg. Co., Inc., 285-7 No. Sixth St.,
Brooklyn, N. Y. Catalog No. 47.

* * *On electronic receiving tubes, 700-
page technical manual for electronic equip-
ment manufacturers and designers, by
General Electric Company, Electronic
Dept., Tube Div., Bldg. 267, Schenectady,
5, N. Y. P’rice $5.00.

* * *On “Getters and Gettering Methods
for Electronic Tubes,” a 28-page booklet
by Kemet Laboratories Co., Inc., Madison
Avenue and West 117th St., Cleveland 1,
Ohio,

* * +On Ultra High Speed D.C. Relay, by
Stevens-Arnold Co., 22 Elkins St., So.
Boston, Mass. Catalog 214,

* * *On transmitting and special-purpose
tubes, by the Newark Electric Company,
Inc., 242 West 55th St, New York 19,
N.Y.
** *On “20 Steps to Perfect Amplifica-
tion,” by the Amplifier Corporation of
America, 398-1 Broadway, New York 13,
N. Y. Booklet 4802. Send 3¢ to cover post-
age,
** *On a new wire recorder, by Magne-
cord, Inc., 304 West 63rd St., Chicago,
Illinois. Descriptive bulletin on Model
SD-1,
* * *On a Pres-to-Heat soldering tool, by
Triton Manufacturing Company, Inc.,
East Haddam, Conn. Catalog No. 7.
** *On power wire-wound resistors, by
International Resistance «Company, 401
(I":lo. Broad St., Philadelphia 8, Pa. Bulletin
-2.
* * *On the Simpson Model 260 volt-ohm-
milliammeter, an Operator's Manual, by
the Simpson Electric Company, 5200-18
West Kinzie St., Chicago 44, Ill. In
Canada, Bach-Simpson Ltd., London,
Ontario.

* * *On a new plug-in type of “Megger”
Insulation Tester, by the James G. Biddle
Co., 1316 Arch St., Philadelphia 7, Pa.
Preliminary Bulletin 21-46-46. -

* * *On physical, chemical, and technical
matters, Philips Research Reports edited
by the Research Laboratory of N. V.
Philips’ Gloelampenfabrieken, Eindhoven,
Netherlands. Address subscription in-
quiries to Elsevier Publishing Co., Inc.,
215 Fourth Ave., New York 3, N. Y.
Subscription, six issues, $5.00; single copies
1.00.

(Continued on page 63A4)
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PRESSURE TRANSDUCERS
by AUTOFLIGHT

FOR PRECISION
DATA TRANSMISSION

The only available pressure transmitters
combining high occuracy with o large
electrical output signal proportional
to gage pressure. Consists of Con-
trolled - Action
bellows and Micro-
torque Potenti-
ometer built into
one c¢ompact, rug-
ged unit. Many
ranges of pres-
sure and resist-
ance. Weight:
approx. 1 Ib.

Write for detailed
informotion.

AUTOFLIGHT
INSTRUMENTS

A Divislon of G. M. Gronnin & Ce, Inc.
283 WEST COLORADO ST.

PASADENA 1, CALIFORNIA

Specify

MYCALEX

LOW LOSS INSULATION

Where high mechanical and elec-
trical specifications must be met.

MYGALEX 410

(MOLDED MYCALEX)

makes a positive seal with metals
. « . resists arcing, moisture and
high temperatures.

27 years of leadership
in solving the most
exacting high frequency
insulating problems.

MYCALEX CORPORATION OF
AMERICA
"Owners of ‘MYCALEX' Patents”
Plant and General Offices: Clifton, NJ.
Executive Offices: 30 Rockefeller Plaza
New York 20, N.Y,
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News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information, Please mention your 1.R.E. affiliation.
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(Continued from page 62A4)

Antenna for F.M. Broad-
cast Stations

|
It may look like a radio rocket of the
future but actually the unit shown above
i “doughnut” antenna for f.m. broad-
cast stations being built by General
Electric Company at its electronics plant
in Syracuse, N. Y. Helen Dydyk, G-E

employee, helps display its trim, symmetri- |
cal styling. The circular antenna serves to
increase the power of the broadcast trans-
mitter. Some f.m. stations use up to eight
lese circular units on their antenna
structure and increase the power gain over

High r. f. current carrying capacity
50 amps. max. intermittent load; 30
amps. steady load. Low loss factor.
Sturdy mechanical design . ..
Mycalex insulation.
Furnished in any

number of
decks.

seven times.

Interesting Abstracts

+ *To Sorenson & Company, Inc., of

Stamford, Conn., comes Edward R. Mc- B 77
Carthy as General Sales Manager. Mr. ‘,\m\\\’i

McCarthy is a graduate of Carnegie Tech
B.S.) and had sales and engineering ex-
perience with Pneumatic Products, Inc.,
General Motors, and with Sikorsky.
+ + *The Vacuum Equipment Livision of
Distillation Products, Inc., Rochester,
N. Y. opens a sales and service office for the
central states at 135 South LaSalle St.,
Chicago 5, Ill. Tom C. Comer is in charge.
recently inaugurated publication,
“C.E.C. Recordings” for quarterly dis-
ribution has been announced by the Con-

DEPENDABLE

solidated Engineering Corporation, 620
North Lake Avenue, Pasadena 4, Calif.
* « + A license has been issued to the Bell

stem and Western Electric Company
overing patents on the cathode-follower
circuit which are controlled by Remco
Electronic, Inc., of 33 West 60 Street, New
York, N. Y. This cathode-follower circuit
was widely uscd during the war in radar,
loran navigation systems, industrial elec-
tronic controls and is an essential part of
the microwave wireless-telephone system
now being constructed.

Manufacturers of marine radio receivers and transmitters re-
port thousands of R-H Marine Crystals in use without a single
failure. R-H Marine Crystals provide the reliability necessary
for safety at sea.

R-H Marine Crystal Units are made to the marine radio
manufacturer’s specifications, to fit the marine radio
manufacturer’s circuit,

Ilustrated are KH-12 for single unit installations and RH-53 in
double units for both transmitting and receiving.

L e
REEVES-HOFFMAN
Crystal Unita Cata-
log RHC:1 lists stand-
ard crystal units com-
pleto with spocifica-
fions. 11 alro gives
valuablo Informa-
tlon on how to order
crystals.

* * *To provide additional space required ‘
for the expansion of facilities, the Solar
Mfg. Corp. has moved its general offices
from New York City to its main Eastern T ]
plant at 1445 Hudson Bivd. North o
Bergen, N. J. H

(Continued on page 61A4)
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NEWS—NEW PRODUCTS

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

Continued from page 634

F.M. “Tower” Trans-
mitting Antenna

=
g £

The Workshop Associates, Inc., 66
Needham St., Newton Highlands 61, Mass.,
announce a new type of f.m. transmitting
antenna pictured above. Clean-cut per-
formance is claimed for this new f.m.
“Tower” antenna which eliminates com-
plicated feed systems and elaborate me-

It provides a mounting for a standard
300-mm. beacon. The single self-support-
ng tower structure is the antenna, with
no protruding elements to increase wind
and ice load. \Weight of 183 pounds allows
use of lighter and less expensive supporting
structures; sections reducc installation
prooliems

The manufacturer claims highest gain
per antenna height, equal or superior in
gain to a 3-bay } wave spaced array of
conventional types. Horizontally polarized

LABORATORY TEST EQUIPMENT
by FREED

by use of a new “wave-guide” principle of
radiation; two short wave-guide sections
arranged and fed at 90°. The azimuth pat-
tern is circular to better than a ratio of
1.1 to 1 in power.

Ultra High Frequency
Signal Generator

The Hewlett Packard Company, Pa
Alto, California, is manufacturing a wide-
band laboratory-standard signal generator
in the range between 1800 and 4000 mega-
cycles. It is stated to be the first instru
ment of its kind to provide direct-reading
frequency and voltage scales, simplifiec
controls, c.w., f.m., pulsed or delayed pulse
output, in one small unit.

The generator utilizes a resonant-cavity
reflex-klystron oscillator. Radio-frequency
output from this oscillator may be directly
set and directly read, either in microvolts
or decibels, on a simplified output dial
Any frequency between 1800 and 1000
megacycles is available on the large central
tuning dial. It is not necessary to make
voltage adjustments when frequency
changed, because of a coupling device
which causes oscillator repeller voltage t
automatically track all frequency changes
Accuracy of frequency calibration is with
in plus or minus 1%, and stability is of
the order of 0.0059, per degree centigrade
in ambient temperature, the manufacturer
reports. Identified as Model 616\ UHF
Signal Generator, the instrument is de-
signed for almost any ultra-high-frequency
measuring purpose.

(Continued on page 66A4)

Descriptive
Send for
Literoture

No. 1010 Com.
parlson and
Limit  Bridge.
Self Contained
A.C. Operated

No. 1030 Direct Reading
Low Frequency *‘Q"" In-

dicator *Q” .5 to 500 No. 1020 Direct Reading No. 1050 60
Freauencies trom 50. Megohmeter u to Cycte Fliter No. 1040
80,000 Cycles 1.000.000 megohms, Sslt wide Range

Contained A.C. Operated Vacuum Tube Voltmeter

FREED TRANSFORMER COMPANY, INC., 72-78 Spring Street, N.Y.C.
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SHERRON ELECTRONICS o,

LABORATORY

: (RESTRICTED AREA)

DOORWAY |
TO |
SOLUTIONS |
FOR 3

Slectronies Problems

America’s destiny may well be determined by the vision,
resourcefulness and researches of electronics scientists. The
implications of the development of electronic applications
are clear, even without definition. Speed, therefore, 1s a

crucial factor in the evolution of electronics, whether as

scientists, physicists and mathematicians are massed 1n an
ever-pressing assault on electronics problems. At their
command is the most advanced equipment. Theirs is the
experience of a host of different electronics enigmas clari

fied, of specialized electronics applications worked out to

a tool or weapon . .. Keenly alert to this urgency, Sherron’s meet difficult and unusual operating conditions.

SHERRON LABORATORY PROJECTS COVER:

ULTRA AND HYPER HIGH FREQUENCY TECHNIQUES
ELECTRONIC BALLISTICS

THERMIONIC EMISSION

HIGH VACUUM ELECTRONIC TUBES TECHNIQUES

RADAR: — (DETECTION — NAVIGATION)

ELECTRONIC CONTROL FOR DRONE AND GUIDED MISSILES

L

L s HERRON ELECTRONICS C€O.

Division of Sherron Metollic Corporation

1201 FLUSHING AVENUE *+ BROOKLYN 6, NEW YORK
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NEWS—NEW PRODUCTS

| These manufacturers have invited PROCEEDINGS readers to write for literature and further technical

. .
De$'gn'ng a I information. Please mention your I.R.E. affiliation,

(Continued from page 63A4)

V.H.F.Oscillator? | ] el e -

New High-Sensitivity | the circuits in making high-voltage meas-
. urements, and the line provides both d.c.
Kilovoltmeters typesaswellasa.c.—d.c. tr;fpes in practically

Pictured below is the new #760-A kilo- any required voltage combination.
voltmeter, a typical unit of the new series The unit here shown has three scales of
N v - of high-sensitivity kilovoltmeters specifi- S, 10, and 20 kilovolts, with a sensitivity
SRRt <20 cally adapted for measurements in televi- | of 10,000 ohms per volt. Thus, the instru-
Lq O “ﬂe T sion and similar electronic circuits an- ment only draws 100 microamperes at full
Yol N 1 & nounced by lh? Shallcross Manufacturing scale. A polarity-reversing switch is sup-
Company, Collingdale, Pa. plied and provision is made for connecting

i an external meter where required.
You can save time and ef-

fort with one of these pano-
ic spectrum analyzers. . :
rampt ® Snap-Action Switches
A complete line of snap-action switches
is offered by Guardian Electric Manufac-
turing Co., 1628 West Walnut St., Chicago
12, 1llinois, in conjunction with the stand-
ard Guardian relays.

HOW: by seeing at once such
performance characteristics as
frequency stability and output
amplitude . . . under static and
dynamic condmons.

WHEN: subjecting the oscillato
to loading . . . modulation . . .
tuning . . . temperature and hu-
midity cycling . . . shock . .. vi
bration . . . power supply fluc-
tuation . . . component varia-
tions . . . circuit changes . . . or
for spotting parasitics, pulling

or modulation by supersonics, All of the eight instruments are portable
hum and noise. and designed to draw little current from

WHY: Operating procedures_ are
e e QLD BETTER ELEBTRGNIB EQUIPMENT
From more than a dozen stand-
ard types there is one to meet
your requirements, however

The snap-action feature is particularly
suited to control applications that involve
slow-moving mechanical devices or where
a given stroke is required to provide quick

READY-

rigid. TO-USE positive “make” or “break” contact action
PANALYZOR series SB-3 and It is claimed that chattering, arcing, inter-
SB-6 is recommended where CAB"‘ETS mittent contact pressure, and many other
signal amplitude indications circuit a‘nd operating prob!ems are elimi
must be flat throughout the nated with snap-action switches.
spectrumwidth scanned or ‘oz ' \-..‘._ CHASSIS

where operation up to 200 MC IS : .

is required. ALL S~} New Cathode-Ray Tube

PANADAPTOR series SA-3 and P. A.
SA-6 is suggested where high NEEDS i .
B & ‘ ‘

The Tube Division of the Electronics
Department, General Electric Company,
Schenectady, N. Y., has announced a few
cathode-ray electronic tube known as Type
7GP4 for direct-view television receivers

image rejection is a "must’. p
The operational range of the p °','Me'°"
PANADAPTOR is limited only Equipmen

; j A T-bt | is preferred by | and industrial oscilloscopes.

by the receiver with which it is | service Men, | The new tube feature:g high deflection
operated. | Amateurs, and | = sensitivity rate. The deflection factor for
Scanning widths ranging from c"""”‘“:;‘"ef : g | two of the 7GP4 electrodes is 108 voltsd.c.
50 KC to 20 MC with corre- o;::;';ZIe, ?;::. e ‘, permph,whnle the two remainingelectrodes
sponding resolutions of 2.5 KC || to-assemble, eco- ' [ { |1 | f‘”;f’:ﬁ"tft ?z "°.lt5d‘cap§rﬂ'"d?' "
and 100 XC are available in | nomical. Beautifully ' 1 B i, g T

; designed, ruggedly ~J | ods employed by the 7GP4 are electro-
either PANALYZOR or PAN- constructed by spe- ,,r_’/—_'. ! static. Maximum ratings of the new tube
ADAPTOR. cialists. Fornouspfor '“I,//; l apply to 4000 volts. Grid-circuit resistance
® Also a *‘matural” for analyzing FM sys- quality and economy, — ! -3 ] r!legohms. A A
tems, LF oscillators or for signal monitoring. Write for Catalog. Typical operating conditions of teh

= 7GP4: Anode No. 1 voltage, 1000 volts,

p A R M E TA l plus or minus 20 per cent; Anode No. 2

voltage, 3000 volts; Grid No. 1 voltage’

PRODUCTS CORPORATION ' 60 volts plus or minus 40 per cent; Anode

32-62—-49th ST, LONG ISLAND CITY 3. 'N. V. [ No. 1 current—15 ,\nicroamps' plus or
Export Dept.: Rocke International Corp. minus 10 per cent.

13 East 40 Street, New York 16

2Pt sOCOT3S
PANCAAMC NEw S0us

pAN []HAMIE O RROI0 CORPORRTION

242-250 WEST 55" ST. AL Yok 1. N

Exclusive Canadion Representative: Conadian Marconi, Lid.

(Continued on page 68A)
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PROFESSIONAL CARDS |

W. J. BROWN

Elecironic & Radio Engineering Comsultant
Electronic Industrial Applications, Com-
mercial and Broadcasting Transmitter and
Receiver Design, Test Equipment, ete,
23 years experience in electronic
development
P.O. Box 5108, Cleveland, Ohio
Telephone, Yellowstone 7771

JOHN F. BRINSTER
Applied Physics, Mathematics and Electronics

Design Industrial Applications Engineering . g
Research Development Consultation . 7 S ) -
Specialist in Radio Telemetering Y B
. 3
THE APPLIED SCIENCE - - IDGET
CORPORATION OF PRINCETON
P.O. Box 244, Princeton, N.J. Py o .
Phone: Lawrenceville, N.J. 430 f H gh.r q yApp’ '
Office & Laboratory: U. S. Highway & 1, or , re uenc ,ca ,on
RD. %4, Trenton, New Jersey Have a look at B % W Miniductors when it comes to choosing
a midget coil for that next high-frequency application! They're
inexpensive—they come in a variety of standard sizes and
pitches — they lend themselves readily to all sorts of adap-
tations — and B & W "Air-Wound' construction assures
peak Q factor because there's an absolute minimum of
insulation material in the electrical field. ldeal for

band-switching assemblies.
Miniductor Bullesin 78C gladly sent on request.

EDWARD J. CONTENT

Acoustical Consultant {

Functional Studio Design

FM . Television - AM
Audio Systems Engineering

Roxbury Road Stamford 3-7459
Stamford, Conn.

STANLEY D. EILENBERGER BARKER & WILLIAMSON, Inc.

Consulting Engineer
INDUSTRIAL ELECTRONICS " RN 237 Fairfield Ave., Upper Darby, Pa.

Design—Development—Models e — =
Complete Lsboratory and Shop Facilities
6309-13—27th Ave.

1

Kenosha, Wis. Telephone 2-4213 | | EUGENE MITTELMANN, EE, PhD,
Consulting Engineer & Physicist arch 22 - 25
] A | )
Hl;\‘:l;:.ls‘rl";lrl(zll.m:{gcr ::g;l'gsc Grand Qn(ul\Pa/ace &
HERBERT A. ERF APPLIED IVSICS & Hofel Cempcdert
Architectural Acoustics 549 W. Washington Blvd. Chicago 6, 1ll.
Consultant Phone: State 8021

STUD!O DESIGN [
Standard Broadcast—FM—Television | ‘
Cleveland 15, Ohio

3868 Camegiec Avenue EXpress 1616
IRVING RUBIN
Physicist |
Radio interference and noise meters, Inter-
DAV|D C KALBFELL' Ph.D. ference suppression methods for ignition sys-
Engineer — Physicist tems and electrical devices. Laboratory facili- — o
ties.
Complete laboratory facilities P.O. Box 153, Shrewsbury, New lJersey
Industrial instrumentation and control Telephone: REDBANK 6-4247
Broadcast engineering and measurements .
1076 Morena Boulevard Jackson 1939 | | Announcing—The 1948 National
Sen Diego 10, California | | Convention of The Institute of
| | Radio Engineers, and Radio Engi-
ARTHUR J. SANIAL | [[Stersag Stow
FAirmount 5105 EXpress 7766 Consulting Engineer
. l PLACE: Grand Central Palace and
Loudspeaker Design; Development; Mfg. Hotel Commodore
FRANK MASSA ‘ Kroces»-cs_. H‘égh ual!fy Am:’ioMsy,",'n& [ S eM 1 <if TR, -
Electro-Acoustic Consultant | nnouncing Systems. Test an easuring 1E: onday, arc throug
ectrerneon L ST Thursday, March 25, 1948
. ve. lu . N.Y. ;
3393 Deliwood Road 3888 Cornegic Avenue FLushing 9-3574  ° EXHIBITS: Available to about 250

radio and electronic firms. First floor
units 10° x 12°, rental $480.00. Second
floor units 10" x 8, rental $250.00; for
four days or about 36 hours. Write for

ROBERT E. MCCOY | Paul D. Zottu full details and register your space re-

CLEVELAND, OHIO |

Consulting Engineet | c°"‘”'f"‘8 E"S‘"‘f' quirements now, to:
B Industrisl Electronics William C. Copp, LR.E
Antennas, Antenna-Coupling Systems, | : . . 4 - , LIvE.
Direction Finders and Beacons. || g'c‘::in:'?:;ﬁgﬁol::leﬁg"‘f n‘::gt ,ISTl’eucc:t:nn 4 Exhibits Manager
Eﬁ':;;g:e‘;f;{c‘g;;;maaﬂf?‘idl’é’;:ﬁ;““' | | Equipment and Component Design, Develop- 303 West 42nd Street
, ment, Models. New York 18, N.Y.
301-302 Conmcord Bldg., Portland 4, Oregon 272 Centre St., Newton, Mass. 31G.0240 | Clrcle 6-6357
' I
PROCEEDINGS OF THE LR.E. August, 1947 67

L




better get in touch with
PAUL & BEEKMAN”

Are your sales suffering becouse your
product weighs too much? Is your capacity
limited because of the manufacturing process
involved? Are your production expenses up
because of high material costs? . . . Any or
all of these problems might be solved by
using the right metal stamping where you're
now using another type of construction.

Pau! and Beekman, Inc. knows metal stamp-
ings. We produce them in all types—from
mild steel, stainless, copper, aluminum and
brass, finished or plated to your require-
ments. We make them fast and we make
them right, because we have the plant, the
personnel and the organization to do just that.

If you think the use of precision stampings
might enable you to put out a better product,
faster, at less cost . . . call on Paul and
Beekman, Inc. Write us for literature explain-
ing our complete service.

1800 Courtland Street
Philadelphia, Pennsylvania
Subsidiory of PORTABLE PRODUCTS CORPORATION

News—New Products

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

(Continued from page 66A)

Servo Motors

The Fairchild Camera and Instrument
Corporation, 88-06 Van Wyck Blvd
Jamaica 1, N. Y., has announced two servo
motors, of either § inch or 1 inch corestack,
designed for thyratron control operation
from 115 volt/60 or 400 cycle a.c. Both
motors feature 72-to-1 built-in gear reduc-
tion, armature resistance of approximately
100 ohms, and field excitation of 28 volts
d.c.

L3 ]

Torque output of the 4-inch type at
approximately 150 r.p.m. is 69 inch-ounce;
1-inch type, 150 inch-ounce. Field current
is 0.15 and 0.23 ampere, respectively. The
armature and gear box are mounted in ball
bearings, and the backlash of the gear box
is very low. Overall dimensions are
2"X2"X3"and 2" X 2" X 3}". Weight is less
than a pound.

These servo motors are for use in all
types of equipment where control is re-
quired for metering purposes, proportional
follow-up systems, computing mechanisins,
and stabilization systems.

New Enterprises

* * *A new enterprise, Industrial Televi-
sion, Inc., has been established at 36
Franklin Avenue, Nutley, N. J., to many-
facture a direct-viewing television receiver
with large screen for public viewing. Of-
ficers are: Horace Atwood, ]Jr., President
and Chief Engineer; Robert L. Ringer, Jr.,
Secretary-Treasurer; Louis Rehak, Fac
tory Manager; and Charles M. Puckette
Jr., Production Engineer.

***A new plant has been opened at
Riverside, Calif. by Colonial Radio Cor-
poration for the production of radios for
West Coast distribution. Colonial is a
subsidiary of Sylvania Electric Products
Inc.

* * *A new manufacturer, the Kullman
Manufacturing Company, has commenced
operations at 4307 Winona Courr, Denver
12, Colo., for the production of a complete
line of stock decalcomania rransfers with
application ro radio and electronics. \\rite
the company for descriptive booklet
“Decals for Electronics.”

(Continued on page 69A4)
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News—New Products |

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

H.F. Point-to-Point Radio
Transmitter

4 {%{}'JK{}—!Il"lILLlI]"IlITl'IlIl]{I Illl[j[]llIlIIlIIIl]L‘LL!Ll]J_L[
1 it 11

x -

i

LT
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L
] e (] 1] ) (] .1
H 7/, 0 Z So s’
4
aas /
1 s . .
Y)U ARE ASSURED of low cost and
simplified design because RCA tube
mounts and jackets are mass produced. Tube and equipment manu-
facturers are already finding it advantageous to obtain their cooling
equipment requirements from RCA.
Gone is the need for the expensive and time-consuming operation
formerly required to make these cooling devices at your own plant.
Quantities from 1 to 300 can be obtained immediatcly . . . larger
. . . orders filled on fast schedule. For complete information on how to
This new radio transmitter, rated at 3 easily incorporate these cooling jackets or mounts into your own
w. on c.w. operation and 2.5 kw. on voice ) P - &) i . y
peration, is designed for use in public equipment mail the attached coupon toda.y, or write to RCA, Tube
service, private net, shore-to-ship, press Mounts and Accessories Section, Engineering Products Department,
service and government service communi- Camden. New Jersey.
cation. It is of all-aluminum cubicle con-
truction consisting of a radio-frequency
nit, modulator, and rectifier which may FUBE MOUNTS AND ACCESSORIES SECT/ION
be assembled in a variety of combinations RADIO CORPORATION of AMERICA
jitable to individual station requirements, ENGINEERING PRODUCTS DEPARTMENT.CAMDEN.N.J.
and 1s available from the Westinghouse
Electric Corporation, Box 868, Pittsburgh In Conado: RC A VICTOR Company Llimited, Montreol
30, Pa. Telegraph, voice, teleprinter, fac- .
hllis ot tone mibdilation are avallibe Check your tube types for free data and prices
ing standard components, ===0=00Z0ll A lee——————————— e ————— e —————— ———— -
huhr:iodl tt:;)c-sftozfr:ed f‘:;. opera.h:)r; unQer Tube Mounts and Accessories Section
P nall ! ( S't "'; poin ‘l?-pomlt Radio Corporation of America
ransmitter also features hermeticaily seal- B Box 67-H, Camden, N. J.
ed chokes and vacuum capacitors, and low- +H . . . 5
loss insulation materials not subject to I:_ Plcase'scnd me information and prices on jackets and mounts for the i
leformation at high temperatures. 31'- following tubes: i
The radno»freqqency unit designed for ‘1 WATER-COOLED | AIR-COOLED 1
an output load resistance of 60-80/600-800 @ | .
ohms, operates at frequencies from 2 to t e 832 | 7C24 889R 1
20 megacycles on the radio-frequency- 'tL 207 NS | 9C22 891R
T s § o + ) -4
amplifier principle. The excitation is sup- 3 858 (892A | ;

4 9C25% 892R :E
plied from a separate crystal oscillatorora | 862A B34 | =
frequency-shift exciter through a 70-ohm | =H 880 898A | 9C26 893A-R osl
coaxial cable. The modulator provides an | & ge

. % h 16 4 »]
audio fidelity of plus or minus 1 decibel t; NENE L =
over the range of 200 to 4500 cycles. The :f« COMPANY 44
rectifier, operating from a power supply | [ ; a

- . STREET ADIDRESS
of 210/230/250 volts, 3-phase, S0/60 | , i
cycles, is designed for continuous operation ] CITY — ZONI - TATE. _‘5
at rated power of two radio transmitter +H ss
and two modulators at 1009, modulation = 444 o
or equivalent. I NSE PN ANAREERDENOS RSN ROREPORNDN leLmLmILHLL
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MICROPHONES
BY
TURNER

THE TURNER COMOPANY
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CEDAR RAPIDS, IOWA
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VARNISHED TUBING
PRODUCTS ls oo

IMPREGNATION
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NON-FRAYING

STRENGTH

...é].Ql..0........................0...

COMPLETENESS
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DIEFLEX PRODUCTS LIST

IKE two peas in a pod, every piece of Dieflex varnished

tubing or sleeving is like the next one in its faithful ad- MADE WITH BRAIDED COTTON SLEEVING BASE
herence to the high standards of quality that have made this VTA Grade A-1 Magneta Grade Varnished Tubings —
H g VTA Grade B:1 Standard Grade Varnished Tubings —
product a time and money saver for electrical manufacturers. VTA Grades C-1 and C-2 Heavily Coated Saturated
Such features as ability to be cut evenly and cleanly, rapid re- Sleevings —VTA Grade C-3 Lightly Caoted Saturated
d £ . d 1 fexibili Sleevings —Heovy Wall Varnished Tubings and Satu-
turn to roundness after cutting, and exce ent flexibility, make rated Sleevings.

Dleﬂex varnished tubmg pl'OdUCtS an important factor in cut- MADE WITH BRAIDED GLASS SLEEVING BASE
ting manufacturing costs. VTA Grade A-1 Magneta Grade Varnished Fiberglos
Dieflex varnished tubing and saturated sleeving, of finely Tubings—VTA Grade C-1 Extra Heavily Saturated
) g . Fiberglas Sleevings—VTA Grade C-2 Heavily Saturated
braided cotton or inorganic glass fiber, have these helpful char- Fiberglas Sleevings—VTA Grade C-3 Lightly Saturated
acteristics in all VTA and ASTM grades. They will help you be- Fiberglas Sleevings — Silicane-Treated Fiberglas Var-

nished Tubings and Saturoted Sleevings.

cause they will speed your production and cut assembly costs. 3

Insist on Dieflex and be sure you are using the best.

IMC Representatives
DETROIT 2—11341 Woodward Ave. s PEORIA 5—101 Heinz Court

MINNEAPOLIS 3—1208 Horman Place

MANUFACTURERS CORPORATION Avuthorized Distributors

*CHICAGO 6 SCLEVELAND 14 INSULATION ond WIRES INCORPORATED

565 W. Washington 1231 Superior St. Louis 3, Mo. e Atlanta 3, Ga. e Boston 20, Mass.
Bovievard > Ave., N.E. Detroit 2, Mich. e Houston 2,Tex. e New York7,N.Y.

P i , DAYTON 2 TRI-STATE SUPPLY CORPORATIONS

312 £. Wisconsin Ave. I~ Ham 7 4 h
1315 Mutvel
*Local Stocks Available i ot ulldl»: o v Los Angeles 13, Cal. ¢ San Francisco 7, Cal. Seattle 4, Wash.
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O the basis of the collective experience of hundreds of advertisers, we
know that the men who plan, design and specify for purchases, are the men
who must be sold, in order to sell the radio field. These men are the radio
engineers...the men who evaluate your commodity for the entire industry.
Sell the radio industry most effectively and most consistently with a plan
designed to Sell the radio engineer in the three most important media
reaching the electronics field.

y n nuen." SE in the Proceedings of the I. R.E, ~—

the engineer’s cown publication=his daily desk reference for up-to-the-minute
technological progress.

| =~ “5' in the I.R.E. Yearbook —

the engineer’s source for locating suppliers, merchandise and fellow members
of his professional organization.

:® snom in the Radio Engineer's Show —

the exhibit which runs concurrently with, and in the same place as, the
yearly convention of Radio Engineers.
Present your merchandise and services at the point of approval —before
the radio engineer —in his own publication —in his own yearbook — at his
own convention.
Threefold effectiveness and consistent promotion that SELLS the radio
industry by reaching the men who control sales in your market.

PROCEEDINGS OF THE

I‘R-E

THE INSTITUTE OF RADIO ENGINEERS

/g
\ WILLIAM C. COPP~~Narional Advertising Manoger
& ) 303 West 42nd Street, New York 18, N. Y. CL. 6-6357
- / g SCOTT KINGWILL Central States Represantative 35 East Wacker Drive, Chicago 1, HI.

HANNON and WILLSON Wetr Coatt Representative 1016 Park Central Bidg., Las Angeles 14




CORNELL-DUBILIER
g RADIO-NOISE 1.A BORATORY

e el

The finest noise climination laboratory, under the supervision of
the pioneer in the ficld of capacitor noise-filtering, is at your scrvice.

BeOIOIDIDIOD
Make Your Product More Sale- A simple way to accept this invitation from Cornell-Dubilier: —
able With C-D Quietone Inter- send a sample of the equipment or appliance you want noise-proofed
ference and Spark Suppressors to onr laboratory — make full use of its facilities — consult with our

engineers as though they were on your own payroll. That's the way
to solve your noise and spark suppression pr blems qnickly and

@ ) ciently. There is absolutely no charge for this service
D Y

No other capacitor manufacturer can cqual C-D’s thirty-seven years

of expcrience in the design and manufacture of noise filters and
cnn"Ell'nunlllin spark suppression devices for cvery conceivable type of electroni
and clectrical cquipment. Coracll-Dubilier Electric Corporation, Dept
WORLD:S '_'“GE“ MANUFACTURER OF M& South Plainficld, N. J. Other large plants in New Bedford

cAPAcltons I3rookline and Worcester, Mass., and Providence, R. |




For SIMPLE CONVERSION
to A-C OPERATION

EVERAL G-R instruments, equipped with a battery
block to secure the maximum portability for field use,
are often operated continuously for many hours in the lab-
oratory, 1n testing and in production. For such uses an
a-c operated power supply to replace the battery is a great
convenience.

The Type 1261-A Power Supply was designed for this use.
Mechanically and electrically ic is interchangeable with a
BA48 battery, supplying the same voltages and current. It is
interchangeable with the BA48 battery in the Type 759-A
or -B Sound Level Meter, the Type 720-A Heterodyne
Frequency Meter and the Type 1231-A Amplifier & Null
Detector.

It also can be used as a general-purpose substitute for a
BA48 battery. Its output 1s: FILAMENT SUPPLY: 1.5
or 3.0 volts up to 350 ma; PLATE SUPPLY, when used on
a 115-volt 60-cycle-line with normal filament current of
300 ma: 133 volts, open circuit; 107 volts at 3 ma; 89 volts
at 5 ma; 72 volts at 7 ma; maximum output current of 8 ma.

A selenium recuifier and L-C filter with two flashlight
cells floating across the output provide a low-impedance,
well-filtered and regulated d-c filament supply. A relay
opens the circuit when the instrument is not in use so that
the life of the batteries i1s equivalent to their shelf life.

A conventional vacuum-tube rectifier and R-C filter pro-

vide the plate supply. A 4-terminal output socket fits the
plug on tge battery cable of the instruments which use the
BA48 battery; octal selector plugs inserted into a socket on
the power supply make it possible to select filament and
plate voltages for various needs.
IMPORTANT — When ordering be sure to specify type
and serial number of any of the three G-R instruments with
which the supply. is to be used; otherwise we will ship a
selector plug which the user can wire to meet his in-
dividual requirements.

TYPE 1261-A POWER SUPPLY . . . . . . $95.00

TYPE 759-8
SOUND-LEVEL
METER

For all types of Noise
Measurements, Accur
ate, very sensilive, any-
one can operatc

TYPE 1231-A
AMPLIFIER
&
NULL DETECTOR

A high gain general
purpose laboratory am
plifier and a sensitive
visual null detector for
bridge measurements

TYPE 720-A
HETERODYNE
FREQUENCY METER
For measurement of fre
quencies by harmonic
methods between 10 and

3,000 megacycles

sSanzanee
N TTETTTIT
. SEEBIREENF
SEENENGE
GEEANBAY
BRAINEEN

QRDER NOW — Delivery of BOTH Probably from STOCK

GENERAL RADIO COMPANY ==iciee

920 S. Michigan Ave., Chicago §

90 West St., New York 6

A-C SUPPLY TO REPLACE STORAGE BATTERIES

ENERCERS
ANAERANR
CONEREeE
SEEERAEE
SEAEEBUN
SEENENRS
ENEEANEER
accemaEs

@ The Type 1260-A VARIAC*-RECTIFIER effectively replaces the usual
storage battery for general laboratory use. It is a convenient variable d-c
voltage source for use in many types of experimental circuits fpr operation
from 115-volt, 60-cycle lines

Essentially this supply consists of a transformer with VARIAC®-
controlled input, a selenium rectifier, an output filter and a d-c output meter

The output voltage range is 0-10 volts at 4 amperes; maximum power of
40 watts; maximum current 4 amperes; no-load voltage 15. The power input
at full 40-watt load is about 75 watts; the hum voltage at 10 volts, 4
amperes, is less than 100 millivolts or 19, of the output voltage, when the
supply is operated on a 60-cycle line

his sup{ly is a very convenient unit for operating battery-driven equip-

ment at voltages up to 10 volts. The ability to set the d-¢ voltage at any
desired value between 0 and 10 is an added advantage in many cases

TYPE 1260-A VARIAC*-RECTIFIER . . . . $125.00

*Reg. U.S. Pai. Of

950 N. Highland Ave., Los Angeles 38




